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About this manual

Note:

This manual isintended to get you started learning and using ER Mapper. It
provides simple step-by-step lessons that give you hands-on practice using the
basic features of the software, and using more advanced features as well. Please
read the following important information before beginning.

Chapter contents
Setting up practice images
Typographical conventions used in this document

This manual is not intended to cover all ER Mapper functionality in depth. Please
refer to the ER Mapper User Guide and other manuals for more detailed
information as needed.

The hands-on exercises in this workbook require that the sample images and
algorithms supplied on the ER Mapper CD-ROM be installed and accessable.
Please refer to Appendix A “System setup” in this manual for more information.

Chapter contents

The chaptersin this manual give you extensive hands-on experience using the
ER Mapper software through a series of specially designed lessons. Most lessons
have two basic sections:

an overview of key concepts
a series of step-by-step hands-on exercises
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e Setting up practice images

It isrecommended that you start at the beginning and proceed through the chapters
in order because the later chapters build on concepts learned in earlier ones.
However, each chapter isindependent of the others, so you can refer to a specific
chapter at any time for aquick procedural overview or refresher course.

The emphasis of thismanual is on learning and using the ER Mapper software, not
on teaching remote sensing concepts and applications. For more detailed
information on the principles of image processing or remote sensing for specific
applications, please refer to the ER Mapper Applications Manual, or any of the text
books available (some examples are listed in Appendix B “Reference texts” in this
manual).

Setting up practice images

The exercises in this manual assume that ER Mapper isinstalled and licensed, and
that you will use the default ER Mapper ‘tutorial’ directory to save sample
processing algorithms and other files during the lessons. 1n addition, some chapters
require that copies of the ER Mapper sample image files be placed into the
‘tutoria’ directory. For information on configuring your system for these exercises,
please refer to Appendix A “ System setup” in this workbook.

Typographical conventions

The following typographical conventions are used throughout this document:

* ER Mapper menus, button names and dialog box names are printed in boldface
Helveticatype, for example:

“Select Print from the File menu to open the Print dialog box.”

* Whereyou are asked to click the mouse on an icon button in the user interface, both
the button and its formal name are indicated in the text. For example:

“Click on the Open Transform editor | /. | button.”

o Texttobetypedinadialog box text field is shown in boldface Courier typeface, for
example: “Typeveget ati on_i ndex inthetext field.”
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Introduction to
ER Mapper

This chapter provides a brief overview of general image processing concepts, the
types of data you can process, and typical ER Mapper applicationsin the earth
sciences. It also provides an overview of how the ER Mapper software works, and
advantages it provides over other image processing systems.

Image processing concepts

The term digital image processing refers to the use of a computer to manipulate
image data stored in adigital format. The goal of image processing for earth
science applications isto enhance geographic datain digital format so asto makeiit
more meaningful to the user, extract quantitative information, and solve problems.

A digital image is stored as a two-dimensional array (or grid) of small areas called
pixels (picture elements), and each pixel corresponds spatially to an area on the
earth’s surface. Thisarray or grid structure isalso called araster, so image datais
often referred to asraster data. The raster datais arranged in horizontal rows called
lines, and vertical columns called samples. Each pixel in the image raster is
represented by a digital number (or DN).
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Chapter 1 Introduction to ER Mapper e Image processing concepts

columns
(samples)

individual cells or
rows = pixels in raster array
(lines)

These image DNs can represent many different types of data depending on the data
source. For satellite data such as Landsat and SPOT, the DNs represent the intensity
of reflected light in the visible, infrared, or other wavelengths. For imaging radar
(Synthetic Aperture Radar - SAR) data, the DNs represent the strength of aradar
pulse returned to the antenna. For digital terrain models (DTMs), the DNs represent
terrain elevation. No matter what the source, all these types of data can be stored in
araster format.

By applying mathematical transformations to the digital numbers, ER Mapper can
enhance image data to highlight and extract very subtle information that would be
impossible using traditional manual interpretation techniques. Thisiswhy image
processing has become such a powerful tool for all types of earth science
applications. The exercises in this manual provide many examples that illustrate
how image processing is typically used to enhance image data and extract
information.

Many image datasets have multiple bands (or layers) of data covering the same
geographic area, each containing a different type of information. For example, a
SPOT HRV-XS satellite image has three bands of data, each recording reflectance
from the earth’s surface in a different wavelength of light. Since each band records
reflectance in adifferent part of the spectrum, thistype of datais often called
multispectral data. Many powerful image processing techniques have been
developed to combine various bands from multispectral images to highlight
specific types of earth science information such as vegetation abundance, water
quality parameters, or the types of minerals present at the earth’s surface.
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Chapter 1 Introduction to ER Mapper e Image processing applications

Image processing applications

Image processing has become an important tool for awide range of earth science
mapping, analysis, and modelling applications. Following are just afew of the
many applications for which image processing is commonly used:

» land use/land cover mapping and change detection
o agricultural assessment and monitoring

» coastal and marine resource management
* mineral exploration

* 0il & gasexploration

» forest resource management

» urban planning and change detection

» telecommunications siting and planning
e physical oceanography

» geology and topographic mapping

» seaice detection and mapping

Traditional image processing

Image processing was first devel oped on large mainframe computersin the 1960’s
to process images from planetary satellites. To process an image, you specified the
name of the file to process, the type of operation you wanted to perform, then
waited for the system to process the data and write the resultsto a new imagefile
on disk (shown in the diagram below). You then used a separate display program to
view the output file and evaluate your results.

Image processing
. operation .

With traditional systems, the changes resulting from the image processing
operation are saved in a separate output raster file.

With the introduction of powerful workstationsin the 1980's, processing of large
images could now be performed on the desktop. Surprisingly, nearly all image
processing products on the market today are still designed around this
“disk-to-disk” approach from the 1960’'s. This means that to perform a processing
operation that requires several steps, you need to write an intermediate file to disk
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Chapter 1 Introduction to ER Mapper e ER Mapper image processing

for each step. Only when the final fileis created can you view your desired results.
This approach can consume tremendous amounts of time and disk space, and if the
result is not what you intended, you must often start all over again.

ER Mapper image processing

Recognizing the restrictions inherent in traditional image processing software, the
creators of ER Mapper developed an entirely new approach. Instead of writing a
fileto disk for each processing step, ER Mapper lets you combine many processing
operations into a single step, and render the results directly to your screen display
in near real-time. (In most cases, no processed copies of your original data are
written to disk unless you request to do so.) The set of processing steps you apply
to your datais called an “algorithm” in ER Mapper.

processing “algorithm”

RASTER - formulas (ratios, PCs etc. IMAGE
FILE i ffl)trgr]éJ gssfn((g%,tlﬁ,s' sharzeence)tc.) . DISPLAY
- (r:nogrterast/ brightness

With ER Mapper, you can save only a description of the processing steps you wish
to apply to the data (the algorithm), not separate processed copies of the original
raster data file. By storing the processing steps separately from the actual data,
image processing becomes faster, easier to learn, and more interactive. If required,
you can save the processed image in a number of formats including ER Mapper
Raster Dataset (.ers).

In ER Mapper, algorithms can be used for simple viewing of data, or for very
complex processing and modelling operations involving many images,
transformations of the data, and overlays of other types of data. Examples of
common image processing operations that become much easier using algorithms
include image merging (data fusion), image mosaicing, and any type of
mathematical transformations such as band ratios, Principal Components, Tasseled
Cap transforms, and others.

The algorithms design also allows ER Mapper to handle the next generation of very
high resolution satellite imagery much more efficiently than traditional systems.
These one to three meter spatial resolution datasets will have large file sizesfor the
area of coverage, so reducing the need to write processed copies of the datato disk
isavery important consideration.
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Image processing tasks

A flowchart of typical image processing tasks is summarized in the following
diagram, from data import through processing to final outpuit:

Data
read/import

'

Image
display

'

Image
geocoding

'

Image
mosaicing

v

Image
enhancement

'

Dynamic
Links
overlays

'

Annotation
& map

composition

'

Data save/export
& hardcopy

printing

Read external datafrom tape, CD-ROM, etc.
and, if necessary, convert for use and processing in
ER Mapper (Raster image data or vector line data.)

View image data on a PC monitor to evaluate
quality or area coverage, or display statistical
information such as histograms or cell values.

Geometrically align images (register) or
geometrically correct images to correspond
to geodetic coordinate systems (rectify or orthorectify).

Assemble two or more overlapping images
to create a continuous representation of
the entire area covered (a mosaic).

Digitally processimage data to aid visual
interpretation or highlight specific information
(contrast enhancement, filtering, ratios, etc.).

Link directly to raster, vector, or tabular data
in external products or files and display the
data over raster images (without file translation).

Setup a map page, and annotate images with
text, lines, shaded polygons, legends, scale
bars, coordinate grids and other map objects.

Save/export processed data to external file formats,
and print images and maps on over 200
hardcopy devices and any Windows printer.
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Data read/import

Thefirst step in image processing is reading the data you want to use into

ER Mapper. Typically the data might be stored on magnetic tape, CD-ROM, or
other media. There are two primary types of data you may want to read into
ER Mapper: raster and vector.

Raster image data is the type used as input to image processing operations. Typical
sourcesinclude satellite images, digitized aerial photographs, digital terrain models
(DTMs), and geophysical and seismic survey data. ER Mapper can directly read
image data in the following formats:

ER Mapper Raster Dataset (.ers)

ER Mapper compressed image (.ecw)
ESRI BIL and GeoSPOT (.hdr)
Windows BMP (.bmp)
GeoTIFF/TIFF (.tif)

JPEG (.jpg)

USGS Digital Ortho Quad (.doq)
RESTEC/NASDA CEOS (.dat)

You have to import image data that is not in one of the formats listed above. When
you import araster image file (using ER Mapper’simport utility programs),

ER Mapper converts the data into ER Mapper Raster Dataset format by creating
two files:

abinary datafile containing the raster data, in band interleaved by line (BIL) format
acorresponding ASCII header filewith a“.ers’ file extension

Vector data is stored as lines, points, and polygons. Many geographic information
system (GIS) products use vector data structures because it is more efficient for
representing discrete spatial objects like roads (lines), sample locations (points), or
political boundaries (polygons). In an image processing product, it is often helpful
to overlay vector data on top of araster image backdrop, for example overlay a
network of known roads on a satellite image. When you import a vector file (using
ER Mapper’simport utility programs), ER Mapper converts the data and creates
two files:

an ASCII datafile containing the vector data
acorresponding ASCII header file with an “.erv” file extension
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Chapter 1 Introduction to ER Mapper e Image processing tasks

Image display

After importing the data, the next step is usually to display the image on your
monitor to evaluate the data quality and geographic area of coverage. If the datais
of poor quality or does not cover your area of interest, you might decide not to
proceed any further and try to obtain better data.

There are several ways in which data can be viewed, including simple black and
white or pseudocolor displays, and red-green-blue (RGB) or hue-saturation-
intensity (HSI) color composite displays. The way in which you choose to display
your raster datais called the “ Color Mode” in ER Mapper.

In addition to displaying the data, you may want to view statistical information
about it. Statistics are often good indicators of image quality. You may want to
calculate statistics for the image, such as the mean value in each band, and view
them in atabular format. Or you may want to view statistical informationin a
graphical format using tools like histograms, scattergrams, and traverse profiles.

Image geocoding

Many times, raster image data is supplied in a“raw” state and contains geometric
errors. Whenever accurate area, direction, and distance measurements are required,
raw image data must usually be processed to remove geometric errors and/or
rectify the image to areal world coordinate system.

Registration is the process of geometrically aligning images to allow them to be
superimposed or overlaid.

Rectification is the process of geometrically correcting raster images so they
correspond to real world map projections and coordinate systems (such as L atitude/
Longitude or Eastings/Northings).

Orthorectification is a more accurate method of rectification because it takes into
account terrain and sensor (camera) calibration details. Advanced orthorectification
also uses platform position information.

If your application requires that your images be registered to one another or
rectified to a map projection, you will use ER Mapper’s Geocoding Wizard to do
this.

Image mosaicing

A mosaic is an assemblage of two or more overlapping images used to create a
continuous representation of the area covered by the images. ER Mapper automates
the building of image mosai cs because co-registered images referenced in the same
processing algorithm are automatically displayed in their correct geographic
positions relative to each other. This means that you can work with each image file
in the mosaic as a separate entity, and you are not required to write all images to
one large file on disk in order to process and enhance them.
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Image enhancement

Image enhancement refers to any one of many types of image processing
operations used to digitally processimage datato aid visual interpretation or extract
quantitative information meaningful to the user. Image enhancement is what many
people commonly think of as “image processing.”

In ER Mapper, image enhancement operations are greatly simplified by the
“algorithms’ processing concept. Nearly all types of image enhancement
operations can be applied and displayed in real time to provide truly interactive
control without writing temporary filesto disk.

Typical image enhancement operations include:

Image merging (data fusion)—Combine images with different qualitiesto aid
interpretation. For example, merge Landsat TM and SPOT Pan to combine TM
spectral information with SPOT Pan spatial detail.

Colordraping—Drape one type of data over another to create a combined display
allowing analysis of two or three variables. For example, drape a satellite-derived
vegetation map over an airborne magnetics image of the same area, or overlap
magnetics and radiometrics images to check for correlations.

Contrast enhancements—I mprove image presentation by maximizing the contrast
between light and dark portions (or high and low data values) in an image. Or,
highlight a specific data range or spatial areain an image.

Filtering—Enhance edges, smooth noise, or highlight or suppress specific linear or
gpatial featuresin images. For example, apply a gradient directiona filter to
highlight linear features tending north-south in an image. ER Mapper a so includes
Fast Fourier Transformations for filtering in frequency domain space.

Formula processing—Apply mathematical operations to combine multiple bands of
image data or derive specific thematic information. Examplesinclude thresholding,
differencing, ratios, Principal Components Analysis, and spatial modeling.

Classification—Statistically group or cluster image data values into thematic
categoriesor feature classes. For example, classify aL andsat satelliteimagetoyield
athematic map of land cover types. (Raster representations of the spatial cover types
can also be converted to vector polygons for export to GIS systems.)

Color balancing—Balance the colors of mosiaced airphoto imagesto create seamless
joins between them.

Dynamic Link layers

Dynamic Links are aspecial ER Mapper feature that et you link to datain external
products or file formats, and display the data on top of raster images without the
need for importing the files. Dynamic Links can link to raster, vector, or tabular
(point) datasets, so you can access and integrate all your geographic information.
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ER Mapper provides Dynamic Links to several popular products and file formats.
The procedure is fully documented so you can also create your own links to any
other product or format you desire.

Types of Dynamic Linksinclude:

Linksto GIS products—Extract and display vector datafrom GIS products such as
ARC/INFO. GISlinks are often used to overlay vector data such as road networks,
political boundaries, or land use categories.

You can display, edit, and save ARC/INFO coverage files directly in ER Mapper.
See the ER Mapper User Guide for details.

Links to database products—Extract and display tabular (point location) data from
database products such Oracle. Tabular links are often used to overlay
georeferenced point location symbols such as cities, well locations, or ground truth
sample sites.

Linksto external file formats—-Display specialized annotation, vector data, or other
data stored in PostScript, DXF, DGN, or other standard file formats.

Map composition

You can use ER Mapper’s built-in Annotation and Map Composition toolsto create
top quality maps combining raster, vector, and tabular data. Annotation lets you
draw directly on-screen using text, line, polygon, and other annotation tools, and
specify fill color, shading, line styles, user-defined symbols, and group and move
objects. Vector annotation files created in ER Mapper can also be exported to
external file formats for use in other products.

You can layout and compose maps comprising multiple processed images, and size
and scale map output as desired. All map objects are defined as full color
PostScript, and you can easily add custom map objects such as company logos or
specia north arrows.

Data save/export and hardcopy

Once you have completed processing your data, ER Mapper lets you trandate
raster and vector image data to external standard file formats or print to over 200
different hardcopy devices and any Windows printer.

You can save raster images directly to the following formats:

ER Mapper Raster Dataset (.ers)
ER Mapper compressed format (.ecw)
ER Mapper Virtual dataset (.ers)
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« ESRI BIL and GeoSPOT (.hdr)
e Windows BMP (.bmp)

o  GeoTIFF/TIFF (.tif)

* JPEG(jpg)

 UDF (.ersand .hdr)

UDF (Universal Data Format) saves the image with an ER Mapper (.ers) and ESRI
BIL GeoSPOT (.hdr) file. Thisallowsit to be directly read by a number of image
processing applications.

You may also want export vector annotation or vectorized thematic datato aGIS
product.

The ER Mapper compressed format uses ECW (Enhanced Compressed Wavel et)
compression to make the output image file size considerably smaller than the
original with minimal lossin quality. The single .ecw file contains embedded
georeferencing information that can be used by ER Mapper and external GIS
applications.

Hardcopy printing is often the final goal of processing and annotating images, and
ER Mapper provides unsurpassed hardcopy support and output to standard graphics
file formats. ER Mapper aso includes a built-in PostScript-compatible rendering
engine, so you get PostScript-quality output (such as beautiful, smooth text) on any
supported device, whether the device supports PostScript or not.

You can also easily print at exact sizes and map scales, and automatically print
large images in strips for mosaicing large image displays. Supported hardcopy
devicesinclude any Windows printer, film recorders, dye sublimation printers,
inkjet printers, and electrostatic plotters. Graphics file formats include PostScript,
TIFF, Targa, CGM, and CMYK and RGB color separations.

ER Mapper wizards

ER Mapper has a number of useful wizards which ssimplify and automate much of
the image processing. These are described in the ER Mapper User Guide and
summarized below:

Image Display and Mosaicing Wizard

Thiswizard allows you to enter the file names of raster and vector images, which it
then displays and/or mosaics to your requirements.
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Image Compression Wizard

Thiswizard enables you to save an image in ECW compressed format. It providesa
User Interface for you to specify atarget compression ratio.

Color Balancing Wizard for Airphotos

Thiswizard automatically balances and clips the images in the currently active
image window to produce seamless mosaics.

Change Projection/Datum/Cell Size Wizard

This wizard was designed to accommodate TIFF/TFW images that do not have
Projection/Datum information. When the Projection and Datum of animageis
unknown, ER Mapper defaults to RAW/RAW or WGSB84/L OCAL, which may not
be correct. Also, if the TFW file specifies the Cell Sizeto be in feet, ER Mapper
will incorrectly assume it to be in meters.

This wizard modifies the ERS header file with the image with Projection, Datum,
and Cell Size information you specify. It creates a new ERS header file if one does
not exist. ER Mapper uses thisinformation in preference to that included ina TFW
file.

Ortho and Geocoding Wizard

This wizard geocodes images (including orthorectification) to remove distortion
and set them to the correct spatial coordinates and rotation.

Gridding Wizard

Thiswizard generates gridded raster images from point, line or polygon data.

3-D Algorithm Wizard

Thiswizard creates a single surface 3D algorithm from araster and a height image
which you specify.

Contouring Wizard

Thiswizard adds a contour layer to adisplay algorithm to generate contours
directly from an image or algorithm file.
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Landsat TM Wizard

Thiswizard creates one of several standard Landsat TM algorithms. You specify
the Landsat TM image, and select the type of algorithm required.

Landsat Web Publishing Wizard

Thiswizard gives you a choice of algorithmsthat it can create using the Landsat 5
or Landsat 7 image files that you specify. It also compresses the resultant images,
and creates ready-to-use web pages for you to serve the images from an Image Web
Server.

Common Geophysical Images Wizard

Thiswizard creates a selectable common type of magnetic and gravity image. You
specify the image dataset to use.

Magnetics Fourier Wizard

Thiswizard applies a 1st Vertical Derivative or Reduce to Pole FFT formulaon a
single band of an image. You specify the input and output image, and select the
band and FFT process to apply.

Page Setup Wizard

Thiswizard interactively leads you through setting up a page, including the
addition of an optional vector layer.

Local Government Applications Wizard

Thiswizard automatically runs change detection algorithms on temporal aerial
images. It also combines 1-Bit scanned mapping to aerial images, changing line
colors and removing white areas to aid integration and visualization.

ab file reader

This tool reads existing Maplnfo table (.tab) files (image file only) and
automatically creates ER Mapper .ers header files. This allows Maplnfo users to
view, mosaic and compress images with ER Mapper without needing to convert
them manually.
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Designing your own wizards

You can use the ER Mapper batch scripting language to design your own wizardsto
simplify regular tasks. You can even add an entry or button to the menu and
toolbars. Refer to Part Sx - Batch Scripting and Wizards, Chapters 26,27,28 in the
Customizing ER Mapper manual for information on the batch scripting language.
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User interface
DASICS

This chapter introduces the basic use of the ER Mapper graphical user interface. It
gives you practice using menus, toolbars, dialog boxes, and image windows, and
loading and displaying image processing algorithms.

Note: In order to complete the exercises in this manual, you will need to access the
sample images and algorithms supplied with ER Mapper. If needed, ask your
system manager for the location of the ER Mapper software directory at your site.

User interface components

This section provides a brief introduction to the main components of ER Mapper’s
graphical user interface (GUI). You can perform nearly all operations by pointing
and clicking with the mouse, and very little typing on the keyboard isrequired. The
GUI ispart of ER Mapper’soriginal design, so it iswell integrated and easy to
learn and use.
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Using mouse buttons

When using ER Mapper, use the left button on your mouse to perform operations
like selecting items from menus, manipulating image windows, and drawing
annotation. In thismanual, all actions are performed with the left mouse button
unless otherwise indicated. The following table explains terms used in this manual
to describe actions you perform with the mouse.

Term

Meaning

Point
Click

Right-click

Double-click

Drag

Shift-click or
Citrl-click

Shift-drag or
Ctrl-drag

Position the mouse pointer on an item.

Point to an item, then quickly push and release the left mouse
button.

Point to an item, then quickly push and release the right
mouse button.

Point to an item, then quickly click the left mouse button
twice.

Point to an item. Then press and hold down the left mouse
button as you move the pointer to anew location, then release
the button.

Hold down the Shift key or Ctrl key on your keyboard, then
click.

Hold down the Shift key or Ctrl key on your keyboard, then
drag the mouse.

The symbol representing the mouse pointer on the screen changes shape depending
on what you are pointing to and the task you are performing.

Pointer  Location on the screen Function
N Menu bars and buttons; or Choose menu commands and click
inside image window buttons; point to the image to see
data values or coordinates.
I Text fields Type or select text, or reposition the
insertion point.
Inside the current image Zoom the image within the image
window window.
) Inside the current image Drag abox over an areato fill image
window window.
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4 Inside the current image Pan the image within theimage
window window.
= Inside inactive image Select an inactive window to become
windows the current window.
5 In image windows when Draw annotation and map

annotation tools are selected  composition objects.

The ER Mapper main menu

When you start ER Mapper, the main menu appears. The main menu has two
primary components-the menu bar and rows of toolbar buttons.

r®ER Mapper _ |00} X}— Title bar

Menubar —Fris  Edit View Toolbars Process Uliliies Windows Help

I ™A@ x| ElE e Buttons
Toolbars

e|=|e| & @ 1| @

Menu bar Lets you select commands used to carry out actionsin
ER Mapper. To select a command from the menu bar,
click on the name of the menu to open it, then click the
desired command name.

Toolbar buttons Shows groups of buttons to let you carry out common
tasks quickly. To choose a function from atoolbar, click
on the desired button.

Tool tips Place the cursor on any toolbar button and within a
couple of seconds the function of that toolbar button is
displayed in asmall text window just below the cursor

Using ER Mapper toolbars

Toolbars give you quick access to many common functions, such as saving an
image processing algorithm or printing a hardcopy. ER Mapper also provides
optional toolbarsfor specific tasks and image processing applications. To hide or
display various toolbars, use the Toolbar menu. To get short help for any toolbar
function, point to the button and read the tool tips.
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text fields

ER Mapper provides toolbars for many common tasks, and also toolbars for
building processing algorithms commonly used in remote sensing applications such
as forestry, geophysics, and map generation. The functions of the Standard, and
Common Functions toolbars are summarized bel ow.

Standard Provides quick accessto standard commands for
opening and saving algorithms, printing, starting and
stopping algorithm processing, and changing the mouse
pointer. Most functions are also available from the
menu bar.

Common Functions  Provides quick accessto commonly used functions,
such as creating general types of algorithms, viewing
and editing components of an algorithm.

Using ER Mapper’s scripting language, you can aso create your own customized
toolbars for specific tasks and functions. For more information on creating custom
toolbars, see the ER Mapper User Guide.

Using dialog boxes

When you select menu commands or click toolbar buttons, dialog boxes often
appear for you to choose options to control your image processing tasks. Some
dialog boxes, such as the File Chooser, can disappear when you make your
selection. Other dialogs can remain open for setting optionsfor aslong as you want
to use them.

e _iojx]

Algorithm; IerE2'\exam|:ules'\.f-‘«pplil:atic:ns'\Fire_HiskWegetatinn.alg = Prirt click to load
—/—’/file
Output Name: [*PERB2\hardcopy!Graphics\BMP_B40+480_24bithe [ el :I close dialog

without action

Description: |EMP

Steren...

— Image size; di
; isplay setu
(Click 10 —— iy [215.90 mm Height  [216.67 mm Sl | Opt?on); P

place cursor)

drop-down

list (click to

open)

F'agesacmss:|1.323 Pages duwn:IT??? Help §|
. (100 J MapScale1:|15248? j

[~ Fit page to output device access on-line

help for this

— Frint Uzing: function
™ PC Printing {* Hardcopy Contral Files

To resize adialog box, drag one of its corners or edges to the desired size.

ER Mapper automatically resizes the dialog box intelligently, so that any central
display areas are enlarged, and the layout of buttons remains the same. After
resizing, the dialog retains your new size for the current ER Mapper session.
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Using the File Chooser dialog boxes

When you choose to open or save a dataset, algorithm, or other file, ER Mapper
displays a File Chooser dialog box. The central window contains a list of
directories, or filesin the current directory.

o _laix
mepu barto_ Hiskory  Special Wiew MWolumes Direchories  ECW LIRL History
navigate and )
mark directories examplesh j Shared_Data current directory
(7 &ppications Al| @ apar_s000.2rs Al
[ Data_Types [0 ADAR_5000_HSI_Vitual Datas
<| | 20 Functions_é&nd_Features D AGE50_Acknowledgement. ers
click to move up [ Miscellaneous [ AGSO_Acknowledgement.erv
and down one i - - [ airphoto.ers scroll to view
directory level = other items

[ arc_info_workspace

in directory
D bustralia_DTH.ers
Y [0 change_division.alg
[0 change_subtraction.alg
j D Clazsified_|Landzat_Th_200ays j
Dpen:
|Shared_Dala'x
Files of Type:
file types I;’-‘«II Supported Files [ ala,.erz, ere, hdr, brp, dat_dog,. ecw_tif_jpg) j
Info... Caomments... 4'“_ click to view
| comments
| [1]8 I Apply Cancel |
click to load and
close dialog box click to load and leave dialog open

To open afile or directory displayed in the scroll list window, either double-click
onit, or click once to select it and click the OK or Apply button to open it.

Tip:  You can seetwo levels of directories and/or files by widening the file chooser
dialog box (drag one of the sides).
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The File Chooser menus at the top have the following functions:

History menu Use to change the File Chooser’s current directory.
The menu has two parts: the upper portion lists
most recently visited directories, and the lower
portion lists marked directories.

Special menu Use to change to your home directory, or to mark or
unmark adirectory (any directory may be marked
for fast access using the History menu).

View menu Use to sort the contents of the current directory by
name, date modified, or date created.

Volumes menu Use to access volumes or disk drives on your
network.

Directories menu Use to change to any directory defined by your
preferences settings.

ECW URL History List of the URLs of the most recently accessed

image files from an Image Web Server.

Using the on-line help system

ER Mapper provides an extensive on-line help system with both simple overviews
and detailed descriptions of all features and functions. There are two waysto access
help:

Help menu Lets you browse all the standard ER M apper
manuals on-line, and go between manuals and
topics using hypertext links.

Help buttons The Help button inside dialog boxes gives you
context-sensitive help. If needed, you can navigate
to view more detailed information using the
hypertext links.

Typing text in text fields

To enter text for naming files or changing valuesin dialog boxes, ER Mapper
providestext fields. When you point to atext field, the pointer shape changesto an
I-beam. To enter text, click anywhere inside the text field to place the text cursor.

To select existing text, you can drag through the desired portion, or double-click on
aword or numeric value to select it. Text that is selected become reverse
highlighted, and any subsequent typing replacesit.
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Hands-on exercises

The following hands-on exercises introduce you to the basic concepts of using
menus and dialog boxes and managing image windows.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

» Choose options from menus and toolbar buttons

» Display and hide toolbars

*  Open an empty image window

*  Open an image processing algorithm into a window
* Move and resize an image window

e Zoom and pan the image within the window

* Manipulate multiple image windows on the screen

» Closeimage windows

1: Using menus and toolbars

Objectives L earn to open and make selections from menus, use toolbars, and access on-line
help.

Move the ER Mapper main menu around the screen

1 Position the mouse pointer on the ER Mapper main menu title bar, then
drag it to the lower-left part of the screen.

Pointing to the title bar and dragging is how you move dialog boxes and image
windows around the screen.

2 Drag the main menu to the upper-right corner of the screen.

Thisisthe recommended position for the main menu for the exercisesin this
tutorial.

Open a menu to display its commands, then close the menu

1 Click on the View menu button; a list of commands under the menu
displays.
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Note:

The small arrows next to Quick Zoom and Statistics indicate that they have
additional commands under them.

Click on the Statistics command to display its submenu.

Click anywhere outside the main menu to close the open menus without
making a selection.

In the rest of this manual, selecting commands from menusisindicated as follows:
“From the Edit menu, select Preferences...” (which means click on Edit in the
menu bar, then click on the Preferences command).

Select the Print command from the menu bar

1

2

From the File menu, select Print.

The Print dialog box appears with options for printing hardcopy.

Click the Cancel button to close the dialog box.

Select the Print command from the Standard toolbar

1

Tip:

On the Standard toolbar, click the Print |&] button.

The same Print dialog box appears again. Using toolbar buttonsis often a faster
way to access many commands in ER Mapper.

Click the Cancel button to close the dialog box.

Many common commands on the menu bar, such as Print, are also available on the
Standard toolbar. Use whichever is fastest or most comfortable.

Display and hide a toolbar

1

3

From the Toolbar menu, select Forestry.

A third row of toolbar buttons appears on the main menu below the Standard and
Common Functions toolbars. This toolbar has buttons for common image
processing techniques used in forestry applications.

Point the cursor to any button on the toolbar.

A description of the button function displaysin the small text field just below the
CUrsor.

From the Toolbar menu, select Forestry again.
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The Forestry toolbar buttons disappear from the main menu. Use the Toolbar
menu to display or hide any toolbar. (It isrecommended that you always display the
Standard and Common Functions toolbars.)

2: Opening windows and algorithms

Objectives

To display an image in ER Mapper, you first open an empty image window, then
load and display an image processing algorithm. The algorithm references a raster
data file on disk, and the processing steps ER Mapper uses to enhance and render
the data on the screen display. (You will learn more about algorithms later.) You
can have as many different image windows open on the screen as you need.

L earn to open image windows on your computer display, and open and run an
image processing algorithm stored on disk.

Open a new empty image window

1

From the File menu, select New.

An empty image window opens in the upper left corner of the screen. The window
title bar reads “Algorithm Not Yet Saved” because no processing algorithmis
associated with thisimage window yet.

Open and display an image processing algorithm

1

From the File menu, select Open....
The Open file chooser dialog box opens.

From the Directories menu, select the path ending with the text \examples
(The portion of the path name preceding it is specific to your site.)

Double-click on the directory named ‘Data_Types’ to open it.

Double-click on the directory named ‘Landsat_TM’ to open it. (Scroll if
needed to view it first.)

The list of example algorithmsfor processing Landsat Thematic Mapper (TM)
satellite imagery displays.

Double-click on the algorithm named ‘RGB_321.alg.’ (Scroll down if needed
to view it first.)

ER Mapper runs the algorithm and displays an enhanced Landsat TM image of San
Diego, Californiain the image window. This agorithm displays bands 3, 2, and 1
of the Landsat image as an RGB color composite image, with band 3 in the red
display channel, band 2 in the green, and band 1 in the blue. Notice also that the
algorithm filename ‘RGB_321" now appears in the title bar of the image window.
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Use the toolbar to open a different processing algorithm

1

Note:

Click the Open |2 | button on the Standard toolbar.

The Open file chooser dialog box appears. (Thistoolbar button has the same
function as selecting Open... from the File menu.)

The algorithm named ‘RGB_321" in the ‘Data_Types\Landsat_ TM’ directory is
already highlighted since it is currently loaded into the image window.

Double-click on the algorithm named ‘RGB_541.alg’

ER Mapper runs the algorithm and displays a color composite of the same Landsat
image, thistime using bands 5, 4, and 1. Notice that the title bar also changes to
show the filename of the new algorithm.

By default, ER Mapper runs the algorithm automatically for you when you open it
from disk. You can also reprocess the data at any time by clicking the Refresh

button.

3: Resizing windows and zooming/panning

Objectives

Learn to move and resize image windows, zoom (magnify) part of an image, and
pan (scroll) to other parts of an image.

Move the image window on the screen

1

2

Point the mouse at the image window title bar, then drag it to another part of
the screen.

Drag the image back to the upper-left part of the screen.

Like dialog boxes, dragging images by thetitle bar is how you move them around
the screen.

Resize the image window

1

Move the mouse pointer directly over the lower-right corner of the image
window-the pointer shape changes to a double ended arrow.

Drag the lower-right corner to make the window about twice its original size,
then release.
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Dragging any side or corner of an image window lets you change the default
window size as you desire.

Note: When you resize a window, ER Mapper maintains the size of the image inside the
window. Empty areas on the sides are filled with a cross-hatch pattern to indicate
that no datais displayed there.

Set the mouse pointer to Zoom mode

1 On the Common Functions toolbar, click the Zoom Tool (3 | button.

Thistells ER Mapper to use the mouse pointer for zooming when it is positioned
inside an image window. Also notice that the Zoom Tool button becomes
depressed to indicate that it is the active pointer mode.

2 Move the pointer inside the image window.
The mouse pointer displays as a magnifying glassicon.

Zoom in and out of the image with the mouse

1 Position the pointer in the center of the image, and click the left mouse
button.

The image zooms in by 50%.

2 Position the pointer in the center of the image, hold down the Ctrl. key while
clicking the left mouse button.

The image zooms out by 50%.

3 Position the pointer in the image, and then drag it up and down.

Asyou drag the pointer down the image is magnified, i.e you zoom into it. When
you drag the pointer upwards, the image gets smaller, i.e you zoom out.

Set the mouse pointer to ZoomBox mode

1 On the Common Functions toolbar, click the ZoomBox Tool @ button.

Thistells ER Mapper to use the mouse pointer for creating a zoom box when it is
positioned inside an image window. Also notice that the ZoomBox Tool button
becomes depressed to indicate that it is the active pointer mode.

2 Move the pointer inside the image window.
The mouse pointer displays as a magnifying glass and box icon.

Comprehensive ER Mapper Training Workbook 48



Chapter 2 User interface basics e 3: Resizing windows and zooming/panning

Zoom in (magnify) an area of the image with the mouse

1 Position the pointer near the upper-left center of the image, then drag to the
lower-right to define a box.

When you release the mouse, ER Mapper runs the algorithm again and magnifies
(or “zoomsin”) on the area of the image you defined with the box. Dragging a
zoom box isafast way to magnify an area of interest. (There are other zooming
functions you will learn about later.

Set the mouse pointer to Hand mode

1 On the Common Functions toolbar, click the Hand Tool ﬂl button.

Thistells ER Mapper to use the mouse pointer for panning when it is positioned
inside an image window. Also notice that the Hand Tool button becomes
depressed to indicate that it is the active pointer mode.

2 Move the pointer inside the image window.

The mouse pointer displays as a hand icon.

Pan (scroll) the image within the window with the mouse
1 Click on the image. and drag it to a new position in the image window.
The hand pointer will grab the image and move it (pan) to the new location.

Zoom back out to view the full image extents

1 From the View menu, select Quick Zoom and then select Zoom to All
Datasets.

ER Mapper runs the algorithm again and zooms back out to display the full extents
of the Landsat image data. The Quick Zoom submenu provides many options for
zooming in or out to specific datasets, setting window geolinking, and other options
you will learn more about |ater.

Zoom and pan using buttons for predefined options

In addition to using the mouse, ER Mapper a so lets you zoom and pan using
buttons to invoke predefined zoom and pan functions.

1 From the View menu, select Geoposition....
The Algorithm Geoposition Extents dialog box appears.
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Note:

Tip:

You can aso click on the Geoposition Window button @l on the Algorithm
window to open the Algorithm Geoposition Extents dialog box

In the row of options at the top, click on the Zoom option to turn it on.

The contents of the Algorithm Geoposition Extents dialog change to show
sets of buttons for zooming and panning the image within the window.

In the buttons labelled ‘Zoom, click the Zoom out 50% | Il | button.

ER Mapper runs the algorithm and zooms out to 50% of the previous display
resolution.

For al icons on buttons under ‘Zoom’ and ‘Pan,” the black square represents the
current image, and the white box represents how the size or position of the image
will change after the button is clicked.

In the buttons labelled ‘Set Extents To,’ click Previous.
ER Mapper zooms out to the previous image display extents.

Under ‘Zoom,’ click on the Zoom in 100% E button.

ER Mapper magnifies the images to two times (100%) of the previous display
resolution (and keeps the image center point constant).

Under ‘Pan, click on the Pan left II button.

ER Mapper pans or scrolls the image 50% to the left (the previous center point is
now on the far right side of the image).

Under ‘Pan, click on the Pan upper-right E button.

ER Mapper pans the image 50% to the upper-right (the previous center point is now
on the lower-left corner of the image).

Experiment with other buttons under Zoom and Pan to see their effect.
Under ‘Set Extents To, click the All Datasets button.
ER Mapper resets the image extents to fit the entire dataset in the image window.

10 Click Close on the Algorithm Geoposition Extents dialog to close it.

Comprehensive ER Mapper Training Workbook 50



Chapter 2 User interface basics e 4: Managing multiple image windows

4: Managing multiple image windows

Objectives

Learn to open a second image window, specify overlap priority between

windows, activate an image window, and close image windows.

Open a second image window

1

From the File menu, select New.

ER Mapper opens a new image window. Aswith all new image windows, it has no
algorithm associated with it yet.

Open and display a processing algorithm in the new window

1

From the File menu, select Open....

The Open file chooser dialog box appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types’ to open it.

Double-click on the directory named ‘SPOT_Panchromatic’ to open it.
Thelist of example algorithmsfor processing SPOT Panchromatic satellite imagery
displays.

Double-click on the algorithm named ‘Greyscale.alg.

ER Mapper runs the algorithm and displays a SPOT Panchromatic satellite image
the San Diego (the same geographic area covered by the Landsat image in the other
window). The SPOT Pan data provides greater spatial detail than the Landsat data,
but has only one spectral band which is displayed in greyscale.

Move the SPOT window to overlap with the Landsat window

1 Drag the image window titled ‘Greyscale’ to the center of the screen until it

partially overlaps with the Landsat ‘RGB_541’ image window.
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Your windows should be similar to the following diagram:

Landsat TM

window
SPOT Pan
window

Move one window in front of the other

1 Click on the title bar of the window with the algorithm description titled
‘RGB_541!

The Landsat window movesin front of the SPOT window where there is overlap.

2 Click on the title bar of the window with the algorithm description
‘Greyscale’

The SPOT window now moves in front of the Landsat window where thereis
overlap. Clicking on the title bar of awindow or dialog box bar lets you choose
which window or dialog box to display on top of others.

Select a window to be the active window

The “active” image window is the one you want to currently work with, such as
zooming, loading a new processing algorithm, or editing the current algorithm.

1 Look at the title bar of the SPOT Panchromatic window and notice the three
asterisks (***) on either side of the window title.

The three asterisks indicate that this is the active (or current) window of the two.

2 Move the pointer inside the image area of the window with the algorithm
description titled “RGB_541"

The pointer shape changes to a pointing hand. (This happens whenever you move
from the active window to any inactive image window.)

3 Click anywhere inside the Landsat image window or on the Title Bar.
It now becomes the active window and three asterisks appear next to the title.

4 Click inside the SPOT window or on the Title Bar again to make it active.
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Note: A window can be active and still be covered by another “inactive” window. To

move the active window to the front, click on itstitle bar.

Close both image windows

What you
learned

1

Close one image window using the window system controls:
Select Close from the window control-menu.
The window closes and disappears from the screen.

Close the other image window by repeating Step 1.

The window closes and disappears from the screen. Only the ER Mapper main
menu is now open.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Choose options from menus and toolbar buttons
Display and hide toolbars

Open an empty image window

Open an image processing algorithm into a window
Move and resize an image window

Zoom and pan the image within the window

M ani pulate multiple image windows on the screen
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Creating an
algorithm

This chapter introduces the basic concepts involved in creating a ssimple image
processing algorithm. You learn about the interface ER Mapper provides for
creating and editing algorithms (the Algorithm window). As an application
example, you learn how to create an algorithm that processes a Landsat TM
satellite scene to render an image showing patterns of vegetation in the area (a
“vegetation index” image).

Note: Thislessonisa“quick start” for creating a simple algorithm. You learn more about
the concepts and procedures covered here in later chapters.

About the algorithms concept

The goal of all image processing is to enhance your datato make it more
meaningful and help you extract the type of information that interests you. To make
this procedure faster and easier, Earth Resource Mapping developed a new image
processing technique called “agorithms.” Understanding how to use algorithmsis
the key to understanding how to use ER Mapper effectively.
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What is an algorithm?

An algorithm isalist of processing steps or instructions ER Mapper uses to
transform raw data on disk into afinal, enhanced image. In this sense, algorithms
let you define a“view” into your datathat you can save, reload, and modify at any
time.

You use ER Mapper's graphical user interface to define your list of processing
steps, and you can save the steps in an algorithm file on disk. An algorithm file can
store any of the following information about your processing:

* Names of image dataset(s) to be displayed

» Subsets of the image dataset(s) to be processed (zoomed areas)
* Bandsin the image dataset(s) to be processed

» Brightness and contrast enhancements (Transforms)

» Filtering to be applied to the data (Filters)

» Equations and combinations of bands or images used to create the output image
(Formulae)

» Color mode used to display the data (Pseudocolor, Red Green Blue, or Hue
Saturation Intensity)

» Any vector images, thematic color, or map composition layersto be displayed over
the raster image data

» Definition of apage size and margins (used for positioning the image on a page for
creating maps and printing)

By being able to apply a set of processing steps as a single entity, the complexity
often associated with digital image processing is greatly reduced. In addition, you
gain tremendous savings in disk space, since you do not need to store intermediate
processed copies of your original data on disk.

Building Algorithms in ER Mapper
There are two primary ways to build a processing algorithm in ER Mapper:

» Usethe Algorithm window to add the desired types of layers, load images, and
specify processing steps for each layer.

» Click atoolbar button to have ER Mapper automatically create an algorithm for you.
In this case, ER Mapper adds the appropriate layers to the Algorithm window,
prompts you to load an image, and possibly other options as well.

The majority of exercisesin this manual ask you to build algorithms from scratch
so you become familiar with and thoroughly understand the basic concepts.
However, you will also use the automatic algorithm creation toolbar buttons from
time to time to understand how they work.
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Using Algorithms as Templates

Once you have saved your processing instructions as an algorithm file, you can use
the algorithm as a“template” to easily apply the same processing to different
images. Any algorithm can be used as a template, but ER Mapper also provides
many template algorithms for common tasks. These include common display
techniques (RGB, single band greyscale, etc.), writing processed image filesto
disk, and saving algorithms as “virtual datasets.” Using template al gorithms saves
time, and you will learn more about them in later lessons.

In addition, the toolbar buttons allow you to create various types of common
algorithms very quickly. You will learn more about using toolbar buttons for these
tasks later.

The Algorithm window

surface

The Algorithm dialog is a special dialog box that serves as your “command
center” for creating and editing algorithmsin ER Mapper. To open the Algorithm
diaog, you can select Algorithm... from the View menu or click the Edit
Algorithm El toolbar button. The key components of the Algorithm dialog are
labelled below and described in the table that follows.

view mode (2D or 3D) tab pages to select categories of options for

Iayer or surface (Layer tab page is selected)

=10l

Wiew Mode: Mormal /% I | " |Feather v Smacthing Close
: | | || menuto add

Degeription: I Landsat T composite, rgb=741 Edit ¥ | B or Change

1 E|—$[HGB]:DefaultSurface d Surface| Layer

list of layers
in surface

data
structure
diagram
panel

ﬂﬂﬁ/ ﬂ@ ﬂ E __tep || layers/surfaces

Blue Layer LandzatT M. ers ﬂ
process diagram

creen Lo @ oz B M K — i B K M 0 Colected

layer

Data structure diagram Shows alist of surfaces and layers contained in the
current algorithm using a hierarchy or “tree” structure.
Select (click on) asurface or layer change its options
using the Tab pages.

Comprehensive ER Mapper Training Workbook 56



Chapter 3 Creating an algorithm e The Algorithm window

Surface A group of raster and/or vector data layers that combine
to create aview or image. A single algorithm can have
multiple surfaces that become independent entities when
viewed in 3D mode.

Layers Components of a surface that contain data used to
construct an image. Different layer types can contain
raster or vector data, and processing for each layer is
controlled independently from the others.

View Mode Sets the manner in which datais displayed as two
dimensions (2D) normal or page layout, or three
dimensions (3D).

Tab pages Display categories of options for controlling the image
display and processing techniques, such as Layer for
options for the current layer, or Surface for options that
apply to an entire surface.

Process diagram Used to control the processing operations applied to
image(s) in the currently selected layer (displayed when
Layer tab is selected).

The Process Diagram

When the Layer tab is selected, the horizontal row of buttonsin the right-hand
panel of the Algorithm dialog are called the process diagram. They are used to
define your image processing operations for the currently selected data layer. Each
button in the diagram controls a specific image processing function.

Asthe arrows indicate, the processing stream flows from left to right. Typically,
you may specify an image to be used, the bands within the image to be processed,
then apply processing using formulag, filters, transforms or other optionsto create
your desired image. ER Mapper compilesall the processing steps you specified and
renders the resulting image to the screen display. The name and function of the
main processing stream buttons are as follows.

Button Function

Dataset ﬁ _Usetolo_adanlmagefrom disk, or _edltorwew
information or comments about an image.

Band Selection Use to select one or more bands in the image for use

B1:0.850_um | & in generating an image (a drop-down list).

Useto enter, load, or save aformulato perform image

2
Formula [Eme algebraand other arithmetic operations.
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Button Function

Filter Useto add or delete one or more spatial filters. (There
are both pre- and post-formula Filter buttons.)

Use to adjust image contrast and brightness. (There

Transform L'ﬁ are both pre- and post-formula Transform buttons.)

Useto specify artificia illumination of the image to

Sunshade & o dhaded relief effects

A crossor “X” through the button indicates that the function is not active in the
current data layer. In addition, there are other buttons for some layer types that you
will learn about later in this manual.

Hands-on exercises

Note:

What you will
learn...

These exercises show you how to initially display animage, and how to build, save,
and reload a simple image processing algorithm. It also shows how you can easily
change theimageto view it in 3D perspective.

These exercises briefly introduce concepts and procedures that are explained in
more detail later in this workbook.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Load a new image and choose which bands to display
Usethe Algorithm dialog to define a processing algorithm
Change the color lookup table for an image

Add aformulato an algorithm

Add text labels and comments to an algorithm

Save the processing algorithm to disk

Reload and view the saved algorithm
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Before you
begin...

Add aHeight layer to view theimage in 3D perspective

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Loading and displaying images

Objectives

Learn to open an image window and the Algorithm window, load an image
dataset, and display the image on-screen. You will also learn to display different
bands in the image, and change the lookup table ER Mapper uses to assign colors
to the image.

(Part 1 shows you how to load an image from disk and display it on-screen for an
initial look at the data. The image was previously imported from amagnetic tape or
other media and now resides on the computer's hard disk. Details on importing data
are discussed in the other ER Mapper manuals.)

Open an image window and the Algorithm window

1

Note:

From the View menu, select Algorithm....

A new empty image window opensin the upper-left corner of the screen, and the
Algorithm window opens in the lower-right.

ER Mapper remembers where you last positioned dialog boxes on your screen.
Therefore the Algorithm window could be positioned differently to what is
described above.

The Layer tab isusualy aready selected when you first open the Algorithm dialog
box. Note that the Algorithm window shows one Pseudocolor layer (labelled
“Pseudo Layer”) in the left of the dialog, with the red arrow pointing to it meaning
that isthe active layer.

If you open the Algorithm window when no image windows are currently open (as
in this case), ER Mapper opens an empty image window for you automatically.
This shortcut saves you the step of opening a window.

Load a raster image into the Pseudocolor layer

1

In the Algorithm window, click the Load Dataset ﬁ button on the left side
of the process stream diagram.
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The Raster Dataset file chooser dialog box appears.

2 From the Directories menu, select the path ending with \examples.

The scrolling list in the center now shows alist of directories containing example
images supplied with ER Mapper (such as ‘application... and others).

3 Double-click on the directory named ‘Shared_Data.

A list of raster imagesis displayed. Note that each hasa“.ers’ file extension. This
isthe file extension associated with raster filesin ER Mapper format.

4 Scroll down to view the image named ‘Landsat_ TM_year_1985.ers, then
double-click on it to load it.

The file chooser dialog box closes, and the image is loaded into the Pseudocol or
layer. Note that the layer now shows the name of the image loaded
(‘Landsat_ TM_year 1985'), and the button left of the name is now selected
(indicating that the layer is turned on).

ER Mapper renders the image in the image window. Theimage isdisplayed in a
range of colors because the color table named Pseudocolor is chosen.

Note: ER Mapper remembersthe last color table selected. Therefore, it might not be
Pseudocolor as described above.

Also note that Band Selection drop-down showsthe label ‘B1:0.485_um. This
indicates that band 1 of the Landsat image is currently selected for the layer.

Select and display different bands in the Landsat image

Landsat Thematic Mapper (TM) satellite images usually contain seven spectral
bands. You can choose to display any band (or a combination of bands) in araster
data layer.

1 Inthe Algorithm window, click on the Band Selection drop-
down list in the process stream diagram.
A menu listing the seven different bands in the Landsat image displays.

2 Click on the band labelled B2:0.56_um.
The menu closes and the new band appears in the Band Selection list button.

ER Mapper renders band 2 of the Landsat image in the image window. (The colors
look different to those for band 1 because the range of datafor band 2 is different
than band 1. (You will learn about data ranges and how to adjust image brightness
and contrast later.)
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3

Tip:

Note:

From the Band Selection drop-down list, select the band labelled
B7:2.215 um.

ER Mapper renders band 7 of the Landsat image in the image window.

From the Band Selection drop-down list, again select the band labelled
B1:0.485 _um.

ER Mapper renders band 1 of the Landsat image again.

The Stop Processing € | button or Esc key can be useful when you make a

mistake, or when you want to take a quick look at the results without waiting for
processing of the entire image to finish. Change the Color Table (on Surface Tab).

Pressthe Refresh Image button for the processing to continue.

When you are using the Color M ode named Pseudocolor (asyou arein this
example), the Color Table controlsthe set of colors ER Mapper usesto display the
image.

In the Algorithm window, click on the Surface tab and then click on the Color
Table drop-down list button.

A menu listing available color lookup tables appears.

Click on the lookup table named green.

ER Mapper renders the image using shades of green. Lower data values display as
darker shades of green, and higher data values as lighter shades.

When you change the color table, ER Mapper updates the image display
automatically to apply the new set of colors.

From the ColorTable drop-down list, select brown_green.

ER Mapper renders the image using shades of brown for low data values
transitioning into shades of green for higher data values.

From the Color Table list, select greyscale.

ER Mapper renders the image using shades of grey. Lower data values display as
darker grey shades, and high data values as lighter greys.

In Part 1, you have created the simplest type of agorithm: a Pseudocolor algorithm
that displays a single band of data using a color lookup table to control the image
coloring. You have not saved the algorithm yet because you will modify it later.
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2: Processing the image

Objectives

Learn to develop a simple processing algorithm using aformulato highlight
vegetation in the image, and to modify the image contrast and brightness on the
screen display.

Load a vegetation index formula into the layer

1

3

In the Algorithm window, click on the Layer tab and then click on Edit
Formula gme in the process stream diagram.

The Formula Editor dialog box appears to let you use standard image processing
formulas or create your own formulas. The menu bar at the top gives you fast
access to many formulas. Note that the current formulasimply reads ‘ INPUT1.
(You will learn more about formulas later.)

From the Ratios menu, select Landsat TM NDVI.

A new formula replaces the original one, and its description appears at the top.
(Thisformulais called the Normalized Difference Vegetation Index, or NDVI. It
uses information in bands 3 (red) and 4 (near infrared) of the Landsat image to
highlight information on vegetation location and abundance.)

All dataisinitially displayed as very dark shades of grey in the greyscale lookup
table because the formula processing produces a narrow range of datavalues (-1 to
+1). You will now enhance the image to increase its contrast.

Click the Close button to close the Formula Editor dialog.

Adjust the image contrast

1

In the Algorithm window, click on the Layer tab and then click on the right-

hand Edit Transform Limits [ button (there are two, choose the one
right of the Formula button).

The Transform dialog box opens. Note that the field Actual Input Limits at the
bottom shows a data range of about -1 to +0.6. Thisis the range of datavalues
produced after the raw Landsat image data was processed through the NDV I
formula. You need to tell ER Mapper to map the shades of gray in the lookup table

to thisrange instead of the 0-255 default data range currently shown along the X or
horizontal axis of the histogram.

From the Limits menu, select Limits to Actual.

The X axis data range changes to match the -0.8 to +0.6 limits of the data after the
NDVI formula processing.
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Note:

ER Mapper renders the image again, this time with enhanced contrast. In addition,
a histogram showing the relative frequency of data values for the processed image
appears in the center of the Transform dialog.

Areas of vegetation in the image are highlighted in light gray or white, and areas
with little or no vegetation (such as water) appear very dark. You will increase the
contrast between the light and dark areas even further.

On the Transform dialog, click the Create autoclip transform |[,/]{ button.

Contrast between the light and dark areas further increases. The lightest shades
(densely vegetated areas) are now white and darkest shades (non-vegetated areas)
are black, making the patterns of vegetation easier to interpret.

Click the Close button to close the Transform dialog box.

You will learn more about histograms, data ranges and contrast enhancements later
in this manual.

3: Labelling and saving the algorithm

Objectives

Learn to specify description labels, titles, and comments for an algorithm, and
save the algorithm processing stepsto afile on disk for later use.

Enter a description for the Pseudocolor layer

1

Note:

In the Algorithm window, on the left side of the data structure highlight the
layer and click on the description with the Pseudo Layer.

The pointer turns into atext cursor, indicating that the areais atext field.

Type the text NDVI in the text field, then press the Enter or Return key on
your keyboard.

This text now becomes a visual description for the layer.

Layer descriptions are also used to specify labels for bands when you write an
image to disk or save it asa Virtual Dataset. You will learn about this later.
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Enter a description for the surface

1 Inthe Algorithm window, on the left side of the data structure highlight the
surface and click on the "[Ps]: Default Surface" description.

The pointer turns into atext cursor, indicating that the areais atext field.

2 Type the text Surface 1 inthe text field, then press the Enter or Return
key on your keyboard.

This text now becomes a visual description for the surface. Note that the “[Ps]:”
prefix remains, indicating that the surface Color Mode is Pseudocolor.

Enter a description for the entire algorithm

1 Inthe Algorithm window, select the text in the Description text field (it
currently reads ‘No Description’).

(To select the text, either drag through it, or triple-click to select the entireline.)
2 Type the following text, then press Enter or Return on your keyboard:
San Di ego vegetation index

This text now becomes a brief description for the entire algorithm.

Save the processing steps to an algorithm file on disk
1 From the File menu (on the main menu), select Save As....
The Save As... file chooser dialog box appears.
In the Files of Type: field, select ‘ER Mapper Algorithm (.alg)’.

From the Directories menu, select the path ending with the text \examples.
(The portion of the path name preceding it is specific to your site.)

Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, click to place the cursor, then type in a name for
the algorithm file. Use your initials at the beginning, followed by the text
‘Landsat_NDVI, and separate each word with an underscore (). For
example, if your initials are “JC,” type in the name:

JC Landsat NDVI

7 Click the Apply button to save the algorithm and leave the dialog open.
Your Landsat NDVI algorithm is now saved to an algorithm file on disk.
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Add comments to the algorithm

1

Click the Comments... button.

A dialog box appears showing the algorithm file name with atext areafor you to
type comments about your algorithm. The cursor is aready active in the upper-left
corner.

Click Cancel on the Save Algorithm dialog to close it (you do not need it).

In the Comments dialog, type the following information about your
algorithm:

This algorithmuses the Nornmalized Difference Vegetation
Index (NDVI) fornmula to highlight vegetation in a Landsat
TM i mage of San Di ego. Areas with abundant vegetation
appear as lighter shades of grey.

Click the OK button to save your comments with the algorithm.
Click Cancel on the Save Algorithm dialog to close it.

(If you accidentally click OK, click Cancel when asked to overwrite thefile.
Otherwise your comments will not be saved with the algorithm file.)

4: Reloading and viewing the algorithm

Objectives

Learn to reload and display the algorithm you just created, and to view the text
file on disk that defines the algorithm processing steps.

Open a second image window

1

On the Standard toolbar (on the main menu), click on the New | [ | button.

ER Mapper opens a new image window (thisis a shortcut for selecting New from
the File menu). Drag the new window to the lower left part of the screen (so you
can see al or part of the other image window).

Open the processing algorithm you created eatlier

1

On the Standard toolbar, click on the Open | 2| button.

The Open file chooser appears. (Thisis a shortcut for selecting Open... from the
File menu.)

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
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4 Double-click on the directory named ‘Tutorial’ to open it.

Your Landsat NDV I algorithm should appear in the list.

Click once on your algorithm name to highlight it (do not double-click).

Click the Apply button to load and process the algorithm without closing the
Open dialog box.

ER Mapper runs the algorithm and displays the processed Landsat image in the
image window. It should look identical to the other image since they both use the
same algorithm and input image.

View the algorithm comments

1 Onthe Open dialog, click the Comments... button.

A dialog box opens showing the comments you entered for your algorithm. These
comments can be very helpful to others who use or display your algorithm, and
they are a good way to document the procedures you used to create it.

2 Click Cancel to close the comments dialog box.

5: Viewing the image in 3D perspective

Objectives

Learn to create a 3D perspective view of the vegetation index image by adding a
Height layer containing adigital elevation image.

About 3D perspective viewing

Up until now you have viewed your images using conventional 2D planimetric
views. ER Mapper makesit very easy to view imagesin 3D perspective by simply
adding a height (or elevation) component to your algorithm. The following isa
very simple introduction to the 3D viewing features, and you will learn more about
them in later chapters.

Display the vegetation image in brown and green

In the Algorithm dialog, select the Surface tab.
From the Color Table drop-down list, select brown_green.

ER Mapper redisplays theimage. Areas with no or little vegetation (such as ocean)
display as brown, and vegetated areas like parks and canyons are bright green.

In the Algorithm dialog, select the Layer tab again.
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Add a Height layer to the algorithm

1

Load a digital

1

On the Algorithm dialog, open the Edit menu, select Add Raster Layer,
then select Height.

A second layer named ‘Height Layer’ is added to the algorithm. Height layers are
only valid in 3D view modes, so the layer is currently inactive (crossed out).

elevation image into the Height layer

With the Height layer selected, click the Load Dataset ﬁ button in the
process diagram.

The Raster Dataset dialog opens.

From the Directories menu (on the Raster Dataset dialog), select the path
ending with \examples.

Open the ‘Shared_Data’ directory, then double-click on the image
‘Digital_Terrain_Model.ers’ to load it.

The digital elevation model (DEM) image isloaded into the Height layer.

Select 3D perspective View Mode to view the image in 3D

1

From the View Mode menu (on the Algorithm dialog), select 3D
perspective.

ER Mapper displays a message that the image is being processed, then displays a
3D perspective view of the image. The message “Regenerating Terrain” appearsin
the image window as ER Mapper performs iterations to increase the resolution
(detail) in the 3D image.

The right-hand panel in the Algorithm dialog now has two additional tabs-3D
View and 3D Properties. These contain controls specifically for 3D viewing of
images.

Turn off the 3D lighting option

In the Algorithm dialog, select the 3D View tab.
Turn off the Lighting option button.

The image redisplays without artificial lighting. (Although this is sometimes
desirable, it can also obscure subtle features.)
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Change the perspective viewing angle

1 Click on the Hand Tool ﬂl button on the Standard toolbar, if it is not
already selected.

2 Point to the lower part of the 3D image, and drag down slightly to tilt the 3D
view (see following diagram).

point to this area and drag down slightly to tilt 3D model down

v I. ~ '-_
T P
|----.1-.-l-----'-'.-l' An Wiy

The 3D image tilts downward, so you are now |ooking more from an overhead
viewpoint. You can use the mouse to manipulate the viewpoint, zoom in and out,
rotate the image, and other controls (discussed in detail later).

Thisisasimple 3D algorithm that lets you quickly see the relationship between
terrain features and vegetation in the San Diego area. You can see, for example, that
natural vegetation still occursin the many of the narrow canyons and hillsides next
to developed areas.

Select 2D View Mode to view the image in 2D again

1 From the View Mode menu in the Algorithm window, select Normal.

ER Mapper redisplays the image in atwo-dimensional planimetric view again.

Note: This3D exercise was asimple introduction to show how easy it can beto view data
in 3D perspectivein ER Mapper. You will learn more about the 3D capabilities and
controls later.

Close the image and Algorithm dialog windows

1 Close the image window using the window system controls:

* Clickthe Close button in the upper-right window corner.

The window closes and disappears from the screen.
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What you
learned...

Click Close on the Algorithm dialog.

Only the ER Mapper main menu is now open.

After completing these exercises, you know how to perform the following tasks
in ER Mapper:

Load a new image and choose which bands to display

Use the Algorithm dialog to define a processing algorithm
Change the color lookup table for an image

Add aformulato an algorithm

Add text labels and comments to an algorithm

Save the processing algorithm to disk

Reload and view the saved algorithm

Add aHeight layer to view theimage in 3D perspective
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data layers

This chapter introduces you to the concept of data layersin ER Mapper, and gives
you practice using them. You will learn to load datainto layers, turn layers on and
off, specify layer priority during processing, and add, move, and delete data layers
in an algorithm.

Note: This chapter focuses on the use of raster datalayers for displaying and
mani pulating images. Use of vector layer types for displaying GIS data and
annotation are covered later in this manual.

About data layers

In ER Mapper, you build your image display by creating one or more ‘layers  of
datain the Algorithm window. The various data layers combine to create a final
image on your screen display or output to your hardcopy device.

To view process stream diagram of alayer click on the Layer Tab and select the
layer from the left side of the Algorithm window. Each layer in an agorithm can
have different processing and use different image datasets. The simple algorithm
you developed in Chapter 3 had only one layer (a Pseudocolor layer), but other
types of algorithms can have several datalayers. For example, an image displayed
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in RGB (red-green-blue) has three data layers—one for the red image component,
one for the green, and one for the blue. Layers can also contain other types of data
that you want to overlay on your image, such as GIS vector or tabular data, and
annotation or map composition objects.

Each layer in your algorithm can be manipulated independently from the others
using the process stream buttons associated with that layer. Thisflexibility is one of
the key featuresin ER Mapper that makes it easy to build and fine tune complex
image processing algorithms.

Typically, you build an algorithm by first defining one or more layers to display
your raster image data, such as satellite images or digitized aerial photos. Then you
can add additional layers to display vector data (such as aroad network), tabular
data (such as sample site locations), and layers to annotate your image with text,
coordinate grids, and so on.

Layer controls

If you click on the layer tab, the process diagram of the current layer appears. Each
layer in an algorithm has a common set of information and controls provided on the
layer itself:

Transform -
Load image dataset Select image bands Use formula  Adjust contrast

(= —[Bross0_um =] B K — Eme j‘si.é L% %

Open filter  Apply shad

editor relie

d
f

To turn alayer off, click on the Turn On/Off button @ on the Algorithm

window or click the right hand mouse button on the layer to display the Short-cut
Menu and select Turn Off. .

About color modes

ER Mapper uses a concept called the “ Color Mode” that defines the manner in
which layers containing raster data are displayed. To define a particular type of
image display, you choose the appropriate types of layers and the appropriate Color
Mode. Color Mode is located in the Surface tab on the Algorithm window. Click
on the Surface tab and you will see the Color Mode, the Color Table and the
Transparency (%) with a dide button.
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Color Mode options (in Surface Tab)

ER Mapper provides three Color Mode options in Surface Tab, and each is
designed to display and manipulate raster image datain a different way. The Color
M ode setting must usually correspond with the type of datalayersyou are using.
For example, if you are working with Pseudocolor layers, your Color Mode must
be set to Pseudocolor. The three Color Modes are:

Color Mode Function

Pseudocolor Designed to display asingle layer of raster data;
image colors are controlled by the current
Lookup Table setting.

Red Green Blue Designed to display raster datain Red Green
Blue (RGB) color space. Theimage colors are
built using separate layers for the red, green,
and blue color planes (or color guns) of the
computer display.

Hue Saturation Intensity Designed to display raster datain Hue
Saturation Intensity (HSI) color space. The
image colors are built using separate layersfor
hue (color), saturation (color purity), and
intensity (color brightness).

About data layers

ER Mapper provides severa types of datalayers, each designed to display a
particular format of data (raster, vector, tabular), or display raster image datain a
particular way. In general, there are two types of layers:

Raster layers display image or pixel datasets, and the displayed image is often the
result of combining two or more types of raster layers (for example, red, green, and
blue)

Vector layersdisplay GIS, line, tabular (point), and map composition data, and
always cover raster data underneath them where there is overlap
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Raster layer types

Many of the raster layer types are only valid with a certain Color Mode setting. If
the layer is not valid with the current Color Mode, ER Mapper automatically dims
that layer on the Algorithm window and does not use it during processing. The
types of raster layers and the valid Color Modes associated with them are listed in

the table below:

Raster layer Function Valid Color Modes

Pseudocolor Displays raster data, colors are Pseudocol or
controlled by the current Lookup
Table

Red Displaysraster datain the display’s Red Green Blue
red color channel

Green Displaysraster datain the display’s Red Green Blue
green color channel

Blue Displaysraster datain the display’s Red Green Blue
blue color channel

Hue Displays raster data; controls the Hue Saturation
“color” component (red, yellow, green,  Intensity
etc.) of the displayed image

Saturation Displays raster data; controls the Hue Saturation
“color purity” component (pastel or Intensity
pure colors) of the displayed image

Intensity Displays raster data; controls the al
“brightness’ component (lightness or
darkness) of the displayed image

Height Controlsthe third dimension elevation  all
(or “z-value’) of an image viewed in
3-D perspective.

ClassDisplay  Displays araster image created with al
ER Mapper’'s Supervised or
Unsupervised Classification functions

Classification Displaysasolid color thematicoverlay all

generated from raster data over other
raster overlays
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You can quickly change any raster layer in an algorithm from one type to another
by using the Layer Type drop-down list from Edit/Change Raster Layer menu or
from the Short-Cut menu which appears after clicking the right mouse button on
the highlighted layer.

Vector layer types

Vector layers are used to display map annotation and data from external products or
vector file formats. All vector layers are always drawn on top of any raster layers,
regardless of their position among other layers in the Algorithm window. Vector
layers are not affected by the Color Mode setting (those apply to raster layersonly).
The following are the main types of vector layers.

Vector layer type Function
Annotation/M ap Create color annotation (lines, circles, text, etc.) and
Composition map composition objects (scale bars, north arrows,

etc.). Also used to display filesin ER Mapper vector
format (with a*“.erv” file extension).

Region overlay Define region polygons (areas of interest) for araster
image, or display existing regions and names.

ARC/INFO overlay Display, edit, and save vector data stored in the native
“coverage” format of the ARC/INFO GIS software.

Dynamic Links Display vector or tabular data from other software
products or file formats such as DXF or PostScript.

There are additional types of vector layers used less frequently; these are not
covered in detail in thismanual. You can add any of the Vector layer types from the
drop down list which appears after clicking the Edit/Add Vector layer menu.

Selecting and Modifying Data Layers

To modify adatalayer, you must first select it by clicking onit. A shaded box then
appears surrounding the layer to indicate that it is selected. You must first select a
layer before you can load a new image dataset into it or modify it’'s process stream.

Note that alayer may become inactiveif you change the Color Mode in the Surface
Tab to an option that is not valid for that layer. When a layer becomesinactive, its
text appears dimmed or “greyed out” on the Algorithms window. For example, if
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you change the Color Mode to Red Green Blue, any Pseudocolor overlays become
inactive since Pseudocolor overlays are only valid with a Pseudocolor Color Mode.
Inactive layers are ignored during processing (similar to being turned off).

Hands-on exercises

These exercises give you practice using and manipulating raster data layersin
ER Mapper. Understanding how to work with layersis an important step in
understanding how to build and use algorithms.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

e Turn datalayerson and off

» Load animage into one or several raster layers
* Add, delete, and move layers

» Change araster layer from one type to another

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Turning layers on and off

Objectives Learn to turn datalayers on to include them in processing and off to exclude them
from processing. Also learn how the status of layers can change if the Color
Mode changes.

Open an image window and display a mosaic algorithm

1 From the File menu, select Open....
An image window and the Open file chooser dialog box appear.
From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Functions_And_Features’.
Double-click on the directory named ‘Data_Mosaic'.

a b~ W DN

Double-click on the algorithm named
‘Interactive_mosaic_of 4 datasets.alg.
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ER Mapper opens and displays the algorithm.

This agorithm displays a mosaic of four separate image datasets that partially
overlap with each other. Each image is loaded into its own Pseudocolor data layer,
so it can be controlled independently from the other images. (You will learn more
about creating mosaics of two or more images later.)

Open the Algorithm window to view the data layers

1

From the View menu, select Algorithm....
The Algorithm window appears showing four Pseudocolor data layers.

If needed, make the Algorithm window taller until all four layers are clearly
visible at once. (Drag the top window border upward.)

Turn overlays off to exclude them from processing

1

In the Algorithm window, with the Layer tab selected, click on the left side
of the layer containing the image named ‘Mosaic_TM’ to select it.

A dark border surrounds the layer, indicating that it is selected.

Click your right mouse button on the highlighted layer and the Short-Cut
menu will appear. Turn the ‘Mosaic_TM’ layer off by selecting the Turn Off
option from the Short-Cut menu.

The layer is now turned off, so ER Mapper will ignore it during processing.

ER Mapper reprocesses the mosaic algorithm so that the data in the upper-right
portion of the image window (a portion of aLandsat TM image) is not displayed.
Since the layer containing the ‘Mosaic_TM’ image isturned off, its data no longer
appears as part of the mosaic.

In the Algorithm window, click on the left side of the layer containing the
image named ‘Mosaic_XS’ to select it.

Click the right mouse button on the selected layer and turn off the
‘Mosaic_XS’ data layer from the Short-Cut menu.

Thistime the datain the lower portion of the mosaic (a portion of a SPOT XS
image) does not display sinceits layer is turned off.

Turn overlays on to include them in processing

1

In the Algorithm window, click to select the layer containing the image
named ‘Mosaic_TM.

2 Turn the ‘Mosaic_TM’ layer on again (click the right mouse button on the

selected layer and select Turn On, from the Short-Cut menu).
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3
4

TheLandsat TM satellite data again displaysin the upper-right portion of theimage
window since itslayer is now turned on.

Click to select the layer containing the image named ‘Mosaic_XS.
Turn the ‘Mosaic_XS’ layer on again.
The SPOT XS satellite image again displaysin the lower portion of the mosaic.

Change the Color Mode to see how it affects layers

1

Note:

In the Algorithm window, from the Surface Tab select Red Green Blue
from the Color Mode drop-down list.

All four Pseudocolor layers display a hatched pattern (diagonal lines), indicating
that they are no longer valid with the current Color Mode.

Whenever raster layers are not valid with the current Color Mode in the Surface
Tab, they become hatched (inactive) on the Algorithm window. ER Mapper treats
inactive layers as if they are turned off.

On the Surface Tab from the Color Mode drop-down list, select
Pseudocolor.

ER Mapper reprocesses the algorithm and displays the image with all the layers
active.

2: Loading data into layers

Objectives

Learn to load an image into a particular layer or set of layersin an algorithm.
Also understand use of the OK, Apply, OK this layer only, and Apply this
layer only buttons on the Raster Dataset file chooser dialog box.

Open a Red Green Blue (RGB) algorithm

1

aa b~ W DN

On the ER Mapper Standard toolbar, click the Load | (=] button.

The Open file chooser appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types’

Double-click on the directory named ‘Landsat_TM.

Double-click on the algorithm named ‘RGB_432.alg.
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This algorithm displays bands 4, 3, and 2 of 21985 Landsat TM satellite image of
central San Diego as an RGB color composite image. Water areas appear dark, and
shades of red indicate vegetation.

Load a new image into all three layers

1 With the ‘Layer’ tab selected, click on the Load Dataset ﬁ button in the
process stream diagram.

The Raster Dataset file chooser appears. Note that thisdialog has OK this
layer only and Apply this layer only buttonsin addition to the OK and Apply
buttons you see on al other file chooser dialogs.

% Raster Dataset | _ (O] %]

History Special  Wiew “olumes Direclones  ECW UIRL History

| examples), W

[ Applications ﬂ I Arpholo? ers ﬂ
(=3 Data_Types 1 arc_info_workspace

click to move up
and down one 1 Functions_snd_Fesfures g gli::":;;;—g:rs J
directory level (1 geoproblem - '

current directory

(=7 Miscellaneous ] Demu_Test_Paﬂerns_‘-.ﬁrtL//selected .ers file

B Digtal_Terrain_Model.ers

B Shored_Data

[ Digital_Terrain_Modal_20r

¥ 3 Digital_Terrain_todel_wd:
[ FFT_Image.ers

Zl| @ FFT Inout Imane.ers =

Open:
file types | Shared_DatatDigitel_Terrain_Model ers
(.ers, .alg, hdr
Jbmp tif .sid) Filas of Type: . ]
_ . - lick to view comments
view information IEH Suppoarted Files (ers, alg, hdr, bmp,ecw, i, jpg.dog,.daf) j /
or edit image \
header file Info... | Comments. . .
load into selected
load into selected _——  OKthis layer only | Apphy this laver anty /I// layer only, keep
layer only, close dialog box open
dialog box | oK | Apply Cancel |
load into all layers with same load into all layers with same image,
image, close dialog box keep dialog open

Notice that the Raster Dataset file chooser shows files with “.ers’ extensions.
You can changefiletypes(.ers, .alg, .hdr, .omp, .tif, .sid) from the drop down list of
the button of file types. Typically you load imagesinto raster layersfor processing,
but you can also load an algorithm and use it as if it were an image dataset.
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Load a new image into all three layers
1 From the Directories menu, select the path ending with the text \examples.
2 Double-click on the directory named ‘Shared_Data.
3 Click once on the image named ‘Landsat TM_year 1991.ers.
4 Click the Apply button.

ER Mapper loads the 1991 Landsat image into al three layers. Since all three
layers previously contained the same image (the 1985 Landsat image), Apply
replaced the image in all three layers at once.

Load a new image into only one layer

1 Click on the Green layer to select it.

2 Inthe scroll list on the Raster Dataset dialog, click on the image named
‘Landsat_TM_year_ 1985.ers’ to select it.

3 Click the Apply this layer only button.
ER Mapper loads the 1985 Landsat image into only the Green layer.

Click on the Blue layer to select it.

In the Raster Dataset dialog, click on the image named
‘Landsat_TM_year_ 1985.ers’ to select it.

6 Click the Apply this layer only button.
ER Mapper loads the 1985 Landsat image into the Blue layer.

Tip: TheOK and OK this layer only buttons have the same function asthe Apply and
Apply this layer only buttons, but they close the dialog after performing the
operation (while the others leave it open). Double-clicking on an image or
algorithm name in the scroll list has the same effect as clicking OK.
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3: Adding and changing layers

Objectives

Learn to delete layers from an algorithm, add new layers, and move layers by
using buttons and the mouse. Also, learn to change araster layer from one type to
another type (green to blue for example).

Open a new RGB algorithm

1

a b~ 0N

On the ER Mapper Standard toolbar, click the Load |2 { button.

The Open file chooser appears.

From the Directories menu, select the path ending with the text \examples
Double-click on the directory named ‘Data_Types'.

Double-click on the directory named ‘SPOT_XS'.

Double-click on the algorithm named ‘SPOT_XS_rgb_321.alg’.

This agorithm displays a SPOT XS (multispectral) satellite image of San Diego as
an RGB color composite of bands 3, 2 and 1. (These bands are similar to Landsat
TM’sbands 4, 3 and 2 but are imaged at higher resolution.)

Change the order of layers using buttons

1

2

On the Algorithm window, click on the ‘Green’ layer to select it.

Click the Move Up button ‘ﬂ
The Green layer moves up one level to the top of the layer list.

Click on the ‘Blue’ layer to select it.

Click the Move Down button | & |.

The Blue layer moves to the bottom of the layer list.

Change the order of layers by dragging

1

Point to any part of the Red layer, then drag down below the Blue layer and
release.

The Red layer moves down to the bottom of the layer list.
Drag the Green layer to move it below the Red layer.

Itisoften easier to move or reposition layers by dragging them rather than using the
Move Up and Move Down buttons.
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Note: The order of layers can be important when building image mosaic algorithms that

display more than one image (it sets the display priority of images where thereis
overlap, those on top having the highest priority). In this case, changing the order of
the layers has no effect on the image display.

Delete the Blue and Green layers

1

2

Tip:

Click on the Blue layer to select it.

Click the Cut button | & | to delete the Blue layer from the list.

You can also cut the layer by selecting the cut option from the Edit menu or on the
computer keyboard simply press and hold the Control button and type X “Ctrl+X”.

Click on the Green layer to select it.

Click the Cut button | & | to delete the Green layer from the list.

ER Mapper displays only the red component of the image (SPOT band 3 in this
case) because the Blue and Green layers of the algorithm were del eted.

Restore the Green layer by adding one and loading the image

1

From the Edit/Add Raster Layer drop-down menu, select Green.

A new Green layer is added to the algorithm. The new layer has no image loaded
yet (indicated by NONE), so it is turned off.

In the process stream diagram, click the Load Dataset ﬁ button.

The Raster Dataset file chooser appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Shared_Data.

Click on the image named ‘SPOT_XS.ers.’ to select it, then click OK to load
it and close the dialog.

ER Mapper |oads the image into the new Green layer and turnsit on. Also note that
band 1 isloaded by default in the process stream diagram.
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Note: If you had wanted to load thisimage into only the Green layer, you could have
clicked OK this layer only or Apply this layer only.

6 From the Band Selection drop-down list, select B2:0.645_um.

You have now created anew Green layer that contains the same image and band as
the original green layer you deleted earlier.

Restore the Blue layer by duplicating the Green layer

1 With the Green layer still selected, click the Duplicate button.

A second Green layer is added below the first one. The second Green layer is an
exact copy of thefirst one, so it aready hasthe ‘SPOT_XS' image |oaded.

2 Click your right mouse button on the highlighted Green layer and the Short-
Cut menu will appear. From the Short-Cut menu, select Blue.

The Green layer changesto a Blue layer.

3 Fromthe Band Selection drop-down list, select B1:0.545 _um.

The new Blue layer is now correctly set to display band 1 of the SPOT image.

Tip:  When manipulating multiple layers, duplicating an existing layer with the desired
image and changing itstype is usually faster than adding a new layer and loading
the desired image.

Note that the colors ook dlightly different to those in the original algorithm you
opened at the start of this section. You need to adjust the transforms of the new
Green and Blue layers.

Adjust the transforms of the Green and Blue layers
1 Select the Green layer, then click on the right-hand Edit Transform Limits

LfiL button in its process stream diagram.
The Transform dialog box opens.

2 From the Limits menu, select Limits to Actual.
The X axis (input) data range changes to match limits of the band 2 data.

3 Click the Move to next blue layer button on the Transform dialog.
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ER Mapper automatically selects the Blue layer and displays its histogram. (You
will learn more about moving between histograms of layers later.)

From the Limits menu, select Limits to Actual.

ER Mapper reprocesses the algorithm using the actual data limits asthe X (input)
axislimits.

On the Transform dialog, click the Create autoclip transform E button.

ER Mapper changes the transform line on the histogram to increase contrast of the
blue data layer and redisplays the composite image automatically.

Click the Move to next green layer button on the Transform dialog.
ER Mapper automatically selects the Green layer and displays its histogram.

Click the Create autoclip transform |[ /]| button.

ER Mapper changes the transform line to increase contrast of the green data layer
and redisplays the image.

Click the Close button on the Transform dialog to close it.

Close all image windows and dialog boxes

What you
learned

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Turn data layers on and off

Load an image into one or severa raster layers
Add, delete, and move layers

Change araster layer from one type to another
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data values

This chapter shows you the options ER Mapper provides for viewing image data
values and coordinate locations. These include cell values, neighborhoods,
signatures, traverse extraction, and scattergrams. You also learn how to measure
distances between two points on an image.

About viewing data values

Viewing image data values is one of the fundamental ways to assess data quality
and the particular characteristics of features in an image. Options for viewing data
values and geographic locationsin ER Mapper include:

Cell values The data value associated with each cell or pixel in the
image, or the data values of that cell in each band of a
multi-band image.

Neighbor hoods An array of data values surrounding a pixel.
Signatures The data values of a pixel in al bands shownin aline
graph format.

Traverse extraction A profile of datavalues occurring along aline or
polygon drawn on the image.
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Scattergrams An X-Y plot showing the relationship between data
valuesin two bands of an image.

Histograms A plot showing the range of data values on the X axis
and their relative frequency onthe Y axis

Hands-on exercises

These exercises show you various ways of viewing data values, coordinate
locations, and geographic distances between two points on an image.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

* View image data valuesin text format

* View image data valuesin multiple bands as a signature

* View image data valuesin multiple bands along a profile line
* View two bands of image data values as a scattergram

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Viewing values and signatures

Objectives Learn to view image data values in atext format, neighborhood format, and
signature (line graph) format.

Open and display an RGB algorithm

1 From the File menu, select Open....
An image window and the Open file chooser dialog box appear.

2 Double-click on the directory named ‘\examples\Data_Types\Landsat TM’
to openit.

3 Double-click on the algorithm named ‘RGB_741.alg.

Thisalgorithm displays bands 7, 4, and 1 of the San Diego Landsat image as an
RGB color composite image.
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View cell values in the image for all bands

1 From the View menu, select Cell Values Profile....

The Cell Values Profile dialog box appears. Drag it by itstitle bar next to the
image window. This dialog has three display windows, any of which can be turned
on or off at any time.

£%=Cell Yalues Profile 10| x|
[ dwerage OO0 Cloze |
Tl |
Signhature | option to turn
window N [¥ Signature window on/off
Band: |B1:0.485 um =] \
116(106(118
[ MeighbarsT~drag to resize
Neighbors 137132126 >window areas
window 140142136
v Walues
B1:0.485_um| 132 a|
values E2:0.56_um |57 J
window B20.66 um |72
B4:0.83 um |63 ;I Help |

2 By default, the Values option is selected. (If this has been changed, turn on
Values and turn off Signature and Neighbors.)

3 On the main menu, click the Set Pointer mode | k | toolbar button.

Set Pointer mode tells ER Mapper that you want to use the mouse pointer to view
data values. (The other modes set the pointer for use as a zoom and pan tool.)

4 Point inside the image window, and drag the mouse pointer through the
image (or just click on any pixel).

The Cell Values Profile dialog displays the data values in all seven bandsin the
Landsat image for the current cell (pixel) location in the image. The datavalues are
updated as you drag the mouse to new locations.

(If all seven bands are not shown, smply drag the lower edge of the dialog box to
make it slightly larger.)

View a neighborhood of cell values

1 Inthe Cell Values Profile dialog, turn on the Neighbors option.
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A second window is added to the Cell Values Profile dialog, with a drop-down
menu to select an image band.

Point inside the image window, and drag the mouse pointer through the
image (or just click on any pixel).

A three-by-three neighborhood of cell values displays as you drag the mouse. The
center pixel in the three-by-three array is the current pixel, and the surrounding
eight pixels are its neighbors. This feature is useful for viewing the local variance
or texture in various parts of an image.

From the Band drop-down list, select B4:0.83_um then drag again in the
image.

The data values for band 4 of the Landsat image display in the three-by-three
nei ghborhood.

View a signature of cell values for various features

1

In the Cell Values Profile dialog, turn on the Signature option.

A third window is added to the Cell Values Profile dialog, with arow of color
buttons on top.

Make the Signature window larger by resizing the entire dialog box, or by
turning off the Neighbors option.

Click on the green color button above the Signature window.

Point to the image window, and drag through one of the green areas on the
image (natural and man-made vegetation).

The data valuesin all seven bands display in aline graph format (sometimes called
asignature) in green. The tick marks at the bottom indicate the number of bandsin
theimage. Inthis case, you are using Landsat TM data, so you see the valuein each
of the seven bands as an individual measurement on the graph.

Click on the yellow color button above the Signature field.

Point to the image window, and click or drag on one of the bright white
areas of the image (building roofs or barren land areas).

A new signature for the bright areas appearsin yellow.
Click on the green color button again to clear the signature.

When you click on a color button a second time, the existing signature (colored
line) in the window is removed.

Point to the image window, and drag through a green, vegetated area again
to display a new signature.
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View an average signature for a feature

1
2
3

Click on the blue color button.
Turn on the Average option.

Point to the image window, and drag through one of the dark ocean areas
surrounding the island near the bottom.

A third new signature appears in blue. Notice that the signature line gets thicker as
you drag thistime.

When using Average, the signature is an accumulated average of all the data
values over the area where you dragged. You can add to the average signature by
continuing to drag. This allows you to view the average signature over a broad
feature area (instead of asingle pixel at atime).

Click the Close button on the Cell Values Profile dialog box to close it.

2: Viewing locations and distances

Objectives

Learn to view the geographic location of featuresin aimage, and to measure the
distance between two points in an image.

View geographic coordinates in the image

1

Note:

From the View menu, select Cell Coordinate....
The Cell Coordinates dialog appears. Drag it next to the image window.

The upper three fields of this dialog show the location of the current pixel inimage
column (X) and row (Y coordinates, and the Eastings/Northings and L atitude/
L ongitude coordinate systems.

Point to the image window, and drag the pointer through the image.

The image and geographic location of the current cell appear, and are updated as
you drag the mouse.

The Easting Northing and L atitude Longitude fields only display valuesif the
image is registered to a map projection.
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View distances between points in the image

The lower three fields of the Cell Coordinate dialog show distance between the
point where you first depress the mouse button and the point where you release it.
Distances are shown as Imperial distance (feet and miles), Metric distance (meters
and kilometers), and Dataset distance (number of pixelsinthe X and Y directions).

1 Point to the image window, and click on any point in the image.
The Imperial, Metric, and Dataset distance fields are cleared to zero values.

2 Pick out two features in the image, then drag the mouse between them.

This distance between those two points is displayed when you release the mouse
button. Measuring the distance between two points is called mensuration.

3 Click the Close button on the Cell Coordinates dialog box to close it.

3: Viewing traverse profiles

Objectives Learn to view image data values for multiple bands as a profile dong aline or
polygon draw through the image (called traverse extraction).

Set up to draw traverse profile lines
1 From the View menu, select Traverse....
New Map Composition and Traverse diaog boxes appear.

2 Onthe New Map Composition dialog, be sure the Vector File option is
selected, then click OK.

An ER Mapper warning dialog and the annotation Tools palette dialog appear.
You will use the vector annotation toolsto draw traverse lines on the image.

3 Click Close on the ER Mapper warning dialog to close it. (When using
annotation tools for other purposes the default Fixed Page mode is not
recommended, but it is fine for this exercise.)

Draw a traverse line on the image

1 On the Tools dialog, click the Annotation: Poly Line | Z={ button.

2 Inside the image window, define a straight line by clicking once at the start
point, click once at the end point, then double-click to end the line definition.
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A profile line appearsinside the ER Mapper Traverse dialog. Thisline displays
the amplitude or change in the values of pixels underneath the traverse line you
drew. By default, values for image dataset band 1 are shown as a black profile line.

a1
175 1:0485.um =1 pand/color
scale of legend
dataset——150 |
values | graphical
1251 plot of change
in values
location L -_\,_wm_/\v\/‘)\ . . . . . along traverse
of profile E 4772406 477747 38 47825415 A7EYE082 47327601 47378278 48028355 48073633

N

3627415.3 36266016 36257878 3624974 36241463 36233332 36225134 36217056

Dataset:l = | Bands: [= | Save... Close Help

View profiles for 3 image dataset bands

1

On the ER Mapper Traverse dialog, click the Bands: | Z= | button.

The Traverse Band Selection dialog appears.

Press the Ctrl key on your keyboard, then click on bands 1, 4 and 7 in the
list to select them.

Click OK on the Traverse Band Selection dialog.

Profilesfor all three bands appear in the ER Mapper Traverse dialog, with a
legend in the upper-right indicating the line color assigned to each band. This type
of display allowsyou to clearly seethe relationship between datavaluesin the three
bands. (In this case you are viewing data values for the same bands displayed in the
RGB image (7, 4 and 1), but you could also view profiles for bands not used to

display the image.)

Draw a second traverse line on the image

1

Inside the image window, define a second line in a different area by again
clicking once at the start point, click once at the end point, then double-click
to end the line definition.

The three profile lines appearsinside the ER Mapper Traverse dialog update to
show the pixel values under the new line. You can draw as many different traverse
lines on the image as you desire.
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Alternate between the two fraverse lines and modify them

1

Tip:

On the annotation Tools dialog, click the Select and Edit Points Mode

m button.

Inside the image window, click on the first traverse line you drew.

The line becomes selected and it’s corresponding profiles again appear in the
ER Mapper Traverse dialog. You can view the profiles for any traverse line by
simply selecting it as shown here.

On the annotation Tools dialog, click the Select and Move/Resize Mode

EE button.

Inside the image window, click once on one of the endpoints of the currently
selected traverse line (the point become reverse highlighted).

Point to the reverse highlighted end point, and drag it to a new location.

When you release the mouse button, the revised line appears on the image and it’s
corresponding profiles are updated in the ER Mapper Traverse dialog. You can
modify the location and length of any traverse line by following these steps.

Revise one of your lines so it traverses across one of the dark ocean areas
in the lower part of the image.

Notice the strong dip in data values in all three bands where the lines crosses the
ocean. Thisistypica of Landsat TM data because water generally has much lower
reflectance in these wavelengths of light than land areas.

Click Close on the ER Mapper Traverse dialog to close it, then click Close
on the Tools dialog to close it also.

When asked to save the current annotation, click No.

If desired, you could save the current annotation layer and reload it later, and you
can also save the traverse profilesto an XY Z format dataset on disk for export to
other analysis software if desired. See the ER Mapper User Guide for more
information.
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4: Viewing image scattergrams

Objectives

Learn to view the relationship between image data values in two bands as a
two-dimensional plot called a scattergram (or scatter diagram).

A scattergram allows you to graphically see the correlation between the digital
numbers in two image bands. Values for one band are plotted on the Y axis and the
other on the X axis. These two digital numbers locate each pixel in the
two-dimensional measurement space of the graph.

Open a Scattergram dialog box

1 From the View menu, select Scattergrams....

The Scattergram dialog box and New Map Composition dialog boxes open.

Click Cancel on the New Map Composition dialog to close it. (You do not
need it for this exercise.)

The Scattergram dialog automatically references the image in the active image
window (‘Landsat_TM_year_1985’). You could choose to view scattergrams for
any other image, Virtual Dataset, or algorithm as well.

gRE + R attergram ™ F =10l x|
Landzat_Th_wear_1985 erz | Cloze |
227.00 Setup...

EEEEE
Help... |

B3

Data
Freq.

21.000| Fer
739,000 [255.000 —

Arctual ¥ Az BT Inout lirits: 73000 ta 255 000
By default, a new scattergram plots band 1 of the image on the X (horizontal) axis
and band 2 onthe Y (vertical) axis, and the cluster of pointsis shown using various
colors inside the scattergram window. The colors represent the accumul ated

Comprehensive ER Mapper Training Workbook 92



Chapter 5 Viewing image data values e 4: Viewing image scaftergrams

frequency (or “density”) of data valuesin both bands. Areas of the scattergram with
the highest densities of points are shown in colorsin the upper part of the color bar
(red and yellow), and low density areasin the lower colors (blue and magenta).
Typicaly, high density areas will be a feature comprising a large number of pixels
in both bands, such as alarge area of water.

Change the image band combination

In the scattergram for bands 1 and 2, notice that the data points are tightly grouped.
Thisindicates that there is a strong correlation between the data contained in these
two bands (both visible wavelength bands), so they contain much redundant
information.

1 Inthe Scattergram dialog, click the Setup... button.

The Scattergram Setup dialog opensto provide options for changing image
bands, defining regions, and other functions. Move it so it does not cover the
Scattergram dialog or image window.

EREScatkergram Sektup

[ atazetAdlgorithm: I'ed_Data'xLandsat_TM_I,Iear_'l 985 ers @?l Cloze
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Y dis: | B2:0.56_um | Print
Denzity Lookup T able: I pzeudocolor LI Lirnits to Actual

Scattergram Caolar: II::Iau:k Duplicate

Fegion Dizplay Color: Ireu:l Set colar... Delete Reqgion
Diefer Digplay: [ Dizmlay
Lag Dengity Laokup Table: v Help

Show Means and 95% elipzes: [

i

From curent zelection: [

From D atazet: = |

2 Click on the drop-down list for the Y Axis field, and select B4:0.83_um.

ER Mapper redraws the scattergram, this time showing the data values from band 4
ontheY axis.

3 Click the Limits to Actual button to set the X and Y axis limits to the actual
data ranges of bands 1 and 4.
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The scattergram enlarges to fill the window. The wide spread of points shows that
the datain bands 1 and 4 are weakly correlated, so they provide different types of
information. (Band 4 records reflectance in near infrared wavelengths.)

Change the axis limits to “zoom in” on part of the scattergram

Note:

Notice the small, dense grouping of pointsin the lower-left corner of the
scattergram (shown in cyan, green and red). Thisindicates that thereisahigh
frequency of data pointsin both bandsin that area.

Point the mouse (without depressing it) at the areas surrounding the dense
grouping.

Directly above the scattergram window, ER Mapper displays the position of the
mouse pointer in the scattergram and data values in both bands. The first valueis
the X axis (band 1) value, and the second the Y axis (band 4) value.

To focus more on this area of the scattergram, you can use the mouse to determine
the approximate data limits of the dense cluster, and then reset the X and Y axis
limitsto “zoom in” onit.

In the Setup Scattergram dialog, turn on the Defer Display option. The
Display button (greyed out before) is now active.

Defer Display tells ER Mapper to delay updating the scattergram until you finish
changing the desired options (the axis limitsin this case).

Edit the X (horizontal) axis maximum value to 120, and press Enter or
Return to validate.

Edit the Y (vertical) axis maximum value to 30, and press Enter or Return.
Click the Display button.

ER Mapper redisplays the scattergram to “zoom in” on the dense cluster, so you
can more clearly see the detail.

In the Setup Scattergram dialog, click the Limits to Actual button, then
click Display again.

The scattergram zooms back out to the previous extents.
Turn off the Defer Display option.

Click Close on the Scattergram dialog to close it and the Setup
Scattergram dialog.

You will learn more about additional uses and options for scattergrams in other
parts of this manual.
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Close all image windows and dialog boxes

1

2

What you
learned

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

View image data valuesin text format

View image data valuesin multiple bands as a signature
View image data valuesin multiple bands along a profile line
View two bands of image data values as a scattergram
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Image confrast

This chapter explains how to modify raster image data to enhance contrast or color
to improve visual interpretation. It introduces the basic concepts associated with
contrast enhancement and color mapping, and gives you practice using

ER Mapper’s Transform options.

About conirast enhancement

Adjusting image contrast (often called “contrast stretching”) is the most
fundamental and often-used enhancement operation in digital image processing.
The human eyeis very good at interpreting spatial attributes in an image and
picking out subtle features. However, the eye is poor at resolving such features
when they are characterized by very subtle differencesin color or brightness.
Contrast enhancement techniques are useful for accentuating subtle differencesin
datavalues to improve visua interpretation.

Contrast enhancement is called a*“point operation” in image processing because it
applies a brightness or color transformation to each pixel in the image independent
of al other pixels. By adjusting the “transform” that maps image data values to the
display brightness or colorsin alookup table, you can enhance (or “stretch”) the
contrast or highlight specific features to make your data easier to interpret and
analyze.
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Two of the most common image display techniques are Pseudocol or and Red Green
Blue (RGB).

Displaying images with a color lookup table

When displaying an image using a color lookup table (CLUT) (Color Table menu
on the Surface Tab in the Algorithm window), image data values are mapped to
specific colorsor “dots’ in atable. In this case, changing the transform tells

ER Mapper to adjust the mapping between the image data values and the colorsin
the CLUT used to display them. For example, you can transform the data to be
displayed using al the colors, or shift or compress the datato map it to a particular
color or range of colors.

Displaying images in RGB

A computer screen produces colors by illuminating red, green, and blue phosphors
for each pixel. When you change the transform of an RGB image display,

ER Mapper controls mapping between the image data values and the brightness of
the red, green, or blue phosphors of the hardware display.

The Transform buttons

By default, most raster datalayersin ER Mapper have two Transform buttonsin the
algorithm process stream diagram. One applies a transform before a formula (pre-
formula), and the other applies a transform after aformula (post-formula). You can
also insert and append additional transforms in either location to create more
complex contrast enhancements.

pre-formula
‘ transform
(= —[eroes0um x| B K — Eme [ H
post-formula
transform

The Transform dialog box

When you click on one of the Transform buttons in the process stream diagram or
onthe Edit Transform Limits toolbar button, ER Mapper opensthe Transform
dialog box. This dialog provides many interactive controls for enhancing contrast

and modifying color mapping.
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A key concept in using the Transform dialog is moving the transform line,
because thisisthe feature that controls mapping of data valuesto display brightness
or color. To move the line, ssmply drag it to anew location, or click buttons that
automatically position the line for common transform techniques (such as
histogram equalization).

Tip:  For any algorithm, you can open the Transform dialog box from two places: using
the Transform buttonsin the process stream diagram on the Algorithm window,
or using the Edit Transform Limits toolbar button. (Using the toolbar button lets
you edit the transforms for any algorithm layers without having to open the
Algorithm window first.)
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Hands-on exercises

These exercises introduce you to the basic features of the Transform dialog box,
and how to use them to enhance image contrast and color mapping.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

» Edit the transform for a particular raster data layer

* Apply linear and piecewise linear transforms

» Edit the input (data) and output (display) ranges for atransform
o Usethe automatic transform options

»  Work with multiple transformsin alayer

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Viewing image histograms

Objectives Learn to display the histogram for an image, view data values and display a
coordinate grid over the histogram.

Load and display an image in greyscale

1 On the Standard toolbar, click on the Edit Algorithm ﬂ button.
Animage window and the Algorithm dialog box appear.

2 Inthe process stream diagram on the Algorithm window, click on the Load
Dataset (= button.
The Raster Dataset file chooser dialog opens.

3 From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Shared_Data.
Double-click on the image named ‘SPOT_Pan.ers.
ER Mapper loads the SPOT Pan image into the Pseudocolor layer and displaysit.

6 Onthe Surface Tab, from the Color Table drop-down list, select
greyscale.
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ER Mapper redisplays the image in greyscale. Thisisa SPOT Panchromatic
satellite image of the San Diego, Californiaarea. (The image isinitially somewhat
dark, and you will improve the contrast |ater.)

View the histogram for the SPOT Pan image

1 Click on the post-formula Edit Transform Limits [ button in the process
stream diagram.

The Transform dialog box opens. The histogram for the SPOT Panimageis
displayed in the histogram window portion of the dialog.

A histogramis graphical display of the relative frequency distribution of valuesin

animage. In this case, most of the data values occur in the lower part of the 0to 255
datarange possible for SPOT Pan images. Peaks in the histogram show where there
are many pixels with similar data values, and often indicate identifiable featuresin
an image.

View the data values inside the histogram window
1 Point the mouse to any location inside the histogram window.

The X and Y axis data values at that point are displayed in the upper-left portion of
the dialog (below Histogram Style). The X location (image data range) appears on
the left, and the Y location (screen brightnessor LUT value) is on the right.

2 Position the pointer in the lower-right portion of the histogram window.

You see ahigh X value because you are at the upper end of the datarange, and a
low Y value because you are at the lower end of the display or lookup table range.

3 Position the pointer in the upper-left portion of the histogram window.

You see alow X value because you are at the lower end of the data range, and high
Y value because you are at the upper end of the display or LUT range.

Turn on a coordinate grid
1 Turn on the Grid option button.

A grid appears over the histogram window with aregular spacing between grid
lines and the origin in the lower-left corner. This grid can help you quickly
determine a specific X-Y datalocation in the histogram window.

2 Turn the Grid option off again.
The grid disappears from the histogram window.
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Close the Transform dialog and the Algorithm window

1 Click Close on the Transform dialog to close it, then click Close on the
Algorithm window to close it.

2: Using linear transforms

Objectives Learn to use simple linear transform adjustments to perform lightening and
darkening of images, and increase or decrease image contrast. You also learn to
open the Transform dialog from the Common Functions tool bar.

Reopen the Transform dialog from the toolbar

1 Onthe ER Mapper main menu, click the Edit Transform Limits |[# | button
on the Common Functions toolbar.

ER Mapper opens the Transform dialog box again. (Thisis a shortcut to access
transforms for any displayed algorithm without using the Algorithm window.)

Apply a linear lightening effect to the image

Whenever you display data in a Pseudocolor layer, the colors in the lookup table
(greyscaleinthiscase) are shownin acolor bar along the Y axis. Thismakesit easy
to see how the position of the transform line affectstheway LUT colors are used to
display the image.

1 As shown in the diagram below, drag the circled part of the transform line
up to the left along the left-hand vertical axis.
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ER Mapper applies the change and the image lightens. As shown in the right-hand
diagram, you have adjusted the transform line to exclude values of about 0-100 on
the display (vertical) axis, which correspond to the darker shades of grey in the
greyscale lookup table. Now the entire 0-255 range of data on the X (horizontal)
axisis mapped to only the lighter shades of grey in the greyscale lookup table,
causing the image to appear lighter.

Also notice that a second unfilled histogram appears in the window. Thisisthe
output histogram, and it represents how your change affected the distribution of
data on the display (or output) axis.

2 Click on the Create default linear transform |Z] button.

ER Mapper returns the transform line to its default position and redisplays the
image. (The default position is a straight linear transform, where the line's X
position isequal toitsY position. This also makesthe output histogram the same as
the input histogram, so it is no longer visible.)

Apply a linear darkening effect to the image

1 As shown in the diagram below, drag the circled part of the transform line
up to the right along the right-hand vertical axis.
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ER Mapper applies the change and the image darkens. As shown in the right-hand
diagram, you have adjusted the transform line to exclude values of about 200-255
on the display (vertical) axis, which correspond to the lighter shades of grey in the
lookup table. Now the entire 0-255 range of data on the X (horizontal) axisis
mapped to only the darker shades of grey, causing the image to appear darker.

Also notice that the linear darkening effect caused the output histogram to shift left
of the input histogram (whereas the lightening effect it shifted it right).

2 Click on the Create default linear transform |Z] button.

The transform line returns to its default position and the image redisplays.

Apply a linear contrast stretch to increase image contrast
1 Point to the far right-hand edge of the histogram (at the bottom of the
slope).

Note that X value displayed in the upper-left shows about 160-170. Even though
the upper limits of the image values are close to 255, there are very few values
between about 170 and 255 (as indicated by the frequency shown in the histogram).

2 As shown in the following diagram, drag the circled part of the transform line
up to the left along the horizontal axis.

Comprehensive ER Mapper Training Workbook 103



Chapter 6 Enhancing image contrast e 3: Highlighting features

2556

display or LUT rangs
285

4« <

/
{

-

L ]
170 2556
data values

[

0 170 255

ER Mapper applies the change and the image contrast increases. Now the contrast
between light and dark parts of the image is enhanced, making spatial features
easier to visually interpret. In this case, you adjusted the transform line to map data
values of about 170-255 on the horizontal axisto the lightest color in the lookup
table (white), and spread the remaining data values (0-169) over the entire range of
grey shades.

This mapping better utilizes the dynamic range of grey shadesin the lookup table,
which improves image contrast. (This effect is often called histogram clipping
because it clipsthe tail off the histogram.)

Click the Create default linear transform ZI button.

ER Mapper returns the default transform line and redisplays the image.

3: Highlighting features

Objectives

Learn to use piecewise linear transformsto create more complex contrast
adjustments that highlight a specific range of values or afeature in an image.

In contrast to the simple transform adjustments you used earlier, piecewise linear
transforms break the transform line into several parts (or “pieces’). Each piece of
the line can have a different slope (X-Y relationship), which lets you modify the
mapping of that range of data differently from other pieces of the line. Piecewise
linear transforms lets you create more complex types of contrast enhancements.
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Adjust the transform to maximize contrast in the ocean areas

The image you are working with is a SPOT Panchromatic satellite image, which
records the amount of light reflected from the earth’s surface (similar to an aerial
photograph). Notice that the image histogram has two peaks that provide
information about features in the image:

* Onevery tal, narrow peak on the left-these are primarily the ocean areasin the
image. Ocean areas typically have low reflectance values that fall within avery
narrow range (since the sea surface has little variation compared to the land).

* Another smaller, wider peak to the right—these are primarily the land areasin the
image. Land areas typically have higher reflectance values than ocean, and the
values are spread out over amuch wider range (since land areas are comprised of a
variety of different cover types).

1 As shown in the diagram below, drag the transform line in two different
places—once down the left edge of the ocean peak in the histogram, and
another up to the top in line with the right edge of the ocean peak

255

display or LUT rangs

8] 255

oA T

0o 30 45 255
data values

0 30 45 255

The contrast in the ocean areas is enhanced, while most land areas are displayed as
white. In this case, you adjusted the transform line to map the narrow range of data
values 30-45 (ocean) over the entire range of grey shades in the lookup table. Data
values lower than 30 are mapped to the lowest dot in the lookup table (black) and
datavalues over 45 (mostly land) are mapped to the highest slot (white). The subtle
reflectance patterns in the ocean areas are now easier to visually interpret because
the entire grey shade range is used to represent them.

2 Click on the Create default linear transform |[”]{ button.
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Adjust the transform to maximize contrast in the land areas

1 As shown in the diagram below, drag the transform line in two different
places—once down the left edge of the land peak in the histogram, and
another up to the top in line with the right edge of the land peak.
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The contrast in the land areas (data val ues between about 45 and 160) is enhanced,
while the ocean areas (30-45) are displayed as pure black.

2 Click on the Create default linear transform |Z] button.

4: Modifying data and display ranges

Objectives Learn to use the Limits menu options to specify exact ranges of data values and
display values to modify image contrast and color mapping.

Use Limits to Actual to set the X axis data range

Look at the “Actual Input Limits” field on the Transform dialog, and note that it
shows val ues between approximately 22 and 254. ER Mapper records the actua
range of datavaluesit findsin the image and displaystheresultsin the Actual Input
Limitsfield.

1 From the Limits menu, select Limits to Actual.

The data range displayed on the horizontal axis changes to match the Actual Input
Limitsfield.
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Tip:

ER Mapper recomputes the histogram and applies the transform only to the actual
range of datain theimage.

Note that the image actually darkens dlightly. Since there was no data between zero
and 24, Limits to Actual shifted the entire histogram slightly to the left on the X
axis, so the datais mapped to sightly darker shades of grey on the lookup table.

Limits to Actual isavery commonly used option because it allows you to work
with only the actual range of datain an image. Thisis especially useful for images
that do not use an 8-bit (0-254) datarange. Limits to Actual isvery often thefirst
step in adjusting contrast, followed by another adjustment such as one of the
automatic transform options discussed later.

Set the input limits to 99% of the histogram range

1

Note:

From the Limits menu, select Input Limits to 99% Histogram.

The data range on the horizontal axis changes to approximately 34 to 151, and the
histogram itself widens to fill the X axis range.

Input Limits to 99% Histogram clips off 1% of all data valuesin the image,
taking 0.5% from the lower end, and 0.5% from the upper end. (The results of the
clipping indicates that only 1% of the image datavaluesfall in the ranges 24-34 and
151-254.)

The image lightens quite a bit since only the range of data where the most values
occur isbeing mapped to the grey shades. (The 0.5% of data values at the upper and
lower ends are mapped to white and black respectively.)

Input Limits to 99% Histogram works from the range of data displayed in the
current histogram, which can be different than the actual image limitsif you have
entered your own axis limits (as discussed later).

Set exact input limits to highlight the ocean data range

The two text boxes below the histogram window let you type in new values to
define the lower and upper X axis limits.

Inside the histogram window, point to the right side of the tall, narrow peak
in the histogram.

As mentioned previoudly, this peak corresponds primarily to the ocean portions of
the satellite scene. Note that the X value is about 50, so the ocean peak has a
minimum value of about 34 and a maximum value of about 50.
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Enhancing image contrast e 4: Modifying data and display ranges

Select the text in the X axis maximum text box (currently about 154), and
enter a value of 50.

ER Mapper appliesthe new X axis limits and renders the image.

Now the ocean areas are mapped to the entire range of grey shades to highlight
subtle features, while the land areas (values greater than 50) are mapped to white.
This is another method to map a specific range of data to the entire display range.
(Earlier you adjusted the transform line to accomplish the same enhancement.)

On the Algorithm window, change the Lookup Table to rainbow.

The ocean areas are displayed in many colors, whilethe land is displayed mostly in
red (the last color in that lookup table).

Set exact output limits to use specific lookup table colors

1

Note:

Tip:

From the Limits menu, select Limits to Actual.

The X axis range changes to match the Actual Input Limitsfield.
ER Mapper recomputes the histogram and applies the transform.
Change the Y axis minimum value (currently zero) to 200.

The entire image is displayed in shades of yellow, orange, and red because those
colors occupy the upper slots in the rainbow lookup table.

The color bar display does not change when the Y axis limits are changed because
itisstill desirable to see the entire range of available colors.

Change the Y axis minimum value to 50, and change the Y axis maximum
value to 150.

The entireimage is now displayed in shades of cyan and green because those colors
occupy the middle slots in the rainbow |ookup table (slots 50-150).

You can also usethe Y axislimitsto rescale data. For example, to rescale the range
of atarget image dataset to match a source image dataset, edit the Y axis transform
limits for the target image to match the input limits of the source image. You can
then save as a Virtual Dataset or disk file for further processing.
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5: Using automatic fransform options

Objectives Learn to use the automatic transform options such as autoclipping, Histogram
Equalization, Gaussian Equalization, level dicing, and others.

The automatic transform buttons are displayed on the right side of the Transform
dialog box. Any time you select one of these options, ER Mapper automatically
updates the image display in real time.

Reset the image display to greyscale and the default transform

1 Change the Y axis minimum value back to 0, and change the Y axis
maximum value back to 255.

2 On the Algorithm window, change the Lookup Table to greyscale.

Apply an autoclip transform to the data

1 Onthe Transform dialog, click the Create autoclip transform E button.

ER Mapper automatically repositions the transform line, and the image updates
automatically with increased contrast.

Autoclipping clips off the “tails” of the histogram to map the more frequently
occurring data values to the selected display range. By default, ER Mapper
performs a 99% autoclip that clips 0.5% of the data at the high and low ends of the
datarange. Outlying data values on the low end of the data range are assigned zero
in the display range (black in this case), and outliers on the high end are given the
maximum value (usually 255, white in this case). (Thisis similar to the Input
Limits to 99% Histogram used earlier, but the transform line is automatically
adjusted rather than the data range.)

2 This time, double-click the Create autoclip transform |[ /]| button.

A dialog box appearsto let you enter any autoclip percentage. The default is 99%.

3 Enter the value 95, then click OK to close the dialog.

The transform line is repositioned closer to vertical to clip the outlying 5% of the
histogram frequency distribution (2.5% of the data values from the high and low
ends). The image displays with greater contrast between light and dark areas.
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Tip: For best visual results, keep your autoclip percentages greater than 90%. Values
around 99% are most commonly used, but lower percentages are sometimes a good
alternative for enhancing images with many outlying values.

4 Double-click the Create autoclip transform |[/]{ button again, enter the
value 99, then click OK.

A 99% autoclip transform is again applied an the image is updated.

Tip: The99% Contrast enhancement toolbar button is afast way to perform

all these operations with one click, so it is especially useful for contrast stretching
images that produce narrow or negative data ranges (such asratios, PCs, and
others).

Apply a Histogram equalize transform to the data

1 Onthe Transform dialog, click the Histogram equalize button.

ER Mapper creates a complex piecewise linear transform line and updates the
image.

Histogram equalization (also called uniform distribution stretching) automatically
adjusts the transform line so that image values are assigned to display levels based
on their frequency of occurrence. More display values are assigned to the most
frequently occurring portion of the histogram, so the greatest contrast enhancement
occurs in the data range with the most values (peaks in the histogram). Histogram
equalization usually creates an image with very strong contrast between dark and
light areas. In some cases, it can also saturate light and dark areas which can
obscure detall.

Apply a Gaussian equalize transform to the data

1 On the Transform dialog, click the Gaussian equalize button. E

ER Mapper creates a complex piecewise linear transform line (sometimes with
dlight stair steps) and updates the image.

Gaussian equalization automatically adjusts the transform line so that image values
are assigned as needed to make the output (display) values occur with a Gaussian
distribution. (A Gaussian, or “normal” distribution, is characterized as producing a
bell-shaped histogram. Notice that the output histogram has a shape close to this.)
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Tip:

Gaussian equalization is useful when data is skewed in such away that features
could be abnormally dark or light if stretched linearly. This technique prevents
saturation of light or dark areas, and most pixels have mid-range brightness values
with only afew in the extreme dark or light display regions.

You can set the number of standard deviations used for the Gaussian equalize
function by double-clicking on the button. Smaller values produce more contrast
and higher values |ess contrast. The default is 3 standard deviations.

Apply a level slice transform to the data

Level dlicing (or density slicing) divides the image into discrete colors and removes
transitional colors between them. The resulting images appears to be divided into
“dlices,” each displayed in a specific color. Thistechnique can be useful for looking
at datain discrete intervals and colors.

On the Transform dialog, click the Create level-slice transform |[,7]
button.

ER Mapper creates a stair-stepped transform line at regular intervals.

Double-click the Create level-slice transform |["]{ button.

A dialog box appearsto let you enter a number of steps for the transform line.
Enter the value 3, then click OK to close the dialog.
The transform line is divided into three steps and the image is updated.

The stair-stepped transform divides the image into three shades—black for mostly
ocean areas, mid-grey for middle reflectance land areas (such as vegetation), and
white for high reflectance land areas (such as roads, sand, and airport runways).

Apply a Logarithmic and Exponential transforms to the data

1 Onthe Transform dialog, click the Create default logarithmic transform

button.

The transform line changes to a smooth curve pointing toward the upper-left corner
of the histogram window, and the image becomes very light.

Drag the transform down line by its mid-point to flatten it slightly.

The line retains its smooth curve, and image becomes darker.
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3 Onthe Transform dialog, click the Create default exponential transform

button.

The transform line changes to a smooth curve pointing toward the lower-right
corner of the histogram window, and the image becomes very dark.

4 Drag the transform up line by its mid-point to flatten it slightly.
The line retains its smooth curve, and image becomes lighter.

Tip: The Logarithmic transform type is useful for specialized enhancement purposes,
such as displaying data with alarge dynamic range, or to reduce apparent darkness
in an image while retaining the variation in brightness. The Exponential transform
isuseful for processing geophysical datawith asmall dynamic rangeto increase the
contrast in the displayed image.

6: Working with multiple fransforms

Objectives Learn to insert, append, and delete transforms from the processing stream, and
use multiple transforms.

Open the Algorithm window

1 Click the Edit Algorithm ﬂtoolbar button.

ER Mapper opens the Algorithm window. You can now view the process stream
diagram (which is needed for this exercise).

Apply a 99% autoclip transform to the data

1 Click the 99% Contrast enhancement button.

ER Mapper applies a 99% autoclip transform to the image.

Insert a second transform before the current one
1 From the Edit menu on the Transform dialog, select Insert new transform.

A second transform (and button) is added to the process stream diagram on the
Algorithm window (it isinserted before the previous one). Its contents, currently
empty, are shown in the Transform dialog.
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Delete the new transform from the process stream

1 From the Edit menu on the Transform dialog, select Delete this
transform.

The current transform (the new one you inserted) is deleted from the process stream
diagram.

Append a second transform after the current one

1 From the Edit menu, select Append new transform.

A second transform (and button) is added to the process stream diagram (it is
appended after the previous one).

The histogram shows the data range (0-255) after it has been passed through the
99% autoclip transform preceding it.

Specify Gaussian equalization for the new transform

1 Onthe Transform dialog, click the Gaussian equalize E button.

ER Mapper creates a Gaussian equalization transform line and updates the image.
The resulting image is created by applying two transforms-a 99% autoclip
followed by a Gaussian equalization of the autoclipped result. Thisis an example of
enhancing an image by combining the characteristics of two different types of
transforms.

Move to the previous transform and histogram

1 Onthe Transform dialog, click the Move to previous transform in layer

== { button.

The contents of the Transform dialog box change to show the previous transform
in the process stream diagram (the one applying a 99% autoclip). Also note that the
corresponding transform button in the process stream diagram is now depressed.

Notethat the Y axislimits are zero to 255. The transform rescales the original data
range (22-254) into the 0-255 range. The rescaled range is used as the input data
range for the transform following it.

2 Click the Move to next transform in layer | == { button.

The contents of the Transform dialog change to show the next transform (the one
applying a Gaussian equalization).

Note that the Actual Input Limits are zero to 255. These were created by setting O
and 255 as the output (Y axis) data range for the previous transform.
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Note:

Depending on the types of raster layersin your algorithm, the Transform dialog
may display other buttons that allow you to move between transforms in those
layers (such asred, green, and blue).

Click Close on the Transform dialog to close it.

7: Using automatic contrast stretching

Objectives

L earn to use the button that automatically enhances image contrast. This|lets you
quickly view various image band combinations without needing to manually set
actual limits each time.

Open an RGB algorithm

1
2
3
4

On the main menu, click the Open | = | toolbar button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Data_Types’ directory to open it.
In the ‘Landsat_TM’ directory, open the algorithm ‘RGB_741.alg.

ER Mapper displays bands 7, 4 and 1 of aLandsat TM image of the San Diego,
Cdliforniaarea.

Change the band combination to RGB=321

1

2

Using the Band Selection drop-down menu (in the Algorithm window),
change the image band in the Red layer to B3:0.66_um.

Change the image band in the Green layer to B2:0.56_um.
ER Mapper reprocesses the RGB al gorithm with the new bands.

Notice that the image displays in reddish hues (this band combination usually
creates a brown-green image when contrast stretched appropriately). Thisis caused
by the current transforms for the Red and Green layers still being set to the data
limits for the previous bands (7 and 4) rather than the new bands you selected (3
and 2).

Use the Refresh Image button to enhance the contrast

1

On the main menu, click the 99% Contrast Enhancement button.
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Tip:

ER Mapper performs some internal operations, then re-runs the algorithm to
display the image with an appropriate contrast stretch.

The 99% Contrast Enhancement button is actually a batch script that

performs the following sequence of operations for you: runs the algorithm once to
determine the actual limits of each band, sets the input (X) axis limitsto the actual
data limits, runs the algorithm again to generate the new histogram, applies a 99%
autoclip transform, then runs the algorithm once more to the display the image
onscreen.

The 99% Contrast Enhancement button saves you the contrast

enhancement steps of setting each layer to Limitsto Actual and applying an
autoclip transform. Thereforeit isvery useful for initially viewing new images, and
when using formulas or filters that produce data ranges outside 0-255. View
different image band combinations

Select B4:0.83_um for the Red layer, B3:0.66_um for the Green layer, and
B2:0.56_um for the Blue layer.

Click the 99% Contrast Enhancement button to automatically adjust
the contrast and display the new band combination.

A contrast enhanced image of an RGB=432 band combination displays. Vegetation
isshown in red, and urban areas in cyan and grey.

Select B5:1.65_um for the Red layer, and B4:0.83_um for the Green layer.

Click the 99% Contrast Enhancement button.

A contrast enhanced image of an RGB=542 band combination displays. Vegetation
isshown in green, and urban areas in magenta.

View a different image and bands

1

In the process stream diagram, click the Load Dataset ﬁ button.

The Raster Dataset file chooser dialog box opens.
From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Data_Types” directory to open it.

In the ‘Ers1’ directory, double-click on the image ‘Landsat_TM.ers’ to load it
into all three layers.
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Note:

In the process stream diagram, click the post-formula Edit Transform

Limits [4£ button for the Red layer. The histogram and transform from the
previous image is still displayed.

Click the 99% Contrast Enhancement button and watch the transform
dialog as ER Mapper automatically adjusts it.
Thetransform is automatically adjusted to account for the new image limits and the

RGB=542 band combination isdisplayed. ThisimageisalLandsat TM image of the
Netherlands coastal areain Europe.

To speed this operation, ER Mapper internally runs the algorithm at low resolution,
then processes the final screen image at full resolution. Therefore the input (X) axis
limitsin the Transform dialog (calculated at low resolution) may not exactly
match the Actual Input Limitsfield (calculated from the final processing). You can
manually reset the limits at this point to fine tune the contrast, but usually thisis not
needed.

Try various band combinations such as RGB=741, RGB=321, and others,

then click 99% Contrast Enhancement to display the new composite
image.

Close all image windows and dialog boxes

What you
learned

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.
Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Edit the transform for a particular raster data layer

Apply linear and piecewise linear transforms

Edit the input (data) and output (display) ranges for atransform
Use the automatic transform options

Work with multiple transforms
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Colordrape
algorithms

This chapter explains how to apply shaded relief effects to an image and create
“colordrape”’ algorithms that drape color information over intensity (brightness)
information. Shading and colordraping are two of the most powerful techniquesfor
presentation and analysis of DEM and geophysical images (e.g. magnetics, gravity,
seismic horizons, etc.).

Note: This chapter describes the detailed step by step process of creating a colordrape
algorithm by hand. You can also use the Geophysics Wizard (located on the
Minerals and Oil & Gastoolbars) to produce colordrape images even more quickly
and easily.

About colordraping

The term colordraping refers to the technique of draping one set of image datain
color over another set of datathat controls the color brightness or intensity. This
allows you to effectively view two (or more) different types of data or methods of
processing simultaneously in a combined display. Colordraping is usualy difficult
and time consuming using traditional image processing products, but ER M apper
makes it very fast and interactive by providing the special Intensity layer type.
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The colordraping technique has become a very popular and powerful tool for
visualization of interpreted surfaces. For example, combining seismic two-way-
time images shown as both color and as structure lets you create a shaded relief
image that enhances subtle faults and color-codes their placement relative to depth.
From these types of images, far more useful information can be derived than from
conventional visualization techniques.

The Intensity Layer Type

ER Mapper provides a specia Intensity layer that isthe key to the colordraping
technique. When you add an Intensity layer to an algorithm, the brightness (or
intensity) of the image colors are automatically controlled by the data loaded into
the Intensity layer. Low datavaluesin the Intensity layer produce dark colorsin the
image, and high data values produce bright colors.

\ combined

colordrape

image
Intensity layer brightness image / 'mag

Pseudocolor layer color image

The diagram above shows how algorithm Pseudocolor and Intensity layers are
combined to create a single colordrape image. You will see for yourself how these
techniques work in the following exercises.

Hands-on exercises

What you will
learn...

Before you
begin...

These exercises give you practice creating colordrape algorithms to display time
surfaces as both shaded relief and color. You will also learn to drape data such as
seismic amplitude over a shaded time surface to enhance analysis.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Use Intensity layersto create shaded relief images that highlight structure
Combine Pseudocolor and Intensity layersto create colordrape images
Turn layers on (to process them) and off (to ignore them)

Control the color and intensity components to modify image displays

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.
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Note:

Some of the following exercises repeat steps from the previous exercise to
emphasize understanding of the fundamental concepts.

1: Using shading to highlight structure

Objectives

Learn how to display atime image in an Intensity layer and apply sun angle
shading to create shaded relief effects that highlight structure.

Open an image window and the Algorithm window

1

On the Standard toolbar, click on the Edit Algorithm ﬂ button.

An image window and the Algorithm window appear.

Change the Pseudocolor layer to an Intensity layer

1

Click your right mouse button on the pseudo layer (on the Algorithm
window). A short-cut menu will appear. Select Intensity on the short-cut
menu.

The Pseudocolor layer changesto an Intensity layer. You will use thislayer to
create a greyscale shaded relief image.

Load the sample seismic image dataset into the Intensity layer

1

In the Algorithm window, click the Load Dataset ﬁ button on the left side
of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Shared_Data.

A list of raster image datasets is displayed.

Scroll (if needed) to view the image named ‘Seismic3D.ers, then double-
click on it to load it.

The image isloaded into the Intensity layer.
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Use a formula to invert the image values

Note:

4

Note that this step is usually only done with two way time or depth data. The reason
for inverting the values is to make the deeper areas to appear lower than the
shallower ones.

In the Algorithm window, click on the Edit Formula gme button in the
process stream diagram.

The Formula Editor dialog box appears.

In the Formula Editor dialog, click to place the text cursor before the “I” in
“INPUTL1,” then type a minus sign (-) on your keyboard. Your formula should
now look like this:

-1 NPUT1
Thisformulatells ER Mapper to negate (invert) all valuesin the image.

On the Formula Editor dialog, click the Apply changes button.

The image appears as black initially because you need to adjust the transform to
account for the new range of negative data values produced by the formula

Click the Close button to close the Formula Editor dialog.

Adjust the color mapping (contrast) of the image

1

3

In the Algorithm window, click on the right-hand Edit Transform Limits

LJC button in the process diagram (the one after the Formula button).

The Transform dialog box opens showing the negative data range produced by the
formulain the Actual Input Limitsfields.

From the Limits menu (on the Transform dialog), select Limits to Actual.
The X axis data range changes to match the Actual Input Limits.

ER Mapper renders the image again, thistime using the full range of grey shadesto
display the image. Since you inverted the data values with aformula, structural
lows (larger two-way time values) are shown as dark greystransitioning into
structural highs shown as lighter shades.

Click Close on the Transform dialog to close it.
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Turn on sun shading and display the shaded relief image

1 Onthe Algorithm window, click the Edit Realtime Sunshade 3% button in

the process stream.

The Edit Sun Angle dialog box opensto let you specify shaded relief effects for
the Intensity layer.

click to turn
shading on/off

Azimuth: |45 ﬂ\ type in values
| __—or click arrow

Elevatn:un 45 ‘I/ to increment

diagram showing .

sun position — | dragiconto
relative to horizon chgnge sun
(outer circle) or azimuth and
overhead (center) elevation

Close Help

Turn on the Do sun-shading option.
Sun Angle shading is now active for the Intensity layer, and the Edit Realtime

Sunshade button in the process diagram changes to indicate this.

Now the structural features of the time surface are clearly defined due to the sun
angle shading. This feature allows you to apply artificia illumination from any
direction to highlight very subtle structural features.

Make the image window about 50% larger by dragging lower-right corner of
the window border.

Right-click anywhere on the image and select Zoom to All Datasets from
the Quick Zoom menu.

ER Mapper redisplays the image to fit into the larger window size.

Change the sun azimuth

1

In the Edit Sun Angle dialog, drag the small sun icon (the circle) to the
upper-left quadrant of the circular grid.

The shading angle of the image changesin real time to show the shading effect asif
the sun were shining from the northwest.
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The azimuth (compass direction) from which the sun shines highlights structural
features normal to the sun angle. In this case, features trending in a northeast to
southwest direction are now highlighted (since they are normal to the northwest sun
angle).

Drag the sun icon to shade from different compass directions (azimuths).
Structural features normal to your new sun azimuths are highlighted.

Change the sun elevation

1

Tip:

In the Edit Sun Angle dialog, drag the sun icon near the outer rim of the
circular grid.

The image becomes darker overall and with larger areas of shadows.

The elevation from which the sun shines determines the length of shadowsin the
shaded relief image. In this case, the sun is shining from avery low sun angle (near
the horizon), so you get longer shadows just as you would see right after sunrise or
before sunset.

Drag the sun icon to the center of the circular grid.

Now the entire image has very little shadow, asif the sun is shining directly
overhead during midday. This allows you to see terrain features without directional
shadowing introduced by shading from a specific azimuth. (For example, you can
see both sides of afault.)

Experiment by dragging the sun icon until you create an image that
highlights structural features of interest. (Setting the sun elevation at 45
degrees or greater is usually recommended to reduce shadowing.)

You can also adjust the sun azimuth and elevation to exact values using the
adjustment arrows next to the Azimuth and Elevation fields.

Click Close on the Edit Sun Angle dialog to close it.

Applications of sun angle shading

ER Mapper’s sun angle shading feature is a very powerful tool for rapid
identification of subtle featuresin time surfaces. It is commonly used for many
applications, including:

identify small scale faulting
identify subtle stratigraphic features (pinchouts, truncations, etc.)
highlight data acquisition and/or processing artifacts
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» highlight quality issues related to interpretation

2: Draping color on the image

Objectives Learn how to duplicate and modify the Intensity layer to create a Pseudocolor
layer, and how to combine the two layers to create a colordrape image.

Duplicate the layer and change it to Pseudocolor
1 On the Algorithm window, select the layer that already contains the

‘Seismic3D’ image and click the Duplicate ‘ button to create a copy of it.

2 Click on the new (lower) layer with your right mouse button. A short-cut
menu will appear. Select Pseudo from the short-cut menu.

The Intensity layer changes to a Pseudocolor layer. You will use this layer to
display the time surface in color over the shaded relief image.

3 Click on the Surface tab, then select pseudocolor from the Color Table
list.

Turn off sun shading for the Pseudocolor layer

1 Click on the Layer tab to select it.

2 With the Pseudo layer selected, click the Edit Realtime Sunshade
button in the process stream.

The Edit Sun Angle dialog box opens. Since the layer was duplicated from the
Intensity layer, sun angle shading is still turned on.

3 Onthe Edit Sun Angle dialog, turn off the Do sun-shading option.
Sun angle shading is now turned off, and the Edit Realtime Sunshade button in
the process diagram has a cross through it 2 to indicate this.

Note: Sun angle shading is usually applied only to time surface images displayed in
Intensity layers because two-way time describes structural features well. Sun
shading is not normally applied to amplitude or attribute images which are
generally displayed in color.

4 Click Close on the Edit Sun Angle dialog to close it.
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Tip:

Note that by combining the two processing techniques into one image, you can
simultaneously see structure as brightness relative to depth as color. In this case
blues represents structural lows, and reds structural highs.

The colordrape technique you used here is one of the most important ER Mapper
processing techniques used to visualize interpreted time surfaces. You should
therefore practice and become comfortable with the steps used to create colordrape
algorithms.

Try different color mapping transforms for the color layer

1

2

Note:

In the Algorithm window, click on the Pseudo layer to select it.

Click on the right-hand Transform |4 button in the process diagram
(following the Formula button).

The Transform dialog box opens showing the current lookup table and color
mapping.

On the Transform dialog, click the Histogram equalize button.

ER Mapper applies a histogram equalization transform to the data. Histogram
equalization maximizes overall color contrast in the image at the expense of losing
contrast in the structural highs and lows.

Notice that the color mapping changes without affecting the shaded relief imagein
the Intensity layer. This shows how layersin an algorithm are independent of each
other, and can be modified individually to affect to overall image they combine to
create.

On the Transform dialog, click the Gaussian equalize E button.

ER Mapper applies a gaussian equalization contrast stretch to the data. This
maximizes color contrast in the structural highs and lows, but tends to flatten out
contrast in other parts of the image.

On the Transform dialog, click the Create default linear transform Z]
button.

ER Mapper resets the color mapping back to a straight linear default.

Click Close on the Transform dialog to close it.
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Display the shaded relief and color images separately

1 Turn the Pseudocolor layer off by right-clicking on the layer name and
selecting Turn Off from the drop-down menu.

Only the structural component of the image displays since the color component of
the algorithm (the Pseudocolor layer) isturned off.

2 Turn the Pseudocolor layer on again (activate the option button).
ER Mapper displays the combined colordrape image.

3 Turn the Intensity layer off by deactivating its option button.
ER Mapper displays the color image only.

By turning layers on and off, you can see them independently of each other to fine
tune adjustments before adding them together again.

4 Turn the Intensity layer on again (activate its option button).
ER Mapper displays the combined colordrape image again.

3: Draping amplitude data in color

Objectives Learn how to add a second Pseudocolor layer to drape amplitude (or other data)
as color over the shaded time, and how to use multiple Pseudocolor (or other
layer types) in the same algorithm.

Add a second Pseudocolor layer to the algorithm

1 From the Edit/Add Raster Layer menu (on the Algorithm window), select
Pseudo.

ER Mapper adds a new Pseudocolor layer to the algorithm. Aswith al new added
layers, it has no image loaded yet.

Load the sample seismic image dataset into the new layer

1 Inthe Algorithm window, click the Load Dataset ﬁ button on the left side
of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

2 Select the image named ‘Seismic3D.ers’ from the \examples\Shared_Data’
directory by double-clicking on it.

The image is loaded into the new Pseudocolor layer, so al layers contain the same
image.
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Tip: If you had wanted to load a different image into the second Pseudocolor layer, you
would use either the OK this layer only or Apply this layer only button on the
Raster Dataset dialog. Double-clicking on the image name is the same as
clicking the OK button.

Change the image band for the new Pseudo layer

1 With the new (lower) Pseudo layer selected, click on the Band Selection
drop-down list in the process diagram (it currently reads ‘B1:Two Way
Time_ms’).

A list of two images displays. Thisimage hastwo bands (or layers) of data covering
the same geographic area—a two-way time band and a seismic amplitude band.

2 Click on the option labelled B2: Amplitude to select it as the band to be
processed in that layer.

Note: When you first load an image into alayer, the first band is selected by default. You
can then use the Band Selection drop-down list to choose any band in the image.

Label the two Pseudo layers to distinguish them

Since you now have more than one Pseudocolor layer, it is helpful to add labels to
each so you can quickly distinguish between them.

1 Click in the text field on the left side of the lower Pseudo layer, and type the
text Anpl i t ude.

2 Click in the text field on the left side of the upper Pseudo layer, and type the
text| nverted TW.

Turn off the two-way time Pseudo layer

1 Turn off the Pseudo layer labelled ‘Inverted TWT’ by right-clicking on the
layer name and selecting Turn Off from the drop-down menu.

The layer is now turned off and will be ignored during processing.

The datainitially appears as red over the shaded time image—you need to adjust the
transform (color mapping) to account for the data in the new layer.

Adjust the transform for the Amplitude color layer

1 Click on the Pseudo layer labelled ‘Amplitude’ to select it.
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2

5

Click on the right-hand Transform | button in the process diagram.

The Transform dialog box opens. Notice that the actual input limits range from
about -17000 to +30000.

From the Limits menu, select Limits to Actual.

The amplitude data now displays as various colors over the shaded time data.

Note that the histogram for the amplitude data shows that most of the data values
are clustered in the center (anormal distribution). Thisiswhy the data are
displayed primarily in greens and yellows since these are the middle colorsin the
lookup table.

On the Transform dialog, click the Histogram equalize button.

Histogram equalization increases the overall color contrast in the amplitude data.
Areas of high amplitudes are shown as reds, and low amplitude areas are shown in
blues.

This colordrape image lets you easily associate variations in amplitude with
structural features shown by the shaded two-way time surface in the Intensity layer.
Using this technique, you can drape virtually any type of datain color over the
shaded time surface to aid interpretation of subtle relationships.

Click Close on the Transform dialog to close it.

Display the two-way time data again

1

Note:

Turn on the Pseudo layer labelled ‘Inverted TWT’ by right-clicking on the
layer name and selecting Turn On from the drop-down menu.

Turn off the Pseudo layer labelled ‘Amplitude.

The two-way time data again displaysin color over the shaded relief data. You can
now easily display either the time or amplitude data simply by turning on the
desired layer.

If you have more than one layer of the same type turned on, the layer on top has
display priority over layers below it. In this case, for example, you would see the
two-way time data if both the ‘Inverted TWT and ‘Amplitude’ layers were turned
on. (Datain lower priority layersisonly displayed where they do not spatially
overlap with layers of the same type above them.)
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4: Saving the colordrape algorithm

Objectives

Learn to save and add comments to the col ordrape algorithm.

Enter a description for the algorithm

1

In the Algorithm window, select the text in the Algorithm Description text
field (it currently reads ‘No Description’).

Type the following text, then press Enter or Return on your keyboard:

Horizon KA tine and anplitude col ordrape

This text now becomes a brief description for the entire algorithm.

Save the processing steps to an algorithm file on disk

1

o 01~ W N

From the File menu (on the main menu), select Save As....
The Save As file chooser dialog box appears.

In the Files of Type field, select ER Mapper Algorithm (.alg).

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, type in a name for the algorithm file using your
initials at the beginning followed by the text ‘Horizon_KA_colordrape’
Separate each word with an underscore (_). For example, if your initials are
“DH,” type in the name:

DH Hori zon_KA col ordr ape
Click the Apply button to save the algorithm and leave the dialog open.
Your pseudocolor agorithm is now saved to an algorithm file on disk.

Add comments to the algorithm

1

Click the Comments... button.
A dialog box opens allowing you to type comments about your algorithm.

Click Cancel on the Save As dialog to close it (you do not need it).
In the comments dialog, type the following description information:

This algorithmdrapes time or anmplitude data in col or over
a shaded time surface. Sun angle shading is applied to the
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time data in the Intensity layer to highlight structural
features. Two Pseudocol or layers are added to display either
time or anplitude to create a conbined col or/shaded relief inmage.

Click the OK button to save your comments with the algorithm and close the
dialog.

Your agorithm is now commented for future users.

Tips for Colordrape Algorithms

Generaly the Intensity layer of a colordrape algorithm is used to show structural
features derived from two-way time data, and the color layers are used to show
amplitude, azimuth, isochrons, or any other derivative or attribute images you feel
are useful. To use an existing algorithm asa“template” algorithm to apply the same
processing to different images, ssmply load new images into the Intensity and
Pseudocolor layers and adjust the transforms to account for the data ranges.

One colordrape variation some researchers useisto display adip image in Intensity
instead of shading from a specific compass direction. A dip image may delineate
both sides of afault more clearly, for example. (Generation of dip imagesis
explained in the chapter on formulas.)

Close all image windows and dialog boxes

What you
learned...

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Use Intensity layersto create shaded relief images that highlight structure
Combine Pseudocolor and Intensity layers to create colordrape images
Turn layers on (to process them) and off (to ignore them)

Control the color and intensity components to modify image displays
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HSI algorithms

This chapter explains how to create algorithms that allow you to display and
manipulate datain the Hue Saturation Intensity (HSI) color space. Applying an HSI
enhancement is an innovative analysi s technique that goes one step beyond a
colordrape display, so you can visualize three variables simultaneously. Thisis an
advanced technique most commonly used to combine multiple seismic attribute
horizonsin a single image.

Note: HSI isaso referred to as IHS, or Intensity Hue Saturation, in some circles.

Note: Another common application of HSI processing is to improve the “look” of an
RGB image (usually a satellite or airphoto image) by adjusting the image intensity
or colour saturation (or both). Thisis described in exercise “4: Converting an RGB
image to HSI” on page 143.

About the HSI Color System

In the Hue Saturation Intensity (HSI) color system, different colors are
characterized by three measurable characteristics of a color:

» Hue-The main attribute of a color that distinguishesit from other colorsin the
spectrum. Hues are what you seein arainbow, and are what we commonly think of
as“color” (red, yellow, green, and so on).
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» Saturation—The amount of a particular color or color “purity.” Colorswith high
saturation (little grey) are said to be pure or vivid. Colors with low saturation (much
grey) are pastel or dull colors. Completely desaturated colors are grey, no matter
what the hue.

* Intensity—Therelative brightness of acolor. Colors with high intensity are bright,
and colorswith low intensity are dark.

The HSI color system is characterized as a* perceptual” color system because it
provides a more intuitive means of manipulating color than the RGB (electronic)
color system. ER Mapper implements the HSI color system by means of the Color
Mode named Hue Saturation Intensity, and separate algorithm layer types for Hue,
Saturation, and Intensity.

HSI Color Mode

To display datain HSI, you set the algorithm Color Mode to Hue Saturation
Intensity, then load data into Hue, Saturation, and Intensity layers. In order to
produce color, all three layers types must be used and turned on. ER Mapper
provides HSI template algorithms that let you quickly load and display data using
the HSI color system.

Note: Computer monitors use the RGB color system to actually display data, so
ER Mapper automatically performs an internal tranglation of colors specified in
HSI to colors specified in RGB for the monitor.

The Hue Layer

In an HSI image display, The Hue layer controls the mapping of data values to
colors in the spectrum. In atypical display, the range of data values from low to
high is mapped through the progression of hues: red-yellow-green-cyan-blue-
magenta.

The Saturation Layer

In an HSI image display, The Saturation layer controls the mapping of datato the
purity of colorsin theimage display (that is, the amount of grey in the colors). Low
data values produce pastel or dull colors (much grey), and high data values produce
pure or vivid colors (little grey).
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The Intensity Layer

In an HSl image display, The Intensity layer controls the mapping of datato the
brightness of colorsin theimage display. Low data values produce dark color, and

high data val ues produce white color.
\ combined
HSI

Saturation layer | color purity imagel— g
Y purity 9 colordrape

/ image
Intensity layer brightness image

The diagram above shows how algorithm Hue, Saturation and Intensity layers are
combined to create asingle HSI colordrape image. You will see for yourself how
these techniques work in the following exercises.

Hue layer color image

Hands-on exercises

What you will
learn...

Before you
begin...

Note:

These exercises give you practice creating HSI colordrape algorithms and
mani pulating image display in HSI color space.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Use the algorithm Color Mode named Hue Saturation Intensity

Combine Hue, Saturation and Intensity layersto create HSI images
Understand the basics for interpreting data displayed in HSI

Control the hue, saturation and intensity components to modify image displays
Improve the appearance of an RGB image by converting it to HSI.

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

Some of the following exercises repeat steps from the previous exercisesto
emphasi ze understanding of the fundamental concepts.
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1: Creating the shaded relief image

Objectives Learn how to create an HSI algorithm by opening a new image window, creating
Hue, Saturation, and Intensity layers, and loading datainto theH, S, and | layers.
(The sample algorithm you will create displays two-way time as hues, amplitude
as saturation, and shaded two-way time as intensity.)

Open an image window and the Algorithm window

1 Onthe Common Functions toolbar, click on the Edit Algorithm E button.

An image window and the Algorithm window appear.

Change the Pseudocolor layer to an Intensity layer

1 Click your right mouse button on the Pseudo layer (on the Algorithm
window). A short-cut menu will appear. From the short-cut menu select
Intensity.

The Pseudocolor layer changesto an Intensity layer. You will use thislayer to
create a greyscale shaded relief image.

Load the sample seismic image dataset into the Intensity layer

1 Inthe Algorithm window, click the Load Dataset ﬁ button on the left side
of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Shared_Data’.

Double-click on the image named ‘Seismic3D.ers’ to load it.
Theimage isloaded into the Intengity layer.

Use a formula to invert the image values

Asbefore, it isoften desirableto invert positive two-way time values, so larger time
values are displayed as structural lows and smaller values as highs. (Thisis optional
and may not be necessary with your images.)

1 Inthe Algorithm window, click the Edit Formula gu& button in the process
stream diagram.
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The Formula Editor dialog box appears.

2 Inthe Formula Editor dialog, edit the text string “INPUT1” to add a minus
sign (-) in front. Your formula should now look like this:

-1 NPUT1
Thisformulatells ER Mapper to negate (invert) all values in the image.
3 Onthe Formula Editor dialog, click the Apply changes button.

The image appears as black initially because you need to adjust the transform to
account for the new range of negative data values produced by the formula

4 Click Close on the Formula Editor dialog to close it.

Adjust the color mapping (contrast) of the image
1 Inthe Algorithm window, click on the right-hand Edit Transform Limits

L4C  button in the process diagram (the one after the Formula button).

The Transform dialog box opens showing the negative data range produced by the
formulain the Actual Input Limitsfields.

2 From the Limits menu (on the Transform dialog), select Limits to Actual.
The X axis data range changes to match the Actual Input Limits.

ER Mapper renders the image again, thistime using the full range of grey shadesto
display the image.

3 Click Close on the Transform dialog to close it.

Turn on sun shading and display the shaded relief image

1 Onthe Algorithm window, click the Edit Realtime Sunshade 2% button in
the process stream.

The Edit Sun Angle dialog box opensto let you specify shaded relief effects for
the Intensity layer.

2 Turn on the Do sun-shading option to turn on shading.
The structural features of the time surface are clearly defined due to the sun angle
shading.

3 Drag the small sun icon (the circle) around the circular grid until you find a
shade angle that highlights structural features of interest. (Keep the sun
elevation above 45 degrees to reduce shadowing.)

4 Click Close on the Edit Sun Angle dialog to close it.
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Label the Intensity layer to identify it

1

Click in the text field on the left side of the Intensity layer, and type the text
Shaded TW.

(If desired, you could also add the shading angle, for example “NE shaded TWT”.)

Make the image window about 50% larger by dragging lower-right corner of
the window border.

Right-click on the image and select Zoom to All Datasets from the Quick
Zoom window.

You have now created the shaded relief image to highlight structure. Next you will
add Hue and Saturation layers to drape other datain color.

2: Adding data in Hue and Saturation layers

Objectives

Learn how to build on your shaded relief Intensity image to create an HS
algorithm by adding Hue and Saturation layers. (The sample algorithm you will
create displays two-way time as hues, amplitude as saturation, and shaded two-
way time as intensity.)

Duplicate the Intensity layer and change it to Hue

1

Note:

On the Algorithm window, with the Layer tab selected, click the Duplicate
| button to create a copy of the current Intensity layer that already
contains the ‘Seismic3D’ image.

Click on the new (lower) layer with your right mouse button. A short-cut
menu will appear. From the short-cut menu select Hue.

The Intensity layer changes to a Hue layer. You will use thislayer to display the
inverted two-way time data in color over the shaded relief image.

Notice that the Hue layer has ared cross% over it —thisindicates that the layer

typein not valid with the current algorithm Color Mode. (In order to use Hue layers
in an algorithm, you must also select the Color Mode named Hue Saturation
Intensity).
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Change the Color Mode to Hue Saturation Intensity

1

In the surface tab, from the Color Mode drop-down menu (on the
Algorithm window), select Hue Saturation Intensity.

The Hue layer now becomes active because the appropriate Color Mode is now
selected.

Turn off sun shading for the Hue layer

1

With the Hue layer selected, click the Edit Realtime Sunshade button
in the process stream.

The Edit Sun Angle dialog box opens. Since the layer was duplicated from the
Intensity layer, sun angle shading is still turned on.

On the Edit Sun Angle dialog, turn off the Do sun-shading option.

Sun angle shading is now turned off for the Hue layer (shading is not normally used
on color layers).

Click Close on the Edit Sun Angle dialog to close it.

Enter a label for the Hue layer by typing the text | nvert ed TW in the text
field on the left side.

Add a Saturation layer and load the sample image

1

From the Edit/Add Raster Layer menu (on the Algorithm window), select
Saturation.

ER Mapper adds a new Saturation layer to the algorithm. Aswith all new added
layers, it has no image loaded yet. You will use this layer to display the seismic
amplitude data.

In the Algorithm window, click the Load Dataset ﬁ button on the left side
of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Shared_Data’.

Scroll up (if needed) to view the image named ‘Seismic3D.ers, then double-
click on it to load it.

The image isloaded into the new Saturation layer, so all layers contain the same
image.
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Tip:

In this case you added a new layer and loaded the image because you don’'t want to
use the formulain the other layers. (There is no need to invert the amplitude data.)
An alternative is to duplicate the Hue layer, change its type to Saturation, and reset
the formula back the default “INPUTL.”

Select the amplitude band and label the Saturation layer

1 With the new Saturation layer selected, click on the Band Selection drop-

down list in the process diagram, and select B2: Amplitude.

Thistells ER Mapper to modify the saturation of colorsin the final image
according to variations in the amplitude data.

You now have an image similar to the colordrape that shows structure (shaded two-
way time) and depth (color-coded two-way time). Now you need to adjust the
transform of the amplitude datato make it clearly stand out against the color and
shading.

Enter a label for the Saturation layer by typing the text Anpl i t ude inthe
text field on the left side.

Apply a Histogram equalization to the amplitude data

1 With the Saturation layer selected, click on the right-hand Edit Transform

Limits |4 button in the process diagram.
The Transform dialog box opens.

On the Transform dialog, select Limits to Actual from the Limits menu.
The complete histogram for the amplitude data appears.

On the Transform dialog, click the Histogram equalize button.

The overall contrast in the amplitude data isincreased, which appears as variations
in color saturation throughout the image. Notice, for example, that the V-shaped
uplifted fault block in the upper-left shows high amplitudes as vivid colors and low
amplitudes as greyish colors.

You now have an image that shows three variables at once:

Structure is shown as intensity (brightness) by applying sun angle shading to the
two-way time data.

Relative depth is shown as color (hues), where red indicates the troughs progressing
through yellow, green, cyan, and blue to magentafor the peaks in the time surface.
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4

Theevent amplitudeisshown by variationsin the saturation of colors, wheregreyish
or pastel colorsindicate low amplitude progressing through to vivid or rich colors
that indicate high amplitudes.

This type of display has become a popular ER Mapper processing technique for
combined analysis of two-way time and amplitude data, as well as other
combinations of time and images derived from seismic images.

Click Close on the Transform dialog to close it.

Zoom in on upper-left portion of the image

1
2

Tip:

On the Common Functions toolbar, click the ZoomBox Tool El button.

Inside the image window, drag a zoom box around the V-shaped structure
in the upper-left portion of the image (the uplifted fault block in red and
magenta).

ER Mapper zooms in on the defined area. Notice that the image takes on a dlightly
jagged or blocky look when you zoom in closely. (You can begin to see the limits of
the seismic data resolution, or the actual pixelsthat comprise the image.)

On the Algorithm window, turn on the Smoothing option.

Notice that the image becomes noticeably smoother. The Smoothing option applies
abilinear interpolation to the image screen display. Thisis often useful for reducing
the jagged ook and helps make overall features easier to interpret.

Also notice that you can now clearly see the pattern of low and high amplitudesin
the uplifted block and surrounding areas. High amplitude areas have very rich
colors, and low amplitudes occur along the faults (shown by the low saturation
greyish colorsin those areas).

From the View menu (on the main menu), select Quick Zoom, then select
Zoom to All Datasets.

ER Mapper zooms back out to the full image extents.

The Smoothing option is most useful when you zoom in very closely on an area
of interest, and can be turned on or off as desired. It usually haslittle noticeable
effect until you zoom in close to the pixel resolution.
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3: Saving the HSI colordrape algorithm

Objectives Learn to save and add comments to the HSI colordrape algorithm.

Enter a description for the algorithm

1 Select the text in the Algorithm Description text field and type:
T'WI' and anpl i tude HSI enhancenent

This text now becomes a brief description for the entire algorithm.

Save the algorithm to disk

1 Onthe Standard toolbar (on the main menu), click the Save As El button.

The Save As file chooser dialog box appears. (Thistoolbar button is ashortcut for
selecting Save As... from the File menu.)

In the Files of Type: field, select ‘ER Mapper Algorithm (.alg)'.
Double-click on the ‘examples\Miscellaneous\Tutorial’ directory to open it.

In the Save As: text field, type in a name for the algorithm file using your
initials at the beginning followed by the text ‘Seismic_HSI_enhancement.
Separate each word with an underscore (_). For example, if your initials are
“TL,” type in the name:

TL_Sei sm ¢c_HSI _enhancenent

5 Click the Apply button to save the algorithm and leave the dialog open.
Your HSI algorithm is now saved to an algorithm file on disk.

Add comments to the algorithm
1 Click the Comments... button to add comments.
2 Click Cancel on the Save As dialog to close it (you do not need it).

3 Inthe comments dialog, type the following description information:

This algorithmdisplays tine and anplitude data in hue

saturation intensity (HSI) color space. Sun angle shading is
applied to the tine data in the Intensity layer to highlight
structure. Time is displayed as color in the Hue |ayer, and

event anplitude is displayed as variations in color saturation
in the Saturation |ayer
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4 Click the OK button to save your comments with the algorithm and close the
dialog.

Your algorithm is now commented for future users.

5 Close the image window.

Tips for HSI Algorithms

Displaying datain Hue Saturation Intensity color space is one of the newer
techniques in the analysis of interpreted time surfaces. It is helpful to have basic
understanding of the way the HSI color system works to help you interpret data
presented in this way.

Using the previous HSl image as an example, color is used to indicate absolute
depth, or the structural highs and lows in the time surface. The event amplitude is
not related to any specific color or hue (red, blue, etc.), but to the saturation of the
color. For example, areas of the time surface with similar amplitudes may have
completely different colors, but will have the same degree of color saturation or

purity.

This example used time in the hue layer and amplitude in the saturation layer, but
you could just as easily substitute any other types of datainstead. Shaded two-way
time datais generally always used in the intensity layer.

The steps you followed in this exercise showed how to create an HSI algorithm
from scratch, in part to illustrate the use of certain featuresin ER Mapper. When
you learn to use ER Mapper, you can create these types of algorithms more quickly
by using an existing algorithm as atemplate, or using atoolbar button to
automatically create certain types of commonly used algorithms.
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4: Converting an RGB image to HSI

Objectives

Learn to improve the appearance of an image by converting it from RGB to HSI.

Certain types of image enhancements can be awkward or impossible to do by
applying individual constrast stretchesto the red, green, and blue channels
separately. For example. if you want to brighten an RGB image, you cannot only
adjust the transform for the Red layer because the image will then become more red
in color. Changing the overall color saturation by adjusting the Red, Green and
Blue layer transformsis even more difficult, if not impossible. On the other hand,
you can independently increase the brightness and color saturation of an HSI image
by merely adjusting the transforms for the Intensity and Saturation layers without
affecting the color.

This exercise shows you how to use a supplied template algorithm to convert an
existing RGB algorithm to HSl and then to adjust the brightness and color
saturation.

Open the template algorithm

1

D O A~ W N

Click on the Open |z button on the Standard toolbar.

The Open file chooser dialog box appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Templates’ to open it.

Double-click on the directory named ‘Common’ to open it.

Double click on the file named ‘RGB_to_HSI_to_RGB.alg’ to open it.

A window displaying and image will open.

On the Common Functions toolbar, click on the Edit Algorithm g button
to open the Algorithm window.

Notice that the algorithm is displaying the ‘ADAR_5000.ers' image in an Intensity,
Saturation and a Hue layer. You will now replace this image with an RGB
algorithm and usethe ‘RGB_to_HSI_to_RGB.alg’ as template for displaying it
in HSI color mode.

Load the RGB algorithm

1

In the Algorithm window, click on the Intensity Layer to select it.
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Click the Load Dataset ﬁ button on the left side of the process stream
diagram.

The Raster Dataset file chooser dialog box appears.

Select ‘ER Mapper Algorithm (.alg)’ in the Files of Type: box.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Data_Types'.

Double-click on the directory named ‘Landsat_ TM'.

Double-click on the image named ‘RGB_321.alg’ to load it.

The‘RGB_321.alg’ algorithm, consisting of a Red, Green and Blue layer is|oaded
into all three layers of HSI template algorithm. Notice that each layer of the
template algorithm has the original Red, Green and Blue layers applied as input
bands to aformulato produce the Hue, Saturation or Intensity layer

The image should currently have a grey and blue appearance because the input
bands are in the wrong order for the Hue Layer formula. The formulas applied to
the Intensity and Saturation layers do not require the input bands to be in a specific
order.

Select the Hue layer and change the order of the input bands to B3:Red,
B2:Green and B1:Blue, as shown below:

RGE_321.alg

= [Bimed =l B K — Bmt UL 5K
[B2Green = H X
[B1Blue - H®H X

The displayed image should become more brown and green in color.

With the Hue Layer selected, click on the Edit Formula gme button in the
process diagram.

The Formula Editor dialog box will open. Notice that the formula description is
“RGB to Hue”, indicating that this formula uses the three RGB input bands to
create asingle Hue layer. The formula has been loaded into the template algorithm
from the ‘Hue.frm’ filein the ‘formula\hs’ directory.

10 Click on the | & | button on the Formula Editor dialog box.
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This causes the Formula Editor dialog to display the formulafor the Saturation
Layer. Notice that the selection in the Algorithm window also changes to the
Saturation Layer. In this case the formula description is “RGB to Saturation”. The
formula has been loaded from the ‘ Saturation.frm’ file in the ‘formulahs’
directory.

11 Click on the ' | | button on the Formula Editor dialog box.

This causes the Formula Editor dialog to display the formulafor the Intensity
Layer. Notice that the selection in the Algorithm window also changes to the
Intensity Layer. In this case the formula description is “RGB to Intensity”. The
formula has been loaded from the ‘ Intensity.frm’ filein the ‘formula\hsi’ directory.

12 Click on the Close button to close the Formula Editor.
Formulas will be discussed in more detail in Chapter 10, “Using Formulas”.

Adjust the image brightness
You can now adjust the brightness of the image by altering the post formula
transform on the Intensity Layer.

1 With the Intensity Layer selected, click on the Edit Transform Limits [
button to the right of the Edit Formula button on the process diagram.

The Transform dialog will open.

2 On the Transform dialog, select the Create default logarithmic transform
| or Create default exponential transform button.

3 You can now increase or decrease the brightness of the image by dragging
the transform line as shown below:

Increase
brightness

RN

ecrease
brightness
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Adjust the color saturation

You can adjust the color saturation of the image by altering the post formula
transform on the Saturation Layer.

1 Onthe Transform dialog, select the Saturation Layer post formula transform
by clicking on the ﬂ button.

If the Transform dialog was not already open, you would have selected the
transform from the Sakturation Layer process diagram in the Algorithm window.

2 On the Transform dialog, select the Create default logarithmic transform

or Create default exponential transform | button.

3 You can now increase or decrease (to greyscale) the color saturation of the
image by dragging the transform line as shown below:

Increase
color

RN

Decrease
color

Note: Whileit is possible to adjust the Hue Layer transform in the same way as the
Intensity and Saturation layers, thisis not usually done because it causes the colors
to change making the image difficult or impossible to interpret.
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Close all image windows and dialog boxes

1

2

What you
learned...

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Use Intensity layersto create shaded relief images that highlight structure
Combine Pseudocolor and Intensity layers to create colordrape images
Turn layers on (to process them) and off (to ignore them)

Control the color and intensity components to modify image displays

Convert an RGB image to HSI to improve its appearance.
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Using spatial
filfers

This chapter explains how to modify raster image data using spatial filtering to
enhance edges, remove noise, highlight structural features, and perform other
enhancements to improve visual interpretation. It introduces concepts associated
with spatial filtering and gives you practice using ER Mapper’s Filter options.

Note: For information on frequency domain filtering (Fourier Transforms), see the
ER Mapper User Guide.

About spatial filtering

Spatial filtering is acommon operation applied to raster image data to enhance or
suppress spatial detail to improve visual interpretation. Common examples include
applying filters to enhance edge detail in images, or to remove or decrease noise
patterns in an image. Spatial filtering iscalled a“local operation” inimage
processing because it modifies the value of each pixel in the image according to the
values of the pixels surrounding it. Filters work by removing certain spectral or
spatial frequenciesto enhance features in the remaining image.

Comprehensive ER Mapper Training Workbook 148



Chapter @ Using spatial filters e About spatial filtering

Spatial frequency

A characteristic common to all types of raster datais spatial frequency, which
defines the magnitude of changes in data values per unit distance for any particular
part of an image. Areas of an image with small changes or gradual transitionsin
datavalues over agiven areaare termed low frequency areas (such as a smooth lake
surface). Areas with large changes or rapid transitions are termed high frequency
areas (such as an urban area with dense road networks). Spatial filters can be
divided into three broad categories:

» Low passfilters emphasize low frequency detail to smooth out image noise or
reduce spikesin the data. Since they de-emphasize detail in an image, low pass
filters are sometimes called smoothing or averaging filters.

» High passfilters emphasize high frequency detail to enhance or sharpen linear
features like roads, faults, and land/water boundaries. High passfilters are
sometimes called sharpening filters because they are generally used to enhance
detail without affecting low frequency portions of the image.

» Edgedetection filter s emphasize edges surrounding objects or featuresin an image
to make them easier to analyze. Edge detection filters usually create an image with
agrey background and black and white lines surrounding the edges of objects and
featuresin the image.

How convolution kernels work

Spatial filtering is accomplished by passing a two-dimensional rectangular array
(or window) containing weighting values over the image data at each pixel location.
The pixel in the center of the window is evaluated according to the surrounding
pixels and weighting values defined for each cell in the array, then a new output
pixel valueis calculated. The window then shifts over to the next pixel and
performs the same operation. This process of evaluating the weighted neighboring
pixel valuesis called two-dimensional convolution, and the filter array is often
called a convolution kernel.

The Filter Editor buttons

By default, each raster layer in ER Mapper hastwo Filter editor buttonsin the
algorithm process stream. One applies afilter before aformula (pre- formula), and
the other applies afilter after aformula (post-formula). You can also insert and
append additional filtersin either location to create more complex filtering
operations.

pre-formula
filter

@ —+[B72215um 7] K — Bt wpoﬁ-fﬂmu'a

filter
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The Filter editor dialog box

To add afilter into the process stream, or create a new filter, click on the desired
Filter button to open the Filter dialog box. ER Mapper provides awide variety of
standard spatial filters, including low and high pass filters, directional edge
enhancement filters, and special filters for classification smoothing and for
geophysical and seismic data.

(can be edited)

o Filter H=E
¥ Process at dataset resolution Close
Filtar filename: I i File ¥ load and save
filters
Mumber of rows: |3 columns: |3 Edit v
Dascription: |DETE11.|I1 Kernel I~ E_ldd or delete
filters in layer
Filter type: [Mumbermatric =] .
click to view
1 i 3 § .
— E\\ filters in other
] L 0 0 layers
2 0 1 0o H <<| > |
5 0 il | click to view
4] Sprevious or next
I filter in current
[T Threshold valus: layer
Scale factor to divide by I] L |

ER Mapper also lets you use filters that are written in C, and provides several C
filters as examples. Using C allows you implement more complex or specialized
filtering techniques that are not possible with simple convolution kernels. Thereis
no limit to the dimensions of filters that can be defined and used in ER Mapper.

Hands-on exercises

What you will
learn...

These exercises give you practice applying filtersin ER Mapper, and explain how
to insert and deletefiltersin the process stream using the Filter buttons. You will try
various types of filters to evaluate their results.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Insert and delete filtersin the process stream diagram
Apply different types of filters to see their results

Edit the transform to enhance the contrast of filtered images
Usefilters to generate slope and aspect images from DEMs
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Before you
begin...

Apply filtersin multiple raster layers
Use multiplefiltersin the process stream

Make sure all image ER Mapper image windows and dialog boxes are closed.
Only the main ER Mapper menu should be open.

1: Adding filters to images

Objectives

Learn to apply several types of standard filters to an image, and adjust the
contrast of filtered data.

Open and display an existing algorithm

1

Click the Open | (=] button on the Standard toolbar.

An image window and the Open file chooser appear.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types'.
In the directory ‘SPOT_Panchromatic’, load the algorithm 'Greyscale.alg’.

ER Mapper displays a SPOT Panchromatic satellite image of the San Diego,
Cdliforniaareain greyscale.

Drag the image window by its lower-right corner to make it about 50%
larger.

Right-click on the image and select Zoom to All Datasets from the Quick
Zoom menu.

ER Mapper redraws the image to fill the larger window size.

Apply a low pass (smoothing) filter to the image

1

Click on the Edit Filter (Kernel) |3 { toolbar button on the main menu.

The Filter dialog box appears. This dialog allows you to load standard filters
supplied with ER Mapper, and create and save your own filters.

From the File menu, select Load....

The Load filter file chooser dialog box appears.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the *filters_lowpass’ directory to open it.
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Double-click on the filter 'avg3.ker’ to load it.

The filter settings are displayed in the dialog box fields. The array (or matrix) of
nine weighting values defining the 3 by 3 filter appear in the central scroll window
(the “filter matrix window”).

Thelow passfilter creates ablurring or averaging effect. In general, low passfilters
work by taking the average value of all pixelsin the matrix and assigning it to the
center pixel, thus smoothing out jumps or spikesin the data. Low passfilters can be
useful for reducing periodic “salt and pepper” noise or speckling in an imageto
make it easier to interpret the major features.

The filter array window contains editable fields, so you can easily experiment and
create your own filters with custom weighting coefficients and parameters and save
them for later use.

Delete the low pass filter from the process stream

1

From the Edit menu (on the Filter dialog), select Delete this filter.

Thefilter is deleted from the process stream and the image is rendered without the
averaging filter, so it appears asit did before.

Apply a high pass (sharpening) filter to the image

1

2
3
4

From the File menu (on the Filter dialog), select Load....

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_high_pass’ directory to open it.

Double-click on the filter 'Sharpen2.ker’ to load it.

ER Mapper processes the algorithm to now include your high pass filter.

Thefilter settings are displayed in the dialog box fields. The array of nine
weighting values defining the 3 by 3 filter appear in the filter matrix window.

The Sharpen?2 filter enhances high frequency detail. In general, high pass or
sharpening filters tend to increase the local contrast around edge featuresin the
image, so the image appears sharper or crisper. Features like major roads and
borders between urban and vegetated areas are therefore more clearly defined.

Delete the high pass filter from the process stream

1 From the Edit menu (on the Filter dialog), select Delete this filter.

The image is rendered without the sharpening filter, so it appears asit did before.
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Apply a directional gradient edge detection filter

1

2
3
4

From the File menu (on the Filter dialog), select Load....

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_sunangle’ directory to open it.

Double-click on the filter 'North_West.ker’ to load it.

ER Mapper processes the algorithm to now include your edge detection filter.

The filter settings are displayed in the dialog box fields.

The North_ West filter isanon-linear filter designed to isolate and “raise” edge
features in an image trending in a northeast to southwest direction. The data range
produced by thisfilter is different from the previous image, so you need to adjust
the transform to improve the contrast.

Adjust the contrast of the filtered image

1

Click the Edit Transform Limits || | button on the Common Functions
toolbar to open the Transform dialog box.

Note the Actual Input Limits are about -500 to +500. This is the new data range
created by applying the edge detection filter to the original SPOT Pan image.

On the Transform dialog, select Limits to Actual from the Limits menu.

The X axis limits change to match the Actual Input Limits.

The image contrast is enhanced and most pixels are assigned a mid-grey color in
the greyscale lookup table.

Click the Create autoclip transform @ button.

ER Mapper redisplays the image with enhanced contrast. Edge features such as
roads and land/water borders are highlighted in black and white, while features
without sharp changes (such as ocean) are shown in grey.

Thisfilter highlights edge features in an image as if a sun were shining from the
northwest (upper-left) of the image. Therefore, edge features facing northwest are
highlighted in bright, while opposite (southeast) facing edge features are dark.
Edge enhancement filters are often used in geological applications to highlight
faults and lineaments occurring in a specific compass direction.
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Note: Asshown here, applying filtersto your data often produces a different data range

which initially creates alow contrast image. You will commonly need to adjust the
transforms for each layer after applying afilter. (The first two filters you applied
did not significantly change the original data range, so a contrast adjustment was
not necessary in those cases.)

Apply a Northeast gradient edge detection filter

A W DN B

From the File menu (on the Filter dialog), select Load....

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_sunangle’ directory to open it.

Double-click on the filter 'North_East.ker’ to load it.

This time edge features facing northeast are highlighted in white (features trending
in a northwest to southeast direction). Since the data range produced by applying
the North_East filter issimilar to that produced by the North_West filter, you do not
need to adjust the contrast.

Click the Close button on the Filter and Transform dialogs to close them.

2: Generating slope and aspect images

Objectives

Learn to add filters to generate slope and aspect images from adigital elevation
model (DEM) image.

Open a greyscale DEM algorithm

'}

On the main menu, click the Open || button.

From the Directories menu (on the Open dialog), select the \examples
path.

Open the ‘Data_Types’ directory, then open the ‘Digital_Elevation’ directory.
Double-click on the ‘Greyscale.alg’ algorithm to open it.

ER Mapper displays adigital elevation model (DEM) image on the San Diego,
Californiaarea. Theimageis displayed with agreyscale color table, so low
elevations are dark and high elevations are light.
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Load a filter to generate a slope degrees image

1

2
3

Note:

Click on the Edit Filter (Kernel) | # | toolbar button on the main menu.

On the Filter dialog, click the | = { button next to ‘Filter filename.’

From the Directories menu, select the \kernel path.

Open the ‘filters_ DEM’ directory, then double-click on the filter
'slope_degrees.ker’ to load it.

The filter settings are displayed in the dialog box fields. Asindicated, this 3 by 3
filter iswrittenin C code.

Click the 99% Contrast enhancement button.

After someinternal calculations, ER Mapper displays an image showing steep
slopesinlight greys, and shallow slopesin dark greys. (The Refresh Image with
99% clip on limits button automatically sets the appropriate transform limits for

you.)

Sopeisameasure of steepness of terrain, or the rate of change in elevation in the
vicinity of a given part of the topographic surface. This slope filter generates data
valuesin degrees from the horizontal, so the slope values range from O (flat terrain)
to 90 degrees (vertical terrain). (ER Mapper also provides afilter to calculate slopes
in percent named ‘slope_percent.ker.’)

Since few geographic areas will have very steep slopes, the output data range will
usually not occupy the entire possible data range of slope values. (In the previous
example, the stegpest slope was 71 degrees but 90 is possible.) If you want to force
the color scale to be mapped to the entire possible range of slope values, you can
manually set the transform X axis limitsto 0-90 for the ‘' lope_degrees' filter and O-
200 for ‘dope’ (percent) filter.

Load a different filter to generate an aspect image

1
2

On the Filter dialog, click the | = | button next to ‘Filter filename.’

Double-click on the filter 'aspect.ker’ to load it.

Thefilter settings are displayed in the dialog box fields. Asindicated, this 3 by 3
filter is also written in C code.

Click Close on the Filter dialog.

Click the 99% Contrast enhancement button.
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ER Mapper displays an image showing different aspects of the elevation datain
various shades of grey.

Aspect is ameasure of the compass direction a topographic surface faces at agiven
point. Aspect is computed as a horizontal angle in degrees of azimuth from due
north (which is zero degrees). The aspect filter generates aspect values ranging
from 0O to 360 degrees (avalue of 361 degreesis also generated for aflat surface
with no aspect). East-facing slopes have an aspect of 90 degrees, south facing
slopes 180 degrees, and west-facing slopes 270 degrees.

Change the color table to ‘azimuth’

1
2

Note:

On the Algorithm dialog, select the Surface tab.
From the ‘Color Table’ list, select azimuth.

The image redisplays in four main colors-one for each primary compass direction.
Areasfacing primarily north display in black, easterly in yellow, southerly in white,
and westerly in blue.

‘Azimuth’ isaspecial “wrap around” color table that has the same color (black) at
the top and bottom end of the color range. This type of color tableis often used to
display aspect images. (To see the color set, open the Transform dialog.) You can
use any other multiple color lookup table as well to display aspect images.

On the Algorithm dialog, select the Layer tab again to display the process
diagram.

3: Adding filters to multiple layers

Objectives

Learn to load afilter into several layers of data, for example to apply afiltering
operation to the Red Green Blue layers of an RGB algorithm. Also learn to move
between agorithm layers using buttons on the Filter dialog box.

Open and display an existing RGB algorithm

1

Click the Open | 2| button on the Standard toolbar.

The Open file chooser appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types'.
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4

In the directory named ‘SPOT_XS, load the algorithm
'SPOT_XS _rgb_321.alg’

ER Mapper displays a SPOT XS satellite image of the San Diego, Californiaarea
as an RGB color composite of bands 3, 2 and 1.

Open the Algorithm window and Filter dialog box

1

Click on the Edit Algorithm ﬂ toolbar button.

The Algorithm window appears. Notice that both the pre- and post-formulaFilter
buttons show across or “X” through the icon. This indicates that there is currently
no filter loaded in the process stream.

On the Algorithm window, click on the post-formula Edit Filter (Kernel)

. button in the process stream diagram. (There are two, click on the one
right of the Formula button.)

The Filter dialog appears.

Note that the Filter dialog has R, G and B buttons-these allow you to move
between the Red, Green and Blue layers of the algorithm.

Apply a high pass filter to all three layers in the algorithm

1

o O A~ W

In the Filter dialog, click on the Move to next Red layer in surface
button.

ER Mapper automatically selectsthe Red layer in the Algorithm window. (It may
have been selected by default already.)

-}

On the Filter dialog, click the Filter filename |=] chooser button to open
the Load filter file chooser.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the *filters_high_pass’ directory to open it.

Click once on the filter 'Sharpen2.ker’ to select it (do not double-click).
Click the Apply button.

ER Mapper loads the filter into the process stream of the Red layer.

In the Filter dialog, click on the Move to next Green layer in surface
button.

ER Mapper automatically selects the Green layer in the Algorithm window.
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In the Load filter file chooser, click the Apply button again (the Sharpen2
filter is still selected).

ER Mapper loads the filter into the process stream of the Green layer.

In the Filter dialog, click on the Move to next Blue layer in surface
button.

ER Mapper automatically selects the Blue layer in the Algorithm window.

10 In the Load filter file chooser, click the OK button.

ER Mapper loads the filter into the process stream of the Blue layer, and closes the
Load filter diaog.

11 ER Mapper processes the algorithm, which now includes your high pass

sharpening filter in all three layers.

The high pass filter enhances high frequency detail to make the image appear
sharper or crisper. Thisisthe same effect you achieved earlier with asingle layer of
data, but this time you applied the filter to each layer of a color composite image.

4: Using multiple sequential filters

Objectives

Learn how to insert and append multiple filtersinto the process stream to create a
sequence of filters for more complex enhancements. Also learn to move between
sequential filtersin alayer using buttons on the Filter dialog box.

The following exercise assumes that the Algorithm window and Filter dialog box
are till open on the screen.

Display a greyscale image

1

Click the Open | (=] button on the Standard toolbar.

The Open file chooser appears.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Data_Types’ directory to select it.

In the directory named ‘SPOT_Panchromatic’, load the algorithm
‘Greyscale.alg.

ER Mapper displays a SPOT Panchromatic satellite image of San Diego.
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Add a directional edge detection filter

1

On the Algorithm window, click on the post-formula Edit Filter (Kernel)

& button in the process stream diagram.

The Filter dialog opens.

-}

On the Filter dialog, click the Filter filename |={ chooser button to open
the Load filter file chooser.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_sunangle’ directory to open it.
Double-click on the filter 'North_West.ker’ to load it.

Append a high pass filter after the edge detection filter

1

From the Edit menu (on the Filter dialog), select Append new filter.

A second filter button is added to the process stream diagram on the Algorithm
window (it is appended after thefirst one). Its contents, currently empty, are shown
in the Filter dialog.

From the File menu (on the Filter dialog), select Load... to open the Load
filter file chooser.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_high_pass’ directory to open it.
Double-click on the filter 'Sharpen2.ker’ to load it.

The filter settings are displayed in the dialog box fields. You now have two filters
loaded into the process stream.

Adjust the contrast of the filtered image

1

ER Mapper processes the algorithm and generates a histogram of the
filtered data.

Click the Edit Transform Limits £ button on the process diagram in the
Algorithm window.

On the Transform dialog, select Limits to Actual from the Limits menu.
The X axis limits change to match the Actua Input Limits.

The image contrast is enhanced and most pixels are assigned a mid-grey color.

Click the Create autoclip transform ﬂ button.
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ER Mapper redisplays the image with enhanced contrast. Thisimageisthe result of
applying two filters—first a northwest filter to highlight northeast-southwest
trending edge features, then a high passfilter to sharpen the high frequency detail
around the edges. Note that you did not need to adjust the transform individually
for each filter—you can adjust it once to account for the effects of both filters.

Click Close on the Transform dialog to close it.

Move between filters in the process stream

Note:

On the Filters dialog, note the two arrow buttons near the lower-right corner.
These buttons let you easily move to view or edit the contents of any filter in the
current raster data layer.

On the Filters dialog, click the Move to previous Filter in layer | =< | button
until it becomes dimmed.

The pre-formula Filter button in the process stream diagram is now slightly
depressed to indicate that it is being edited. Since nofilter isloaded in that position,
the contents of the Filter dialog are empty. (The button becomes dimmed when
there are no more filters previous to the current one.)

By default, the process stream diagram usually shows both a pre-formulaand a
post-formulafilter button, even if no filters are being used in that layer. These
buttons act as placeholders, and you cannot delete these from the process diagram.

Click the Move to next Filter in layer | == { button.

The contents of next filter button are displayed in the Filter dialog (the North_West
edge filter), and thefirst of the two post-formula Filter buttons is depressed on the
Algorithm window.

Click the Move to next Filter in layer | == | button again.

The contents of last filter in the process stream are displayed (the Sharpen2 filter),
and the last of the two post-formula Filter buttons is depressed on the Algorithm
window.

Delete the sharpening filter from the process stream

1

From the Edit menu (on the Filters dialog), select Delete this filter.
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The high pass sharpening filter is deleted from the process stream. Notice that

ER Mapper automatically moves to the previous filter in the process stream, so the
contents of the Filter dialog now show the North_West edge filter and that button
is depressed in the process stream diagram.

Close all image windows and dialog boxes
1 Close all image windows using the window system controls:
» Select Close from the window control-menu.
2 Click Close on the Algorithm window to close it.
Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned ER Mapper:

* Insert and delete filters in the process stream diagram

* Apply different types of filters to see their results

e Edit the transform to enhance the contrast of filtered images
o Apply filtersin multiple raster layers

« Usemultiplefiltersin the process stream
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Using Formulas

This chapter explains how to use formula processing in ER Mapper to perform
mathematical operations on one or more bands of image data. You learn how to
create and edit formulas, and use the standard formulas and functions provided in
ER Mapyper.

About formula processing

Formulas are commonly used in image processing to extract information that may
reside in two or more bands (or channels) or data. Formula processing can range
from simple subtraction or thresholding of datato complex “if-then-else” condition
testing for raster spatial modelling and other tasks.

Formula processing is a “point operation” in image processing because it applies a
mathematical function to each pixel in the image. Common uses of formulas in
earth science image processing include:

» reducing thedimensionality of multi-band data (for example, Principal Components
Analysis);

» extraction of thematic information from multi-band data (for example, vegetation
indices or iron oxide ratios);

* merging images with different characteristics (data fusion);

* processing the same data in different ways and combining them to isolate specific
features (such as edge features or seismic azimuth);

» isolating specific data ranges or geographic areas of interest using thresholding,
region (polygon) masking, and other functions;
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» corrections for atmospheric effects, sun angle, or vignetting on optical satellite or
airborne data.

Formula processing in ER Mapper

Many common types of data transformations can be implemented in ER Mapper
using formula processing. These include data thresholding, data merging (or
fusion), image differencing and ratioing, Principal Components Analysis, Tasseled
Cap transforms, derivatives, and many others.

Since formulas are part of the algorithm processing stream, you can see the results
inreal time, and interactively modify the formulato quickly fine tuneit. In contrast,
conventional products must usually write formula processing resultsto afile on
disk, making experimentation and fine tuning far more difficult.

ER Mapper provides a complete set of standard operators and functions you can
reference in formula processing. You can aso use image statistics, special
functions, and functions defined with your own C user code. See the relevant
sections and chapters in the ER Mapper User Guide for complete information.

The Formula dialog box

When you click on the Formulabutton in the process stream diagram or on the Edit
Formula toolbar button, ER Mapper opensthe Formula Editor dialog box. This
dialog lets you create, edit, load, and save formulas, and it has the following

components:
menu bar to load ™ Formula Editor Hi=] E3
standard formuias Frincipal Components  Ratios  Standard  Seismic f(())?ri Sgg save
Descrption: IPrincipaJ Components Close
e — : reset formula or
S File Y 1| change dialog
Generic formula [ |SIGMA(IT.16 |17*PC_COV{1_16]. R1.17. 1)) =l Edit — || design
(type in text or— ) .
load from file) Fl Comments—HL click to view
N comments
Ps
Relations area “lnputz O Regions € Dalscels € VEpakles . .
(assign inputs to 5| click to view
bands, regions INPUT: | B1:0.485_um = formulas for
to names, etc.) INPUTZ: | B2:0 56_um =l = other layers

_|

SIGMABT:0.485_um, B2:0.56_um, B3:066_um, B4:0.8 _|
3_um B5%1.65_um B7:2.215_um | 7=

Specific formula
(shows complete FC_COWIET:0.465_um, B2:0.56_um, B3:0.66_um, E|4III_| Help |

formula to be
processed)
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For any algorithm, you can open the Formula Editor dialog box from two places:
using the Formula buttons in the process stream diagram on the Algorithm
window, or using the Edit Formula toolbar button.

The formula relations concept

The key concept of relationsis avery powerful feature that makes ER Mapper’s
formula processing very flexible and interactive. When you enter or load a generic
formula, you may include one or more generic specifications that refer to any
arbitrary image band, region polygon, image, or variable. You then use the
Relations window to choose relations between actual image band numbers, region
names, etc. and the generic specificationsin the formula. The actual assignment of
references to image bands, region names, and so on is then shown in the Specific
formula window.

There are four types of generic specifications:

Reference Notation in generic formula Function

I nput INPUTN, In (or lowercase) References any band in

specifications an image.

Region REGIONN, Rn (or lowercase) References any region

specifications polygon defined for a
raster image.

Dataset DATASETN, Dn (or lowercase) References any raster

specifications

Variable
specifications

VARIABLERN, or any text not
reserved for ER Mapper

functions (for example “density”

or “threshold™)

image (an actual disk file
with “.ers’ extension).

References any real
number or value to be
used as an equation
variable.

Formulainputs are also shown graphically in the process stream diagram. For
example, the following process stream shows that two inputs are being used in the
formula, and that they are assigned to image bands 3 and 2 respectively. As
indicated, each band can be modified using filters and transforms before being
piped through the formula processing.

ﬁ |EH Pszeudo

[B1Pseudo x| HE j{%

ST K — ek L
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To select the specific bands to be used in aformula, you can either use the Band
Selection drop-down list in the process stream diagram, or select bands inside the
Relations window of the Formula dialog box.

Hands-on exercises

These exercises introduce you to the basic features of the Formula editing dialog
box and procedures for creating and implementing ssmple formulas.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

* Typeand edit aformula, and test formula syntax

» Usegeneric references for inputs, variables, and regionsin aformula

» Assign image bands, variables, and region names to generic references
» Saveformulasto disk and enter comments

» Useformulasto process areas of interest (regions) in an image

» Useformulasto generate Principal Component images

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Entering and testing a formula

Objectives Learn how to enter ssmple formulas and test formula syntax.

Load a Pseudocolor algorithm with the default formula

1 Click the Edit Algorithm ﬂ toolbar button.
An image window and the Algorithm dialog box appear.

Click the Open (=] toolbar button.

From the Directories menu, select the path ending with the text \examples
Double-click on the directory named ‘Applications’.

Double-click on the directory named ‘Mineral_Exploration’.

o 0~ W DN

Double-click on the algorithm named ‘Magnetics_Pseudocolor.
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The algorithm displays an image of airborne magnetics data acquired in Australia.
The data represents the strength of the magnetic field on this area of the earth's
surface. Using the Pseudocol or lookup table, blues correspond to lower field
strengths and yellows and reds to higher field strengths.

Enter a simple formula and test for syntax errors

1 Click on the Edit Formula ggme button in the process stream diagram.

The Formula Editor dialog box opens.

Note that the generic formulawindow contains the text “11” by default, and that 11
(Input 1) is assigned to image dataset band 1 in the Relations window.

2 Inthe Generic formula window, edit the formula text to read:
inputl - input3
(This formula purposely has a syntax error to illustrate how to test for them.)

3 Click the Apply changes button to test the formula.

ER Mapper issues an error message warning that the formulahas a syntax error. (In
this case you tried to subtract an input number that was out of sequence; you must
also have an “input2” before using an “input3.”

Note: The Apply changes button automatically tests for syntax errorsin the Generic
formula. You must make any corrections before continuing.

Revise the formula to subtract a value
1 Inthe Generic formula window, edit the formula text to read:
inputl - 100
(This subtracts 100 from each pixel in the image band assigned to inputl.)

2 Click the Apply changes button to test the formula.

Theformulasyntax is approved, and ER Mapper trand ates the generic formulainto
a specific formula (displayed in the lower window).

Delete the formula and test the syntax

1 Inthe Generic formula window, edit the formula to remove all text (select the
existing text and press the Backspace or Delete key on your keyboard).

2 Click the Apply changes button to test the formula.
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Tip:

ER Mapper issues an error message regarding the formula syntax.

Caution: ER Mapper considers no formulaat al an error in syntax. Ata
minimum, the Generic formula window must always contain the text “11” or
“inputl” to specify at least one input image band to be processed.

In the Generic formula window, edit the formula text to read:
i nput 1

Click the Apply changes button to test the formula.

ER Mapper accepts the formula.

Under the Formula Editor’s Edit menu, you can select Clear to clear al text
from the Generic formulawindow, or select Default therestore the default formula
‘INPUTL.

2: Creating a threshold formula

Objectives

Learn how to enter a simple threshold formula and use boolean “if-then-else”
logic in aformula. Also learn about null image values, and how to use a variable
inaformula.

Enter a simple threshold formula

In the Generic formula window, edit the formula text to read:
if inputl > 100 then inputl else null

Thisformulatells ER Mapper “if the image value is greater than 100, then process
it, else assign it avalue of null.” (Any image pixel assigned avalue of null is
excluded from further processing and does not appear in the final image.)

Click the Apply changes button.

Theformulasyntax is approved, and ER Mapper translates the generic formulainto
a specific formula. Notice that band 1 of the image is substituted for both
occurrences of “inputl” in the generic formula window.

ER Mapper processes the algorithm, which now includes your threshold
formula.
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Aresas of the image with data values greater than 100 are displayed in color, while
data values 0-100 display with no color (they appear black).

Process the formula and see how it affects the data range

1 Click on the post-formula Edit Transform Limits [£ button in the process

stream diagram.
The Transform dialog box opens. Drag it to an open part of the screen.

Note that the Actual Input Datarangeis 101 to 255. Thisis expected since data
values 0-100 are set to null (no value) by the formula and are thus excluded from
further processing. The shape of the histogram also reflects the clipping of the data
at the 100 level.

Substitute a variable for the value 100

Tip:

In the Generic formula window, edit the formula text to substitute the word
“variablel” for the value 100. Your formula should read:

if inputl > variablel then inputl el se null
Your formula now includes a variable that you can set in the Relations window.

Click the Apply changes button.

Two things change: the Variables button above the Relations window becomes
active, and the value of “variablel” becomes zero in the Specific formula window.

Click the Variables button.

The Relations window shows that the value of “variablel” is set to zero.

Edit the value of “variablel” field to read 120 then press the Return or Enter
key on your keyboard.

Thistime only areas with data values greater than 120 are processed.

Change the value of “variablel” to 80, press Return or Enter to view the
new threshold image.

Asyou can see, using references to variables in your formula (instead of actual
values) can speed experimentation.

You can have severa different variablesin aformula, and name them nearly
anything (for example threshold, width, X, y, are al valid). Be sure the names do
not conflict with text strings ER Mapper uses for standard functions.
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6

When finished, close the Transform, Formula Editor, and Algorithm
dialog boxes by clicking Close on each one.

3: Creating and saving a formula

Objectives

Learn how to enter a band ratio formula, change the image bands assigned to
input numbersin the generic formula, and save the formulato disk for later use.

Open a template greyscale algorithm and load a new image

a b~ W N P

8
9

u

On the main menu, click the Open |L={ button.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Miscellaneous’.

Double-click on the directory named ‘Templates’.

In the ‘Common’ directory, load the algorithm ‘Single_Band_Greyscale.alg.

A Landsat satellite image of San Diego displaysin greyscale. (You will use this
algorithm as a template to display another image in greyscale.)

Click the Edit Algorithm ﬂ toolbar button to open the Algorithm window.

In the process stream diagram on the Algorithm window, click on the Load
Dataset (= button.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Shared_Data’.

10 Load the image ‘LandsatTM.ers.

Band 1 of aLandsat TM satellite image shows an area named Ebagoolain
northeastern Australia displays. (You will adjust the image contrast to brighten it
later.)

Enter a generic band ratio formula

1

2

Click on the Edit Formula gmg button in the process stream diagram.
The Formula dialog box opens and shows the default formula“INPUTL.

In the Generic formula window, edit the formula text to read:
inputl / input2
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Thisformulatells ER Mapper to divide the image band assigned to inputl by the
band assigned to input 2.

Click the Apply changes button.

When you enter anew multiple input formula, ER Mapper automatically assigns
image band 1 to input 1, band 2 to input 2, and so on.

Assign image bands to create a vegetation index image

1

In the Relations window, select B4:0.83_um from the drop-down list next to
“INPUTL1,” and select B3:0.66_um from the “INPUT2” drop-down.

The generic reference “inputl” is now assigned image band 4, and “input2” is
assigned to band 3. When used with Landsat TM images, the 4/3 band ratio isa
simple vegetation index formula.

Theimage initially appears black because of the small datarange created by the
band ratio formula.

Display the vegetation index image and adjust the contrast

1

Click the post-formula Edit Transform Limits [#& button in the process
diagram.

Note the Actual Input Limits created by the formula (about zero to 5).

On the Transform dialog, select Limits to Actual from the Limits menu.

Your enhanced vegetation index image shows vegetated areas (higher ratio values)
in light grey, and non-vegetated areas in darker shades. This band combination
takes advantage of high vegetation reflectance in TM band 4 (near infrared light)
and low vegetation reflectance in band 3 (red light). Thisis arather barren part of
Australia, so vegetation (shown as light grey shades) occurs mainly in the stream
beds as shown in the image.

Change the bands to create a clay minerals image

1

In the Relations window, select B5:1.65 um for “INPUT1” and select
B7:2.215 um for “INPUT2.”

Using the same Generic formula, you have now chosen the appropriate TM band
ratio (5/7) to create asimple clay mineralsimage.

ER Mapper processes the algorithm, this time using bands 5 and 7.
On the Transform dialog, select Limits to Actual from the Limits menu.

On the Transform dialog, click the Create autoclip transform E button.
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Your contrast enhanced clay ratio image shows clay-rich rocks (higher ratio values)
in light shades of grey, and clay-poor rocks in darker shades. This band
combination takes advantage of strong absorption by clay mineralsin TM band 7
and high reflectancein TM band 5.

5 Close the Transform dialog box by clicking Close.

Add a description and comments for your formula
1 Inthe Formula Editor dialog, edit the “Description” text field to read:
Landsat TMclay mnerals ratio

2 Click the Comments... button.
The Formula comments dialog box appears.

3 Type some comments about your formula, such as:

This forrmula is designed to process bands 5 and 7

of Landsat TM data to highlight clay-rich rocks.

It is based on strong absorption by clay mnerals in
TM 7 and high reflectance in TM5. Cay-rich rocks
produce high ratio values, clay poor rocks |ow val ues.

4 Click the OK button to save your comments and close the dialog.

Save the clay minerals ratio formula to disk
1 From the File menu (on the Formula Editor), select Save As....

2 Go to the directory named ‘Miscellaneous\Tutorial’ and double click on it to
open it.

3 Click to place the cursor in the Save As: text field, then type in a name for
the formula file. Use your initials at the beginning of the file name, followed
by the text ‘clay_ratio,” and separate each word with an underscore (_). For
example, if your initials are “RK,” type in the name:

RK clay ratio

4 Click the OK button to save your formula to a disk file.

Note: Sincebands5 and 7 of the image were chosen asinputs 1 and 2 when you saved the
formula, they would be assigned as the default bands if you load the formulain the
future. As shown, you can easily change the band assignments.

5 Click the Close button to close the Formula Editor dialog.
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4: Creating a polygon mask formula

Objectives

Note:

Learn how to use ER Mapper’'s “inregion” function to reference areas defined as
vector polygons in an image for masking purposes

This exercise references regions in the sample image which have already been
defined using ER Mapper's vector drawing tools. More information on defining
regionsis contained in the chapter on Supervised Classification later in this manual
and in the chapters on Supervised and Unsupervise Classification in the

ER Mapper User Guide.

Load the SPOT Panchromatic greyscale algorithm

1
2
3
4

S

On the main menu, click the Open || button.

From the Directories menu, select the path ending with \examples.
Double-click on the directory named ‘Data_Types'.

In the ‘Landsat_TM’ directory, load the algorithm ‘Greyscale.alg.’

A Landsat TM satellite image of San Diego displaysin greyscale.

From the View menu (on the main menu), select Quick Zoom, then select
Zoom In.

ER Mapper zooms in 50% on the center point of the image.

Enter a formula using the “inregion” function

1
2

In the Algorithms window, click the Edit Formula ggmé button.
In the Generic formula window, edit the formula text to read:
if inregion(regionl) then inputl else null

Thisformulatells ER Mapper “if the area of the image is within the boundaries
defined by regionl, then process it, else assign it null.”

Click the Apply changes button to verify the formula syntax.

The generic formulais converted to a specific formula. Also notice that the
Regions button above the Relation window is now active.
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Assign the “region1” argument to a region name

1 Above the Relations window, click on the Regions button.

The contents of the Relations window change to show the REGION1 argument and
its default assignment to a region named All (which is simply the extents of the
entire image.)

2 From the REGIONL1 drop-down list, select Down_Town.

You have now selected the Down_Town region to be assigned to generic regionl.
(Thisregion is simply a vector polygon previously drawn to define the boundaries
of the San Diego downtown areain thisimage.)

Only the areainside the region named Down_Town is processed, and all other
areas of the image are assigned null values (so they appear black). By using the
inregion function in your formula, you have created a*“mask” to process only data
within a certain geographic part of the image.

Display a different region in the image

1 From the REGION1 drop-down list, select Airport.

You have now selected the Airport region to be assigned to generic regionl.
(Airport is a vector polygon previously drawn to define the boundaries of the San
Diego Lindbergh Field airport near downtown.)

Only the areainside the region named Airport is processed, and all other areas of
the image are assigned null values (so they appear black). By using the drop-down
list, you can easily change this formulato process any region defined in an image.

5: Generating Principal Components

Objectives Learn how to use and modify a formulato interactively compute Principal
Components images.

Load the Landsat TM greyscale algorithm

S

1 On the main menu, click the Open |Z{ button.

2 From the Directories menu, select the path ending with \examples.
3 Double-click on the directory named ‘Data_Types'.
4 Inthe ‘Landsat_TM’ directory, load the algorithm ‘Greyscale.alg.’

A Landsat satellite image of San Diego displaysin greyscale. You will add a
formulato this algorithm to perform Principal Components Analysis.
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Load a formula to calculate Principal Component 1

1 In the Algorithm window, click the Open Formula editor ggmg button.
The Formula Editor dialog will open.

2 From the Principal Components menu (on the Formula Editor dialog),
select Landsat TM PC1. ER Mapper loads the following formula into the
Generic formula window:

SIGVA(I1..16 | 1?2 * PCCOV(I1..16 | ,RL 1?, 1))

Thisformulatells ER Mapper to generate Principal Component 1 (PC 1) from
Landsat TM bands 1-5 and 7. It uses some of the specia functions and constructs
ER Mapper provides, including the “SIGMA” summation construct and the
“PC_COV” covariance principal component (eigenvector) value.

Principal Components Analysisis astatistical from of data compression often used
to compress the information content of multiple image bands into just two or three
“principal component” images. In this case, you are generating the first principal
component of TM bands 1-5 and 7 (band 6 is usually not used for PC calculations
because it contains thermal information).

Adjust the contrast of the PC 1 image

1 Click the post-formula Transform [ button in the process diagram.
Note that the data range create by the PC1 formulais about 40 to 520.

2 Onthe Transform dialog, select Limits to Actual from the Limits menu.

3 Click the Create autoclip transform m button.

Theimage is rendered with enhanced contrast. The first principal component
usually contains most of the overall scene brightness or albedo information, so it
shows large scale terrain features well.

Edit the formula to calculate Principal Component 2

1 Inthe Generic formula window, edit the formula to change the last value
from 1 to 2 as shown below:

SIGVA(I1..16 | 1?2 * PCCOV(I1..16 | ,RL,I1?, 1))

change to 2 ]

Comprehensive ER Mapper Training Workbook 174



Chapter 10 Using Formulas e 5: Generating Principal Components

Thisformulatells ER Mapper to generate Principal Component 2 (PC 2) from
Landsat TM bands 1-5 and 7. (The 11..16 part of the formulatells ER Mapper to
include six inputsin the calculation which are currently assigned to bands 1, 2, 3, 4,
5and7.)

2 Click the Apply changes button to verify the formula syntax.

3 On the Standard toolbar, click the 99% Contrast enhancement
button.

ER Mapper applies a 99% clip to the data limits created by the PC 2 formulato
automatically create a contrast enhanced image. The second principal component
shows very different information than PC 1. Note how vegetated areas appear very
dark in the PC 2 image, and ocean areas appear relatively light.

Tip: The 99% Contrast enhancement toolbar button is especialy useful for

automatically contrast stretching images that produce narrow or negative data
ranges (such asratios, PCs, and others).

Edit the formula to calculate PC1 of bands 1,4 and 7

1 Inthe Generic formula window, edit the formula to change values as shown
below:

SIGMA(IL..16 | 1?2 * PCCO/(I1..16 | ,RL ,12, 2))
L changeto3— | L_change to 1

These changestell ER Mapper to generate Principal Component 1 from only three
image bands instead of six. (Next you will choose which three bandsto use.)

Click the Apply changes button to verify the formula syntax.
In the Relations window, change the INPUT to image band assignments as

follows:

| NPUT1 = B1:0.485_um
| NPUT2 = B4:0.83_um
I NPUT3 = B7:2.215_um

Thistells ER Mapper to use bands 1, 4 and 7 asinputsto the Principal Components
formula.

4 Click the 99% Contrast enhancement on the Standard toolbar.
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The image looks similar to the PC 1 image you created earlier, but is generated
using only bands 1, 4 and 7 of the Landsat TM image.

This example creates a simple greyscale image, but you can easily use the same
formulasin RGB algorithms to create color composites of PC images.

Close all image windows and dialog boxes

What you
learned...

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.
Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Type and edit aformula, and test formula syntax

Use generic references for inputs, variables, and regionsin aformula
Assign image bands, variables, and region names to generic references
Save formulas to disk and enter comments

Use formulas to process areas of interest (regions) in an image

Use formulas to generate Principal Component images

Comprehensive ER Mapper Training Workbook 176



Chapter 10 Using Formulas e 5: Generating Principal Components

Comprehensive ER Mapper Training Workbook 177



Geolinking
Images

This lesson explains how to use ER Mapper’s geopositioning controls to display
images with exact geographic extents, and use the Geolinking controlsto
geographically link two or more image windows. Geolinking is a powerful
visualization technique that can help you analyze the same geographic areausing a
variety of different images or processing techniques.

About Geopositioning

In ER Mapper, the term “geopositioning” refers to specifying the position and
extents of an image in geographic coordinate space. This can be useful for creating
maps that cover an exact area, for example. Once an image is registered to amap
projection, itsdisplay can be controlled using ER Mapper’s geopositioning options.
If theimage is not rectified to a map projection, its extents can be controlled in
terms of the row and column numbers of the image pixels.

About Geolinking

In ER Mapper, the term “geolinking” refersto linking two or more image windows
in geographic coordinate space. This can be useful for viewing the same
geographic areawith different types of images or processing algorithms, and other
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e About Geolinking

applications. Once an image is registered to a map projection, it can be
geographically linked with other image windows using ER Mapper’s geolinking
options. ER Mapper provides the following geolinking modes:

Window

Screen

Overview Zoom

Overview Roam

Link two or more image windows to show the same
geographic extents. Zooming or panning in one window
triggers the same operation in other linked windows.

Link image windowsto one*“master” imagethat actslike
avirtual map sheet on the screen. Linked windows
display the geographic extents of their images relative to
the master window.

Link image windows to one “master” overview control
window. Defining a zoom box on the control window
causes the other windows to zoom to the defined area.

Link image windows to one “master” control window.
Dragging the mouse to pan in the control window causes
other windows to pan (or “roam”) so their center point
matches the mouse position in the control window.

The Algorithm Geoposition Extents Dialog Box

The Algorithm Geoposition Extents dialog box letsyou precisely control the
geographic extents and display resolution of images, and geographically link
(geolink) two or more image windows together. The options shown in this dialog
change depending on the mode selected in the row of option buttons at the top. The
five modes and their functions are as follows:

Zoom

Geolink

Extents

Center

Mouseinfo

Lets you use buttons to zoom or pan the image in the
window by predefined amounts, or zoom to the extents
of specific images, page extents, or page contents.

L ets you set up geolinking between two or more image
windows, and set the window size and display resolution
of any image window.

Letsyou view or specify geographic display extents for
an image using L atitude/L ongitude, Eastings/Northings,
or image X (column) and Y (row) values.

Letsyou view or specify the center point for the image
display using L atitude/L ongitude, Eastings/Northings, or
image X (column) and Y (row) values.

Shows quick help for using the mouse and keyboard keys
to zoom and pan.
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Hands-on exercises

Note:

What you will
learn...

Before you
begin...

These exercises introduce you to many of the basic features of the Algorithm
Geoposition Extents dialog box and how to use them to control image display
extents and set up geolinking between windows.

The images used in the following exercises were previoudly rectified to the same
datum and map projection. Thisis arequirement when different images areto
linked in Window, Screen, Overview Zoom, or Overview Pan modes.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Display images with exact geographic extents and display resolutions
Link image windows to show the same geographic extents
Link image windows to a virtual map sheet window

Control interactive image zooming and panning functions from a master window

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Geopositioning images

Objectives

Learn how to use the Geoposition controls to display an exact geographic area of
an image, specify an image center point, and change window sizes and display
resolutions.

Change the window size preference

1
2
3

Select Preferences... from the Edit menu.
On the Preferences dialog, select the General tab.

Make sure that the Adjust window size to image aspect option box is not
checked.

Click on the Close button to invoke the change and close the Preferences
dialog
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Load and display a Landsat image in RGB

1 On the Standard toolbar, click on the Open |z { button.

An image window and the Open dialog box appear.

In the Files of Type: field, select ‘ER Mapper Algorithm (.alg)’.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Applications’.

a b~ WD

In the directory named ‘Land_Information,’ load the algorithm named
‘Landsat_TM_23Apr85_rgb_541.alg’

This agorithm displays aLandsat TM image covering a large portion of the San
Diego, California area as an RGB color composite of bands 5, 4 and 1. The image
shows an area about 40 by 55 kilometersin size. The country of Mexico is located
at the extreme lower part of the image.

6 Make the image window larger by dragging its lower-right corner until it fills
the left half of the screen.

Note that the image does not expand to fill the enlarged window.

Open the Algorithm Geoposition Extents Dialog Box
1 From the View menu, select Geoposition....

The Algorithm Geoposition Extents dialog box appears. If needed, drag the
dialog to the right side of the screen.

Display an exact area by entering geographic values

1 Inthe upper row of option tabs on the Algorithm Geoposition Extents
dialog, select the Extents option.

The contents of the dialog change to show a group of text fields for entering
coordinate values.

2 Edit the value in the Latitude field under the Size column to read 0: 20.
(ER Mapper fills out the text string to a full value of 0:20.0.0.)

3 Edit the value in the Longitude field under the Size column to read 0: 20
also.

4 Click the Apply button to apply your new extents values.

ER Mapper reprocesses the algorithm with your new image extents and attempts to
display an area 20 minutes of Latitude by 20 minutes of Longitude in the image
window. You should notice that the size of the window remains the same, an areas
not covered by the image have a cross-hatch pattern.

Comprehensive ER Mapper Training Workbook 181



Chapter 11  Geolinking images e 1. Geopositioning images

5 Select the Zoom tab, and click on the All Datasets button.

The ER Mapper will re-display the whole image, but the image window size will
not change.

6 Once again select Preferences from the Edit menu, and click on the
General tab.

7 Check the Adjust window size to image aspect option box, and click on
the Preferences dialog Close button.

8 Edit the value in the Latitude field under the Size column to read 0: 20.
(ER Mapper fills out the text string to a full value of 0:20.0.0.)

9 Edit the value in the Longitude field under the Size column to read 0: 20
also.

10 Click the Apply button to apply your new extents values.

ER Mapper reprocesses the algorithm with your new image extents and resizes the
image window to display an area 20 minutes of Latitude by 20 minutes of
Longitude. The Adjust window size to image aspect option resizestheimage
window so that the required image area fits exactly.

Display an exact part of the image by entering cell values

1 Edit the contents of the four fields as listed below to display an exact portion
of the image using cell X (column) and cell Y (row) values:

Cell X/ Top Left = 800
Cell Y/ Top Left = 1200
Cell X/ Bottom Ri ght = 1300
Cell Y/Bottom Right = 1800

2 Click the Apply button to apply your new values.

ER Mapper reprocesses the algorithm with your new image extents and displays an
area 500 pixels (cells) wide by 400 pixelsin height. The origin (upper-left corner)
isat cell column (X) 800 and cell row (Y) 1200.

Center the image on an exact point
1 Inthe upper row of option buttons, select the Center option.

The contents of the dialog change to show a group of text fields for entering the
center point of the image in geographic or image X and Y values.

2 Edit the value in the Easting field to read 507000 then press the Return or
Enter key to validate the change. (Select all the existing text and type the
new value; ER Mapper adds the “E” for you when you validate.)
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3

4

Edit the value in the Northing field to read 3609500 then press Return or
Enter to validate the change.

Click the Apply button to apply your new center point values.

ER Mapper reprocesses the algorithm and centers the image on the location you
defined (the lake that was previoudly in the upper-right of the image). Centering
can be useful for viewing the exact center point of an image, or for focusing on an
exact feature of interest in an image.

Set an exact image display resolution

1

In the upper row of option buttons, select the Geolink option.

The contents of the dialog change to show geolink option buttons and text fields for
defining window size and display resolution.

Edit the Dataset cells per pixel field to read 1 (the value one).
Click the Apply button to apply your new display resolution.

ER Mapper reprocesses the algorithm at a“one to one” display resolution, so that
every image cell in this part of the image is represented by one pixel on the screen
display. (Values greater than one cause subsampling of the image cell values, and

less than one cause supersampling.)

Set an exact size for the image window

1

Edit the Width in pixels field to read 400 then press the Return or Enter
key to validate the change.

Edit the value in the Height in pixels field to read 500 then press Return
or Enter.

Click the Apply button to apply your new window size.
ER Mapper resizes the window to 400 by 500 pixels and redisplays the image.
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2: Linking windows to common extents

Objectives

Learn to link image windows in Geolink “Window” mode, so each linked

window displays the same geographic extents.

Open an RGB algorithm

1
2
3
4

]

On the Standard toolbar, click on the Open | =] button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types'.
In the ‘Landsat_TM’ directory, load the algorithm named “RGB_341.alg.

This algorithm displays Landsat TM (30 meter resolution) image of San Diego.
Bands 3, 4 and 1 are displayed as an RGB color composite, so vegetated areas
appear green and urban areas are pink or grey.

Open a second window and algorithm

1

a b~ W DN

On the Standard toolbar, click the New | [1 { button.

A second image window opens on the screen.

On the Standard toolbar, click on the Open |[={ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Data_Types'.

In the ‘SPOT_Panchromatic’ directory, load the algorithm named
“Greyscale.alg’

This agorithm displays a SPOT Panchromatic (10 meter resolution) image of the
same area of San Diego.
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Resize and position the two windows

1 Resize and reposition the two windows as shown in the following diagram.
(You must able to view the contents of each window clearly.)

Landsat TM SPOT Pan
window window

Geoposition
dialog box

You should now have two image windows of about the same size next to each other
in the upper part of the screen, and Geoposition dialog below them.

Set the TM image window to Geolink Window mode

1 Onthe Algorithm Geoposition Extents dialog, select Geolink in the row
of options at the top. (It may already be chosen.)

The contents of the dialog show * Geolink mode’ option buttons on the left side.

2 Click inside the Landsat TM image window to activate it (three stars ***
should appear next to the title).

3 Inthe Algorithm Geoposition Extents dialog, select the Window option
button.

4 Click the Apply button.
The window titleindicates that it is now set to “WINDOW” geolink mode.

Set the SPOT image window to Geolink Window mode
1 Click inside the SPOT Pan image window to activate it.
2 Select the Window option button.
3 Click the Apply button.

The SPOT Pan window is now linked to the Landsat TM window since both are set
to Geolink Window mode. Any changes you make to the extents of one window
will be automatically duplicated in the other.
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Zoom and pan in both images

1

On the main menu, click the Zoom Tool | 23 | button on the Common
Functions toolbar.

The mouse is now set to perform zoom and pan functions in image windows.

Click inside the Landsat TM image window to select it, and then drag the
pointer down to magnify the central portion of the image.

The images in both windows automatically zoom to share the same extents.

Shift click inside the SPOT Pan image window to change the pointer to a
hand. Drag the image to the left.

Both images pan to the right.

On the Algorithm Geoposition Extents dialog, select Zoom in the row of
options at the top.

Under ‘Pan, click the Pan upper-left |-l button.

Both images pan 50% to the upper-left (the previous center point is now on the
lower-right corner of the image).

Under ‘Set extents to, click the Raster Datasets button.
Both zoom out to their full extents (which are the same for both images).
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3: Linking windows to the screen

Objectives Learn to link image windows in Geolink “Screen” mode, so a“master” image
window becomes a virtual map sheet on the screen. The screen assumes the
coordinate space of the “master” image window, and other windows display the
geographic extents of their images relative to the master window.

Set both windows to Geolink None mode

1 Onthe Algorithm Geoposition Extents dialog, select Geolink in the row
of options at the top.

The contents of the dialog show Geolink mode option buttons on the left side.

Click inside the Landsat TM image window to activate it.

In the Algorithm Geoposition Extents dialog, select the None option
button.

4 Click the Apply button.

The words “WINDOW:geolink” disappear from the window title, indicating that
the window is no longer geolinked.

Click inside the SPOT Pan image window to activate it.

In the Algorithm Geoposition Extents dialog, select the None option
button.

7 Click the Apply button.

Tip:  Image windows can also be geolinked and unlinked using the View/Quick Zoom
menu on the main ER Mapper menu bar.

Resize and position the two windows

1 On the main menu, click the Hand Tool QI toolbar button.

The mouse is now set as a hand. (This prevents accidentally panning or zooming
when you click inside awindow to activate it.)
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2 Resize and reposition the two windows as shown in the following diagram.
(You must be able to view the contents of each window clearly.)

Landsat TM
“map sheet”
window
SPOT Pan
window
Geoposition
dialog box

You should now have asmaller SPOT Pan ‘ Greyscale’ window partially overlaying
alarger Landsat TM ‘RGB_341" window, and the Algorithm Geoposition
Extents dialog in the lower-right corner.

Set the TM image window to Geolink Screen mode

1 Click inside the large Landsat TM image window to activate it.

2 Inthe Algorithm Geoposition Extents dialog, select the Screen option
button.

3 Click the Apply button.

The window titleindicates that it is now set to “SCREEN” geolink mode. Thisis
the first window assigned to Screen mode, it becomes the “ master” window and the
entire screen assumes its coordinate space (shown clearly later).

Set the SPOT image window to Geolink Screen mode
1 Click inside the SPOT Pan image window to activate it.
2 Select the Screen option button.
3 Click the Apply button.

The SPOT Pan window is now linked to the “master” window, and it automatically
redraws to show its portion of the TM master “map sheet” window.
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Move the SPOT Pan window over the TM master window

1

Tip:

Drag the SPOT Pan window by its title bar to the lower-left portion of the
larger Landsat TM window

The SPOT Pan image automatically redraws to show its new extents in the context
of the Landsat “map sheet” window. By comparing the two images, you can clearly
see the difference in detail provided by the higher resolution SPOT Pan data (10
meter) over the lower resolution (30 meter) Landsat TM data.

It helpsto think of the larger “master” window as a paper map sheet. Any other
windows moved on top of the map sheet act like a viewing port into a different
image or processing technique over the same geographic area.

Zoom in on the SPOT Pan window

1

On the main menu, click the ZoomBox E toolbar button.
The mouse is again set to perform zoom functions in image windows.

Inside the SPOT Pan image window, drag a zoom box to magnify part of the
image.

The images in both windows automatically zoom in the same amount.

On the Algorithm Geoposition Extents dialog, select Zoom in the row of
options at the top.

Under Pan, click the Pan right Il button.

Both images pan 50% to the right (the previous image center point is now on the
left side of the both windows).

Under Zoom, click the Zoom out 50% . button.

Both images zoom out 50% from their previous magnification level.

Experiment by moving or resizing the SPOT Pan window to view the SPOT
Pan data over corresponding areas of the Landsat TM data.

Close one window and unlink the other

1

2

Close the SPOT Pan window using the window system controls:
Select Close from the window control-menu.

From the View menu (on the main menu bar), select Quick Zoom, then
select Set Geolink to None.
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4: Using Overview Zoom mode

Objectives

Learn to link image windows in Geolink “Overview Zoom” mode, So you can
define an area of interest on an overview window, and other linked windows
automatically zoom to the defined area.

Open an RGB algorithm

1

2
3
4

Click the Open | =] toolbar button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Applications’.

In the ‘Land_Information’ directory, load the algorithm named
‘Landsat_ TM_23Apr85_rgb_541.alg.

This agorithm displays the Landsat TM image of the San Diego, Californiaarea
you used earlier in this chapter.

Open a second window with the Landsat algorithm

1

a b~ w0 DN

Tip:

Click the New | [1 | toolbar button.

A second image window opens. Drag it to the upper-right part of the screen.

S

Click on the Open |={ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Applications’.

In the ‘Land_Information’ directory, load the algorithm named
‘Landsat_ TM_23Apr85_rgb _541.alg.

Thisisthe same Landsat algorithm already loaded in the other window. Drag the
second window to the right of the first one.

The Copy Window |[}3] toolbar button lets you quickly create a copy of the

current window and algorithm. This can be very helpful if you want to modify the
processing technique and compare it to the original, or for geolinking asin this
example.
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Open a third window and SPOT Pan algorithm

1 On the Standard toolbar, click the New | [1 { button.

A third image window opens. Drag it to the lower-right part of the screen.

'}

Click on the Open |={ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Applications’.

a b~ W DN

In the ‘Land_Information’ directory, load the algorithm named
‘SPOT_Pan.alg’

This agorithm displays a SPOT Panchromatic (10 meter resolution) image of the
same area of San Diego as the two Landsat TM windows.

Resize and position the two windows

1 Resize and reposition the three windows as shown in the following diagram.
Make the Landsat window on the left larger and taller, and move the other
two windows to its right (without resizing them).

Landsat TM Landsat TM
overview zoom
“control” window
window
SPOT Pan
Zoom
window
Geoposition
dialog box

You should now have the two smaller image windows next to the larger window,
and Geoposition dialog below them. The two smaller windows will be used as
“zoom” windows to examine areas in more detail.

Set the large Landsat TM window to Overview Zoom mode

1 Onthe Algorithm Geoposition Extents dialog, select Geolink in the row
of options at the top.
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Click inside the larger Landsat TM image window on the left side to activate
it (three stars *** should appear next to the title).

In the Algorithm Geoposition Extents dialog, select the Overview Zoom
option button.

Click the Apply button.
The window title indicates that it is now set to “OVERVIEW ZOOM” mode.

When one window is set to Overview Zoom mode, any other image windows
containing images in the same map projection are automatically linked to become
“zoom” windows for that window. (Windows containing imagesin different
projections are not affected.)

Define an area of interest on the large TM window

1

Tip:

On the main menu, click the ZoomBox Tool EI button on the Common
Functions toolbar.

The mouse is set to perform zoom functions in image windows.

Inside the large TM window image window on the left, drag a box to define
an area of interest anywhere in the image.

Both of the smaller windows automatically zoom to show the same area you
defined with the box. The larger window remains unchanged because it isthe
master control window.

Drag to define other areas of interest in the master TM image window.

Both of the smaller “zoom” windows automatically zoom to magnify the area of
interest. You can clearly see the difference in spatial resolution between the
Landsat TM (30m) and SPOT Pan (10m) images in their respective zoom windows.

Overview Zoom alowsyou quickly pick an area on an overview window and
examineit in more detail in the zoom windows. Thisis an especially effective
analysis technique when using different types, dates, or resolutions of imagery in
the zoom windows. You can open as many zoom windows as you need.
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5: Using Overview Roam mode

Objectives Learn to link image windows in Geolink “Overview Roam” mode, so you can
drag the mouse to pan in an overview window, and other windows pan or “roam”
so their center point matches the current mouse position the overview window.

Unlink the master Landsat TM window

1 Click inside the larger Landsat TM window on the left to activate it.

2 From the View menu (on the main menu bar), select Quick Zoom, then
select Geolink None. (You could also choose the None option on the
Algorithm Geoposition Extents dialog Geolink tab and click Apply to
unlink the window.)

Load the Landsat TM algorithm into the SPOT Pan window

1 Click inside the image window containing the greyscale SPOT
Panchromatic image to activate it.

S

Click on the Open |={ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Applications’.

a b~ DN

In the ‘Land_Information’ directory, load the algorithm named
‘Landsat_ TM_23Apr85_rgb _541.alg.

You now have the same algorithm loaded into all three windows.

Set different display resolutions for the two zoom windows

1 Click inside the smaller Landsat window on the upper-right to activate it.

2 Edit the Dataset cells per pixel field to read 1 (the value one).

3 Click the Apply button to apply your new display resolution.
ER Mapper reprocesses the algorithm at a* one-to-one” display resolution.
Click inside the smaller Landsat window on the lower-right to activate it.
Edit the Dataset cells per pixel field to read 0. 33.
Click the Apply button to apply your new display resolution.

ER Mapper reprocesses the algorithm at a higher display resolution, so theimageis
magnified three times greater than the image in the one-to-one resol ution window
aboveit.

Comprehensive ER Mapper Training Workbook 193



Chapter 11 Geolinking images e 5: Using Overview Roam mode

Set the large Landsat TM window to Overview Roam mode

1
2

Note:

Click inside the larger Landsat TM window on the left side to activate it.

In the Algorithm Geoposition Extents dialog, select the Overview Roam
option button.

Click the Apply button.
The window title indicates that it is now set to “OVERVIEW ROAM” mode.

Aswith Overview Zoom, when one window is set to Overview Roam mode, any
other image windows containing images in the same map projection are
automatically linked to the master Overview Roam window.

Point to an area in the large TM window and press the mouse

1

On the main menu, click the Hand Tool QI button on the Common
Functions toolbar.

The mouse is set to perform pan functions in image windows.

Inside the large TM master window, point to any feature of interest and
depress the mouse button.

Both of the smaller windows automatically pan so that their center point isthe same
as the area you are pointing to in the master window. This alows you to “roam”
through the overview image to easily view any areain detail. The master window
remains unchanged because it is the control window. Notice that crosshairs appear
over the master window to indicate the current mouse pointer location.

Drag slowly through the large TM window to pan

1

Inside the large TM master window, drag the mouse slowly from one part of
the image to another.

Asyou drag, the smaller windows interactively pan so that their center point is the
same as the current pointer position in the master window.

Click or drag to define other features of interest in the master window, such
as lakes, urban areas, and so on.

Both of the smaller windows automatically roam to center on your feature of
interest. By setting up your two smaller windows at different magnifications, you
can see different levels of detail in your feature area.
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Tip: Overview Roam is an effective visualization technique for quickly analyzing
many featuresin an image using different resol utions and/or types of imagery in the
roam windows. You can open as many roam windows as you need.

Close all image windows and the Algorithm Geoposition Extents window
1 Close all immage windows using the window system controls:
» Select Close from the window control-menu.
2 Click Close on the Algorithm Geoposition Extents dialog to close it.

Only the ER Mapper main menu is now open.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Display images with exact geographic extents and display resolutions
» Link image windows to show the same geographic extents
» Link image windowsto avirtual map sheet window

» Control interactive image zooming and panning functions from a master window
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Writing images to
disk

This chapter explains how to send the processing results of an algorithm to araster
output file on disk instead of to the computer display.

About Writing Images to Disk

Up until this point you have not needed to write image files to disk since you have
been doing all processing interactively directly to the display (using ER Mapper
algorithms). In general, processing your data interactively to the display is
preferred sinceit is faster, easier, and takes full advantage ER Mapper’s flexibility
and the processing power of your computer. However, there are times when you
may want to save your processing results to a separate raster image file on disk.

For example, if you are using very complex, compute-intensive algorithms, you
may want to write a processed copy of the data to disk at some point so it does not
need to be recomputed. Saving your processing as a dataset or image file can also
be useful if you want to use the processed image in another software application.

To have ER Mapper send the output from an algorithm to a disk file, set up your
algorithm with the appropriate layers and processing, then select Save As... from

the File menu or click the Save As El toolbar button.
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Raster layersin the Algorithm window can be combined when output, or they can
be output to separate bands in the output image file. The layersin the Algorithm
window are processed as follows:

Non-Classification raster layers with no layer description or the same layer
description are combined upon output.

Non-Classification raster layers with unique layer descriptions are written as a
separate band in the output image.

All Classification raster layers are processed into a single band in the output image.

Hands-on exercises

What you will
learn...

Before you
begin...

This exercise demonstrates the procedure for sending algorithm output to afile on
disk rather than to the display.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Create an algorithm to send output to an image
Specify output parameters and write the image to disk
View information about the output image filet

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Writing an image to disk

Objectives

Learn how to send algorithm processing output to a raster image dataset on disk.
In this case, you will write three bands of a Landsat image subset to disk.

Load a Pseudocolor algorithm

1 On the Standard toolbar, click the Edit Algorithm ﬂ button.

An image window and the Algorithm dialog box appear.

-}

On the Standard toolbar, click on the Open | button.

From the Directories menu, select the path ending with the text \examples.

Double-click on the ‘Data_Types’ directory to open it.
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In the ‘Landsat_TM’ directory, load the algorithm ‘Greyscale.alg.’

The algorithm displays band 1 of a Landsat TM image of San Diego as agreyscale
image. You will zoom in to define a smaller portion of the image, and choose three
of the seven images bands to write to disk.

Zoom in to define a subset of the image

1

Click the ZoomBox Tool E toolbar button to set the mouse for use as a
zoom tool.
Position the mouse pointer in the upper-left corner of the image, then drag a

zoom box to enclose the bay with the large island on its right side. (This
should be about one-tenth of the image area.)

Create layers for two other output image bands

1

In the Algorithm window, click the Duplicate button twice.

Two additional Pseudocolor layers are added, and each already contains the
‘Landsat_TM_year 1985 image since they are duplicates.

Select bands 1, 4 and 7 and label the layers

1

Click on the first Pseudocolor layer to select it.
This layer already hasimage band 1 selected.

Click in the layer’s description text field with your left mouse button.The
cursor will be placed in the text field. Type the text label TM band 1 then
press Enter or Return to validate.

Click on the middle Pseudocolor layer to select it.

From the Band Selection drop-down list (in the process diagram), select
B4:0.83 um.

Click in the layer’s description text field with your left mouse button.The
cursor will be placed in the text field. Type the description label TM band 4
for the middle layer, then press Enter or Return.

Click on the lowest Pseudocolor layer to select it.
From the Band Selection drop-down list, select B7:2.215 um.

Click in the layer's description text field with your left mouse button.The
cursor will be placed in the text field. Type the description label TM band 7
then press Enter or Return.
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Note:

You have now created an algorithm that selects three bands from the original image
(bands 1, 4, and 7) to be written to the new image on disk. By zooming in, you have
defined a subsection of theimage. Thelayer descriptionsyou specified will become
the labels for each band in the output image.

The order of layersin the algorithm determines the order of bands in the output
image (the first layer becomes the first image band). In this case the layer |abelled
‘“TM band 1" will become band 1 in the output image, ‘' TM band 4’ will become
band 2, and ‘' TM band 7’ will become band 3.

Specify a filename for the output image

1

Note:

On the Standard toolbar, click the Save As@ button.

The Save As dialog box appears. Thisdialog lets you specify a path and name for
your output disk file, and the type of file to be saved.

You can save the output image in any of the following formats:

ER Mapper Algorithm

ER Mapper Raster Dataset (.ers)
ER Mapper Virtual Dataset (.ers)
ESRI BIL and GeoSPOT (.hdr)
Windows BMP (.bmp)
GeoTIFF/TIFF (.tif)

JPEG (.jpg)

UDF (Universal Data Format)

The format in which you save the image depends on what you are going to do with
it. If you intend opening the image in another application, use the format best suited
to that application. If you intend using the image in ER Mapper then you should
saveit in ER Mapper Raster Dataset format. The Universal Data Format (UDF)
allows you to use the image in ER Mapper and in other applications that use the
ESRI BIL and GeoSPOT formats.

If theimageisvery large, you may want to save it in ECW compressed format. You
can do this by selecting Save as Compressed image... from the File menu.

In this exercise, we will save theimagein ER Mapper Raster Dataset format.
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2 Onthe Save As dialog, select ‘ER Mapper Raster Dataset (.ers) in the
Files of Type: field.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

o 01~ W

In the Save As: text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘147 _TM_subset,’ and separate each
word with an underscore (_). For example, if your initials are "DH," type in
the name:

DH 147 _TM subset

7 Click OK to close the file chooser dialog and open the Save As ER Mapper
Dataset dialog.

Choose options for the output image
The other fields on the Save As ER Mapper Dataset diaog are:

Data Type isthe dataformat for the new output image. For example, if your
algorithm processing produces floating point data using a formula, choose one of
the Real optionsto write output image dataset values as real numbers.

Null Value specifies the value that is assigned to null cells. Thisisusually 0.

Width and Height specify the width and height of the new output image in pixels.
You can enter any size and ER Mapper automatically subsamples or supersamples
the original image datato fill the requested dimensions.

Pixel Width X and Pixel Width Y specify the magnification in terms of the are of
the image bounded by a pixel.

If image had been setup for apage, the Output What box would have allowed you
to select either Current View or Entire Page. The Current View savesonly the
part of the image currently being displayed in the image window, while the Entire
Page saves the whole page containing the image. Since the image being saved has
not had a page setup, only the Current View can be saved.

1 Click the Defaults button.

ER Mapper automatically fillsin appropriate values in the Cells Across and
Down fields by examining the extents of the area you zoomed on, and figuring the
corresponding numbers of actual image pixelsto be output.
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Tip:

Note:

To write one output image pixel for each input image pixel, use the Defaults
button to set the output cells across and down to the correct values. Changing these
values causes ER Mapper to supersample or subsample to the original data during
output.

Select the Delete output transforms option.

When writing images to disk, you should usually delete the output transforms for
each raster layer to maintain the native data range of the input image. Otherwise,
the output data may be scaled or clipped according to the current transform. (You
can, however, use atransform to rescale the data if desired.)

Write the output disk file

1

Click OK on the Save As ER Mapper Dataset dialog.
ER Mapper asks you to confirm the path and name of the output file.
Click Yes on the output path dialog to proceed.

ER Mapper opens a dialog box to show the progress of the write to disk operation,
and presents a confirmation dialog when the process is compl ete.

Click OK on the confirmation dialog to close it.
Click Close on the Save As ER Mapper Dataset dialog to close it.

Display the new image

1

Click the New | [1 { button on the Standard toolbar, then drag the new
window below the first one.

On the Algorithm window, click on the Load Dataset ﬁ button in the
process diagram.

From the Directories menu, select the path ending with the text \examples.

In the ‘Miscellaneous\Tutorial’ directory, load your new image (it will have a
‘.ers’ file extension).

ER Mapper displays band 1 of your new image.

Open the Band Selection drop-down list to see the three bands in your
output image.
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Notice that the band labels are the same as the layer descriptions you entered
previously.

View information on the new image

Tip:

On the Algorithm window, click on the Load Dataset ﬁ button.

On the Raster Dataset file chooser, click the Info... button.

Information on your new image displays, including the number of bands (3),
dimensions, and file size. The new image also has the same datum and map
projection information as the original image.

Click Cancel to close the Dataset Information dialog.
Click Cancel to close the Raster Dataset file chooser dialog.

This exercise showed you how to create an algorithm designed write an image to
disk, but ER Mapper aso provides several predefined “template” algorithms to
make this easier. These algorithms are located in the
‘examples\Miscellaneous\Templates' directories, and all you needto doisload in
the desired image dataset and follow the general procedure described previoudly.

Close all image windows and dialog boxes

What you
learned

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.
Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Create an algorithm to send output to a raster image dataset on disk
Specify output image parameters and write the image to disk
View information about the output image
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13

Virtual darasets

This chapter explains how to create and use a special type of algorithm called a
Virtual Dataset. Virtual datasets are an innovative ER Mapper feature that allow
you to work with data in an intermediate processed state without actually needing
to write the results to afile on disk.

About virtual datasets

A Virtual Dataset (“VDS’ for short) isaspecia type of algorithm that can be used
asif it wereafile on disk, except that the datais computed on demand so it takes no
additional disk space. Virtual Datasets are an extension of the algorithms concept,
SO yOu can carry out processing on araw image, then save the resultsas a“virtual”
dataset for use asinput for another algorithm. By saving processing resultsin a
Virtual Dataset, you can define “views’ into your data that can be used in
subsequent processing asif they were real images on disk.

Virtual Datasets offer many advantages:

» Reduced data complexity—ayers that process combinations of bands can become a
single band of datain the virtual dataset.

* Reduced disk storage-virtual datasets are computed on demand, so no extra disk
storage is needed.

» Virtual image mosaics—two or more adjacent images can be merged and processed
asif they were asingle image.

» New types of data—image datasets with different characteristics can be merged to
create hybrid virtual datasets.
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All of these types of operations can be saved as Virtual Datasets, thereby making
the processing techniques used to create them transparent to the user.

Hands-on exercises

These exercises give you practice creating Virtual Datasets and understanding how
to use them in subsequent image processing algorithms.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

* Prepare an algorithm to be saved as a Virtual Dataset
e Saveandload a Virtual Dataset

» Compute a Tasseled Cap formula transform on an image, and save the resulting
imagesin a“virtual” Tasseled Cap dataset

» Create amosaic of three separate images, and save the algorithm as “virtual” image
mosaic

» Create avirtual dataset referencing images of different resolutions, and useit to
merge the two images

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Creating a Tasseled Cap VDS

Objectives Learn to create an algorithm that generates three “ Tasseled Cap” images, then
save the algorithm as a Virtual Dataset for later use. This example shows how
Virtual Datasets can be used to reduce the complexity of manipulating image data
and make it easier to use.

About the Tasseled Cap transfor mation: The three Tasseled Cap formulas used
in this example are designed to transform the original Landsat TM datainto three
separate images representing the scene brightness, vegetation greeness, and surface
moisture (wetness). The Tasseled Cap (TC) transformation provides useful
information for agricultural applications because it allows the separation of barren
(bright) soils from vegetated and wet soils.
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Open a Tasseled Cap algorithm

1

Click the Edit Algorithm ﬂ toolbar button.

An image window and the Algorithm window appear.

]

On the Standard toolbar, click on the Open | =] button to open the file
chooser dialog.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Data_Types’ directory to open it.

In the directory ‘Landsat_TM, load the algorithm named
‘Tasselled_Cap_Transforms.alg.

This algorithm generates the three Tasseled Cap transformation images, each in its
own Pseudocolor layer. The dataset isa Landsat TM image of the San Diego,
Cadliforniaarea. The Brightnessimage isinitially displayed because its layer is
turned on and the Wetness and Greeness layers are turned off.

Load a different TM image into the algorithm

1

aa A~ W N

In the Algorithm window, click the Load Dataset ﬁ button in the process
stream diagram.

The Raster Dataset file chooser opens.

From the Directories menu, select the path ending with the text \examples
Double-click on the ‘Data_Types’ directory to open it.

Double-click on the directory ‘Ers1’ to open it.

Double-click on the image ‘Landsat_TM.ers’ to load it into all three layers.

This dataset is Landsat TM image of the Netherlands that shows an area of coastal
plains under various levels of cultivation.

View the different Tasselled Cap images

1

2

Turn the ‘Brightness’ layer off (by selecting Turn Off from the Short-Cut
menu which appears after clicking the right mouse button on the
‘Brightness’ layer), and turn the ‘Greeness’ layer on (by selecting Turn On
from the Short-Cut menu).

The Greenessimage is displayed showing the location and relative abundance of
vegetation (light shades are vigorous vegetation). Thisis similar to the vegetation
index images you generated in earlier exercises.

Turn the ‘Greeness’ layer off, and turn the ‘Wetness’ layer on.
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The displayed Wetnessimageis an indicator of surface moisture, so ocean areas are
shown as light grey shades, and areas lacking moisture are shown as dark shades
(barren land, beaches, and airport runways).

View the formulas used to create the TC images

1
2

3

Note:

Turn all three layers on.
Click on the ‘Brightness’ layer to select it.

Click the Edit Formula Eme button in the process diagram to open the
Formula Editor dialog.

The formula used to generate the Tasselled Cap Brightness image displays. As
indicated, thisimage is generated by multiplying bands 1-5 and 7 by weighted
coefficients. (For best resultsin any particular area of the world, these coefficients
should be adjusted for local conditions. However, the standard coefficients
generally provide good indicators of the three parameters in most cases.)

Click the Move to next Pseudocolor layer |Ps{ button on the Formula
Editor dialog to display the formula used to generate the ‘Wetness’ image.

Click the Move to next Pseudocolor layer |Ps{ button again to display the
formula used to generate the ‘Greeness’ image.

When you save the algorithm as a Virtual Dataset, ER Mapper will perform these
three sets of calculations automatically.

Click Close on the Formula Editor dialog to close it.

Before saving an algorithm as a Virtual Dataset, make sure all algorithmlayersare
turned on. Layers that are turned off cannot be used in the Virtual Dataset.

Save the algorithm as a Virtual Dataset

1

o A W N

From the File menu, select Save As....

The Save As dialog box appears.

In the Files of Type: field, select ‘ER Mapper Virtual Dataset (.ers).

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.

Double-click on the directory named ‘Tutorial’ to open it.
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In the Save As: text field, type in a name for the Virtual Dataset file. Use
your initials at the beginning, followed by the text ‘Tasseled_Cap_ VDS, and
separate each word with an underscore (). For example, if your initials are
"DB," type in the name:

DB Tassel ed_Cap_VDS

Click OK to save the Virtual Dataset and close the file chooser dialog.

Delete the transforms from all three algorithm layers

1

Tip:

Click Yes in the ER Mapper query about deleting output transforms dialog.

Thiswill make sure that the original data ranges created by the Tasselled Cap
formulas are not rescaled in any way using a transform when the images are saved
asaVirtual Dataset. (In this algorithm, each layer had a contrast stretch applied to
enhance visual presentation.)

The Virtual Dataset is actually saved as asmall ASCII text file on disk that
describes the processing and image dataset in each layer (very similar to an
algorithm). Because of this, it consumes almost no additional disk space.

It is often helpful to append the text “VDS’ on the end of the name you assign to a
Virtual Dataset. This helps you easily determine that the imageis virtual, and not
an actual dataset file on disk.

Open a template RGB algorithm to display your Virtual Dataset

1

On the Standard toolbar, click on the Open |2 button to open the file
chooser dialog.

From the Directories menu, select the path ending with the text \examples.

Double-click on the ‘Miscellaneous’ directory and then on the ‘Templates’
directory.

In the directory ‘Common,’ load the algorithm named ‘RGB.alg.
The template RGB al gorithm with an airphoto image displays.

Load and display the Virtual Dataset

1

2

On the Algorithm window, click on the Load Dataset (= button in the
process diagram.

From the Directories menu, select the path ending with the text \examples.
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3

In the ‘Miscellaneous\Tutorial’ directory, load your Tasselled Cap Virtual
Dataset image (it will have a ‘.ers’ file extension).

In the process diagram, select the following bands for each layer: Blue = B1.:
Wetness, Green = B2:Greenness, and Red = B3:Brightness.

ER Mapper computes the Tasseled Cap calculations from the original TM data on
disk.

Open the Band Selection drop-down list in the process stream to see the
three bands in your Virtual Dataset.

Note this Virtual Dataset has three bands: Brightness, Greeness, and Wetness. By
saving the Tasseled Cap algorithm as a Virtual Dataset, you have reduced the
complexity of the data, and no longer need to use the Tasseled Cap formulasin
future algorithms to generate these images.

Adjust the transforms for the RGB layers to increase contrast

Click on the post-formula Edit Transform Limits [ button.

From the Limits menu, select Limits to Actual.

ER Mapper setsthe X axis (input) limits to match the data range created by the
Tasseled Cap Brightness formula.

Click the Move to next Green layer button, and select Limits to
Actual from the Limits menu for the Green layer.

Click the Move to next Blue layer button, and select Limits to Actual
from the Limits menu for the Blue layer.

For each layer, click the Create autoclip transform m button. (Move

between them using the , and buttons.)

The resulting RGB color composite image shows information about the various
states of cultivated fields in the image. Bright areas (sand, barren land) appear in
red, crops under cultivation appear in green or cyan, fallow fields appear brownish,
and water areas are bright blue. Thisis atraditional way of displaying the three
Tasseled Cap images as an RGB color composite, and is especially useful for

ng the cultivated states of agricultural areas.

Click Close to close the Transform dialog box.

View information on the Virtual Dataset

1 On the Algorithm window, click on the Load Dataset (& button.
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On the Raster Dataset file chooser, click the Info... button.

The Dataset Information dialog indicates that the image dataset is Virtual. Since
itisnot actually an image on disk, it cannot be edited using the dataset header
editor.

Click Cancel to close the Dataset Information dialog.
Click Cancel to close the Raster Dataset file chooser dialog.

2: Creating a Virtual Mosaic

Objectives

Learn how to save amosaic of threeimagesasa*virtual” mosaic that can used as
if it were asingle image.

Open an RGB algorithm that displays three adjacent images

aa b~ W N P

S

Click the Open | =] toolbar button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Applications’ directory to open it.
Double-click on the ‘Airphoto’ directory to open it.

In the directory ‘3_Balancing’, load the algorithm named
‘ADAR_mosaic.alg.

This algorithm displays an RGB color composite of three separate ADAR 5000
scenes covering a portion of the Del Mar, Californiaareanear San Diego. (This
datais from the ADAR multispectral scanner system acquired by aircraft.)

Expand the image window by 50% downward to make it taller.

Right-click on the image and select Zoom to All Datasets from the
Quick Zoom menu.

Scroll through the layers in the layer list on the Algorithm window.

Notice that there are nine layers in the agorithm because each of theimagesis
displayed in its own set of RGB layers. Also, each layer has a description that
indicates the band of image data loaded into it.

Save the algorithm as a Virtual Dataset

1

2

From the File menu, select Save As....
The Save Algorithm dialog box appears.

In the Files of Type: field, select ‘ER Mapper Virtual Dataset (.ers)'.
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Note:

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, type in a name using your initials followed by the
text ‘image_mosaic_VDS, and separate each word with an underscore ().
For example, if your initials are "SN," type in the name:

SN_i mage_nosai c_VDS
Click OK to save the Virtual Dataset and close the file chooser dialog.
Click No in the query dialog to remove output transforms.

The Virtual Dataset is actually saved as a small ASCII text file on disk that
describes the processing and image dataset in each layer (very similar to an
algorithm). Because of this, it consumes almost no additional disk space

In this case, you did not delete the transform from each layer before saving the
algorithm as Virtual Dataset. The contrast enhancement is desirable in this case
because it serves to balance the brightness between the three images and makes
seam lines |ess apparent.

Open a template algorithm to display your Virtual Dataset

1

Click the New | L1 { button on the Standard toolbar, then drag the new
window below the first one.

"}

On the Standard toolbar, click on the Open | =] button to open the file
chooser dialog.

From the Directories menu, select the path ending with the text \examples.

Double-click on the ‘Miscellaneous’ directory and then on the ‘Templates’
directory.

In the directory ‘Common, load the algorithm named ‘RGB.alg.
The template RGB al gorithm with an airphoto image displays.

Load the Virtual Dataset into the RGB algorithm

1

2

On the Algorithm window, click on the Load Dataset (= button in the
process diagram.

From the Directories menu, select the path ending with the text \examples.
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3 Inthe ‘Miscellaneous\Tutorial’ directory, load your new image mosaic Virtual
Dataset image (it will have a ‘.ers’ file extension).

The three images are displayed as if they were one, but the datais actually being
computed from the three original ADAR images on disk.

4 Open the Band Selection drop-down list in the process stream to see the
three bands in your Virtual Dataset.

The“virtual” band 1 references the band 1 data from each of the three original
ADAR image files, and so on for virtual bands 2 and 3. You can now manipulate
the threeimages asif they are asingle image, for example to contrast stretch them,
apply filters, and so on.

Note: In theoriginal algorithm (open in the other window for reference), each of the Red
layers displayed band 1 of their image. Since each Red layer had the same layer
description (B1:0.850_um), ER Mapper merged them into asingle “virtual” band
with that 1abel when the algorithm was saved as aVirtual Dataset. Any layersin an
algorithm with the same layer description will be referenced asasingle layer in a
Virtual Dataset.

Close both image windows
1 Close both image windows using the window system controls:
» Select Close from the window control-menu.
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3: Creating a multiple image VDS

Objectives Learn how to save and reference multiple images as single Virtual Dataset. In this
case, you will save SPOT XS and SPOT Panchromatic satelliteimagesin aVDS,
and use it in a processing algorithm to merge the two images.

Open a window and template greyscale algorithm

1 Click the Open | toolbar button.

A new image window and the Open file chooser appear.

From the Directories menu, select the path ending with the text \examples.

Double-click on the ‘Miscellaneous’ directory and then on the ‘Templates’
directory.

4 In the directory ‘Common, load the algorithm named
‘Single_Band_Greyscale.alg.

Load the SPOT XS image

1 On the Algorithm window, click on the Load Dataset =& button in the
process diagram.

From the Directories menu, select the path ending with the text \examples.
In the ‘Shared_Data’ directory, load the file ‘SPOT_XS.ers.

Thisimageisband 1 of a SPOT XS multispectral satellite image. (The contrast of
the image is not relevant at this point so there is no need to adjust it.)

4 Open the Band Selection drop-down list in the process stream.
Note that the SPOT XS image has three spectral bands.

Delete the transform from the Pseudocolor layer

1 Click on the post-formula Edit Transform Limits lZ5 button.

2 From the Edit menu on the Transform dialog, select Delete this transform.

ER Mapper deletes the post-formula transform from the layer. (Since you will be
performing computations on the Virtual Dataset later, you should delete the
transform to prevent the original datafrom being rescaled.)

3 Click Close on the Transform dialog to close it.
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Duplicate the Pseudocolor layer three times

1 On the Algorithm window, click the Duplicate button three times to create
three copies of the original layer.

2 If needed, make the layer list window slightly larger until you can view all
four layers together at once.

Select bands and enter labels for the lowest three layers

1 Click on the first (top) layer to select it.

2 Enter the layer description SPOT XS1 for the first layer. (It should already
have band 1 chosen by default.)

3 Select the second layer, choose B2:0.645_um from the Band Selection
drop-down list, and enter the layer description SPOT XS2.

4 Select the third layer, choose B3:0.84_um in Band Selection drop-down
list, and enter the layer description SPOT XS3.

You should now have image bands 1, 2 and 3 loaded in the first, second and third
algorithm layers respectively, and each layer should be labelled accordingly.

Load the SPOT Pan image into the fourth layer

1 Click on the fourth (lowest) layer to select it.

2 Inthe process diagram, click the Load Dataset ﬁ button to open the
Raster Dataset chooser dialog.

3 From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Shared_Data’ directory to open it.

Click once on the image ‘SPOT_Pan.ers’ to select it, then click the OK this
layer only button.

ER Mapper loads the image into only the current Pseudocolor layer of the
algorithm. (If you had used OK or Apply, the image would be loaded into all four
layers which is not what you want in this case.)

6 Enter the description SPOT Pan for the fourth layer.

You have now prepared an algorithm for use in saving a Virtual Dataset that will

have four bands. Virtual bands 1, 2 and 3 will reference bands 1-3 in a SPOT XS
image, and band 4 will reference a separate SPOT Pan image. (Thefirst layer in

your agorithm becomes band 1 in the Virtual Dataset.)
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Save the algorithm as a Virtual Dataset

1

D 01 A W N

Tip:

Click the Save As |E| toolbar button.
The Save As dialog box appears.

In the Files of Type: field, select ‘ER Mapper Virtual Dataset (.ers)’.

From the Directories menu, select the path ending with the text examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, enter your initials followed by the text
‘SPOT_XS_and_Pan_VDS, and separate each word with an underscore
(). For example, if your initials are “JM,” type in the name:

JM SPOT_XS and_Pan_VDS

Click OK to save the Virtual Dataset, and then Yes to deleting output
transforms.

Thetwo images are saved in asingle Virtual Dataset, so they can now be referenced
asif they are asingle image on disk.

At this point, you may also want to save the layers you set up as anormal algorithm
file (using File/Save As) so that you can use as atemplate for creating other
SPOT XS and Pan Virtual Datasetsin the future. This saves you the trouble of
building and labelling the layers again.

Open a template RGB algorithm to process your Virtual Dataset

1

2
3

'}

Click on the Open (=] toolbar button.

From the Directories menu, select the path ending with the text \examples.

Double-click on the ‘Miscellaneous’ directory and then on the ‘Templates’
directory.

In the directory ‘Common,’ load the algorithm named ‘RGB.alg.

Load the SPOT XS and Pan Virtual Dataset

1

2

On the Algorithm window, click the Load Dataset (= button in the
process diagram.

From the Directories menu, select the path ending with the text \examples.
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In the ‘Miscellaneous\Tutorial’ directory, load your SPOT XS and Pan Virtual
Dataset image (it will have a ‘.ers’ file extension). Double-click on the image
name or use the OK or Apply buttons to load the image into all three layers
at once.

Click the Band Selection button in the process stream diagram.

Notice that your Virtual Dataset has four bands. Bands 1-3 reference the bands in
the SPOT XSimage, and band 4 references the SPOT Pan image.

Enter a formula in the Red layer to merge the images

1

2

Click on the Red layer to select it.

Click on the Edit Formula Emé¢ button in the process stream diagram to
open the Formula Editor dialog box.
In the Generic formula window, edit the formula text to read:

inputl * input2 / 255

Thisformulatells ER Mapper to multiply the image band assigned to inputl by the
band assigned to input 2, and then divide the result by 255.

Click the Apply changes button to validate the formula.

In the Relations window, select B3:SPOT_XS3 for “INPUT1” and select
B4:SPOT_Pan for “INPUT2.

This ssimple formulawill merge band 3 of the SPOT XS image with the SPOT Pan
image to create a merged image with the color of the SPOT XS multispectral image
and the high resolution of the SPOT Pan image.

Enter similar formulas in the Green and Blue layers

Click the Move to next Green layer button.

Enter the same Generic formula (i nput 1 * input2 / 255) and click the
Apply changes button to validate it.

In the relations window, select B2:SPOT_XS2 for “INPUT1” and select
B4:SPOT_Pan for “INPUT2.”

Click the Move to next Blue layer button.

Enter the same Generic formula (i nput 1 * i nput2 / 255) and click the
Apply changes button to validate it.

In the relations window, select B1:SPOT_XS1 for “INPUT1” and select
B4:SPOT_Pan for “INPUT2.”
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7 Click Close on the Formula Editor dialog to close it.

Adjust the transforms for the RGB layers to increase contrast

Tip:

1 Click on the post-formula Edit Transform Limits lZ5 button.

2 For each layer in the algorithm, select Limits to Actual from the Limits
menu.

3 For each layer in the algorithm, click the Histogram Equalize button.

ER Mapper displays the final contrast stretched image, which is a merge of the
SPOT XS multispectral image (20 meter resolution) and the SPOT Pan image (10
meter resolution).

This example shows how using Virtual Datasets lets you perform mathematical
operations between two or more separate images without having to resample them
to acommon resolution and write them into a single image first. Multiple-image
Virtual Datasets can help simplify processing techniques for many applications,
including change detection, image merging, and more.

ER Mapper provides predefined algorithms you can use as templates to create
common types of Virtual Datasets. These algorithms are stored in the
“\examples\Miscellaneous\Templates\Virtual_Datasets' directory.

Occasionally you find it useful to edit a Virtual Dataset, for example change a
formula, filter or other element. To do this, open the VDS back into it’s original
algorithm using File/Open from Virtual Dataset. Then edit the algorithm as
needed, and resave to aVDS using File/Save As Virtual Dataset.
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4: Creating a haze adjusted VDS

Objectives

Note:

Learn how to perform asimple, first-order adjustment for haze and atmospheric
scattering on a Landsat image, and save the adjusted image as a Virtual Dataset.
Thisisagood example of creating a VDS that performs a pre-processing step, so
it can be used as input to subsequent algorithms.

About haze correction and histogram adjustments

The shorter (visible) wavelength bands of optical satellite images such as Landsat
TM and SPOT XS are affected by haze and atmospheric scattering, which tend to
add brightness to the image in those bands. A result is that visible wavelength
bands usually have much higher minimum values that do not occupy the lower end
of the possible dynamic range of 0-255. When performing quantitative analysis of
thedata, itisusually desirabletofirst perform a*haze correction” adjustment to the
brightness range in all bands.

When performing change detection between two images, this same type of
correction should be performed on both images to normalize their brightness levels
into a common range so they can be accurately compared. (Differencesin the sun
elevation, atmospheric conditions and other factors during the image acquisitions
the two images cause them to have different ranges of values in each band.)

One simple way to do a haze correction isthe histogram adjustment technique. This
method assumes that the difference between the minimum possible value (zero)
and the actual minimum value in each band is the contribution of atmospheric
scattering. By subtracting the actual minimum value from each band, the
histograms are shifted left so that zero values appear in the data, which somewhat
minimizes the effects of atmospheric scattering. (See a reference remote sensing
text for a more complete description and other more sophisticated and accurate
atmospheric correction techniques.)

See the section “Additional tipsfor Virtual Datasets” at the end of this chapter for
more information on using a VDS for change detection.

Open a new window and load a Landsat TM image

1

2

On the main menu, click the New | [ { button.

On the Algorithm dialog, click the Load Dataset ﬁ button in the process
diagram.

From the Directories menu, select the \examples path.

Comprehensive ER Mapper Training Workbook 218



Chapter 13 Virtual datasets e 4: Creating a haze adjusted VDS

Open the ‘Shared_Data’ directory, then double-click on the image
‘Landsat_TM_year 1991.ers’ to load it.

Band of a 1991 Landsat TM image of San Diego displays.
Click the Surface tab, then select greyscale from ‘Color Table’ list.
Click the Layer tab again.

View and analyze the band 1 histogram

1

approximation of brightness added
to band 1 values by scattering in

the atmosphere
IIZI 255

On the Algorithm dialog, click the post-formula Edit Transform Limits 1S
button in the process diagram.

In the Transform dialog, examine the band 1 (visible blue) histogram.
Notice the actual input limits are 80-255, so no values occur on the lower
end of the possible 0-255 dynamic range. This gap between zero and the
actual minimum value is considered to be the approximate contribution of
atmospheric scattering to the signal received by the satellite sensor.

o |

put Lirnitz: 80 to 255

View histograms and minimum values for other bands

Choose B2:0.56_um from the Band Selection list in the process diagram.

The histogram for TM band 2 (visible green) appears. Notice that its
minimum value (about 27) is less than band 1, but still offset from zero.

Choose B3:0.66_um from the Band Selection list.

The histogram for TM band 3 (visible red) appears, and its minimum value
is 22.

Choose B4:0.83_um from the Band Selection list.
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6 The histogram for TM band 4 (near infrared) appears, and its minimum
value is closer to zero (about 11).

7 Atmospheric scattering in the visible wavelengths increases brightness in
TM bands 1, 2 and 3. TM 1 (blue) is most affected because it senses the
shortest wavelengths. (This is effect also noticeable in the blue band of
natural color airphotos.) In contrast, the pixel values of the longer
wavelength bands (near and mid-IR bands 4, 5 and 7) are reduced by
absorption so their minimum values are at or near zero. In general, the
shorter the wavelength band, the greater the offset from a pixel value of
zero.

Choose B1:0.485 um from the Band Selection list.

By subtracting the minimum value from each band, you can perform a first-
order correction for the effects of atmospheric scattering.

Add a formula to automatically subtract the minimum value

One way to subtract the minimum value from all pixelsin animage bandisto usea
formulasuchasi nput 1 - 40 (which subtracts 40 from each pixel value).
However, this requires that you manually determine the minimum value, and type
in the number, which will be different for each band. Here you will use aformula
that simplifies this by subtracting the minimum value automatically.

1 Click the Edit Formula Em¢ button in the process diagram to open the
Formula Editor dialog.

2 Edit the formula text to read:
inputl - RMN(,RL,11)

Thisformulatells ER Mapper to take the minimum value for band 1 and subtract it
from all pixelsintheimage. (RMIN’ isthe region minimum function that gets the
minimum value of the image from statistics stored inthe ‘.ers file. The‘R1" and
‘11" designations refer to aregion and a band.)

3 Click the Apply changes button to verify the formula syntax.

Click the Inputs button (above the Relations window), and select
B1:0.485 _um from the ‘INPUTZ’ list (if it is not already selected).

5 Click the Regions button (above the Relations window), and select All from
the ‘REGIONZY’ list (if it is not already selected).

6 These settings tell the RMIN function to use the minimum value from band 1
calculated from statistics for the entire image (the ‘All’ region).

7 Inthe Transform dialog, notice that the band 1 histogram has shifted left to
the origin, and the actual input limits are now 0-175. By subtracting the
minimum value (80) from all pixels, you shift the histogram left so zero
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Note:

8

values now occur in the image data. This minimizes the effects of
atmospheric scattering.

-
-
F T

original histogram (min = 80) adjusted histogram (min = 0)

Before you can use thisformula, you must have cal cul ated statistics for your image,
otherwise you will receive an error message. You can do thisusing Process /
Calculate Statistics. It isrecommended that you use a subsample setting of 1 so
statistics are calculated from every pixel in the image (to ensure the true minimum
value isrecorded in the statistics).

Click Close on the Formula Editor dialog.

Delete the transform and label the layer

1

From the Edit menu (on the Transform dialog), select Delete this
transform.

ER Mapper deletes the post-formula transform from the layer. (This ensures
that the new histogram adjusted data range will be saved with the Virtual
Dataset.)

Click Close on the Transform dialog.

Change the label of the ‘Pseudo Layer to TML hi st o adj usted and
press Enter or Return.

Duplicate the layer five times

1

On the Algorithm dialog, click the Duplicate button five times to
create five copies of the original layer.

You now have five additional layersto perform the same histogram adjustment
processing on Landsat bands 2-5 and 7. (You will skip TM band 6 sinceit is often
not used.) Since they were copied from the first one, they already contain the
adjustment formula and have the transform del eted.
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Change the band and label for the copied layers

1 Select the second layer, choose B2:0.56_um from the Band Selection list
in the process diagram, then change the label to TM2 hi st o adj ust ed.
2 Select the third layer, choose B3:0.66_um from the Band Selection list,
then change the label to TM3 hi st o adj ust ed.
3 Select the fourth layer, choose B4:0.83 _um from the Band Selection list,
then change the label to TM4 hi st 0 adj ust ed.
4 Select the fifth layer, choose B5:1.65 um from the Band Selection list,
then change the label to TMb hi st 0 adj ust ed.
5 Select the sixth layer, choose B7:2.215 um from the Band Selection list,
then change the label to TM7 hi st o adj ust ed.
6 Click the ‘[Ps]:Surface 1’ icon in the layer list to show process diagrams for
all six layers (if needed, make the Algorithm dialog taller to see all six.)
Your algorithm should look like this:
—& Th1 histo adusted Landeal Th_vear 1351 ==
& TMZ histo adusted o —*[onems un SR K —+ Fa B X 0
e TM3 histo adusted Landzal_Th_vear 1997 2
@ TM4 histo adiusted o ——[az05 v B W —— et
—i% THE hizto adused Landzat_Th_year 1951 ers

&8 TM7 histo adiusted & —ps0sm =] H X — Eme B W

Landsal_Th_vear 1951 2

A o —*[b4083un =] Bt K —*Emé &£ X 3

Landsal_TH_vear_1951 ars

(= —— a5 7] W K —— b e A

Landzat_ Th_vear 1931 @

- & (7225w =] L —— B K

appropriate layer labels correct band to match label transforms deleted

Save the algorithm as a Virtual Dataset

1
2
3
4

On the main menu, click the Save As |E| button.

In the Files of Type: field, select ‘ER Mapper Virtual Dataset (.ers)’.
From the Directories menu, select the \examples path.
Open the ‘Miscellaneous’ directory.
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Open the ‘Tutorial’ directory.

In the Save As: text field, enter your initials followed by the text
TM hi st _adj ust VDS and separate each word with an underscore ().

Click OK to save the Virtual Dataset, and Yes to removing the output
transforms.

Bands 1-5 and 7 of the Landsat image have a histogram adjustment
performed and are saved in a Virtual Dataset.

Open a new window and load the VDS

1
2

3

Select New from the File menu to open a new, empty image window.
Drag it below the first one.

On the Algorithm dialog, click the Load Dataset ﬁ button in the process
diagram.

From the Directories menu, select the \examples path.

Open the ‘Miscellaneous\Tutorial’ directory, then double-click on your
‘TM_hist_adjust_VDS.ers’ image to load and display it.

Click the Surface tab, select greyscale from the ‘Color Table’ list, then click
the Layer tab again.

View the haze corrected band 1 histogram

1

Tip:

On the Algorithm dialog, click the post-formula Edit Transform Limits S
button in the process diagram.

In the Transform dialog, notice the band 1 histogram is shifted left to the
origin and the band 1 minimum value is zero (in ‘Actual Input Limits’).

Select different bands to see their histograms and minimum values.

All bands should now have minimum values of zero, so they have had afirst-order
adjustment for the effects of atmospheric scattering. (A minimum value of zero
may not always appear due to subsampling the data to the image window size,
however the operation is still being performed correctly.)

You can use your histogram adjustment algorithm as a template to quickly apply
the same processing to any other Landsat TM image. Just calculate statsfor the TM
image, load it into the algorithm, make sure the correct bands are selected, and save
asaVDS.
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Close the image windows and Algorithm dialog

What you
learned...

1

2

Close both image windows using the window system controls:

Click the Close button in the upper-right window corner.
Click Close on the Algorithm dialog.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Prepare an algorithm to be saved as a Virtual Dataset

Compute a Tasseled Cap formula transform on an image, and save the resulting
imagesin a“virtual” Tasseled Cap dataset

Create amosaic of three images, and save the algorithm as “virtual” image mosaic

Create a Virtual Dataset referencing two images with different spatia resolutions,
and use it to merge the two images

Create aVirtual Dataset that performs a simple haze correction, so it can be used as
input for subsequent quantitative or change detection processing
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14

3-D perspective
viewing

This chapter explains how to view and manipulate imagesin 3D perspectiveto gain
a better understanding of terrain features, relationships, and other aspects of your
data. ER Mapper lets you quickly change between 2D and 3D views of your data,
stack multiple surfacesin asingle view, set transparency between surfaces, and
many other features.
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About perspective viewing

Two-dimensional (planimetric) view Three-dimensional perspective view

Viewing images in three-dimensional perspective is avaluable tool that helps
increase understanding of features and relationshipsinimages. Many types of earth
science images can be integrated to create 3D scenes that show features and
anomalies much more clearly than traditional two dimensional views. To create a
3D view, you smply add a Height layer to your 2D algorithm that contains an
elevation image (such asadigital terrain model), then change the View Mode to 3D
perspective or 3D flythrough.

ER Mapper’s 3D viewing capabilities are extensive and easy to use, including:
* view any imagein 3D, and quickly switch between 2D and 3D views
» usestatic 3D perspective or real-time “flythrough” modes
e stack multiple surfacesin asingle view
» set transparency between surfaces to view underlying features
* incorporate vector datain 3D, such as roads or cultural data
« generate top quality, high resolution 3D hardcopy prints

Hands-on exercises

These exercises give you practice setting up algorithms for 3D viewing, and
mani pulating the images using the viewing and display controlsin ER Mapper’s
3D perspective viewer.

What you will After completing these exercises, you will know how to perform these tasksin
learn... ER Mapper:
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Prepare an algorithm for 3D viewing by adding a Height layer

Change the viewpoint, zoom level, and other 3D view parameters

Use the 3D Flythrough viewing mode

Stack multiple surfacesin a 3D view and set surface offset and transparency

Merge separate algorithmsinto surfacesin a single algorithm

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: 3D viewing basics

Objective

Learn to prepare an algorithm for 3D viewing by adding a Height layer that
contains the desired elevation data. Also learn to use 3D perspective view mode,
and control the viewpoint and display parameters of the 3D scene.

Open a Landsat TM RGB algorithm

Ssoinm bz mEE] & [0 aja|x]| @@ e |

S

1 On the main menu, click the Open | =] button.

2 ER Mapper I =] ES

File Edit “iew Toolbars FProcess Utilites Windows Help

| B G| B & =S| | F K] @

An image window and the Open dialog appear.

From the Directories menu (on the Open dialog), select the \examples
path.

Double-click on the ‘Applications’ directory to open it.

Open the ‘Land_Information’ directory, then double-click on the algorithm
‘Landsat_ TM_23Apr85_rgb_541.alg’ to open it.

Thisagorithm displays aLandsat TM satellite image of alarge area of San Diego,
California. Bands 5, 4 and 1 are displayed in RGB so vegetation appears in various
shades of green and brown.
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Zoom in to the upper-right portion of the image

1
2

Click the ZoomBox Tool EI button on the main menu.

Drag a zoom box in the image to zoom in on the upper-right portion of the
image indicated below.

—— Z0OM iN ON upper-right
area defined by box

Thisisthe areayou will display in 3D perspective. (You can select a subset of an
areato display in 3D ssimply by zooming in on it.)

Add a Height layer and load the DTM image

1
2

On the main menu, select Algorithm from the View menu.

From the Edit menu (on the Algorithm dialog), select Add Raster Layer,
then Height.

ER Mapper adds a new, empty Height layer to the algorithm. The layer is crossed
out because you are currently viewing the image in 2D view mode.

With the ‘Height Layer’ selected, click the Load Dataset ﬁ button in the
process diagram.

From the Directories menu (on the Raster Dataset dialog), select the
\examples path.

Open the ‘Shared_Data’ directory, then double-click on the image
‘Digital_Terrain_Model_20m.ers’ to load it.
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Thisisadigita terrain model (DTM) image of the northern San Diego areawith a
20-meter grid resolution (or posting). The image values are in meters above sea
level. Thisisthe image you will use to add a height component to the algorithm to
enable the Landsat image to be viewed in 3D perspective.

Inthe Algorithm dialog, notice that the Height layer has a“Histogram only” ./,

post-formulatransform. Thisis automatically inserted for new Height layers
because it forces use of the entire range of valuesin the DTM and prevents the data
from being rescaled. (Using atransform will skew the data, for example a 99%
autoclip on aHeight layer will usually create flat spotsin the highs and lows of the
3D image. If you duplicate an existing layer and change it to Height, delete the
transform to use the full range of datafor the elevation component.

Select 3D Perspective mode to view the image in 3D

1

Tip:

From the ‘View Mode’ menu (on the Algorithm dialog), select 3D
Perspective.

ER Mapper displays a message that the image is being processed, then displays a
3D perspective view of the Landsat image in color. The message “ Regenerating
Terrain” appears in the image window as ER Mapper performsiterationsto
increase the resolution (detail) in the 3D image.

The perspective view provides clear definition of the topography of the area, which
can add valuable information to aid interpretation of satellite and other types of
images.

If your algorithm does not contain a Height layer, ER Mapper automatically uses
an Intensity layer (if oneis present) as a Height layer when you switch to 3D
Perspective view mode.

Turn off the Lighting (artificial illumination) option

1

2

In the Algorithm dialog, select the 3D View tab.

The 3D View tab page provides draw mode, terrain detail, lighting, and other
options.

Turn off the Lighting option.
The image redraws without illumination from a light source.
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Tip:  When displaying images that contain natural shadows (such as airphotos or optical
satellite images like Landsat), the 3D image appears more natural when the
Lighting option is turned off. (Lighting is discussed more later.)

Tilt the image forward or backward
1 Point to lower edge of the 3D image and drag slightly downward.

The image moves into a more overhead perspective, and regenerates detail when
you rel ease the mouse button.

2 Point to lower edge of the image and drag slightly upward.

The image movesinto aflatter, side view perspective. Dragging the image up or
down tilts the 3D model forward or backward (rotatesit around its X axis).

Tip:  If you accidently change the 3D view too much, click the 3D View tab in the
Algorithm dialog, then click the Reset View button. This resets the the image to
a standard default view.

Rotate the image around its center point
1 Point to lower edge of the image and drag slightly to the right.
The image rotates to the right around its center point.
2 Point to lower edge of the image and drag slightly left.

The image rotates to the left around its center point. Dragging the image left or
right letsyou view it from a side angle (rotate around the Z axis).

Zoom the image in and out
1 Drag the image window corner to make it 50% larger.

The 3D view remains the same size within the window.

2 Point to the center of the image. Then press right mouse button and drag
slightly upward.

Asyou drag, ER Mapper zooms out so the image redraws at asmaller size.

3 Point to the image center again, press right mouse button and drag slightly
downward.

ER Mapper zooms in so the image redraws at alarger size.

Comprehensive ER Mapper Training Workbook 231



Chapter 14 3-D perspective viewing e 1: 3D viewing basics

Right-dragging up or left reduces the image (zooms out); right-dragging down or
right magnifies the image (zoomsin).

Right-drag to set the zoom extents for the image so it fills as much of the
window as possible.

Rotate the image side to side

1

Point to the center of the image. First depress the left mouse button, then
the right button (hold down both), then drag slightly to the right.

ER Mapper rotates the image to the right.

Point to the image center again, depress the left then the right mouse
buttons, and drag slightly to the left.

The image rotates | eft. Pressing the left then the right mouse buttons and dragging
left or right is how you rotate the image side to side (around its Y axis).

Pan (scroll) the image within the window

1

Point to the center of the image. First depress the right mouse button, then
the left button (hold down both), then drag slightly upward.

ER Mapper pans (or scrolls) the image upward without changing the perspective.

Point to the image center again, depress the right then the left mouse
buttons, and drag around inside the window.

Theimage repositions as you drag. Panning in 3D is useful when want to reposition
the image in the window without changing the zoom factor or viewing perspective.

Summary of 3D movement procedures

To tilt the image backward or forward, press left mouse button and drag toward the
top of the image window (to tilt backward) or bottom (to tilt forward).

Totilt theimage sideto side, press|eft mouse button followed by right mouse button
and drag to the left (to tilt |eft) or right.

To the zoom the image in or out, press right mouse button and drag toward the
bottom of the image window (to zoom in) or top (to zoom out).

To rotate the image around it center axis, press left mouse button and drag the | eft
or right side of the image (or bounding box) toward the edge of the image window.

To move (or pan) the entire image within the window (without changing size or
perspective), pressright mouse button followed by left mouse button and drag to the
desired location in the image window.
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Increase the vertical exaggeration of the image

1 With the 3D View tab selected (in the Algorithm dialog), click the Reset
View button.

The 3D image perspective is reset to the initial default size and viewpoint.
2 Inthe Algorithm dialog, select the Surface tab.

The Surface tab contains controls that apply to the entire surface (such as Color
Mode), and also controls for 3D perspective views.

3 Move the Z scale slider bar right to about it mid-point.

2 . I . . .
Transparency(*e): | J slide bar right to increase
VI vertical exaggeration,
Z Scale(a):| 720 r ), left to decrease (flatten)
min(a) |0 max(¥a)| 1560
Z Offset(m):[-387 )
mminfm) [-2337 max( 1562

The image redisplays with increased vertical exaggeration, so high and low
elevations in the image become more apparent.

4 Try different vertical exaggerations by moving the Z scale slider bar left or
right.

5 Change the value in the Zscale field to 300, then press Enter/Return.

ZScalefzp[300 )

min[‘Z]I 0 max[] 1572

change to 300

The 3D image redraws at 3 times normal vertical exaggeration.

Note: ER Mapper interprets height values to be in the same unitsas X and Y distances.
For example, if your X and Y distances are measured in meters (asin this case) and
you set Z scale(%) to 100, aDTM value of 10 isinterpreted as 10 meters (so
elevation istrue to geographic scale). However, much greater vertical exaggeration
is often needed to clearly bring out subtle topographic detailsin low relief areas
such asthis part of San Diego.
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Apply different rendering modes for the 3D image

1 Selectthe 3D View tab in the Algorithm dialog.

The 3D View tab page provides draw mode, terrain detail, lighting, and other
options. These settings affect the entire 3D image (which can contain multiple
surfaces as you will see [ater).

From the Draw Mode drop-down list, select WireFrame.

ER Mapper redisplays the image as a mesh connected grid lines. Wireframe is the
fastest rendering mode, so the image regenerates quickly.

For Draw Mode, select Textured.

ER Mapper redisplays the image in blocks using a texture agorithm. (If your
computer’s graphics adapter has built-in hardware texturing, ER Mapper uses this
capability to render the image quickly. If it does not, this mode requires the most
calculations and may take some time for large images.)

For Draw Mode, select Smooth Shaded again.
ER Mapper redisplays the image with a smooth, solid fill.

Use the Lighting and Bounding Box options

Tip:

1 Turn on the Lighting option.

The image redraws with artificial illumination from alight source, so it hasa
“shiny” quality toit.

Turn the Lights option off again.

The image redraws without shading effects from alight source. (Lighting is
recommended when displaying geophysical or digital terrain imagesin color layers
because they have no natural shadowing.)

You can control the amount of shininess and the material qualities used for the
Lights option by selecting the 3D Properties tab.

Turn on the Bounding Box option.

The image redraws with a bounding box surrounding it. The box shows the extents
of theimageinthe X, Y and Z (vertical) directions.

4 Turn off the Bounding Box option.
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Adjust the amount of Terrain Detail

1

Move the Terrain Detail slider to the right until it reads “3 Mb of memory
required for 509 x 509 terrain detail” under the slider bar.

Terrain Detail

1
!
128w128
3 kb of memony required faor 509=509 terrain detail

The image redraws with increased detail in the terrain.

Move the Terrain Detail slider all the way to the left.
The image redisplays with the lowest detail (128 x 128).

Terrain Detail refers to the resolution, or amount of detail, at which the image will
be rendered. Asyou increase the detail, the rendering time, number of regeneration
iterations, and amount of system memory needed also increase. It is recommended
that you start at low detail settings, then slowly increase the detail to get a more
accurate, high resolution image. This setting can also be important when printing
3D images to hardcopy, where you may want to use higher settingsto get more
detailed images.

Save the 3D algorithm

1
2

Adjust the viewpoint of the image to a pleasing position.
In the Algorithm dialog, change the Description field text to:
San Di ego Landsat RGB=541 in 3D perspective

On the main menu, click the blue Save As |E| button.

In the Files of Type: field (on the Save As dialog), select ‘ER Mapper
Algorithm (.alg)’.

From the Directories menu, select the \examples path.
Open the ‘Miscellaneous’ and then the ‘Tutorial’ directory.

In the Save As: text field, enter your initials followed by the text
Di gi tal terrai n_3Dand separate each word with an underscore ().

Click OK to save the algorithm.

Your 3D perspective algorithm is now saved to an algorithm file on disk. The next
time you open it, the image automatically displaysin 3D with the same viewpoint
and rendering parameters.
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2: 3D flythrough basics

Objective

Learn to view an image in 3D Flythrough mode, and control the viewpoint and
flight parameters.

In 3D Flythrough mode, it is as though the ground is stationary and you move
around it, exploring the terrain. You depress the mouse button to begin your flight
through the image, and the area where you position the mouse cursor controls the
direction and speed of your flight.

Open a standard 3D view algorithm

On the main menu, click the Open | 2] button.

From the Directories menu (on the Open dialog), select the \examples
path.

Double_click on the ‘Functions_And_Features’ directory to open it, then
open the ‘3D’ directory.

Double-click on the algorithm ‘Landsat_over DTM.alg’ to open it.

This algorithm displays smaller Landsat TM satellite image of San Diego in 3D
perspective (with Lights on).

Select 3D Flythrough mode to move through the image in 3D

1 From the ‘View Mode’ menu (on the Algorithm dialog), select 3D

Flythrough.
The image re-renders from a side view.

Fly through at different directions and speeds

To fly through the image, depress the left mouse button and point to an area of the
image window to control the direction and speed of the flight. Asyou fly through
the image, the terrain will appear to move in the opposite direction of your motion.

Point to the lower center of the image window and depress the left mouse
button.

You fly backward away from the image, and the detail regenerates when you
release the mouse.

Point to the upper center of the image and depress the left button.
You fly forward toward the image.
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Tip:

Point to the right center of the image and depress the left button.

You fly toward the right side of the image.

Point to the left center and depress the left button.

You fly back toward the left side of the image.

Point to the lower-right corner of the window and depress the left button.
You fly backward and to the right away from the image.

Point slightly above the center point of the window and depress the left
button.

You fly forward slowly into the image.

To fly slowly, point near the window center. To fly faster, point further out toward
the window edges.

Change the viewing altitude

1

Tip:

Point to the center of the image, depress the right mouse button and drag
slightly upward.

Your altitude increases, so you look more down on the 3D image.
With the right button depressed, drag slightly downward.
Right-dragging up or down lets you change viewing altitude.

With alittle practice, you can become very good at precisely controlling your flight
path and atitude. If you become lost while flying around, click the Reset View
button to return to the default viewpoint again.

Summary of 3D Flythrough controls

To fly forward or backward, press the left mouse button in the top half of the image
window (to fly backward) or bottom half (to fly forward).

To fly left or right, press the left mouse button in the left half of the image window
(to fly left) or right half (to fly right).

To the change viewing altitude, press the right mouse button and drag up or down.

To control the speed of flight, point closeto the center of the window for slow speed,
and further out toward the window edges for progressively faster speeds.
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Note: In 3D Flythrough mode, you can also add “fog” to the image display by selecting
the 3D Properties tab. Fog isonly available in 3D Flythrough mode.

Add Fog to your 3D flythrough view
The fog options are set on the 3D Propertiestab in the Algorithm dialog.

1 Inthe algorithm dialog select the 3D Properties tab. This tab will be active
only when you are in the 3D Flythrough mode

2 Set the color of the fog. Click on Fog Color and use the normal ER Mapper
Color Chooser to select the color.

3 Select a fog type:

Default Creates a blanket of fog which covers the entire
window.
Linear Creates fog conditions that increase gradually with

distance. The fog is thicker in the background than
in the foreground.

Exponential Increases fog tenfold with distance.

4 Set the Fog Density.
5 Select the Fog checkbox to turn the fog on.
The image is displayed with the selected fog.

3: Point profiling in 3D

You can use a 3D cursor to roam the 3D image and read the coordinates
corresponding to points on a surface.

1 Inthe main ER Mapper toolbar click on the Pointer Tool button. | &k

2 Point the cursor over the image and press the mouse button. Move the
cursor around.

The cursor will become a 3D cross hair, shaped to the terrain, and moving over the
terrain as you move the cursor. One leg of the crosshair has an arrow which points
to grid north for registered images. With multiple surfaces thereisavertical line
through the center of the cursor so you can line up features on different surfaces.
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Note:

The image must finish regenerating completely before the 3D cursor will appear.

Make sure the Height layer is the current layer in the Algorithm dialog.

From the ER Mapper main View menu, select Cell Coordinate.... As you
point and click your cursor over the image read the value of the Height layer
in the Terrain Height display.

To change the color of the 3D cursor, select the 3D View Tab In the
Algorithm dialog and click the 3D Cursor button.

4: Viewing multiple surfaces in 3D

Objective

Learn to view two or more surfacesin 3D perspective, and control the offset,
transparency, and other parameters of the view.

Up until now, you have created algorithms that contained only one surface. In a
sense, you can think of each surface as a separate image, or a separate view of your
data. Since you use an algorithm to create a certain type of image, you can copy or
merge different types of algorithms as separate surfaces in asingle algorithm and
stack the imagesin asingle 3D view. Stacking multiple surfacesinto asingle 3D
view lets you quickly see relationships between imagesin 3D.

Open a DTM 3D color algorithm

1
2

S

On the main menu, click the Open (=] button.

From the Directories menu (on the Open dialog), select the \examples
path.

Double_click on the ‘Functions_And_Features’ directory to open it, then
open the ‘3d’ directory.

Double-click on the algorithm ‘Digital_Terrain_Map_Colordrape.alg’ to open
it.
This agorithm displaysaDTM of the San Diego downtown area. The same image

isused in both the Height and Pseudo layers, so the DTM datais shown as relief
and also color coded (reds are high elevations, blues are lows).
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Tip:  You can use any type of datain the Height layer of an algorithm. For example, a
vegetation index image would create high elevations in the 3D image where
vegetation was most abundant.

Open a Landsat 3D algorithm as a second surface

You can easily add a surface to an existing algorithm by opening another algorithm
into it as a separate surface (transfer its layers to the current algorithm).

1 Onthe main menu, select Open into New Surface from the File menu.
The Open into New Surface dialog opens.

From the Directories menu, select the \examples path.
Open the ‘Functions_And_Features’ directory, then open the ‘3D’ directory.
Double-click on the algorithm ‘Landsat_over_DTM.alg’ to open it.

ER Mapper loads the algorithm into a second surface and renders the image
underneath the 3D color DTM image. The new algorithm shows Landsat TM bands
5,4 and 1in RGB. Your agorithm now has two surfaces:

EI—* [P2]: Default Surface

first surface (from

original DTM color & Height Layer
algorithm) 5
—Q Pseudo Layer
[ EF—3$& [RGB Landsat TM, rgb=F
& Height L
second surface (added | gight Layer
from Landsat 3D —® Blus Layer
algorithm)
_% Green Layer

Fed Layer

Notice that the two surfaces have different color modes (indicated in the surface
name—{ Ps] for Pseudocolor and [RGB] for Red Green Blue). Each surface can have
its own color mode, color table or other settings independent of others.

Change the Z Offset to shift the surface in 3D space

1 Click the Hand Tool ﬂl button (if needed), then tilt the 3D image up

slightly to view it more from the front side (so that the gap between surfaces
iS more apparent).
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2

3

On the Algorithm dialog, select the lower Landsat surface ([RGB:Landsat
TM]) icon in the data structure diagram, then select the Surface tab.

select surface, click Surface tab

5 [Ps] Defauh Susface ZHSUITE68 |Leyer| 30 View| 30 Praperis|
‘—ﬁ Huight Layes Color Mode: | Red Green Blue ¥ |
i Transparency(): IEI j—
—e Fseudo Layer 2 Seale|%) IF J‘
5 [PGB]: Landsat T, rgh=! min[zlln—v
—ﬁ Height Lapes Z Offsellr}[125 SR
_$ Bl Layer mir{m]l-31 03
% Green Layer [ Apply2 Scale to ol st

& —® Fed Laye

Move the Z Offset slider all the way to the right.
The Landsat image created by the lower surface slides up above the DTM image.

Move the Z Offset slider to the far left.

The Landsat image slides below the color DTM image again. To move a surface
relative to other surfaces in an algorithm, select the surface in the data structure
diagram, then move the Z Offset dlider. (You could also select the top surface and
move up or down it relative to the lower surface’simage if desired.)

Change the transparency of the top surface

1

Tilt the 3D image downward slightly until the top surface mostly covers the
one below.

Select the top surface ‘[Ps]:Default Surface’ in the data structure diagram.
Move the Transparency slider right to its midpoint.

The color DTM image becomes semi-transparent, so some of the color of the
Landsat image below shows through.

The Transparency setting ranges from 0-100 to specify how theimage is
“blended” with other surfaces in the image window. Zero displays the full image,
50 creates 50% transparency, and 100 makes the image invisible. Each surface can
have it own transparency setting independent of others.

Move the Transparency slider to the far left to make the image fully visible.
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Turn individual surfaces on and off

1 Right-click on the icon for the top surface, and select Turn Off.:

/@j‘ [Ps]: Default Surface
right-click and &8 Height Layer

select Turn Off
i

—Q Pzeudo Layer
E—3$8 [FGE]: Landsat TM, rgb=F
—® Height Layer

—% Blue Layer

—% Green Layer

Fed Layer

ER Mapper renders only the lower surface (the Landsat image).

2 Turn the top surface on again.
Both surfaces are again rendered.

Delete the lower surface from the algorithm

1 Select the lower surface in the data structure diagram, then click the Cut

& | button (above the diagram) to delete it.

ejels s

EI—* [Ps] Default Suface

—® Height Layer

e

—& Pseudo Layer

select surface, then Cut

£ [RGB Landzat TH, rgb=H

—ﬁ Height Laper
—<® Blue Layer
—% Green Layer
—% Fed Layer

ER Mapper renders only the color DTM image.

Open a second image window and algorithm

1 On the main menu, click the New | [ { button.
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Drag the new window down below the first one.

On the main menu, click the Open | 2] button.

From the Directories menu, select the \examples path.

Open the ‘Functions_And_Features’ directory, then open the ‘3d’ directory.

a b~ W DN

Double-click on the algorithm ‘Landsat_over DTM.alg’ to open it.
Thisis the same algorithm as that you used earlier.

Copy and paste the surface into the first algorithm

1 Select the surface icon in the Landsat 3D algorithm, then click the Copy

(| button (above the data structure diagram).

The surface and its layers are copied into the clipboard.

2 Activate the color DTM 3D image window.

3 Click the Paste button.

The surface and its layers are pasted into the DTM algorithm as a second surface.

(In this case the Z Offset settings are such that the lower levels of the DTM image
are hidden by the Landsat data.)

Tip: To add surfacesto an existing algorithm, you can choose Open into New
Surface from the File menu, or copy and paste surfaces between image windows.
You can also copy and paste layers or surfaces within the same algorithm and
modify them as desired, or a new empty surface and load images and specify

processing as needed (using Add New Surface or | 41 onthe Algorithm
dialog).

Close both image windows and the Algorithm dialog

1 Close both image windows using the window system controls:

* Clickthe Close button in the upper-right window corner.
2 Click Close on the Algorithm dialog.
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Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Prepare an algorithm for 3D viewing by adding a Height layer

Change the viewpoint, zoom level, and other 3D view parameters

Use the 3D Flythrough viewing mode

Stack multiple surfacesin a 3D view and set surface offset and transparency

Merge separate algorithmsinto surfacesin a single algorithm

General information on 3D viewing and printing

Notes about 3D rendering speed

ER Mapper can render very large image files quickly in 3D dueto it’s progressive
rendering technology (i.e., starting with alow resolution view and progressively
increasing detail with subsequent processing iterations). However, large files can
take much longer to render, especially at higher Terrain Detail settings and using
Textured draw mode. The speed at which theimage rendersin 3D isproportional to
the processing speed of your computer and the 3D capabilities of your graphics
display card.

ER Mapper’s 3D viewer features are designed take full advantage of the latest 3D
graphics hardware rendering technologies. If your graphics card has 3D
acceleration, images will render much faster when using ER Mapper’s 3D view
modes. Be sure to turn on 3D acceleration if your graphics card supportsiit.

Height layer data area of coverage

If theimage in your Height layer covers only part of the area of the color layers,
there will be no relief in those areas of the color image (they will beflat). If the
Height image covers alarger area than the color image, the height data outside the
extents of the color image is not used in the 3D image.

Printing 3D images

ER Mapper has the ability to print very crisp, high resolution 3D images that are
much better than can usually be viewed on a screen display. To print a 3D image,

simply choose File/Print or click the Print | & button while theimageis
displayed in the active window. Higher Terrain Detail settings produce more detall
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in your output print and is usually desirable when printing very large images to get
the full detail possiblein the data. However, high Terrain Detail settings are
sometimes not necessary and do increase the print time significantly.

When to use Lights option

For perspective views of geophysical data (such as magnetics or radiometrics) and
digital terrain data, best results are obtained using Lights turned on. Thisis because
these images have no inherent shadows, so artificial lighting enhances detail.
Satellite images or airphotos ook best with Lights off because these images have
natural shadows inherent in the data.

Annotation of 3D images

You cannot draw annotation directly on an imagein 3D Perspective or 3D
Flythrough modes. Here are two options:

» Savethe 3D view as an algorithm, then display the 3D image as an embedded
algorithm map object on another image using the map composition feature.

» Print the 3D imageto an ER Mapper file, then display the resulting 3-band imagein
an RGB algorithm. For * Output Name’ on the Print dialog, select ‘ER_Mapper.hc’
inthe*\hardcopy\Graphics' directory. Oncedisplayed in an RGB algorithm, you can
then draw on the image but cannot change the perspective view.

Comprehensive ER Mapper Training Workbook 245



10

Composing
MAaps

This chapter explains how to use ER Mapper’s Page Setup and Map Composition
toolsto create top quality cartographic image maps. You will learn about setting up
apage size and extents for your map, how to add map objects such as coordinate
grids, scale bars, north arrows, and considerations for printing to hardcopy devices.

About map composition

ER Mapper provides a complete set of map composition tools that let you easily
transform images into top quality image maps. Your maps can include common
map objects such as coordinate grids, scale bars, classification legends, north
arrows, and more. You can use the annotation tools to draw lines, text, shaded
polygons, and other vector objects. Your maps can also include other layersto add
vector datafrom GIS systems, tabular data, or other external data.

ER Mapper’s map composition also has an open design and is user-extendable
customizable. You can add your own Postscript map objects to ER Mapper's map
object library, such as company logos or north arrows, include external files and
text, and many other types of data. You can al'so modify the default attributes of
map objects and save them under your own unique names for later use.
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Thefollowing diagram shows the general procedure for creating and printing amap

in ER Mapper:
Ima Create the desired image using algorithm
ge : S
. processing, and any dynamic link vector
processing or tabular overlaysto be included.
Specify page setup parameters for the

Page algorithm to define its position on an output
Setup page; margins, background color etc.

Compose Compose the map by dragging and dropping the map
map objects, specifying object attributes, and

drawing annotation such as lines and text.

'

Save the vector map composition file, then save

Zave ith the algorithm containing the annotation/map
gorithm composition layer and raster layers.

Print Print the map on your printer or plotter, or

map save it to an external file format (TIFF, CGM etc.)

Hands-on exercises

These exercises give you practice setting up an algorithm to create a map, defining
Page Setup parameters, and composing the map by adding map objects and other

annotation.
What you will After completing these exercises, you will know how to perform these tasksin
learn... ER Mapper:

» Define Page Setup parameters for an algorithm
» Display GIS vector data over araster backdrop image
» Add an Annotation/Map Composition layer to an algorithm

» Draw annotation objects (lines, text, polygons, etc.) on your map
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Place map objects (grids, scale bars, etc.) on your map
Specify color and other attributes for annotation and map objects

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Setting up the page

Objectives

Learn to use ER Mapper’s Page Setup options to define the position of an image
on an output page, and specify other options such as scaling parameters and
background color.

ER Mapper provides you with two ways of setting up a page. You can either usethe
Page Setup dialog box or the Page Setup Wizard. Both methods achieve the
same results, but the Page Setup Wizard leads you sequentially through the
required parameters. Both methods are described.

Display a Landsat/SPOT IHS merge algorithm

1

Tip:

S

Click on the Open |2 toolbar button.

An image window and the Open dialog box appear.

From the Directories menu, select the path ending with the text \examples.
Double_click on the ‘Functions_And_Features’ directory to open it.

In the ‘Data_Fusion’ directory, open the algorithm named
‘Landsat_ TM_and_SPOT_Pan_IHS_merge.alg.

This algorithm displays bands 3, 2 and 1 of a Landsat TM image merged with a
high resolution SPOT Pan image as an RGB “natural color” composite. The image
coversthe San Diego, California area. Thisistheimage you will use asthe basis
for your map.

ER Mapper performs the IHS (Intensity-Hue-Saturation) merge technique
interactively, so you can easily “fine tune” the image saturation or intensity in real-
time using the post-formula transforms for those algorithm layers. (This technique
isalso known asHSI.)
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Open the Page Setup dialog box

If you would rather use the Page Setup Wizard, go directly to “ Open the Page Setup
wizard” on page 251.

1 From the File menu, select Page Setup....

The Page Setup dialog box opens. This dialog provides controls for you to
position your image on an output page, specify map scaling, background color and
more.

The white area shows the size of the output print areain red (the “ page extents”),
and the size and position of the image on the page in blue (the “contents extents”).

Specify how the page or map can be scaled

The Constraints drop-down list lets you specify how map objects are scaled
relative to the output page. For any map, there are three constraints that will affect
how your map looks.

These are;

» Pagesizefor your final map
e Scale of the main imagery in your map
» Border size between the main imagery in your map and the edges of the page

It follows that if you wish to specify any two of these, then the third value will be
automatically updated by ER Mapper to ensure it fits. For example, if you use a
8.5"x11" page size, and have settled on a 1:100,000 image scale, then there can be
only one size of borders that will match these requirements.

So, in ER Mapper's page setup, you specify which of the three constraints are to be
autovaried (that is, calculated automatically) by ER Mapper. You control the other
two constraints.

» If you know the output page size, and the scale you wish to print, select Auto
Vary:Borders.

» If you know the scale you wish to print, and the size of the borders you wish to have,
select Auto Vary:Page.

» |If you know the border size you want to have, and the output page size, select Auto
Vary:Scale.

Typically you need to decide which parameters are most important for your map: a
fixed page size, fixed borders, or afixed map scale.

1 From the Constraints drop-down list, select Auto Vary:Borders.
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Thistells ER Mapper that it can automatically change the size of page margins to
accommodate any changesin map scale or page size. You will use this setting to
create a 1:100,000 scale map on a US Letter size (8.5 x 11 inches) page. (Other
Constraints options will automatically change page size or map scaleif other
parameters are changed.)

Snap Shot the current algorithm extents

1

Tip:

Click the Snap Shot button.

ER Mapper updates the values in the Contents Extents fields. For example if
you had zoomed in or out in your algorithm, Snap Shot updates the contents
extents to match the current display extents of your algorithm.

You should typically use Snap Shot even if you have not zoomed or panned the
image to make sure the page contents extents match the current extents of the
algorithm.

Specify the output page size

1

From the Size drop-down list, select US Letter.

ER Mapper entersthe corresponding valuesin the Page Width and Height fields,
and updates the new margin sizes.

Also notice that the shape of the page extents (in red) matches the proportions of a
US Letter size page. The contents extents (in blue) are positioned in the upper-left
part of the page by default.

Specify the output map scale

1

In the Scale - 1: text field, enter the value 100000 then press Enter or
Return to validate.

ER Mapper sets the page contents (the physical size of the image on the page) to
print at 1:100,000 map scale and updates the relative size of the contents on the US
L etter size page proportionaly.

Position the contents on the page

1

2

Click the Horz Center button.
ER Mapper centers the page contents horizontally on the page.

Click the Vert Center button.
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ER Mapper centers the page contents vertically on the page. The image is now set
to print in the exact center of the output page.

In the Border area of the dialog, edit the value in Top: field to read 50, then
press Enter or Return to validate.

ER Mapper shiftsthe page contents upward slightly on the page. You can adjust the
Border valuesto position your image as desired when creating your map.

Set the background color to white

1

Select the text in the Background Color field, type whi t e, and press Enter
or Return to validate.

ER Mapper sets the page background color to white (the areas of the page
surrounding the page contents). If you will be printing on a device that has awhite
background, it is often helpful to set the background color to white while you are
composing the map to get a better idea of the final output. (You can use the Set
Color button aswell to choose any arbitrary background color.)

Save the algorithm with the Page Setup parameters

1

~N o 0o~ W

Click OK on the Page Setup dialog to save your settings and close it.

From the File menu, select Save As... to save the algorithm under your own
name.

Select ER Mapper Algorithm (.alg) for the Files of Type: field.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory ‘Miscellaneous’ to open it.

Double-click on the directory ‘Tutorial’ to open it.

In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘San_Diego_map. Separate each word with an
underscore (). For example, if your initials are “JR,” type in the name:

JR _San_Di ego_nap

Click OK to save the algorithm, which now includes your Page Setup
parameters.

Open the Page Setup wizard

1

Thisis an alternative method of setting up the page. If you have aready set up the
page using the Page Setup dialog box, as described above, you can go directly to
“2: Defining annotation objects’ on page 255.

From the File menu, select Page Setup Wizard....
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Select the Algorithm displayed in current image window option on the
wizard 'Introduction’ page, and click on the Next> button.

On the ‘Use a template’ page, select Define new values with this wizard
and click on the Next > button.

Set the background color to white

1 Select the text in the Background Color field, type whi t e.

ER Mapper sets the page background color to white (the areas of the page
surrounding the page contents). If you will be printing on a device that has awhite
background, it is often helpful to set the background color to white while you are
composing the map to get a better idea of the final output. (You can use the Set
Color button aswell to choose any arbitrary background color.)

2 Set the units to Metric (mm) and click on the Next > button.

Set the contents extents

Tip:

1 Select Snapshot from current zoom, and click on the Next > button.

ER Mapper updates the contents extents to match the current display extents of
your algorithm.

You should typically use Snapshot even if you have not zoomed or panned the
image to make sure the page contents extents match the current extents of the
algorithm.

Set autovary parameter

The Set autovary parameter wizard page lets you specify how map objects are
scaled relative to the output page.

For any map, there are three constraints that will affect how your map looks.
These are:

Page size for your final map
Scale of the main imagery in your map
Border size between the main imagery in your map and the edges of the page

It follows that if you wish to specify any two of these, then the third value will be
automatically updated by ER Mapper to ensure it fits. For example, if you use a
8.5"x11" page size, and have settled on a 1:100,000 image scale, then there can be
only one size of borders that will match these requirements.
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So, in ER Mapper's page setup, you specify which of the three constraints are to be
calculated automatically by ER Mapper. You control the other two constraints.

If you know the scale you wish to print, and the size of the bordersyou wish to have,
select Set scale and borders (page size varies).

If you know the output page size, and the scale you wish to print, select Set scale
and page size (borders vary).

If you know the border size you want to have, and the output page size, select Set
borders and page size (scale varies).

Typically you need to decide which parameters are most important for your map: a
fixed page size, fixed borders, or afixed map scale.

Select Set scale and page size (borders vary), and click on the Next >
button.

Thistells ER Mapper that it can automatically change the size of page marginsto
accommodate any changes in map scale or page size. You will use this setting to
create a 1:100,000 scale map on a US Letter size (8.5 x 11 inches) page. (Other
options will automatically change page size or map scale if other parameters are
changed.)

Specify the output page size

1
2

Select Choose from standard portrait sizes, and click on the Next > button.

From the Size drop-down list, select US Letter, and click onthe Next > button

Position the contents on the page

1

Select Center Horizontally.
ER Mapper centers the page contents horizontally on the page.

Select Center Vertically, and click on the Next > button.

ER Mapper centers the page contents vertically on the page. The image is now set
to print in the exact center of the output page.

Specify the output map scale

1
2

Select Type in the scale, and click on the Next > button.

In the Scale - 1: text field, enter the value 100000 and click on the Next >
button.

ER Mapper sets the page contents (the physical size of the image on the page) to
print at 1:100,000 map scale and updates the relative size of the contents on the US
L etter size page proportionally.
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Add a vector layer to overlay a road network file

1

2

Select Add a vector layer.

Click on the Vector File: Load Dataset ﬁ button.
The Select File dialog box opensto let you load a vector format file.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Shared_Data’ directory to open it.

Notice that filenames displayed have ‘.erv’ file extension. Thisindicates that these
filesarein ER Mapper vector format (in contrast with raster filesthat have a“.ers
file extension).

Scroll to view the file ‘San_Diego_roads.erv’ then double-click on it to load it
into the vector layer.

ER Mapper adds a new layer labelled ‘Annotation Layer’ to the algorithm.

Save the algorithm with the Page Setup parameters

1

o 01~ WD

Select Save algorithm to disk.

'}

Click on the Save as: Load Dataset |= ] button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory ‘Miscellaneous’ to open it.
Double-click on the directory ‘Tutorial’ to open it.

In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘San_Diego_map. Separate each word with an
underscore (). For example, if your initials are “JR,” type in the name:

JR _San_Di ego_map

Click OK to save the algorithm, which now includes your Page Setup
parameters.

Click on the Finish button to close the Page Setup Wizard.
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2: Defining annotation objects

Objectives Learn to use ER Mapper’s Annotation tools to display vector datafrom GIS
systems, and draw annotation objects such aslines, polygons, and text. Also learn
to zoom the image in or out to the page extents or page contents.

Open the Geoposition dialog box
1 Setthe View Mode in the Algorithm dialog to Page Layout.

The image window displays the whole page with the image in Page Layout
mode. If you select the Normal View Mode, it only displays the image.

2 From the View menu, select Geoposition....

The Algorithm Geoposition Extents dialog box opens. Move it to the lower-
right portion of the screen.

3 Select the Zoom tab to display buttons for zooming and panning.

Zoom to the Page Extents and Page Contents

1 Onthe Geoposition dialog, click the Page Extents button.

The image zooms out to the proportional extents of the page defined for the
algorithm, and the image (the page contents) appears on a white background.
Notice that there is some empty area on the right side (the stippled white pattern)
because the US Letter pageistaller thanitiswide.

2 Expand the image window size to make it about twice as tall and 50% wider
(so the shape approximately matches the shape of the white page extents
area).

You will use this display later for placing map objects on the page.

3 On the Geoposition dialog, click the Page Contents button.

The image zooms in to the extents of the page contents (the extents of the image
itself). You will first draw some annotation on the image in this display mode.

Add a vector layer to overlay a road network file

1 Click the Edit Algorithm ﬂ toolbar button to open the Algorithm window.

Note: If you used the Page Setup Wizard to set up the page, as described above, you have
aready added the vector layer. Therefore you can go directly to step 7.
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2 On the Algorithm window, click on the Edit/Add Vector Layer button to
display its list, then select Annotation/Map Composition.

ER Mapper adds anew layer labelled ‘Annotation Layer’ to the algorithm. Note
that this layer has only three buttons in the process stream since it is designed to
display and edit vector data, not perform image processing on raster images.

3 Inthe Algorithm window, click on the Load Dataset ﬁ button in it's
process diagram.

TheLoad Annotation dialog box opensto let you load a vector format file.

From the Directories menu, select the path ending with the text \examples.
5 Double-click on the ‘Shared_Data’ directory to open it.

Notice that filenames displayed have ‘.erv’ file extension. Thisindicates that these
filesarein ER Mapper vector format (in contrast with raster filesthat havea“.ers
file extension).

6 Scroll to view the file ‘San_Diego_roads.erv’ then double-click on it to load it
into the vector layer.

7 In the Algorithm window, click the Edit Layer Color ‘&% button in the
process diagram of the annotation layer.

8 Pick a light blue color, then click OK to close the color chooser.

ER Mapper draws the vector file of roads as a blue overlay.

9 Change the layer description of the vector layer from ‘Annotation Layer’ to
‘Downtown roads’ and press Enter or Return.

Thisisasmple example of displaying vector data from an external system in

ER Mapper. (Thisimage of roads was imported and translated into an ER Mapper
format vector file using the menu command Utilities/Import Vector and GIS
Formats.) ER Mapper also has direct links to many common vector GIS formats.

Tip: To edit the vectors (roads in this case), you could click on the Open Annotation

editor [ button in the layer’s process diagram. (Use of these tools is described
in the next section.)

Add a second vector layer for map annotation

1 From the Edit menu (on the main menu), select Annotate Vector Layer....

The Open Map Composition dialog box opens and indicates that the algorithm
already has a vector layer (displaying the roads image). You could choose to edit
thislayer, or add a new annotation layer.
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2

In the Open Map Composition dialog, click the New button.

The New Map Composition dialog opensto let you choose which type of vector
annotation you want to create or work with.

Click the Vector File option under ‘Mode, then click OK on the New Map
Composition dialog to close it.

ER Mapper opensthe Tools palette dialog box containing your vector annotation
and map composition tools. Also notice that a second vector layer titled
‘Annotation Layer’ has been added to thelayer list inthe Algorithm window. This
isthe layer you will use to add your own annotation and map composition items to
theimage.

Click Close on the Algorithm window (you will not need it for the remainder
of this exercise).

Draw two polylines on the image

1
2

On the Tools dialog, click on the Polyline | Z={ button.

Point to a linear feature inside the image (such as a road). Then draw a line
to trace the feature by clicking once at each point, then double-clicking to
end the line.

A blue line appears on your image to highlight the linear feature. (The default line
color of blue comes from the annotation layer color.) Note that markers appear on
the line at each node to indicate that the line is “ selected.”

Point to another linear feature inside the image and draw a second line by
clicking once at each point, then double-clicking to end the line.

A second blue line appears, and it is now selected.

Modify the attributes of the polylines

1

On the Tools dialog, double-click on the Polyline | = { button.

TheLine Style dialog box opensto let you choose attributes for your polylines.

Click the Set Color button, choose a bright red color, then click OK to close
the Color Chooser dialog.

The line color on your image changes to red.

Choose 2.0 from the Width drop-down list to increase the line width.
Click on a dashed line style under Line Pattern to select a line style.
The attributes for your selected polyline change interactively.
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5 Onthe Tools dialog, click on the Select/Edit Points Mode | k { button, then
click on the first (blue) polyline on the image to select it.

Notice that the contents of the Line Style dialog change to show the attributes of
the currently selected line (a color of blue and so on).

Click Close on the Line Style dialog.
Draw a third polyline on the image (it is selected when you finish).

8 Inthe Tools dialog, click the Delete Object| & { button.

The polyline object disappears from the image. Selecting an object and clicking
Delete Object is how you delete any annotation object.

Tip: To create smooth, rounded curves from polylines made of straight line segments,
you can apply a spline function to the line by turning on the Curved attribute after
first drawing it. Thisis especialy helpful when tracing roads and other smoothly
varying linear features.

Draw a shaded polygon around the island

1 On the Tools dialog, click on the Polygon |z | button.

2 Pointto the large island in the lower part of the image. Then draw a polygon
around the island by clicking once at each point, then double-clicking to
close the polygon.

The polygon object appears surrounding theisland, and it is selected by default. (If
your polygon is not selected, select it now.) Now you will change its color and
specify a shade pattern to fill it.

3 On the Tools dialog, double-click on the Polygon |=| button.

TheLine Style dialog box opensto let your set polygon attributes.

4 Click the Set Color button, choose a bright yellow color, then click OK to
close the Color Chooser dialog.

5 Under Fill Pattern, click on one of the diagonal line fill patterns.

The pattern you choose appearsin the Current Fill window on the dialog. The
polygon becomes yellow and isfilled with adiagona shade pattern.

6 Click Close on the Line Style dialog.
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Draw a shaded oval and move and resize it

On the Tools dialog, click on the Oval (1 button.

Point anywhere inside the image, drag an oval shape and release.

A shaded yellow oval appears. By default, the oval is selected (blue handles appear
at the four corners that define the oval extents).

On the Tools dialog, click the Select and Move/Resize Mode EE button.

Select and Move/Resize Mode letsyou move and/or resize the selected object.
Notice that the oval’s sel ection handles change—ow there are eight handles colored
yellow.

corner handles - use to resize
the object proportionally

side handles - use to stretch
or compress object

Point inside the oval, and drag it to a new location.
By dragging the object (not by a handle), you can move it on the image.

Point to one of the rectangle’s corner handles and drag it to increase the
rectangle size proportionally.

Point to one of the rectangle’s side handles and drag it to stretch or
compress the oval.

Draw, modify and position text strings

1

4

On the Tools dialog, click the Text Object | T § button.

The Text Style dialog box opens.

Click in the dark area near the lower-left part of the image (ocean).

A small box with four selection handles appears-thisiswhere your text will appear
on the image.

In the Text Style dialog, click in the Text field at the bottom to position the
cursor, then type Paci fi ¢ QOcean. Press Return or Enter to validate.

The text appears on the image as you type.

In the Text Style dialog box, select the following text attributes:
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Size: 14.0

Color: choose any bright color

Font: Helvetica-Bold

Notice that the text object automatically updates as you change the attributes.

Click in the dark ocean area on the lower-right of the image.

In the Text Style dialog, click in the Text field to position the cursor, then
type San Di ego Bay. Press Return or Enter to validate.

From the Angle (deg) drop-down list, select 315.0.

The“ San Diego Bay” text rotates 315 degrees counter-clockwise, so it now points
down toward the lower right.

On the Tools dialog, click the Select and Move/Resize Mode |[R]] button.

Point to the text block, and drag it to an appropriate position inside the dark
bay area on lower-right of the image.

You have now learned to draw and modify simple annotation objects such aslines,
polygons, and text. Next you will add map objects to your page.

Text drawn as annotation can be set to always print at an exact point size (the
Fixed Text option), or to scale up or down with the page when it is printed (the
Page Relative option).

3: Defining map objects

Objectives

Learn to use ER Mapper’'s Map Composition tools to place and modify map
objects such as scale bars, coordinate grids, north arrows, and others.

Zoom to the Page Extents to view the entire map page

1

On the Geoposition dialog, click the Page Extents button.

The image zooms out to the extents of the page defined for the algorithm, and the
annotation objects are redrawn at their proportional size. You can now add map
composition objects to your page.

Click Close on the Algorithm Geoposition Extents dialog to close it.

On the Tools dialog, click on the Map Rectangle button.
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The Map Object Select and Map Object Attributes dialog boxes open on the
right side of the screen.

These dialog boxes | et you drag and drop map objects onto the page in your image
window, and specify attributes for the objects.

Layout the types and positions of map objects

Before creating your map, it isagood ideato determine which types of map objects
you want to use, and their relative sizes and positions on the page. In this exercise,
you will create simple map with the following objects:

Title

Image Eastings/
{page contents) Northings
grid over

image

Company L+ | North

logo arrow

Scale bar

You will define these objects on the page in two ways:

» draw abounding box and drag-and-drop the object into it; or
» drag-and-drop the object onto the page and resize the bounding box afterward

Use the diagram above as a guide for the size and position of bounding boxes for
map objects you are asked to create in the next sections.

Add a scale bar centered below the image

1 Point to the area below the image on the page, and drag a short, wide
bounding box centered below it (refer to the previous diagram for the size
and position).

When you rel ease the mouse, the box is selected and handles appear at the corners.
This box will define the extents of your scale bar object on the page. (The box
appearsin the color you chose for the vector layer earlier.)
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In the Map Object Select dialog, select Scale Bar from the Category drop-
down list.

A list of icons representing various types of scale bar map objects appears. The
name of the object is shown in the status line at the bottom of the dialog when you
point to it.

Point to the icon titled Scale_Bar/Tick, drag it into the bounding box you
defined in the image window, and release.

The scale bar object is“dropped” into the bounding box and it draws afew seconds
later. The extents of your bounding box are now indicated by the yellow selection
handles. The default attributes for the scale bar appear in the Map Object
Attributes dialog box.

On the Map Object Attributes dialog, change the following attributes for
your scale bar:

Start Scale at Zero: Yes

Number of Divisions: 4 (press Enter or Return afterward)
Show Scale: No

Left Align Scale Bar: No

Notice that the scale bar object automatically updates as you change the attributes.
Turning off the left alignment centers the scale bar within your box.

Add a compass north arrow on the lower-right

1

Tip:

In the Map Object Select dialog, select North Arrow from the Category
drop-down list.

A list of icons representing various types of north arrows appears.

Point to the compass north arrow (North_Arrow/Compass), and drag it to
a position just right of your scale bar.

The north arrow object drops onto the page and draws afew seconds later at a
default size. If desired, make the arrow smaller by dragging the lower-right handle
to resize the bounding box.

ER Mapper’s north arrows are “ smart” and will always point to north on arectified
image.
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Add a company logo on the lower-left

1

Tip:

In the Map Object Select dialog, select Logo from the Category drop-
down list.

A list of icons showing some sample company |ogos appears.

Point to the ER Mapper logo icon, and drag it into a position left of the scale
bar.

The logo object drops onto the page.

You can add your own company logos as Postscript files and access them from the
standard L ogos category used here.

Add a main title above the image

1

Drag a bounding box centered at the top of the image window (leave some
space below it, refer to the previous diagram for the size and position).

In the Map Object Select dialog, select Title from the Category drop-
down list.

Point to the icon titled Title/Outline, drag it into the bounding box you
defined above the image.

On the Map Object Attributes dialog, change the following text and
attributes for your title:

Title: San Diego Image Map (press Enter or Return afterward)
Font Color: red

Thetitle object automatically updates as you change the attributes.

Define an Eastings/Northings grid over the image

1

In the Map Object Select dialog, select Grid from the Category drop-down
list.

Point to the Grid/EN icon, drag it onto the image.
The grid map object draws with a default position and attributes on the page.
On the Map Object Attributes dialog, click the Fit Grid button.

ER Mapper resizes and positions the grid to fit exactly to the extents of the image
on the page. (If desired, you could resize and position it manually.)

On the Map Object Attributes dialog, turn on the Fast Preview option.
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Fast Preview tells ER Mapper not to update the object interactively as you
change the attributes. (Since the grid is a complex object, you will change all the
desired attributes first, then refresh the object all at once to save time.)

On the Map Object Attributes dialog, change the following attributes for
your grid (use defaults for all others):

Grid Style: Full Grid

Grid Spacing X: 2,500 meters (2.5 km)
Grid Spacing Y: 2,500 meters (2.5 km)
Top labels orientation: Horizontal Right

On the Map Object Attributes dialog, turn off the Fast Preview option.
The grid map object is rendered using the attributes you defined.

Adjust the size or position of any object

1

2

If desired, you can easily resize or position any map object by moving or resizing
the bounding box that containsit.

In the Tools palette dialog, click the Select and Move/Resize Mode E_"t]
button.

Click on any map object to select it (the handles will appear), and drag the
bounding box to reposition it or change the size by dragging a handle.

Save the annotation/map composition file to disk

1

o O A~ W

On the Tools palette dialog, click the Save As | i { button.

The Map Composition Save As dialog box opens.
Select Vector File for the Save As option and click on the File Chooser

@ button to open the Save Map Composition File dialog.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, enter a name using your initials at the beginning,
followed by the text ‘map_composition.” Separate each word with an
underscore (). For example, if your initials are "KG," type in the name:

KG_map_conposi tion

Click OK to save the annotation file to disk.
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The annotation file contains al the objects you defined-the vector lines, text and
polygons you drew on the image, as well as the map composition objects, their
attributes, and position and size on the page.

Click Close on the Map Object Attributes, Map Object Select, and Tools
dialogs to close them.

Save the algorithm to update the changes

1
2

Note:

On the main menu, click the Save toolbar button.
When asked to confirm the overwrite, click OK.

Your algorithm can now be printed using the Print | & toolbar button or by
selecting Print from the File menu.

It isimportant to remember to save your algorithm after defining map objects.
Otherwise the annotation file will not be part of the algorithm when you attempt to
print it later.

Additional features of Map Composition

The preceding simple example covered only the basics of using ER Mapper's Map
Composition, and following are some additional features. Refer to the chapter on
creating maps in the ER Mapper User Guide for complete information.

If you drag an object into a bounding box that already contains an object, the old
object is replaced by the new one. Thisisan easy way to try several north arrows,
for example.

Objects that are dragged and dropped to replace a current object automatically
inherit any common attributes from the previous object. For example, if you have a
red north arrow in a bounding box and then drag in a scale bar object, the scale bar
automatically inheritsthe red color (since both objects have the“ Color” attributein
common).

Y ou can modify the default attributes of map objects and save them under your own
names (using Save As on the Map Object Attributes diaog).

Y ou can draw other image processing algorithms you’ ve created as map objects on
the page (using the Category: Algorithm onthe Map Object Select dialog).

Y ou can plot objects from external files like TIFF, EPS, or Targa (using the
Category: Image onthe Map Object Select dialog)

Y ou can import text directly from ASCI| text files and plot it on your map page
(using the Category: Text onthe Map Object Select dialog)
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Page Relative and Map Unit Relative map objects

The vector map objects you defined in this exercise have their position and size
specified relative to the page, rather than to map units (such as L atitude Longitude).
This allows you to create standard map sheets with objects that remain in afixed
size and position on the page, regardless of how the page is scaled or the extents of
the images used in the page contents are changed.

You can also specify the position of map objects in geographic coordinate units.
The position of each object istied to a particular geographic location and map sheet
size.

To specify amap object as map unit relative, turn off the Page Relative option on
the Map Object Attribute dialog box. The page relative attribute can be assigned
either before or after the object is dragged-and-dropped onto the page. See the

ER Mapper User Guide for more information.

Printing your map

When you want to print your final map algorithm (using File/Print or the Print

&1 button), ER Mapper asks for the name of the algorithm. When the print

operation begins, ER Mapper automatically locates, processes and renders all the
images used in the algorithm into one final print image. In this case, your map
algorithm uses four images—a Landsat raster image, a SPOT raster image, a vector
roads image, and a vector map annotation image (which you created).

Landszat

image
[ e | T - rinta
SPOT Pan | ol = A
image T San Diego Map
F algorithm or

vector roads| _— - S —
image ~ ile :
— -~ Posiscripi, etc)

Mmap comp |
image

Since the map algorithm is made of severa layers (and images), you can easily
changeit. For example, to print the image without the road network overlay, smply
turn off that layer in the algorithm, resave it, and print it.

Close all image windows and dialog boxes

1 Close all image windows using the window system controls:

Select Close from the window control-menu.
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2 Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Define Page Setup parameters for an algorithm

» Display GIS vector data over araster backdrop image

e Add an Annotation/Map Composition layer to an algorithm

» Draw annotation objects (lines, polygons, etc.) on your map

» Place map objects (grids, scale bars, etc.) on your map

» Specify color an other attributes for annotation and map objects
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Themartic raster
overlays

This chapter explains how you can create raster overlaysin ER Mapper to display
thematic data as solid or translucent colors over backdrop images. You will learn to
use formulas, Classification layers, and other features. You can use these simple
examples as the basis for developing more complex raster spatial modelling
applications in ER Mapper.

About thematic overlays

ER Mapper’s algorithm processing approach allows you to interactively extract or
derive data from multiple image bands (or from multiple images) and display the
result in color over another image used as a backdrop. Thistype of display is
commonly used to highlight areas meeting certain criteriain the context of a
backdrop image used to show an overall view of an area. You can aso define
regions on scattergrams and highlight those pixelsin color on an image.

The data for the color overlay can be derived interactively from a single image, or
from multipleimages when virtual datasets are used. For example, you could derive
a sengitivity index based on slope and aspect from a DEM image and vegetation
cover/type from a Landsat image, and display the result in color over a SPOT
Panchromatic greyscale image used as backdrop. Any of the parameters can then be
adjusted to modify the criteria and display the updated image.
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Hands-on exercises

What you will
learn...

Before you
begin...

These exercises give you practice using Classification and other raster layer types
to display color overlays of thematic data. The thematic data can be extracted from
one or more raster images using formulas, filters, and other means.

After completing these exercises, you will know how to perform these tasksin
ER Mapper:

Display raster thematic datain solid color over images

Display raster thematic data in translucent color over images

Use formulas to define criteria for displaying thematic color overlays

Define aregion of data values in a scattergram and highlight them on the image
Display the three type of classesin three surface

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Simple threshold overlays

Objectives

Learn to add a Classification layer to an algorithm to display afeature defined by
athreshold in one band of an image, or data derived from multiple bands such as
aband ratio. In this case, you will derive thematic information on water and
vegetation areasin a Landsat TM image and highlight them as color overlays.

Display a Landsat TM RGB algorithm

-}

1 On the Standard toolbar, click on the Open |={ button.

An image window and the Open Algorithm dialog box appear.

From the Directories menu, select the path ending with the text \examples.
Double_click on the ‘Data_Types’ directory to open it.

In the directory named ‘Landsat_TM, load the algorithm named
‘RGB_321.alg’

This algorithm displays an RGB color composite of bands 3, 2 and 1 of a Landsat
TM image covering a portion of the San Diego, California metropolitan area. The
dark areasin the lower portion are ocean.
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5 Click on the Edit Algorithm ﬂ button to open the Algorithm window.

Add a Classification layer and load the Landsat image

1 Onthe Algorithm window, select Classification from the Edit/Add Raster
Layer menu.

A Classification layer is added to the layer list.

2 Click the Load Dataset @ button in the process stream diagram for the
new layer to open the file chooser dialog.

3 From the Directories menu, select the path ending with the text \examples.

In the directory named ‘Shared_Data’, load the image named
‘Landsat_ TM_year 1985.ers’.

Thisis the same image loaded in the RGB layers of the agorithm. You will use a
formulato define athreshold one band of the image and display the result asa color
overlay.

5 Turn off the classification layer by right-clicking on it and selecting Turn Off.

The classification currently covers the image with an all white layer. Turn it off for
the moment to make the image visible.

Determine the threshold value for ocean areas

Next you will use traverse extraction to determine a data threshold between land
and ocean areas of the image using band 5 of the Landsat data. You will use this
information to highlight the ocean areasin color using the Classification layer.

1 From the View menu, select Traverse....
New Map Composition and Traverse diaog boxes appear.

2 Onthe New Map Composition dialog, be sure the Vector File option is
selected, then click OK.

An ER Mapper warning dialog and the annotation Tools palette dialog appear.
You will use the vector annotation tools to draw traverse lines on the image.

3 Click Close on the ER Mapper warning dialog to close it. (When using
annotation tools for other purposes the default Fixed Page mode is not
recommended, but it is fine for this exercise.)

4 On the Tools dialog, click the Annotation: Poly Line [~ { button.

5 As shown in the following diagram, define a traverse line starting from the
dark ocean area at the bottom and extending through to the land areas
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beyond. (Click once at the start point, click once at the end point, then
double-click to end the line definition.)

A profilelinefor band 1 appearsinside the ER Mapper Traverse dialog.

6 Onthe ER Mapper Traverse dialog, click the Bands: |t={ button.

7 Onthe Traverse Band Selection dialog, press the Ctrl key on your
keyboard, then click on B5:1.65_um in the list to select it.

8 Click OK on the Traverse Band Selection dialog.

A single profile for band 5 appears. Notice that the value in band 5 dipsto less than
20in all areas of ocean, and jumps up to greater than 20 in land areas. TM band 5

records middle infrared reflectance, which istypically very low in water areas due
to strong absorption of infrared light. You will use this value of 20 as the threshold
in your formulato highlight ocean areas.

Tip:  You could aso usethe Cell Values Profile feature under the View menu to
determine this threshold.

9 Click Close on the ER Mapper Traverse dialog to close it, then click Close
on the Tools dialog to close it also.
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10 When asked to save the current annotation, click No.

Define a formula to mask water from land

1

2

Turn on the Classification layer by right-clicking on it and selecting Turn On.

With the Classification layer selected, click the Edit Formula gge button in
the process stream to open the Formula dialog box.

In the Generic formula window, edit the formula text to read:
if inputl < 20 then 1 else null

Thisformulatells ER Mapper “if theimage data valuesin the selected band are less
than 20, then set the valueto 1, else set it to null.” Any pixelswith avalue less than
20 are considered water, and 20 or greater are considered land.

Click the Apply changes button to validate the formula.

In the Relations window, select B5:1.65_um from the INPUT1 drop-down
list.

The threshold formula now references band 5 of the Landsat image.

Click Close on the Formula Editor dialog to close it.

Choose an overlay color and name and display the image

1

Note:

In the process diagram, click the Edit Layer Color &8 button.

Choose a blue color, then click OK to close the Color Chooser dialog.

In the Classification layer’s text description field (on its left side), type the
description text wat er ar eas and press Enter or Return.

The areas of ocean in theimage are highlighted in a blue mask (areas where band 5
values meet the criteria of being less than 20). Other areas that do not meet that
criteria are assigned the value null by the formula, so the color composite image
created by the RGB layers “ shows through” the blue mask in those areas.

You may add additional Classification layersto display overlaysin other colors
meeting other criteria. Classification layers on top of the layer list take display
priority over others below them. For example, if two Classification layers would
cover overlapping areas, the color of the layer on top covers the color in the layer
below it where the two overlap. The color of the lower layer is only visible where
there is no overlap. (Classification layers always cover other raster layer types,
regardless of their position among the other layer types.)
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2: Translucent color overlays

Objectives Learn to use Intensity layers along with Red, Green, Blue, or Pseudocolor layers
to create trand ucent color overlays that alow features underneath to show
through the color (as opposed to the solid color overlays you used earlier).

The concepts here are very similar to using Classification layers, but the color
overlays can be translucent instead of opague. This technigue is based on the

concept of colordraping (covered in another chapter) except that you are only
showing color in areas that meet a certain criteria.

Display the SPOT Panchromatic greyscale algorithm in a new (second)
surface

1 Click the right mouse button on the first surface.
A short-cut menu appears

2 On the Short-cut menu select the Turn Off option and turn off the first
surface

On the main window, select Open into New Surface from the File menu.
The Raster Dataset dialog box appears.

From the Directories menu, select the path ending with the text \examples.
Double_click on the ‘Data_Types’ directory to open it.

~N O 01 b~ W

In the directory named ‘SPOT_Panchromatic, load the algorithm named
‘Greyscale.alg.

Thisalgorithm displays a high resolution SPOT Panchromatic satellite image of the
San Diego area as agreyscale image.

Contrast stretch the SPOT Pan image

1 Onthe Algorithm window, click the post-formula Edit Transform Limits
L button.

2 Onthe Transform dialog, click the Gaussian Equalize E button.

ER Mapper applies a Gaussian equalize contrast stretch to the data, so more detail
appears in darker areas and the image appears lighter overall.

3 Click Close on the Transform dialog to close it.
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Change the Pseudocolor layer to Intensity
1 Click the right mouse button on the Pseudo Layer.
A short-cut menu appears
2 On the Short-cut menu select Intensity

The Pseudocolor layer changesto an Intensity layer. You will use thislayer to
create a greyscale backdrop image for your translucent color overlays.

The image does not change because displaying datain an Intensity layer by itself
looks exactly the same as displaying the image in Pseudocol or with agreyscale
lookup table.

Change the Color Mode to Red Green Blue
1 Click on the Surface tab
The setting of the second surface appears
2 From the Color Mode drop-down list, select Red Green Blue.

You will be adding a Green layer next, so you will need to use Red Green Blue
color mode to make it active (since Green layers are not valid with Pseudocol or
color mode).

Add a Green layer and load the same Landsat image

1 Onthe Algorithm window, select Green from the Edit/Add Raster Layer
menu.

A Green layer is added to the layer list.
2 Click the Layer tab on the Algorithm window
The process stream diagram of the layer appears

3 Click the Load Dataset ﬁ button in the process stream diagram for the
new layer to open the file chooser dialog.

From the Directories menu, select the path ending with the text \examples

In the directory named ‘Shared_Data’, load the image named
‘Landsat_TM_year 1985.ers!

6 Inthe Green layer’s text description field, type the description text gr een
veget at i on and press Enter or Return.
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Define a formula to highlight vigorous green vegetation

1

With the Green layer selected, click the Edit Formula gmg button in the
process stream to open the Formula dialog box.

From the Ratios menu, select Landsat TM NDVI.

ER Mapper loads the Normalized Difference Vegetation Index (NDV1) formulafor
Landsat TM data into the Generic formula window.

In the Generic formula window, edit the formula text to read:
if (il-12)/(il1 +1i2) >threshold then 1 else null

Thisformulatells ER Mapper “if the data values generated by the NDVI formula
are greater than a variable named ‘threshold,’ then set thevalueto 1, else set it to
null.” You can now set the value to be used for the ‘threshold’ variable.

Click the Apply changes button to validate the formula.
Above the Relations window, click the Variables button.

The value currently assigned to the variable named ‘threshold’ (zero) displaysin
the Relations window.

Edit the value in the ‘threshold’ text field to read 0. 4 and press Return or
Enter.

Display the image with the translucent color overlay

Tip:

The areas with NDV | values exceeding 0.4 are highlighted in a translucent green
color. Areaswith high NDV I values are generally parks, golf courses, or other areas
with irrigated grass or other vigorous vegetation.

Notice that the surface features show through the colored areas, so you still see
underlying structure. This type of display technique can be valuable for
highlighting featuresin color and still be able to analyze areas of interest
underneath them. It is sometimes less distracting or more visually pleasing to
identify features using translucent color than by using solid colors.

When using this technique, dark features underlying colored areas will not be as
visible as brighter features. You may want to adjust the transform of the Intensity
image to increase the brightness and visibility of these features.

Decrease the NDVI threshold variable in the formula

1

In the Formula Editor dialog, edit the value in the ‘threshold’ text field to
read 0. 3 and press Return or Enter.
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The areaswith NDV I values exceeding 0.3 are highlighted this time, so more fringe
areas and areas with less vigorous natural scrub vegetation are also displayed in
green. Although this example is simple, it gives you an idea of how using variables
can help you interactively test and develop raster spatial modelling applications.

2 Try other threshold values between zero and 0.5 if desired.
3 Click Close on the Formula Editor dialog to close it.

3: Slope and aspect overlays

Objectives Learn to create overlays that highlight specific ranges of slope and aspect in a
digital terrain model (DTM). Also learn to use filtersto generate slope and aspect
images.

Load a DTM image into a new (third) surface

1 Click the right mouse button on the second surface.
A short-cut menu appears

2 On the Short-cut menu select the Turn Off option and turn off the second
surface

3 On the Algorithm window, click on the Add New Surface ﬂ button and
add a new surface.

Click on the + sign of the new surface.
An inactive Pseudo Layer appears.

Click on the inactive Pseudo Layer.

7 Click the Load Dataset ﬁ button in the process stream diagram for the
new layer to open the file chooser dialog.

From the Directories menu, select the path ending with the text \examples

In the ‘Shared_Data’ directory double click the file named
‘Digital_Terrain_Model.ers’ and load the DTM image into the Pseudo Layer.

ER Mapper displays the DTM image of San Diego.

Create a colordrape image

1 Duplicate the Pseudo Layer of the ‘Digital_Terrain_Model.ers’ image by
clicking the Duplicate ‘ button on the Algorithm window.
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Click your right mouse button on the duplicated Pseudo Layer.
The short-cut menu appears.

Select Intensity on the short-cut menu to change the Pseudo Layer to
Intensity.

The Pseudocolor layer changesto an Intensity layer. You will use thislayer to
create a colordrape image.

5 Highlight the Intensity Layer.

6 Onthe Algorithm window, click the Edit Realtime Sunshade 2 button in
the process stream.

The Edit Sun Angle dialog box opensto let you specify shaded relief effects for
the Intensity layer.

£52 Edit Sun Angle [[E]

click to turn I~ o sur-shading
shading on/off T :

Azimuth: |45 H——t— typein values

| ——or click arrow
Elesvatior: |45 ﬁ/ to increment

diagram showing ———dragicon to

I I change sun
sun position )
' . azimuth and
relative to horizon .
elevation

(outer circle) or
overhead (center) Close | Help |

7 Turn on the Do sun-shading option.

ER Mapper displays the colordrape image of the ‘Digital_Terrain_Model.ers’ San
Diego DTM image.

Sun Angle shading is now active for the Intensity layer, and the Edit Realtime

Sunshade button in the process diagram changes to indicate this.

Add a Classification layer and load the DTM image

1 Onthe Algorithm window, select Classification from the Edit/Add Raster
Layer menu.

A Classification layer is added to the layer list.
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2

Click the Load Dataset ﬁ button in the process stream diagram for the
new layer to open the file chooser dialog.

From the Directories menu, select the path ending with the text \examples.

In the directory named ‘Shared_data’, load the image named
‘Digital_Terrain_Model.ers’ by clicking the OK this layer only button on the
Raster Dataset file chooser dialog.

Thisis the same image loaded in the Pseudocolor and Intensity layers of the
algorithm. Next you will load afilter to calculate slope from the San Diego DTM
data, and then use aformulato display a specific range of slopes as a color overlay.

Load a filter to calculate slope in degrees

1

With the Classification layer selected, click on the pre-formula Edit Filter

(Kernel) 3 button in the process stream diagram. (The pre-formula filter
button is on the left side of the Formula button.)

From the File menu (on the Filter dialog), select Load....
The Load filter file chooser dialog box appears.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_ DEM’ directory to open it.
Double-click on the filter 'slope_degrees.ker’ to load it.

The filter settings are displayed in the dialog box fields. Asindicated, this 3 by 3
filter iswritten in C code, not using a weighted convolution array.

Sopeisameasure of steepness of terrain, or the change in the vertical component
of the DTM data. This dope filter generates data valuesin degrees from the
horizontal, so the slope values range from O (flat terrain) to 90 degrees (vertica
terrain). (ER Mapper also provides afilter to calculate Slopes in percent.)

Click Close on the Filter dialog to close it.

Since your slope calculation is generated with apre-formulafilter, you can now use
aformulato isolate a specific range of slopes for your thematic overlay.

Enter a formula to show slopes more than 30 degrees

1

2

Click the Open Formula editor gme button in the process stream to open
the Formula dialog box.

In the Generic formula window, edit the formula text to read:
if il > slope then 1 else null
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Thisformulatells ER Mapper “if the data values calculated by the slopefilter are
more than a variable named ‘slope, then set the valueto 1, else set it to null.”

Click the Apply changes button to validate the formula.
Above the Relations window, click the Variables button.

Edit the value in the ‘slope’ text field to read 30 and press Return or Enter.

o o~ W

Click Close on the Formula Editor dialog to close it.

Specify a layer color and name and display the image

1 In the process diagram, click the Edit Layer Color &% button.

2 Choose a yellow color, then click OK to close the Color Chooser dialog.

3 In the Classification layer’s text description field (on its left side), type the
description text sl opes > 30 degrees and press Enter or Return.

The surrounding areas of the San Diego with slopes more than 30 degrees are
highlighted in yellow. (These are the steepest areas of terrain such as scarps.) Note
that thisimage is 15 m resolution, so estimates of dope are generalized.

4 If desired, try different values between zero and 90 for your ‘slope’ variable
in the formula to highlight different slope ranges.

Add a Classification layer to show south facing aspects

1 With the Classification layer selected, click the Duplicate button on the
Algorithm window.

A copy of thefirst Classification layer is added to the layer list.

2 Click the Edit Layer Color &2 button, choose a red color, then click OK to
close the color chooser.

3 Change the layer description text to read SE- SW aspect s.

Load a filter to calculate aspect

1 With the Classification layer selected, click on the pre-formula Edit Filter
(Kernel) £ button on the left side of the process stream diagram.

2 From the File menu (on the Filter dialog), select Load....
The Load filter file chooser dialog box appears.

From the Directories menu, select the path ending with the text \kernel.
Double-click on the ‘filters_ DEM’ directory to open it.
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5

6

Double-click on the filter "aspect.ker’ to load it.

The filter settings are displayed in the dialog box fields. Asindicated, this 3 by 3
filter isalso written in C code.

Aspect isameasure of the compass direction a surface slope faces. This aspect filter
generates data valuesin degrees clockwise from north, so aspect values range from
0 to 360 degrees (avalue of 361 degreesis also generated for aflat surface with no
aspect). East-facing slopes have an aspect of 90 degrees, south facing slopes 180
degrees, and west-facing slopes 270 degrees. (Aspect is similar to the term azimuth
but refers directly to the orientation of dopes.)

Click Close on the Filter dialog to close it.

Enter a formula to show southeast to southwest facing slopes

1

6
7

Click the Edit Formula gme button in the process stream to open the
Formula dialog box.

In the Generic formula window, edit the formula text to read:
if il > aspectl and il < aspect2 then 1 else null

Thisformulatells ER Mapper “if the data values calculated by the aspect filter are
greater than a variable named ‘aspectl’ and less than a variable named ‘ aspect2,
then set thevalueto 1, else set it to null.”

Click the Apply changes button to validate the formula.
Above the Relations window, click the Variables button.

Edit the value in the ‘aspectl’ text field to read 135 and press Return or
Enter, and edit the ‘aspect2’ value to read 225 and press Return or Enter.

The values 135 and 225 correspond to southeast and southwest on the zero to 360
aspect scale, so the formula displays any slopes facing between those two compass

directions.
0
270 m 90

225 135
(SW) 180 (SE)

Click Close on the Formula Editor dialog to close it.

Turn off the other Classification layer displaying the slopes.
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The algorithm now includes your color aspect overlay.

The surrounding areas of the San Diego with southeast to southwest facing slopes
are highlighted in red. Asyou can see, these types of overlays and formulas provide
very powerful and flexible tools for spatial modelling applications.

If desired, try different threshold values between zero and 360 for the
‘aspect’ variables in the formula to highlight different aspect ranges.

4: Displaying algorithms on multi-surfaces
and applying transparency

Objective

Note:

Learn to use the transparency option and apply it on different surfaces

Click your right mouse button on the first surface

The short-cut menu appears

On the short-cut menu select the Turn On option and turn on the first
surface.

Click your right mouse button on the second surface
The short-cut menu appears

On the short-cut menu select the Turn On option and turn on the second
surface.

Click your right mouse button on the third surface
The short-cut menu appears

On the short-cut menu select the Turn On option and turn on the third
surface.

All the three surfaces are turned on.

Select the first surface and click on the surface tab
The settings in the first surface appear

Adjust the transparency to 50% for the first surface

The image in the first surface with 50% transparency is displayed on the image of
the second surface. Adjust the Transparency(% ) and see the affect of the
transparency on first and second surfaces.
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5: Scattergram region overlays

Objectives

Learn to define a cluster of data values in a scattergram to highlight those pixels
in acolor overlay on a corresponding image window.

Open a Landsat TM RGB algorithm

1

o

Click on the Open (2| toolbar button.

From the Directories menu, select the path ending with the text \examples.

In the ‘Data_Types’ directory named ‘Landsat_TM’, load the algorithm
named ‘RGB_321.alg’

This agorithm displays bands 3, 2 and 1 of an Landsat TM satellite image of the
San Diego area as a color composite image.

View a scattergram of the image data

1

From the View menu, select Scattergrams....
The Scattergram dialog box and New Map Composition dialog boxes open.

(If the algorithm page setup modeis ‘fixed page,’ you may see athird dialog
warning about annotation in thismode. If so, click Close to closeit.)

Click Cancel on the New Map Composition dialog to close it (you do not
need it for this exercise).

The Scattergram dialog automatically references the image in the active image
window (‘Landsat_TM_year 1985’). By default, the band 1 data values are shown
on the X axis, and band 2 valueson the Y axis.

Revise the scattergram bands and limits

1

In the Scattergram dialog, click the Setup... button.

The Scattergram Setup dialog opens.

From the Y Axis drop-down list, select B5:1.65 um.

Click the Limits to Actual button to set the X and Y axis limits to the actual
limits of the band 1 and 2 data ranges.

The scattergram is redisplayed to fill the window. TM bands 1 and 5 are not
strongly correlated, as indicated by the wide dispersion of points.
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Draw a region box on the scattergram to highlight ocean

Notice that the scattergram shows a dense cluster of data values near the axis
originsin the lower-left corner—these represent the ocean areas on theimage. Ocean
areas typically have lower reflectance than land areas, and there is a dense cluster
here because this image contains significant areas of ocean.

1 Inthe Scattergram dialog, point to the dense cluster and drag to define a
small box around it.

drag a box over
dense cluster ———{f =

When you release the mouse, ER Mapper runs the algorithm again and then draws
asolid color over pixelsin the image window whose data values fall within the box
limits you defined on the scattergram. By default, the overlay isdrawn in red.

Also natice in the Algorithm window that ER Mapper has added a Classification
layer to the algorithm titled * Scatter region.” It added this automatically and entered
aformulato define the data limits you specified by dragging the box.

Refine the region box on the scattergram

Notice that the small box on the Scattergram dialog is selected (it has “handles’
at the four corners). You can move or resize the box using the mouse.

1 Inthe Scattergram Setup dialog, turn on the Defer Display option.

Thistells ER Mapper to delay updating the scattergram until you finish changing
the desired options (moving or resizing the region box in this case).

2 Onthe Scattergram dialog, resize your region box by dragging a handle, or
move the box by pointing inside it and dragging to a new location.

3 After revising the box, click the Display button in the Scattergram Setup
dialog.
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ER Mapper redraws the box and updates the color overlay on the image to reflect
the new pixels falling within the box’s data limits.

Change the box location or size to highlight other clusters of pixels in the
scattergram, then click Display to highlight them on the image window.

Delete the scattergram region

1

With the region box selected, click Delete Region on the Scattergram
Setup dialog.

ER Mapper deletes the region box from the scattergram, and deletes the
Classification layer from the algorithm.

Close the scattergram dialogs

1
2

Turn off the Defer Display option.

Click Cancel on the Scattergram Setup dialog to close it, then click
Cancel to close the Scattergram dialog.

When asked whether to delete the scattergram layers from the current
algorithm, click Yes.

Close all image windows and dialog boxes

1

2

What you
learned...

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Display raster thematic datain solid color over images

Display raster thematic datain translucent color over images

Use formulas to define criteriafor displaying thematic color overlays

Display algorithms on multi-surfaces and applying transparency on upper surface/s
Define aregion of data values in a scattergram and highlight them on the image
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Creating image
MOSAICS

This chapter explains how to create algorithms to display and process two or more
separate image datasets asamosaic. You will learn how ER Mapper approachesthe
concept of mosaicing and how to build an image mosaic algorithm.

ER Mapper 6.0 introduced the Image Display and M osaicing Wizard and the
Color Balancing Wizard for Airphotoswhich simplified image mosaicing to a
large extent. The exercises in this chapter show you how to mosaic and balance
images manually and by using the wizards. The manual exercises are included to
give you background knowledge and can be skipped over.

About creating mosaics

In the context of remote sensing, amosaic is an assemblage of two or more
adjacent or overlapping images to create a continuous representation of the area
covered by the images. You might, for example, create a mosaic of several
overlapping satellite scenes or aerial photos to cover alarger geographic area. The
process of creating image mosaicsisvery smplein ER Mapper once the images
arerectified to the same coordinate space. Any number of co-registered images
used in the same processing algorithm are automatically displayed in their correct
geographic positions relative to each other.
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Note:

Image requirements for creating mosaics

In order for ER Mapper to create a mosaic, each of the images must have the
following in common:

they must be registered to the same geographic datum
they must be registered to the same map projection
they must be rotated the same amount from north (if rotation is used).

You will learn how to rectify images to datums and map projections later.

ER Mapper mosaic capabilities

Other than having a common datum and map projection, you can create mosaics
that contain very different types of data. Animage mosaic can be built with datasets
that have:

different numbers of bands (i.e., seven for Landsat TM versus three for SPOT XYS)
different dataformats (i.e., byte format versus floating point format)
different resolutions or cell sizes (i.e., 30 meter versus 10 meter).

Image display priority

By changing the order of the algorithm layers containing the separate image
datasets, you can control dataset display priority (that is, which images appear on
top of othersin the event of overlap). Images |oaded into the uppermost layer of
any type aways appear on top of any other images in layers below where overlap
occurs between them.

Images loaded into the lowest layer of any type always have the lowest display
priority and will only be visible in areas where there is no overlap from datasets in
layers above them. For example, if you are mosaicing a high resolution image with
one of lower resolution, you can display the entire extents of the high resolution
image by putting its layer(s) on top in the algorithm layer list.

Layer priority only appliesto raster layers; vector layers always appear on top of
raster layersregardless of their position in the algorithm layer list.
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Hands-on exercises

What you will
learn...

Before you
begin...

These exercises show you how to create greyscale and RGB image mosaic
algorithms, and how to use histogram matching and feathering to help balance
image contrast and blend seam lines between images.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Create an image mosaic by building an algorithm containing two or more sets of
layers of the same type

Specify different processing for each image in the mosaic

Specify image priority for the mosaic (which images appear on top of othersin the
event of overlap)

Use histogram matching and feathering to minimize seams in mosaics

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Creating a greyscale image mosaic

Objectives

Learn how display severa overlapping imagesin different Pseudo layersto create
an image mosaic, and learn to specify image priority in areas of overlap.

Note: The sampleimages used in the following exercise were previously rectified to the

same map projection, so they can be displayed together in amosaic.

Select files to display and mosaic

1 Onthe Common Functions toolbar, click the Image Display and

Mosaicing Wizard E button.

The Select files to display and mosaic page of the Image Display and
Mosaicing Wizard opens
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2 Click the Load Image =& button.

Which image, algorthm or vector filels) do you
wish to display?

drphotota BalancingWADAR_Del Mar 1.ers E,.?l

The Select File dialog opens.

3 From the Directories menu (on the Select File dialog), select the
\examples path.

Double_click on the ‘Applications’ directory to open it.
Double_click on the *Airphoto’ directory.
Open the ‘3_Balancing’ directory.

~N oo o1 B~

Double-click on the image dataset ‘ADAR_Del_Mar_1.ers’ to select it.

This dataset is a high resolution image covering a portion of Del Mar, California
near San Diego. This dataset is a multispectral image acquired by the ADAR 5000
system mounted on an aircraft. The data values represent reflectance of light in
three different wavelengths (similar to a multispectral satellite image).

8 Select the following options on the wizard page:

@& Display image in 2D
" Display image in 30

¥ Manually set display method

¥ Masaic all files of this type

¥ Manually set mosaic method

Display image in 2D Image will be displayed in a 2D mode.

Manually set display method Enables you to set how the imageisto be
displayed. If you do not select this option,
the wizard will set the display method.

Mosaic all files of this type The wizard will search for files of the
same type and automatically mosaic them.

Manually set mosaic method  Enablesyou to set how the images are to
be mosaiced. If you do not select this
option, the wizard will set the mosaicing

9 Click on the Next> button to go to the next wizard page.
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Select file types to mosaic

This page allows you to specify the characteristics and location of image files that
the wizard must search for to mosaic with the image already selected.

1 Select the Manually set mosaic properties option. Do not select the other
options on the page.

Files to maosaic can have different:

[ Cell sizes

™ Types of data

™ Mumber of hands

In addition to mosaicing files in this directory:
[ Include sub directories

[ Include directories at the same level

You can contral how the mosaic is done

¥ Manually set mosaic properies

The images to be mosaiced all have the same cell sizes, data types and number of
bands. They are aso in the same directory.

2 Click on the Next> button to go to the next wizard page.

Select mosaic properties
This page allows you to specify properties of the mosaiced image.

1 Select the Feather blend mosaic between images options. Do not select
the other two options.

™ Don't include final transform

Only use these options after creating stitch
region polygons for all images being mosaiced
™ Use stitch region for mosaic

Stitch region to uge ;| Stitch

¥ Feather blend mosaic between images

To simplify the exercise, we will not be defining and using stitch regions.

2 Click on the Next> button to go to the next wizard page.

Select display method
This page allows you to specify how you want the mosai ced image to be displayed.
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1 Selectthe Greyscale display option and Manually select display method
properties.

=elect how to display the image

&+ Greyscale
" Red Green Blue
" Sunshade
" Colordrape

¥ Manually select display method properties

2 Click on the Next> button to go to the next wizard page.

Select display band
This page allows you to select the image band to display as a greyscale.
1 Select band B1 from the drop-down menu.

Greyscale display mode properties.

Band to display:lEH:D.BEEl_um x|

2 Click on the Next> button to go to the next wizard page.

Mosaic and display the images

The wizard searches the current directory and mosaics and displays the following
images:

e ADAR Dd Mar les

« ADAR De Mar 2.es

ADAR De Mar 3.ers

For the moment, leave the Image wizard has finished page open.

Drag the lower border of the image window downward about 50%.

w N P

Right-click in the image window, select Quick Zoom, then Zoom to All
Datasets.

ER Mapper zooms out to show the full extents of all three ADAR images.

Since thisimage mosaic is taller than it is wide, increasing the window’s width
would have created a large unfilled area on the right side. Thisis an example of
shaping the window to best fit a particular image display.
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4 On the main menu, click the Edit Algorithm ﬂ button.
The Algorithm dialog box opens.

You now have aalgorithm that displays band 1 of each dataset as a greyscaleimage
mosaic.

[ Surfnce| Lm'_-,rerl
& Psaudo Layer ADAR_Del_Mar_1.ers

& Pzoudo Layer

% [Ps]: Pseudocaolaor

= —[61:0850_um ¥

¢ Pseudo Layer ADAR_Del_Mar_2 ets

= —[e10850_um =]
ADAR_Del_Mar_3ers

= —[B10850_um =]

5 If necessary, use the Move Up and Move Down ‘ &l ”il buttons to
arrange the layers so that they are as shown in the diagram above.

Turn the center image on and off
1 Right-click on the middle ‘Pseudo Layer’ and select Turn Off.
Only the top and bottom images display (since the center image is turned off).
2 Right-click on the middle ‘Pseudo Layer’ and select Turn On.

The center image redisplays in its appropriate geographic position again. Any
images in amosaic can be displayed or not displayed by turning their layers on or
off.

Zoom in to the geographic extents of any image dataset
1 Widen the image window
2 Select the top ‘Pseudo Layer ((ADAR_Del_Mar_1’) in the algorithm.

3 Right-click in the image window, select Quick Zoom, then Zoom to
Current Dataset.
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ER Mapper zoomsin to the full extents of the ‘ADAR_Del_Mar_1' dataset (but
also displays part of the lower dataset that occupies the same extents).

Zoom to Current Dataset letsyou instantly zoom in or out to the extents of any
raster image dataset(s) in the currently selected layer, so it isvery useful for mosaic
algorithms.

2: Creating an RGB image mosaic

Objectives Learn how display several overlapping imagesin different sets of red, green, and
blue raster layersto create an RGB image mosaic.

We use the Image Display and Mosaicing wizard to re-display the existing
greyscale mosaiced image as an RGB image.

The final page of the wizard should still be open from the previous exercise.

Change the image display method

1 Select the Back to Change display method button from the still open
Image Wizard has finished wizard page.

Back to Change ﬁlel

Back to Change masaic stg,flel

Back to Change mosaic prnpeniesl

Back to Change display method |

Back to Change display method prupertiesl

2 Onthe Select display method page, select the Red Green Blue option.

=elect how to display the image

" Greyscale
&+ Red Green Blue
" Sunshade
" Colordrape

¥ Manually select display method properties

3 Click on the Next> button to go to the next wizard page.
4 Select RGB 123 as the Red Green Blue display mode type.
This option allocates band 1 to Red. band 2 to Green and Band 3 to Blue.
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5 Click on the Next> button to mosaic and display the images, and to go to
the final wizard page.

The wizard will now display the mosaiced image in RGB mode.

6 Click on the wizard Finish button to exit the wizard. Do not close the image
window yet.

3: Color balancing the mosaic

Objectives Learn how to use the Color Balancing Wizard for Airphotos to color balance
mosai ced images so that they interface seamlessly with one another.

Open the Image Balancing Wizard for Airphotos

1 Click on the Image Balancing Wizard for Airphotos El button on the
Common Functions toolbar to open the wizard.

% Image Balancing Wizard [2.1]

B
,. A Yol can use this wizard to guickly balance

images to produce seamless Mosaics.

Your original image will not be changed.
1 Mo intermediste image files are created.

i| The balanced imade rezults are crested using
[ an ER Mapper smart data algarithm.

[ Images have changed and need reanalyzing

(vou should not need to select thiz option))

Mext = | Cancel

The wizard processes the currently active image window which you left open after
the previous exercise

2 Click on the Next> button to go to the next wizard page.
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Analyze images for balancing

The wizard requires the images to be analyzed before it can do the balancing. The
analysisinformation is stored in the image dataset header files. If the images have
not yet been analyzed, the wizard will now do so.

1 Click on the Next> button for the wizard to analyze the images.

The wizard will calculate the statistics for the three ADAR images and write the
information into their respective header files.

2 Click on the Next> button to go to the next wizard page.

Select how to balance the images

In addition to color balancing, you also have a number of options for clipping the
image. These are described below:

Original Remove any color balancing and display the
unbal anced images.
The white boxesin the diagram show the extents
of the individual images with their edges
removed.

Balanced Display the balanced images but do not clip
edges.

Balanced Display the balanced images and remove the

with no black or white edges.

black/ It is preferable not to select this option when
white balancing images that have very dark water, near
edges the edges of the image. The color balancing

wizard for airphotos may select too much of the
image as dark edges to be removed.

Note: Some images are supplied with their
black edges already removed, in which caseit is
not necessary to select this option.
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Balanced =~ When mosaicing images, compute clip regions

with clip to hide the edges between images.

regions Clip regions are areas of overlap that are
trimmed off to create a seamlessjoin. The
wizard re-computes the clip regions every time
you run it.
By default, the wizard turns feathering ON for
when balancing with clip regions, and OFF in all

other cases.
Correct If your image has large areas with low contrast,
for water such as water, they could be discolored by the
areas. balancing process. Select this option to prevent
this happening.
Show clip  Create avector layer which outlines the clip
regionsas regions.
a vector
overlay P

1 Selectthe Balanced with clip regions option.

Select how to balance the images:

" Qriginal
" Balanced
" Balanced with no hlackiwhite edges

&+ Balanced with clip regions

[~ Carrect for water areas

[ Show clip regions as vector overlays
Blue Haze Filter; |N|:|ne x|

2 Click on the Next> button for the wizard to balance the images and go to
the Color matching page.

The wizard will balance and clip theimage. It will then display it in theimage
display window as the temp-balance algorithm.
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Color matching the image

You can choose whether you want the wizard to match the colors to the whole
mosai ced image or to one of theimagesthat are art of the mosaic. Alternatively you
can skip the color matching altogether. For this exercise we will match the color to
the 'ADAR_Del_Mar_3.ers’ image.

1 Select the Match colors to individual file option, and then click on the
Next button.

%% Match overall mosaic color ko an original image

Y B e

Select an image to match the mosaic to.

Thiz must be one of the ariginal images. For best
resultz, the image should contain a range of
different land use types.

IJns'l.&irpthn'l.S_ElaIann:ing'lADAH_Del_Mar_S.ers

[ Apply 99% clip to original image

| = Rark I Pyt = I Canrel

2 Use the file chooser button to select the image to which the colors are being
matched. In this case we will select ‘ADAR_Dek Mar_3.ers’.

3 Select the Apply 99% clip option to improve the contrast and click on the
Next button.

Caution: Do not select the Apply 99% clip option if you are going to compress
theimage. You will not be able to reverse it when the image is decompressed.

Thewizard will display the status of the color matching. This can take sometimeto
finish. It will then display the final balanced and matched image in temporary
algorithm.

4 Click on the Finish button to exit the Color Balancing Wizard for Airphotos.
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Close the image window and Algorithm dialog

1

What you
learned

On the main menu, select Close from the File menu to close the image
window.

Click Close on the Algorithm dialog.
Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Create an image mosaic using the Image Display and Mosaicing Wizard
Use the Color Balancing Wizard for Airphotos to balance the mosaiced images.

4: Creating a greyscale image mosaic
manually

Objectives

Note:

Therest of the exercisesin this chapter involve using manua methods for
mosaicing images instead of using the wizards. We do recommend that you use the
wizards where possible. These exercises have been included for background
information, and you can skip over them if you so desire.

Learn how display severa overlapping imagesin different Pseudo layersto create
an image mosaic, and learn to specify image priority in areas of overlap.

The sample images used in the following exercise were previoudly rectified to the
same map projection, so they can be displayed together in amosaic.

Open a new image window and the Algorithm dialog

1

On the main menu, click the Edit Algorithm ﬂ button.
An image window and the Algorithm dialog box open.

Click the Surface tab (in the Algorithm dialog), and select greyscale from
the ‘Color Table’ list.

Click the Layer tab again to display the process diagram.
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Load a dataset into the Pseudo layer

1

o 0~ W

In the Algorithm dialog, click the Load Dataset ﬁ button in the process
diagram.

The Raster Dataset dialog opens—-move it below the image window (so the
image window and Algorithm dialogs are visible).

From the Directories menu (on the Raster Dataset dialog), select the
\examples path.

Double_click on the ‘Applications’ directory to open it.
Double_click on the ‘Airphoto’ directory.
Open the ‘3_Balancing’ directory.

Click once on the dataset ‘ADAR_Del_Mar_1.ers’ to select it, then click the
Apply button.

ER Mapper loads the dataset into the Pseudo layer and leavesthe Raster Dataset
dialog open (you will useit later load additional datasets).

This dataset is a high resolution image covering a portion of Del Mar, California
near San Diego. This dataset is a multispectral image acquired by the ADAR 5000
system mounted on an aircraft. The data values represent reflectance of light in
three different wavelengths (similar to a multispectral satellite image). Band 1 of
the three band dataset is displayed by default.

Create a mosaic by adding a second adjacent dataset

1

In the Algorithm dialog, click the Duplicate button.

t|8ls| »le|ae

=—3& [Ps]: Pseudocolar E Sun‘an:e|l

Duplicate button

® Pseudo Layer ADAR_C

A copy of the Pseudo layer is added to the layer list.

In the Raster Dataset dialog, click once on the dataset
‘ADAR_Del_Mar_2.ers’ to select it, then click the Apply this layer only
button.

ER Mapper |oads the dataset into only the selected Pseudo layer and leaves the
Raster Dataset dialog open.
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Note: Since the two Pseudo layers initially contained the same dataset, Apply or OK

would have loaded the ‘Del_Mar_2' dataset into both layers. When duplicating
layers, use Apply this layer only to load into only the selected layer.

A portion of the second image displays below the first one.

Zoom out to view the extents of both images

1

Tip:

Right-click in the image window, select Quick Zoom, then Zoom to All
Datasets.

ER Mapper zooms out to show the full extents of both ADAR images.

When building image mosaics, Zoom to All Raster Datasets lets you zoom out
to view the full extents of all images comprising the mosaic. To zoom to the extents
of specific dataset in amosaic, select the dataset’s layer then use Zoom to
Current Dataset.

Add a third dataset to the mosaic

1

Tip:

In the Algorithm dialog, click the Duplicate button.
A copy of the second Pseudo layer is added to the layer list.

In the Raster Dataset dialog, click once on the dataset
‘ADAR_Del_Mar_3.ers’ to select it, then click the OK this layer only button.

ER Mapper loads the dataset into only the third Pseudo layer and closesthe Raster
Dataset dialog.

As shown here, if you plan to load multiple datasets into an algorithm, it is often
easier to leave the Raster Dataset dialog open until you are finished. This saves
the time of opening the file chooser each time.

Drag the lower border of the image window downward about 50% so the
image mosaic fits into the window.

Since thisimage mosaic is taller than it is wide, increasing the window’s width
would create alarge unfilled area on the right side. Thisis an example of shaping
the window to best fit a particular image display.
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You now have aalgorithm that displays band 1 of each dataset as a greyscale image
mosaicC.

2 [Fel: Fseudocolor [ Surfm:e| Lﬂ'_l,l’EIl

& Psaudo Layer ADAR_Del_Mar_1.ers

& Pzoudo Layer

= —[61:0850_um ¥

< Pseudo Layer ADAR_Del_Mar_2 ers

= —[e10850_um =]
ADAR_Del_Mar_3ers

= —[B10850_um =]

Turn the center image on and off
1 Right-click on the middle ‘Pseudo Layer’ and select Turn Off.
Only the top and bottom images display (since the center image is turned off).
2 Right-click on the middle ‘Pseudo Layer and select Turn On.

The center image redisplays in its appropriate geographic position again. Any
images in amosaic can be displayed or not displayed by turning their layers on or
off.

Brighten the center image to enhance the seam lines

1 Select the middle ‘Pseudo Layer’ containing the ‘ADAR_Del _Mar_2’
dataset.

2 Click the post-formula Edit Transform Limits [ button in the process
diagram.

3 On the Transform dialog, click the Histogram equalize button.

The center image in the mosaic displays with more contrast between light and dark
areas than the top and bottom images, and the seam lines become clearly visible.
(Thisis helpful for understanding image display priority in the next section.)

4 Click Close on the Transform dialog.
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Change the display priority of the center image

1

Note:

Select the middle ‘Pseudo Layer (‘(ADAR_Del_Mar_2"), then click the Move

Up ﬁ button.

The layer containing the ‘ADAR_Del_Mar_2' dataset moves up, so it is now the
top layer (and has display priority over datasetsin layers below it).

The center image ‘ADAR_Del_Mar_2' displays on top of the other two datasets
where overlap occurs.

Point to the top ‘Pseudo Layer’ (ADAR_Del_Mar_2’), and drag it to the
bottom of the layer list.

The layer containing the ‘ADAR_Del_Mar_2' dataset now has the lowest display
priority.

The center image ‘ADAR_Del_Mar_2’ displays underneath the other two datasets
where overlap occurs.

When displaying two or more images in amosaic algorithm, the image in the top
layer in the Algorithm dialog appears on top of the others when the algorithm is
processed. The image in the lowest layer has the lowest priority and will only be
visible in areas where there is no overlap from other datasets in layers above it. By
adjusting to order of layers, you can set which datasets appear on top of othersin
areas where they overlap.

Zoom in to the geographic extents of any image dataset

1
2

Select the top ‘Pseudo Layer’ (ADAR_Del _Mar_1’) in the algorithm.

Right-click in the image window, select Quick Zoom, then Zoom to
Current Dataset.

ER Mapper zoomsin to the full extents of the ‘ADAR_Del_Mar_1' dataset (but
also displays part of the lower dataset that occupies the same extents).

Zoom to Current Dataset letsyou instantly zoom in or out to the extents of any
raster image dataset(s) in the currently selected layer, so it isvery useful for mosaic
algorithms.
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5: Creating an RGB image mosaic manually

Objectives

Learn how display several overlapping imagesin different sets of red, green, and
blue raster layersto create an RGB image mosaic.

When creating a mosaic algorithm in Red Green Blue (RGB) Color Mode, the
order of layers becomes slightly more complex but still works the same way as the
single Pseudo layers you used earlier. In this case, the RGB layers act together as a
set, so you normally want to keep them grouped together in the layer list in the
Algorithm dialog.

Load the template RGB algorithm

1

Geioorer  ndzimE|E] &) [0 ale/x] D@

a b~ w0 DN

S

On the main menu, click the Open |2 button.

T ER Mapper IS[=] E3

File Edit “iew Toolbars Process Utlites YWindows Help

8| e #| @ 1k| @]

Ewd

~|F| B|@ %

From the Directories menu, select the \examples path.

Open the ‘Miscellaneous’ directory.

Open the ‘Templates’ directory, then open the ‘Common’ directory.
Double-click on the algorithm 'RGB.alg’ to open it.

This algorithm is atemplate for displaying datasets in Red Green Blue (RGB)
Color Mode. The existing dataset is an airphoto of San Diego.

Load an ADAR image into the RGB layers

1

In the Algorithm dialog, click the Load Dataset @ button in the process
diagram.

From the Directories menu (on the Raster Dataset dialog), select the
\examples path.

Double_click on the ‘Applications’ directory to open it.
Double_click on the ‘Airphoto’ directory.

Open the ‘3_Balancing’ directory, then double-click on the dataset
‘ADAR_Del_Mar_1.ers’ to load it.
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ER Mapper loadsthe ‘ADAR_Del_Mar_1’ dataset into al three layers. (Since dll
three initially contained the same airphoto dataset, double-clicking, OK or Apply
loads the new dataset into all three automatically.) By default, band 1 isloaded into
the Red layer, band 2 in the Green, and band 3 in the Blue.

This ADAR dataset is the same image you displayed earlier, but is now displayed
as an RGB false color composite. Dataset band 1 (near infrared reflectance) is
displayed in the red layer, band 2 (red reflectance) in the green channel, and band 1
(green reflectance) in blue. Vegetation appears red, buildings appear blue or green,
and barren ground appears white.

Add a second group of new RGB layers

1 Selectthe ‘Red Layer’ in the layer list.

2 From the Edit menu (on the Algorithm dialog), select Add Raster Layer,
then Blue.

ER Mapper adds a new Blue layer below the Red layer. (Since no dataset isloaded,
the layer isturned off.)

3 From the Edit menu, select Add Raster Layer, then Green.
From the Edit menu, select Add Raster Layer, then Red.

Now you have a second set of RGB layers you can use to add a second image to
your RGB mosaic algorithm.

Load an adjacent ADAR dataset into the new RGB layers

1 With new Red (lowest) layer selected, click the Load Dataset ﬁ button in
the process diagram.

2 From the Directories menu (on the Raster Dataset dialog), select the
\examples\Application\Airphoto path.

3 Open the ‘3_Balancing’ directory, then double-click on the dataset
‘ADAR_Del_Mar_2.ers’ to load it.

The ‘ADAR _Del_Mar_2' dataset isloaded into al three new RGB layers. (If aset
of RGB layers has no dataset, they are treated the same as a set that has the same
dataset when loading data.)

4 Turn on the new Green and Blue layers by right-clicking them and selecting
Turn On.

When loading a dataset into a new set of RGB layers that do not already have one,
only the selected layer (Red in this case) is turned on by default. You must turn the
other layers on as shown here.
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Select bands for the new Green and Blue layers

All three of the new RGB layers contain band 1 of the dataset since that band is
always chosen by default when loading a new dataset into an empty layer.

1 Select the Green layer containing the ‘ADAR_Del_Mar_2’ dataset, then
select B2:0.650_um from the Band Selection list in the process diagram.

—® Fed Layer ADAR_Del_Mar_2.ers
% Green Layer = —+[B1080um = A
—® Blue Layer B1:0.850_um
Fed Layer
_% B3:0.550_urm
Blue Laye

select band 2 for second
Green layer

2 Click on the Blue layer containing the ‘ADAR_Del_Mar_2’ dataset, then
select B3:0.550 um from the Band Selection list.

You now have two groups of Red, Green, and Blue layers. Each group contains a
different dataset but the same assignments of band numbersto layer types (i.e.,
band 1 isloaded into both Red layers, band 2 in both Green, and so on.)

3 Right-click in the image window, select Quick Zoom, then Zoom to All
Datasets.

ER Mapper zooms out to display the full extents of both imagesin the RGB
mosaic. You could continue this process to add additional RGB layers for other
datasets in your color composite mosaic algorithm.

Creating multiple sets of RGB layers

There are several aternative ways to add additional sets of RGB layersto an
algorithm. Three of these alternatives are:

« Addanew Bluelayer (Edit/Add Raster Layer/Blue), load the new dataset into
it, then duplicate it twice and change the duplicate layers to Green and Red layers.

» Citrl-click three RGB layers containing the same dataset to select them, click Copy
Oy | thenclick Paste [ |. Thiscreates anew set of RGB layerswithin the same
surface that contain the original dataset, so you can then load the new one.

* UseFile/Add into Current Surface to add the layers from an existing RGB
algorithm into the selected surface of the current algorithm.
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6: Using histogram matching

Objectives

Learn how to use ER Mapper’s histogram matching feature to help balance
contrast between multiple images in amosaic.

Histogram matching isthe process of automatically modifying the transform line(s)
for one or more datasets to force their output histograms to match the output
histogram of areference dataset. Thisis a standard technique used to balance
brightness across a mosaic of datasets to help minimize seams and make them
appear to be one continuous image.

Look at the RGB mosaic you created in part 2 and notice the color difference
between the two images. This is due to the dightly different range and distribution
of data valuesin the two datasets. You will use histogram matching to alter the
transforms of the layers containing the ‘ADAR_Del_Mar_1' dataset to match the
output histograms of the layers containing the ‘ADAR_Del_Mar_2' dataset.

Open the Transform dialog box

1

2

Select the lowest Red layer in the algorithm (for ‘ADAR_Del_Mar_2").

Click the post-formula Edit Transform Limits [ button in the process
diagram.

The histogram for the Red layer of the ‘ADAR_Del Mar_ 2’ dataset is displayed.

If needed, move the Transform dialog so it does not overlap with the Algorithm
dialog or image window.

Histogram match the Red layers

1

2

In the Transform dialog, click the Histogram match button.

AL|L]
Histogram match button ﬁ |Z|
A

A dialog appears explaining the effects of the histogram match function and asking
you to confirm that you want to proceed.

Click Yes to proceed with the histogram match operation.
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3

Click the Move to next red layer button on the Transform dialog.

The next Red layer (for band 1 of ‘ADAR_Del Mar_1') is selected and its
histogram is displayed. Notice that it has a complex piecewise transform line-this
was automatically created by ER Mapper to make the output histogram match the
output histogram of the Red layer of the ‘ADAR_Del Mar_ 2’ dataset.

Histogram match the Green layers

1

In the Algorithm dialog, select the Green layer for ‘ADAR_Del_Mar_2’
dataset (the lower of the two Green layers).

Its histogram appearsin the Transform dialog.

In the Transform dialog, click the Histogram match button.

The transform line for the other Green layer is modified to match the output
histogram for the current Green layer. Notice the shape of the output histogram
(same as the input or solid green histogram in this case since the default linear
transform line is used).

Click the Move to next green layer button on the Transform dialog.

The Green layer for ‘/ADAR_Del Mar_1’ is selected. Notice the shape of the
output histogram (the outline histogram) approximately matches the shape of the
output histogram in the other Green layer. Thisiswhat histogram matching tries to
accomplish.

Histogram match the Blue layers

1

In the Algorithm dialog, select the Blue layer for ‘ADAR_Del_Mar_2’
dataset (the lower of the two Blue layers).

Its histogram appearsin the Transform dialog.

In the Transform dialog, click the Histogram match button.

Thetransform linefor the other Blue layer is modified to make its output histogram
match the output histogram of the current Blue layer.

Click the Move to next blue layer button on the Transform dialog.

The histogram for the ‘ADAR_Del_Mar_1’ layer and its modified transform line
are displayed.
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Note:

The brightness differences between the two datasets are minimized and they appear
much closer in color and contrast. This same technigue can be used to histogram
match many different images to a reference image. In this case,

‘ADAR _Del_Mar_2' was the reference image, and the transforms of the

‘ADAR Del_Mar_1’ layers were histogram matched to it.

Click Close on the Transform dialog.

You can apply other contrast stretching options such as autoclipping or Histogram
Equalization to your reference layersfirst, and then use histogram matching to
modify the other layers to match them. Thisislikely to be desirable in most cases.
(In this case the default linear transform was used for the reference layersto
simplify explanation.)

Histogram matching affects all layers contained in the same surface. For example,
if you have six sets of RGB layers, the other five Red layers will be matched to the
reference Red layer. Histogram matching does not affect layers in other surfacesin
an algorithm.

7: Using mosaic seam feathering

Objectives

Learn how to use ER Mapper’s mosaic feathering feature to help blend areas of
overlap to smooth seam lines between images in amosaic.

Feathering is the process of blending the data values in areas where two datasets
overlap so they gradually transition (or “feather”) from one to the other. Feathering
can help to reduce the visual effect of seams between two or more images and helps
them appear to be one continuousimage. Feathering isan option onthe Algorithm
dialog. It isonly available when you have more than one of the same layer typein
your algorithm (which is necessary to create an image mosaic).

Load the mosaic of four datasets algorithm

1

'}

On the main menu, click the Open || button.

From the Directories menu, select the \examples path.

Open the ‘Functions_And_Features’ directory, then open the ‘Data_Mosaic’
directory.

Double-click on the algorithm ‘Interactive_mosaic_of 4 datasets.alg.
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Thisalgorithm is a greyscale mosaic of four datasets with different spatial
resolutions—a Landsat TM image, a SPOT XS image, and SPOT Pan image, and a
digitized aerial photograph.

Zoom in on a seam line between two datasets

1 Click the ZoomBox Tool | @ | button on the main menu.

2 Drag a zoom box in the image to zoom in on the vertical seam between the
Landsat and SPOT XS images in the mosaic (see below):

(=] E3

2% === ¥ : Interactive_mozaic_of_4 datasets ===
-

zoom in on area where
images overlap

You should clearly see the seam line and difference in spatial resolution between
the two images (the SPOT XS image on the left has higher resolution).

Turn on the mosaic feathering option

Feathering works by blending, or averaging, the data val ues between two imagesin
the zone where they overlap:

100% 50/50 average 100%
image A of images A & B image B

v

zone
of
Image A overlap Image B

Comprehensive ER Mapper Training Workbook 309



Chapter 17 Creating image mosaics e 7: Using mosaic seam feathering

1 Onthe Algorithm dialog, turn on the Feather option.
turn on Feather option 4+|»— Feather W Smoothing

latasets

5| @|@Ele| B

The seam line between the two images is blended to create a smooth transition
between them. Feathering works by progressively blending the data valuesin the
two datasets in the area where overlap occurs. Since the feathering computations
occur in aleft to right direction, it works best on vertical seams such asin this case.

5.

%
A
*
.‘-

feathering off feathering on

Feathering can also be effective to hide small misalignments between features on
adjacent images. (However gross misalignments will create a blurred ook, and you
should consider rectifying one or both images again to improve this.)
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Close the image window and Algorithm dialog

1

What you
learned

On the main menu, select Close from the File menu to close the image
window.

Click Close on the Algorithm dialog.
Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Create an image mosaic by building an algorithm containing two or more sets of
layers of the same type

Specify different processing for each image in the mosaic

Specify image priority for the mosaic (which images appear on top of othersin the
event of overlap)

Use histogram matching and feathering to minimize seams in mosaics.
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Unsupervised
classification

This chapter explains how use ER Mapper’s ISOCLASS unsupervised
classification feature to group multispectral image data into thematic information
classes. You will learn to define clustering parameters, perform an unsupervised
classification, and assign feature categories and colors to the classes.

About unsupervised classification

Unsupervised classification is one of two methods used to transform multispectral
image data into thematic information classes (supervised classification being the
other). This procedure typically assumes that imagery of a specific geographic area
are gathered in multiple regions of the electromagnetic spectrum, for example
Landsat TM or SPOT XS multispectral satelliteimagery. (Classification can aso be
effective for other types of imagery. Please refer to an appropriate reference text for
complete information on classification.)

With unsupervised classification, the classification program searches for natural
groupings or clusters of the spectral properties of pixels, and assigns each pixel to a
class based on initial clustering parameters you define. Typically, you ask

ER Mapper to group the image data into a specific number of spectral classes and
give it parameters for when classes are to be split or merged as it searches for
groupings in the image data. After the classification is completed, you assign each
“gpectral” class to athematic information or feature class (such as water, urban,
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etc.) and acolor for the class display. ER Mapper usesthe ISOCLASS agorithm to
perform clustering of the image data during an unsupervised classification. For
information on how the ISOCL ASS program works, refer to Chapter 24,
“Supervised and Unsupervised Classification” in the ER Mapper User Guide.

A typical procedure for performing an unsupervised classification is as follows:

Clu_ster Run the ISOCLASS program to cluster the
the image image data into a user-defined number
data of spectral classes
Assign Display the output classified image and
class names assign each spectral class a name and
and colors color corresponding to a thematic class
Evaluate Evaluate the accuracy of the classification
classification by overlaying classes or using statistical
accuracy means, merge classes if needed, etc.

Hands-on exercises

These exercises give you practice using ER Mapper’'s ISOCLASS Unsupervised
Classification feature.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

» Specify clustering parameters and perform an unsupervised classification
» Assign colors and feature class names to the classified image

» Display aclassified image using a Class Display layer

» Compare aclassified image to areference image

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.
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1: Clustering the image data

Objectives

Learn how to use ER Mapper’'s |ISOCLASS unsupervised classification feature to
group or cluster multispectral image datainto several spectral classesin an output
image.

Display the Landsat image to be classified

1

Click the Open | = button.

An image window and the Open file chooser appear.

From the Directories menu, select the \examples path.
Open the ‘Data_Types’ directory, then open the ‘Landsat_TM’ directory.
Double-click on the algorithm ‘RGB_741.alg’ to open it.

Thisdisplays bands 7, 4 and 1 of the Landsat TM image on which you will perform
the unsupervised classification. (It is not necessary to display the image you want
to classify, but you will use it for comparison later.)

Open the Unsupervised Classification dialog box

1

From the Process menu, select Classification, then select ISOCLASS
Unsupervised Classification.

The Unsupervised Classification dialog box opens. Thisdialog letsyou
specify theinput raster image and bands to be used, the output image name, starting
classes to be used, and parameters for clustering the image data.

Specify the input image and bands to be used

1

2
3

'

Click the ‘Input Dataset’ | (= | chooser button.

From the Directories menu, select the \examples path.

Open the ‘Shared_Data’ directory, then double-click on the image
‘Landsat_TM_year 1985.ers’ to load it.

Click the ‘Bands to use’ | 2] chooser button.

The Band Selection dialog box appearsto let you choose which bandsin the
image to use for the clustering operation.

Drag through all seven bands listed to select them, then Ctrl-click on the
band labelled 6:11.45 um to deselect it.
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6

Bands 1-5 and 7 should now be selected. (Since Landsat TM band 6 contains data
in the thermal wavelengths, it is often not included in classifications.)

Click OK to close the Band Selection dialog.
Bands 1-5 and 7 now appear in the ‘Bands to use’ field.

Specify a name for the output classified image

1
2
3
4
5

Click the ‘Output Dataset’ | Z{ chooser button.

From the Directories menu, select the \examples path.
Open the ‘Miscellaneous’ directory.
Open the ‘Tutorial’ directory.

In the Save As field, type your initials followed by the text
10 _cl ass_| SOCLASS and separate each word with an underscore ().

Click OK to validate the filename.

Specify the ISOCLASS clustering parameters

1

In the ‘Maximum number of classes field,” enter the value 10 and press
Return or Enter.

Thistells ER Mapper to cluster the image data into a maximum of 10 spectral
classes. (Note that this example is simplified, and you would typically choose a
larger number of classes.)

All other default values on the dialog are appropriate for this simple exercise.

ER Mapper will use bands 1-5 and 7 in the image, and will generate one starting
class automatically (you could also use classes from another classified image to
start with if desired). The clustering will finish when amaximum of 10 classes are
created (although fewer are possible) and 98% of the clusters remain unchanged.

Perform the unsupervised classification

1 Click OK onthe Unsupervised Classification dialog to start the clustering

process.

The Processing Status dialog box appears to show the progress. ER Mapper
runs through several iterations to cluster the image data into classes, and splits and
merges classes as specified by the parameters you entered.

When the 98% unchanged parameter has been reached, the classification finishes
with 10 classes. ER Mapper then generates multivariate statistics for each class.

2 When the dialog appears indicating successful completion, click OK.
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3

Note:

Click Cancel on the Unsupervised Classification dialog to close both.

The output of the classification isasingle band image. Each pixel in the image has
avaue ranging from 1 to 10 (the number of classes that were generated). Next you
will display the output image and assign class colors and names.

If statistics have not already been generated for your input raster image, they will
be generated first when you start the classification (which may take a few minutes
depending on the image size).

2: Assigning colors and class names

Objectives

Learn how to view aclassified image in a Classification Display layer, and assign
colors and feature names to class numbers.

Open a template algorithm to display a classified image

1

o O A W DN

On the main menu, click the New | [1 | button.

An new image window appears-drag it below the other window.

Click the Open |Z{ button.

From the Directories menu, select the \examples path.

Open the ‘Miscellaneous’ directory.

Open the ‘Templates’ directory, then open the ‘Common’ directory.
Double-click on the algorithm ‘Classified_data.alg’ to open it.

A classified image of San Diego displays. Thisisatemplate algorithm you will use
to display the classified image you generated.

Load the classified image you created

1

Click the Edit Algorithm &/ button.
On the Algorithm dialog, notice that this algorithm has one layer of the type

‘Class Display.” The Class Display layer is designed to display images created with
ER Mapper’s classification functions.

Click the Load Dataset ﬁ button in the process diagram.

From the Directories menu, select the \examples path.
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Open the ‘Miscellaneous’ directory.

Open the ‘Tutorial’ directory, then double-click on your
‘10_class_ISOCLASS’ image to load it.

Theimage initially displaysin various shades of grey by default. Next you will
create a color scheme for the classified image.

Click Close on the Algorithm dialog.

Auto-generate a color scheme for the classes

1

From the Edit menu, select Edit Class/Region Color and Name....

The Edit Class/Region Detail dialog box opens. Thisdialog lists each classin
the image by number, and provides text fields for assigning names and a button to
choose colors.

Enlarge the dialog until all 10 classes can be viewed at once.
Click the Auto-gen colors... button.

The Auto-generate colors dialog box opens. This dialog lets you automatically
generate a color scheme for the classified image that simulates the colors of an
RGB image display. By default, an RGB=321 band combination is chosen, but you
will change it to an RGB=741 band combination.

Change the ‘Red Band’ value to 7, and the ‘Green Band’ value to 4.
Click the Auto-gen button.

The new color assignments for each class appear inthe Set color... buttons next to
the class number in the Edit Class/Region Details dialog.

Click Save on the Edit Class/Region Details dialog, and when asked to
overwrite the file click Yes.

The new color scheme for the classified image is now stored in the image header
(.ers)file.

Reload the image by clicking the Refresh Image button on the
Standard toolbar.

PR ER Mapper I [=] ES

Eile Edit “iew Toolbars Process Ulites Windows Help
D|E-”|EE|EI|I‘-_'I| %|
~|F| P& %

click to reload
image
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Note that the class color assignments make the image appear similar to the
RGB=741 imagein the other window. You can usethe Auto-gen colors option to
simulate the color scheme of any typical RGB band combination.

8 Click Close on the Auto-generate colors dialog.

Note: In order to display changes to the color scheme, you must save the changes and
then reload the image (to re-read the updated header file with the new colors). The

fastest way to reload the image isto click the Refresh Image button on the
Standard toolbar.

Close the Landsat TM RGB image window

1 Close the ‘RGB_741’ image window using the window system controls:

* Click the Close button in the upper-right window corner.
2 Move the ‘Classified_data’ image window to the upper-left on the screen.

Find the class representing ocean and color it blue

1 From the View menu, select Cell Values Profile.

The Cell Values Profile dialog box appears. Thiswill help you determine the
class number of pixelsin various areas of the classified image.

2 Turn on only the Values option.

3 On the main menu, click the Pointer Tool | & | button.

4 Drag the mouse through the dark areas near the bottom of the classified
image, and note the values appearing in the Cell Values Profile dialog.

These are ocean areas that were generally grouped into class 1.

28 Cell Yaluez Profile

B1:Classified 1 [ 1: unlabelled] | |
L ]

f

pixel value  current class label
(class number)

5 Inthe Name field for class 1 (on the Edit Class/Region Details dialog),
change the text ‘1: unlabelled’ to Ccean/ wat er .

Comprehensive ER Mapper Training Workbook 318



Chapter 18 Unsupervised classification e 2: Assigning colors and class names

6 Click the Set color... button for class 1, choose blue, then click OK.

define label for class number define class color by
entering color name or Set Color

1 I Ocean I blue

2 | 2 urlabelled |8382.128 Set colr..

3 | 3 uriabelled [132123140 [SeUEsE|

As shown above, you can also set the class color by entering a color name and
clicking Enter or Return.

Click Save on the Edit Class/Region Details dialog, and when asked to
overwrite the file click Yes.

Reload the image by clicking the Refresh Image button on the
Standard toolbar.

The pixels assigned to class 1 (which you interpreted as ocean) are colored blue.

Assign names and colors to the other nine classes

Tip:

1 Assign names and colors as desired to the other nine classes in the image

using the previous steps 4 through 6 (use the guide on the next page).

Generally you should use the Cell Values Profile dialog to determine the class
number of a specific feature type on the image, and then fill in aname for the class
and choose the desired color. This requires some subjective interpretation, and you
should pan and zoom on different areas as needed.

Another way to do thisisto pick abright color for aclass, save it, then see which
areas are highlighted. This may help determine what feature class nameto assignin
the context of the other classes.

To zoom using the mouse, remember to set the mouseto Zoom Tool & | to zoom,

and back again to Pointer Tool | k | to view cell values.
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Tip:

As ashortcut, the following class assignments are generally correct for thisimage
(colors are purely subjective choices, choose any you prefer):

Class Name Color

1 Ocean/water blue

2 Beach/sandy soils tan

3 Urban/industrial magenta

4 Natural vegetation dark green
5 Residential 1 red

6 Residential 2 pink

7 Mixed vegetation light green
8 Parks/golf courses green

9 Asphalt/tarmac brown

10 Cement/barrenland ~ white

The current color values (numbers) are RGB values that represent a specific color.
You can quickly change them to the colors above by typing the color name and
pressing Return or Enter (without using the Set Color button).

When finished, click Save on Edit Class/Region Details, then Yes to

overwrite the file.

Reload the image by clicking the Refresh Image button on the

Standard toolbar.

Click Close on the Cell Values Profile dialog.

Click Close on the Edit Class/Region Details dialog.
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3: Overlaying classification results

Objectives

Learn how to display a Classified image using transparency over areference
image, and to use aformula and Classification layer to display individual classes.

Open the Landsat TM 321 algorithm into a new surface

1

a b~ 0N

From the View menu, select Algorithm to open the Algorithm dialog.
From the File menu (on the main menu), select Open into New Surface.
From the Directories menu, select the \examples path.

Open the ‘Data_Types’ directory, then open the ‘Landsat_TM’ directory.
Double-click on the algorithm ‘RGB_321.alg’ to open it.

An agorithm (and it layers) are added as a second surface in the current algorithm.
(Thisdisplaysthe Landsat TM imagein “natural color, “ or RGB=321.)

Set transparency for the classified image

1

Select the top surface ‘[RGB]:Default Surface’ in the algorithm.

Since the classified image is on top of the RGB image, you must set transparency
for it to see the RGB image underneath.

Click the Surface tab.
Set the ‘Transparency’ slider to its mid-point.
The two images are blended so colors from both are visible.

Adjust the ‘Transparency’ slider to various settings.

By shifting the transparency back and forth to different levels, you can quickly see
how the natural color image underneath corresponds to the classes and colors of
your classified image. This can be an effective way to compare the results of your
classification to a reference image.

Add a Classification layer to the Landsat image surface

1
2

Click the Layer tab in the Algorithm dialog to display the process diagram.
Right-click on the top surface ‘[RGB]:Default Surface, and select Turn Off.
The classified image's surface is off, so it will not be displayed.

Select the lower surface ‘[RGB]:Landsat TM’ in the algorithm.

On the Algorithm dialog, open the Edit menu, select Add Raster Layer,
then Classification.
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9

A Classification layer is added to the algorithm layer list.

Click the Load Dataset ﬁ button in the process diagram.

From the Directories menu, select the \examples path.
Open the “Miscellaneous” directory.

Open the ‘tutorial’ directory, then double-click on your
‘10_class_ISOCLASS.ers’ image to load it.

In the process diagram, click the Edit Layer Color &% button.

10 Choose a yellow color, then click OK on the Color chooser dialog.

Add a formula to display pixels in individual classes

1

On the Algorithm dialog, click the Edit Formula Emé button in the process
diagram.

In the Generic formula window, edit the formula text to read:

if inputl=1 then 1 else null

Thisformulatells ER Mapper “if pixels have avaue of 1 (class 1) in theimage,
assign them avalue of 1 for display, else assign them avalue of null.”

Click the Apply changes button to validate the formula.
The ocean areas (class 1) display in yellow over the backdrop RGB image.

Display other classes over the backdrop image

1

In the Generic formula window, edit the formula text to read:
if inputl=4 then 1 else null

Thiswill display class4 in yellow.

Click the Apply changes button to validate the formula.

The natural vegetation areas (class 4) display in yellow over the backdrop RGB
image. Thisisanother way to help identify the feature class represented by a
particular cluster (class number), or assess the accuracy of a classification.

(Optional.) If desired, edit the formula to display any other class number by
changing i nput 1=x to a value 1-10. Choose any color desired.
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Close the image window and Algorithm dialog
1 Close the image window using the window system controls:
» Select Close from the window control-menu.
2 Click Close on the Algorithm dialog.
Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Specify clustering parameters and perform an unsupervised classification
» Assign colors and feature class names to the classified image

» Display aclassified image using a Class Display layer

» Compare aclassified image to areference image
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Supervised
classification

This chapter explains how to use ER Mapper’s supervised classification features to
transform multispectral image datainto user-defined thematic information classes.
You will learn to choose define training regions, perform a supervised
classification, and assign colors to the classes.

About supervised classification

Supervised classification is one of two methods used to transform multispectral
image data into thematic information classes (unsupervised classification being the
other). This procedure typically assumes that imagery of a specific geographic are
gathered in multiple regions of the electromagnetic spectrum, for example Landsat
TM or SPOT XS multispectral satellite imagery. (Classification can also be
effective for other types of imagery. Please refer to an appropriate reference text for
complete information on classification.)

In supervised classification, the identity and location of feature classes or cover
types (urban, water, wetland, etc.) are known beforehand through field work,
analysis of aerial photographs, or other means. You typically identify specific areas
on the multispectral imagery that represent the desired known feature types, and
use the spectral characteristics of these known areasto “train” the classification
program to assign each pixel in the image to one of these classes. Multivariate
statistical parameters such as means, standard deviations, and correlation matrices
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e About supervised classification

are calculated for each training region, and each pixel is evaluated and assigned to
the class to which it has the most likelihood of being a member (according to rules
of the classification method chosen).

A simplified procedure for performing a supervised classification is as follows:

Select
training
regions

#

Calculate
region
statistics

#

Evaluate
class
sighatures

#

Classify
the image

'

Display and
evaluate
classification

Use annotation tools to draw polygons
defining training regions in image (areas
of known feature types or cover classes)

Calculate statistics for pixels in each
training region (minimum, maximum,
mean values, standard deviation, etc.)

View and evaluate statistics for training regions
in tabular format or graphical format using
histograms or scattergrams

Select a classification type (decision rule),
and perform the classification to assign
each pixel to one of the feature classes

Display the output classified image, assign
colors to classes, and overlay classes or use
statistical means to assess accuracy
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Hands-on exercises

These exercises give you practice defining training regions and using ER Mapper’s
Supervised Classification features to perform a classification.

What you will After completing these exercises, you will know how to perform these tasksin
learn... ER Mapper:

» Draw polygonsto define training regions for a supervised classification
* View statistics, histograms, and scattergrams for each training region

» Perform asupervised classification

» Display aclassified image using a Class Display layer type

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Defining fraining regions

Objectives Learn to use ER Mapper’s vector annotation tools to define training regions
(polygons) representing feature or land cover classesin an image.

About regions. Regions are vector polygons that define an area of interest in an
image. Regions can be used to process or display parts of an image separately from
others, mask out parts of an image for mosaicing, define training sites as you will
do here, and other purposes. The definition of each region is stored in the header
filefor the raster image.

Create a practice image

1 Click the Edit Algorithm ﬂ toolbar button.

An image window and the Algorithm window appear.

2 On the Algorithm window, click the Load Dataset = button in the

process stream diagram to open the file chooser. The Raster Dataset
dialog box which is the file chooser appears.

From the Directories menu, select the path ending with the text \examples

In the directory ‘Shared_Data’, load the image named
‘Landsat_ MSS_notwarped.ers.
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5

MSS band 1 (MSS1) will be loaded into the Pseudo Layer.
If theimage is very dark, do not do anything about it at this stage.

On the Algorithm window click the duplicate button three times and

duplicate the Pseudo Layer with MSS1 three times. You have now 4 Pseudo
Layers with MSS1 band.

Use the process stream diagram Band Chooser for each layer on the
Algorithm window to load MSS1 (B1:0.55_um) in the first Pseudo Layer,
MSS2 (B2:0.65_um) in the second Pseudo Layer, MSS3 (B3:0.75_um) in
the third Pseudo Layer and MSS4 (B4:0.95 um) in the fourth Pseudo Layer.

= —[B2065um =
B1.0S5_um |

By turning off three layers at a time, display each band individually.

Edit the band descriptions and type in for band 1 (B1:0.55_um), for band 2
(B2:0.65_um), for band 3 (B3:0.75_um) and for band 4 (B4:0.95_um).

10 Turn on all the four layers.

11 From the File menu on the main menu select Save As.... Select

Tip:

ER Mapper Raster Dataset (.ers) as the file type and save it in the
examples\Miscellaneous\Tutorial directory as ‘Landsat_practice.ers’.

To maintain the original dynamic range of the image, select the delete transforms
option when saving it.

Load the practice image and display it as a RGB composite

1

On the Algorithm window, click the Load Dataset ﬁ button in the
process stream diagram to open the file chooser.

From the Directories menu, select the path ending with the text \examples.
Open the ‘Miscellaneous’ directory.

In the directory ‘tutorial, double-click on the image named
‘Landsat_practice.ers’.

On the main menu click on the Image Display and Mosaicing Wizard ll

button.
TheImage Display and Mosaicing Wizard dialog box opens.
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Select Change display in this window, and click on the Next> button.

 Display in a new window
 Add mare to this window
& Change display in this window

Select Red Green Blue, and click on the Next> button.

A status window will display the progress asthe ‘Landsat_practice’ imageis
displayed as RGB composite.

Click on the Finish button to close the Image Wizard.

Drag the image window by the lower-right corner to make it about 50%
larger.

10 Right-click on the image and select Zoom to All Datasets from the Quick

Zoom menu.
ER Mapper will redraw the image to fit into the enlarged window.

You will next draw polygons to define several feature classes in the image.

Add a vector layer for region definition to your algorithm

1

Note:

From the Edit menu, select Edit/Create Regions....
The New Map Composition dialog box opens.

In the New Map Composition dialog, notice that the Raster Region option
IS selected.

The Raster Region option tells ER Mapper that the annotation layer will be used
to create regions for araster image (for usein training site selection in this case).

Click OK on the New Map Composition dialog box.

ER Mapper opens the Tools palette dialog box containing your vector
annotation tools. Also notice that a new vector layer titled ‘Region Layer’
has been added to the layer list in the Algorithm window.

From the File menu (on the main menu), select Save As... to save the
algorithm under your own name with the new page extents information.

In the Files of Type: field, select 'ER Mapper Algorithm (.alg)’.
From the Directories menu, select the path ending with the text \examples.
Double-click on the directory ‘Miscellaneous’ to select it.
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9 Double-click on the directory ‘Tutorial’ to open it.

10 In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘land_use_regions.” Separate each word with an
underscore (). For example, if your initials are “KA,” type in the name:

KA | and_use_regions

11 Click OK or Save to save the algorithm, which now includes your Page
Setup parameters.

12 Click Close on the Algorithm window to close it.

Open the Geoposition dialog box
1 From the View menu, select Geoposition....

The Algorithm Geoposition Extents dialog box opens. Move it to the right
side of the screen.

2 Select the Zoom option to display buttons for zooming and panning.

You will use these options to help zoom in and out of areas as you define your
training region polygons.

Define training regions on the image

1 Use the following diagram as a guide to help locate training regions in the
image. You are asked to define these regions in the next steps.
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residential  urban natural vegetation
areas areas

ocean
areas

Define a region to represent ocean areas

1 On the Tools palette dialog, click the ZoomBox Tool | &% button.

2 Zoom in on the lower-left quarter of the image.
The large portion of dark blue areais ocean in this scene.

3 On the Tools palette dialog, click on the Polygon '[=| button.

4 Point to an area of ocean and draw a polygon by clicking once at each
point, then double-clicking to close the polygon. (Make your polygon fairly
large to get a good sample.)
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The polygon is selected by default when you closeit. Sinceiit is selected, you can
now add a color and text attribute to give the polygon a name.

On the Tools dialog, double-click the Polygon = | button to open the Line
Style dialog box. -

On the Tools dialog, click the Display/Edit Object Attributes | % | button to
open the Map Composition Attribute dialog box

Position the Line Style and Map Composition Attribute dialogsina
convenient position on the screen. You will leave these dialogs open while you
define regions so you can assign a color and name to each region as you go. (The
colors you assign becomes the default class colorsin the output classified image.)

In the Line Style dialog, click the Set Color button, choose a blue color,
and click OK to close the color chooser.

In the Map Composition Attribute dialog, enter the text Ocean in the text
field at the bottom, then click the Apply button.

Thetext “Ocean” is now defined as athe name or text attribute of the polygon.

You have now defined a training region representing ocean areas in the image.
When you calculate statistics for thisimage | ater, the statistics for pixelsinside this
region will be used as a“signature’ to classify other areas of ocean in the image.

Define a region to represent natural vegetation

1

2
3

On the Geoposition dialog, click All Datasets to zoom back out.

On the Tools palette dialog, click the ZoomBox Tool El button.

Zoom in on the upper-right quarter of the image.
The dark brown areas at the top of the image are natural vegetation.

Click on the Polygon g button.

Draw a polygon to define a large area of natural vegetation (click once at
each point, then double-click to close the polygon).

The polygon becomes selected when you closeiit.

In the Line Style dialog, click Set Color, choose a dark green color, and
click OK to close the color chooser.

In the Map Composition Attribute dialog, enter the text Nat ur al
veget ati on in the text field at the bottom, then click the Apply button.

You have now defined a training region representing natural vegetation.
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Define a region to represent grass and park areas

1

2
3

On the Geoposition dialog, click All Datasets to zoom back out.

On the Tools palette dialog, click the ZoomBox Tool El button.

Zoom in on one of the small, bright red areas (there is one in the river valley
running east to west). Zoom in far enough so the bright red area fills most of
the image window.

These are parks, golf courses, or other irrigated artificial vegetation.

Click on the Polygon g button and digitize a polygon around the border
of the bright red park area.

In the Line Style dialog, click Set Color, choose a bright green color, and
click OK to close the color chooser.

In the Object Attribute dialog, enter the text G ass and par ks inthe
text field at the bottom, then click the Apply button.

You have now defined atraining region representing grass and park areas.

Define a region to represent urban areas

1

2
3

On the Geoposition dialog, click All Datasets to zoom back out.

On the Tools palette dialog, click the ZoomBox Tool El button.
Zoom in on the grey areas near the center of the image.

These are developed urban areas.

Click on the Polygon E button and digitize a polygon around the border
of the grey urban area (do not include red vegetated areas on the edges).

In the Line Style dialog, click Set Color, choose a grey color, and click OK
to close the color chooser.

In the Map Composition Attribute dialog, enter the text Ur ban ar eas in
the text field at the bottom, then click the Apply button.

You have now defined atraining region representing urban areas.

Define a region to represent residential areas

1

2

On the Geoposition dialog, click All Datasets to zoom back out.

On the Tools palette dialog, click the ZoomBox Tool El button.
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Zoom in on one of the pink area in the northern part of the peninsula as
shown in the previous diagram.

Thisareais primarily residential housing, so it has both buildings (houses) and
vegetated areas (grass and trees).

Click on the Polygon E button and digitize a polygon around the pink
areas described. -

In the Line Style dialog, click Set Color, choose a pink color, and click OK
to close the color chooser.

In the Map Composition Attribute dialog, enter the text Resi dent i al
ar eas in the text field at the bottom, then click the Apply button.

Define a region to represent barren land areas

1

2
3

Tip:

On the Geoposition dialog, click All Datasets to zoom back out.

On the Tools palette dialog, click the ZoomBox Tool El button.

Zoom in on the lower-right quarter of the image.

There are several areas of barren land here that appear white on the image (since
they have high reflectance in all three M SS bands).

Click on the Polygon g button and digitize a polygon around the border
of one of the barren white areas (do not include other areas on the edges).

In the Line Style dialog, click Set Color, choose a light brown color, and
click OK to close the color chooser.

In the Map Composition Attribute dialog, enter the text Barr en | and/
cenent in the text field at the bottom, then click the Apply button.

You have now defined training regions representing ocean, natural vegetation,
grass/parks, urban and residential areas, and barren land areas.

To define multiple polygonsto be used as asingle statistical region, assign al the
polygons the same text attribute name. ER Mapper combines statistics for any
regions with the same name automatically.

Save the regions to the Landsat MSS practice image

1 On the Tools palette dialog, click the Save As | B4 { button.

The Map Composition Save As chooser dialog appears.
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From the Directories menu, select the path ending with the text \examples.
Double-click on the directory ‘Miscellaneous’ to open it.

Double-click on the directory ‘Tutorial’ to open it.

Click on the image named ‘Landsat_practice’ to select it, then click OK.

When asked to confirm the overwrite, click OK to proceed. After the next
dialog indicates all your new regions were added, click Close to close it.

The regions definitions and names are saved to the header file of the
‘Landsat_practice’ image. You can now calculate statistics for the pixelsin each
region.

Click Close on the Tools palette and Geoposition dialogs to close them.

Calculate statistics for the new regions

1

From the Process menu, select the Calculate Statistics.
The Calculate Statistics dialog box appears.

The ‘Landsat_practice’ image should be chosen by default because it is the image
used in the current algorithm. (If it is not chosen, load it from the ‘tutorial’
directory).

Set the Subsampling Interval to 1.

Select the Force Recalculate stats option (to calculate statistics again in
case they have previously been calculated).

Click OK to start the statistics calculation.

When the calculation is finished, click OK in the dialog indicating successful
completion, then close the other statistics dialogs with Close or Cancel.

2: View training statistics

Objectives

Learn to view statistics for training regions in tabular format, view histograms of
data values in the training class regions, and view class means and 95%
probability ellipses over a scattergram.

View tabular statistics for the training regions

1 From the View menu, select the Statistics, then select Show Statistics.

The Statistics Report dialog box appears. The ‘Landsat_practice’ image should
be selected by default. You can choose to view statistics for selected regions or
bands in the image, or for al regions and bands.

Comprehensive ER Mapper Training Workbook 334



Chapter 19 Supervised classification e 2: View training statistics

2

4

Click OK to display statistics for the all the regions you defined.

The display image Statistics dialog opens showing statistics for all your regionsin
all four Landsat M SS image bands.

Scroll through the list to view statistics for your training regions (make the
dialog larger if needed).

(Thelast region listed named ‘All’ isthe entireimage. Thisregion is present in
every image header file)

When finished viewing statistics, click Cancel on the Statistics Report
dialog to close both dialogs.

Add a Classification layer and load the Landsat image

ol

O© 00 N O

Click the Edit Algorithm ﬂ toolbar button to open the Algorithm window.

Click on the ‘Region Layer’ layer to select it, then click Delete to delete the
layer. (You no longer need it for this exercise.)

From the Edit/Add Raster Layer menu, select Classification.
A Classification layer is added to the algorithm layer list.

In the process diagram, click the Edit Layer Color & button.

Choose a bright yellow color, then click OK to close the color chooser.

In the process diagram, click the Load Dataset ﬁ button.

From the Directories menu, select the path ending with the text \examples
Double-click on the ‘Miscellaneous’ directory to open it.

Double-click on the ‘Tutorial’ directory to open it.

10 Double-click on the image ‘Landsat_practice’ to load it.

You can now use the Classification layer to display atraining region in yellow on
the image and show its histogram in any band.

Enter a formula to display a region

1

2

Click the Edit Formula gmt¢ button in the process diagram to open the
Formula Editor dialog.

In the Generic formula window, edit the formula text to read:
if inregion(regionl) then inputl else null
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Thisformulatells ER Mapper to process and display the data inside the region
chosen asregion 1 in yellow on the image.

Click the Apply changes button.

Notice that the Inputs and Regions buttons above the Relations window are now
active. Image band 1 is assigned to generic inputl by default.

Click the Regions button, select Grass/Parks from the drop-down list next
to ‘REGIONL1!

Your Grass/Parks region is displayed in yellow over the RGB image.

View the histograms for the Grass/Parks region

1

Note:

Click on the post-formula Edit Transform Limits [f button to open the

Transform dialog box. Move it so it does not overlap with the image window
or Formula dialog.

From the Limits menu, select Limits to Actual.

The histogram for the pixelsin band 1 of the training region ‘ Grass/Parks' appears
in the histogram window.

In the Formula dialog, click the Inputs button, then select B3:0.75_um
from the ‘INPUT1’ drop-down list.

From the Limits menu, select Limits to Actual.

Since the data range is different for each band and region, you need to use Limits
to Actual each time you change the band or region. Otherwise the new histogram
may not fully display due to the limits set for the previous one.

The histogram for the pixelsin band 3 of the training region * Grass/Parks' appears
in the histogram window. By changing the assignments in the Relations window,
you can view a histogram for any band and region combination in the image. The
histogram provides important information about the distribution and range of data
valuesin your training regions.

If desired, view histograms for other region and/or band combinations using
the steps listed previously.

When finished, click Close on the Formula Editor dialog, and Close on the
Algorithm window.

View a scattergram for the MSS image

1

From the View menu, select Scattergrams....

Comprehensive ER Mapper Training Workbook 336



Chapter 19 Supervised classification e 2: View training statistics

The Scattergram dialog box and New Map Composition dialog boxes open.
Notice that the New Map Composition dialog already has Raster Regions
selected and the name of your image entered.

Click OK on the New Map Composition dialog.

The annotation Tools dialog opens and the Scattergram dialog automatically
references the image in the active image window (‘ Landsat_practice’). Notice also
that your region polygons are shown on the image in their assigned color.

Set the scattergram bands and limits

1
2

In the Scattergram dialog, click the Setup... button.

In the Scattergram Setup dialog, select band 2 for the X Axis field, and
band 4 for the Y Axis field.

Click the Limits to Actual button to set the X and Y axis limits to the actual
data ranges of bands 2 and 4.

The scattergram for image bands 2 (red light) and 4 (near infrared light) is
redisplayed to fill the window. The wide dispersion of pointsin the scattergram
indicates that the information in these two bandsis not strongly correlated.

Display mean and probability ellipses for training regions

1

In the Scattergram Setup dialog, turn on the From current selection
option.

Thistells ER Mapper that you want to display the mean value and 95% probability
ellipse for the currently selected region polygonsin the image.

On the Tools dialog, click the Select and Edit Points Mode | k | button.

In the image, select the grey polygon defining your ‘urban’ class training
region (click on a line segment).

A grey €llipse appears over the scattergram showing the 95% probability threshold
and mean value (the ellipse center point) for the ‘urban’ classin bands 2 and 4.
(The ellipse extents represent the probability that an unknown pixel isamember of
that class at the 95% confidence level.)

In the image, select the green polygon defining your ‘grass’ class training
region.

A green ellipse appears on the scattergram. Asindicated, green vegetation shows a
strong response in MSS band 4 (near infrared), but low response in band 2.

Hold down the Shift key, then click on the dark green ‘natural vegetation’
polygon in the image.
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Ellipses for both the *grass’ and ‘ natural vegetation’ regions appear on the
scattergram, so you can easily compare them. Comparing region means and ellipses
in an excellent way to evaluate the separability of your class signatures.

‘grass’ region

‘natural vegetation’
region

To select multiple polygons, hold down the Shift key while clicking.

Close the scattergram dialogs

1 Click Close on the annotation Tools dialog to close it.
2 Click Cancel on the Scattergram Setup dialog to close it, then click

Cancel to close the Scattergram dialog.

3: Classifying the image

Objectives

Learn how to use the training region statistics to perform a supervised
classification on the entire image that assigns each pixel to one of the six feature
classes you defined.

Open the Supervised Classification dialog box

1 From the Process menu, select Classification, then select Supervised

Classification.

The Supervised Classification dialog box opens. The ‘Landsat_practice
image is already chosen as the default input image. The dialog also lets you choose
which bands of the image to use for the classification, and the type of classification
(or decision rule) to use.
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Click the Output Dataset | Z{ chooser button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.
Double-click on the ‘Tutorial’ directory to open it.

o 01 A WD

In the Save As field, type a name using your initials at the beginning
followed by the text ‘max_like_class, and separate each word with an
underscore (). For example, if your initials are “KA,” type in the name:

KA max_|i ke _cl ass

7 Click OK or Save to validate the name and close the file chooser dialog.

Setup the classification type and parameters

1 Click the Classification Type drop-down to see the list.

ER Mapper provides Maximum Likelihood Enhanced, Minimum Distance,
Minimum Distance with a standard deviation, Parallelopiped, and Mahalanobis
classifiers.

2 From the Classification Type/Maximum Likelihood Enhanced menu,
select Maximum Likelihood Standard.

3 Click the Setup button.

The Supervised Classification Setup dialog box opens. Thisdialog allows
you to setup the options used for the classification, including which training regions
to use (from this or other images), assigning class probabilities, and other options.
By default, the five regions in your practice image are displayed.

4 Click the Close button to close the Supervised Classification Setup
dialog box.

Classify the image
1 Click the OK button to start the classification.

2 When asked to confirm the successful completion, click OK. Then click
Close and Cancel on the other two dialogs to close them.

The output of the classification is a single band image. Each pixel intheimageis
has avalue ranging from 1 to 6 (the number of training regions you specified).

Open a second window and template algorithm

1 Click the New |[1{ toolbar button.
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An image window appears.

Drag the new window down below the one displaying the Landsat image.

Click the Open | =] toolbar button.

From the Directories menu, select the path ending with the text \examples.

In the directory ‘Miscellaneous\Templates\Common’, load the algorithm
named ‘Classified_data.alg.

A classified image of San Diego displays. Thisis atemplate algorithm you will use
to display your classified image.

Load the classified image you created earlier

1

aa b~ W N

Click the Edit Algorithm ﬂ toolbar button.

Notice that this algorithm has one layer of the type Class Display. The Class
Display layer is designed to display images created with ER Mapper’s
classification functions.

In the process diagram, click the Load Dataset ﬁ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.

In the directory ‘Tutorial,” double-click on the image ‘max_like_class’ you
created earlier to load it.

Each pixel in the original Landsat image is assigned to one of the six training
classes you defined earlier. The class colors are those you defined for the training
region polygons.

From the Edit menu (on the main menu), select Edit Class/Region Color
and Name.

The Edit Class/Region Details dialog opens showing the name and color assigned
to each class. If desired, you could change them here.

Click Cancel on the Edit Class/Region Details dialog to close it.

Close all image windows and dialog boxes

1
2

Click Close on the Algorithm window to close it.

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.
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Only the ER Mapper main menu should be open on the screen.

4: Generating Confusion Matrices

Objectives

Overview

Learn how to use the ER Mapper Confusion Matrix facility to test the accuracy of
the Supervised Classification, using the original training regions as a reference.

The ER Mapper Confusion Matrix facility tests a classified image against a
reference dataset, and then generates the following types of matrices:

Row counts

User’s accuracy

Producer’ s accuracy

It also displaysthe Overall accuracy and the Kappa statistics.

All of these can give a good indication of the classification accuracy. For more
information on these matrices refer to Chapter 24, * Supervised and Unsupervised
Classification” in the ER Mapper User Guide.

Obvioudly, the reference datais crucial in creating the matrices. One method of
obtaining this reference datais to establish sample “ground truth” points on the
image, and then to physically go to where the points are located in the field to
verify the actual class to which they belong. The information from these points can
then be collated into an ASCII XY Z text file in which each line represents asingle
sample point. The information for each point includesthe X and Y coordinates of
the location of the point, and the number and label of the class to which the point
belongs. Thisfile can beimported asan ER Mapper vector dataset viathe Utilities
/ Import Vector and GISformats / ASCII Points with Attributes menu
option. You can then enter this vector file as the reference dataset to generate
confusion matrices. This reference should be very accurate because the sample
points been physically verified in the field. The accuracy of the confusion matrices
depends on the number of sample points and how they are distributed over the
classes.

Another source of reference data is the actual training regions that were used to
classify the image under test. Thiswill provide you with avery good indication of
how accurate the classification was, and the effectiveness of the training regions.
The ER Mapper Confusion Matrix facility accepts only classified images or vector
images with points and attributes as reference datasets. Training regions are neither
of these, so it isnecessary to create a classified image that includes only the areas
within the training regions. This exercise describes how thisis done.
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Load and display the practice image

1

On the ER Mapper Standard Toolbar, click the Open | = | button to open
the file chooser.

From the Directories menu, select the path ending with the text \examples.
Open the ‘Miscellaneous’ directory.

In the directory ‘tutorial, double-click on the image named
‘Landsat_practice.ers’.

The original Landsat M SS practice image will be displayed with Bands 1, 2 and 3
in Blue, Green and Red bands respectively.

If necessary, you can click on the 99% Contrast Enhancement button
to make the image visible.

Click the Edit Algorithm ﬂ toolbar button to open the Algorithm window.

Add a formula to each layer

We will add aformulato each layer that excludes those parts of the image that do
not fall within the training regions that were previously added to this image.

On the Algorithm window, click on the Red layer to highlight it.

Click the Edit Formula gt button in the process diagram to open the
Formula Editor dialog.

In the Generic formula window, edit the formula text to read:

if inregion(regionl) or inregion(region2) or

i nregi on(region3) or inregion(regiond) or

i nregi on(regi on5) or inregion(region6) then I NPUT1 el se
nul |

Thisformulatells ER Mapper to process and display the image data inside the
regions. Areas that fall outside the regions are not displayed.

Click the Apply changes button.

Notice that the Inputs and Regions buttons above the Relations window are now
active. Image band 3 is assigned to generic INPUT1 by default.

Click the Regions button, select different Region names from the drop-
down list next to ‘REGIONL’, ‘REGIONZ2’ etc.

The formulawill cause ER Mapper to display in the Red layer only the parts of
Band 3 that fall within the regions.
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6 Onthe Formula Editor dialog, click on the Green layer . button to edit the
formula in the Green Layer.

7 In the Generic formula window, edit the formula text to read:

I f inregion(regionl) or inregion(region2) or

i nregi on(region3) or inregion(regiond) or

i nregi on(region5) or inregion(region6) then | NPUT1 el se
nul |

Thisformulatells ER Mapper to process and display the image data inside the
regions.

8 Click the Apply changes button.

Notice that the Inputs and Regions buttons above the Relations window are now
active. Image band 2 is assigned to generic INPUT1 by default.

9 Click the Regions button, select a different Region names from the drop-
down list next to ‘REGION1’, ‘REGIONZ2’ etc.

The formulawill cause ER Mapper to display in the Green layer only the parts of
Band 2 that fall within the regions.

10 On Formula Editor dialog, click on the Blue layer EI button to edit the
formula in the Green Layer.

11 In the Generic formula window, edit the formula text to read:

if inregion(regionl) or inregion(region2) or

i nregi on(region3) or inregion(regiond) or

i nregi on(region5) or inregion(region6) then I NPUT1 el se
nul |

Thisformulatells ER Mapper to process and display the image data inside the
regions.

12 Click the Apply changes button.

Notice that the Inputs and Regions buttons above the Relations window are now
active. Image band 1 is assigned to generic INPUT1 by default.

13 Click the Regions button, select a different Region names from the drop-
down list next to ‘REGION1’, ‘REGIONZ2’ etc.

The formulawill cause ER Mapper to display in the Blue layer only the parts of
Band 2 that fall within the regions.

14 Close the Formula Editor by clicking on the Close button.
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Save as a Virtual Dataset

o 01 A WODN P

We now save the algorithm as a virtual dataset, so that it can be used to create a
classified image.

On the Standard toolbar, click on the Save As '@ | button.

In the Files of Type: field, select 'ER Mapper Virtual Dataset (.ers)'.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory ‘Miscellaneous’ to select it.

Double-click on the directory ‘Tutorial’ to open it.

In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘land_use_region_vds. Separate each word with an
underscore (). For example, if your initials are “KA,” type in the name:

KA | and_use_regi ons_vds
Click OK or Save to save the virtual dataset.
Answer Yes to the “Delete final transforms for virtual dataset?” query.

Add the Region layer to the virtual dataset

a A~ W N

We now need to add the region layer from the ‘ Landsat_practice.ers dataset to the
newly created virtual dataset.

On the Algorithm window, select Edit / Add Vector Layer / Region Layer.
Thiswill add anew Region Layer to the algorithm.

In the Region layer process diagram, click the Load Dataset ﬁ button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.

In the directory ‘Tutorial,” double-click on the image ‘Landsat_practice’ to
load it.

The Regions will now be displayed over the image. The areas of the image
displayed should be bounded by the Region polygons.

In the process diagram, click the Annotate Vector Layer [ button to
open the Tools dialog.

On the Tools dialog, click on the Save As '@ | button.

Thiswill open the Map Composition Save As dialog.

In the Save As box, select Raster Region.
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9

Click on the file chooser button in the Save To File: field.

10 From the Directories menu, select the path ending with the text \examples.

11 Double-click on the directory ‘Miscellaneous’ to select it.

12 Double-click on the directory “Tutorial’ to open it.

13 Select the name of the virtual dataset you created; e.g.

‘KA_land_use_regions_vds’ and click OK.

14 Click OK on the Map Composition Save As dialog to save the region layer

to the Virtual Dataset.

15 Answer Yes to overwriting the file.

The ER Mapper Message Window will indicate that it is adding new regions to the
virtual dataset.

Close all image windows and dialog boxes

1

2
3
4

Click Close on the Message Window to close it
Click Close on the Tools dialog to close it.
Click Close on the Algorithm window to close it.

Close all image windows using the window system controls:

Open the Supervised Classification dialog box

1

o OB~ WN

8
9

From the Process menu, select Classification, then select Supervised
Classification.

The Supervised Classification dialog box opens.

a

Click the Input Dataset | 2] chooser button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.
Double-click on the “Tutorial’ directory to open it.

Double-click on the name of the virtual dataset you created; e.g.
‘KA _land_use_regions_vds'.

Click the Output Dataset |z | chooser button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.

10 Double-click on the ‘Tutorial’ directory to open it.
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11 In the Save As field, type a name using your initials at the beginning
followed by the text ‘land_use_regions_vds_class, and separate each word
with an underscore (). For example, if your initials are “KA”, type in the
name:

KA | and_use _regions_vds_cl ass
12 Click OK or Save to validate the name and close the file chooser dialog.
13 Click the Classification Type drop-down to see the list.

14 From the Classification Type/Maximum Likelihood Enhanced menu,
select Maximum Likelihood Standard.

15 Click the OK button to start the classification.

16 When asked to confirm the successful completion, click OK. Then click
Close and Cancel on the other two dialogs to close them.

The output of the classification is a single band image of the training regions. Each
pixel in the image has a value ranging from 1 to 6 (the number of training regions
you specified).

Generate Confusion Matrices

Here we will use the newly classified image as a reference to test the previously
classified image Every cell in the reference image becomes a sample point to test
the classified image.

1 Inthe ER Mapper View menu, highlight Statistics, and then click on
Confusion Matrix... to select it.

The Confusion Matrix Setup dialog box will open.

2 Inthe Matrix Type: field, select ‘Row Counts’

'

Click on the Reference Dataset file chooser | = { button.

From the Directories menu, select the path ending with the text \examples.
Double-click on the ‘Miscellaneous’ directory to open it.

Double-click on the ‘Tutorial’ directory to open it.

~N o o1~ W

Double-click on the name of the classified dataset you created; e.g.
‘KA _land_use_regions_vds_class'.

'}

8 Click on the Classified Dataset file chooser | = { button.

9 From the Directories menu, select the path ending with the text \examples.
10 Double-click on the ‘Miscellaneous’ directory to open it.
11 Double-click on the ‘Tutorial’ directory to open it.
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12 Double-click on the name of the classified dataset you originally created:;
e.g. 'KA_max_like_class’.

13 Click OK to generate the matrix.

The Confusion Matrix Display window will display a matrix where the rows
show how the image under test has classified the areas within the regions, and the
columns show how the reference dataset has classified the same areas.

Depending on how your PC is set up, the display might not be easy to see. You can
saveit asatext file to view with atext editor.

14 Click on the Print/Save... button to open the Print dialog.

15 On the Print dialog, select File as the Destination, and Report for the
Format.

16 Click on the file chooser button and select a suitable file name for the text
file.

17 Click OK to save the text file.

18 Open the text file in a text editor. You may have to do some editing to make
it clearer.

An example matrix display (after editing) is shown below:

Raw Count Confusion matrix for:
Ref erence Dataset - KA | and_use_regions_vds_cl ass.ers
Classified Dataset - KA max_|ike class.ers

Overall Accuracy: 99.287% from 20618 observati ons

Kappa statistic: 0.966

Barren Residenti al Ur ban G ass Nat ur al Ocean
| and ar eas ar eas and veget ati on
par ks

Barren | and/ cenment 77 0 0 0 0 0
Resi denti al areas 0 453 8 0 15 0
Urban areas 0 13 426 0 0 0
Grass and parks 0 0 0 83 0 0
Nat ural vegetation 0 13 1 0 1186 45
Ccean 0 0 0 0 52 18246
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From the above, we can see that the reference dataset provided 20,618 sample
points (cells). Of these 99.287% were classified correctly in the classified image.
The Kappa statistic of 0.966 indicates that the classification is 96.6% better than
that expected if we had randomly assigned a class to each image pixel in the
classified image.

The ‘Barren land’ classification appears to be accurate because, of the 77 points on
the training regions, all were classified correctly in the classified image. The
training region for ‘Natural vegetation’ was somewhat larger, providing 1253
sample points. Of these, the classified image classified 15 as  Residential areas
and 52 as‘ Ocean'.

19 On the Confusion Matrix Setup dialog box select User’s Accuracy as the
Matrix Type, and click OK.

The Confusion Matrix Display window will display a matrix showing the
User’s Accuracy in classification. Thisis the percentage of sample points that the
classified image predicts to be in particular class with which the reference data
CONCUrs.

Depending on how your PC is set up, the display might not be easy to see. You can
saveit asatext file to view with atext editor.

20 Click on the Print/Save... button to open the Print dialog.

21 On the Print dialog, select File as the Destination, and Report for the
Format.

22 Click on the file chooser button and select a suitable file name for the text
file.

23 Click OK to save the text file.

24 Open the text file in a text editor. You may have to do some editing to make
it clearer.

An example matrix display (after editing) is shown below:

Raw Count Confusion matrix for:
Ref erence Dataset - KA | and_use_regions_vds_cl ass.ers
Classified Dataset - KA max_|ike class.ers

Overall Accuracy: 99.287% from 20618 observati ons

Kappa statistic: 0.966

Classified File\Reference File
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Barren Residential Ur ban G ass Nat ur al Ccean
| and ar eas ar eas and veget ation
par ks

Barren | and/ cement 100. 0% 0. 000% 0.000% 0. 000% 0. 000% 0. 000%
Resi dential areas 0.000% 95.168% 1.681% 0.000% 3.151% 0. 000%
Urban areas 0.000% 2.961% 97.039% 0. 000% 0. 000% 0. 000%
Grass and parks 0. 000% 0. 000% 0.000% 100.000% 0.000% 0. 000%
Nat ural vegetation 0.000% 1.044% 0.080% 0.000% 95. 261% 3.614%
Ccean 0.000% 0.000% 0.000% 0.000% 0. 284% 99. 716%

From the above, we can see that ‘Barren land’ had 100% User’s accuracy value,
indicating that all the sample points were classified correctly.

25 On the Confusion Matrix Setup dialog box select Producer’s Accuracy
as the Matrix Type, and click OK.

The Confusion Matrix Display window will display a matrix showing the
Producer’s Accuracy in classification. Thisis the percentage of sample pointsin a
particular classin the reference data, that were correct in the classified image.

Depending on how your PC is set up, the display might not be easy to see. You can
saveit asatext fileto view with atext editor.

26 Click on the Print/Save... button to open the Print dialog.

27 On the Print dialog, select File as the Destination, and Report for the
Format.

28 Click on the file chooser button and select a suitable file name for the text
file.

29 Click OK to save the text file.

30 Open the text file in a text editor. You may have to do some editing to make
it clearer.

An example matrix display (after editing) is shown below:

Raw Count Confusion matrix for:
Ref erence Dataset - KA | and use _regions _vds class.ers
Classified Dataset - KA max_|ike _class.ers

Overal |l Accuracy: 99.287% from 20618 observati ons

Kappa statistic: 0.966

Classified Fil e\Reference File
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Barren Residenti al Ur ban G ass Nat ur al Ccean
| and ar eas ar eas and veget ation
par ks

Barren | and/ cement 100. 0% 0. 000% 0.000% 0. 000% 0. 000% 0. 000%
Resi denti al areas 0.000% 94.572% 1.839% 0. 000% 1.197% 0. 000%
Urban areas 0.000% 2.714% 97.931% 0. 000% 0. 000% 0. 000%
Grass and parks 0. 000% 0. 000% 0.000% 100.000% 0.000% 0. 000%
Nat ural vegetation 0.000% 2.714% 0.230% 0.000% 94. 653% 0. 246%
Ccean 0.000% 0.000% 0.000% 0.000% 4.150% 99. 754%

From the above, we can see that * Ocean’ had 99.754% Producer’s accuracy value,
indicating that not all the sample points in the reference were classified correctly.

Close all windows and dialog boxes

1 Click Cancel on the Confusion Matrix display window to close it.
2 Click Cancel on the Confusion Matrix Setup dialog to close it.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Draw polygonsto define training regions for a supervised classification

* View statistics, histograms, and scattergrams for each training region

» Perform a supervised classification

» Display aclassified image using a Class Display layer type

* Prepare Training Regionsto be used asthe reference to generate Confusion Matrices
» Generate and display Confusion Matrices to determine the classification accuracy.
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20

Change
Detection

This chapter discusses change detection techniques that can be applied to new road
development, urban development, crop and forest monitoring, land degradation and
any application that requires change detection.

About monitoring landuse

With the availability of multi-temporal images, be they Airborne, Satellite or
Airphotos, monitoring landuse using image processing becomes viable. The
application of change detection techniques on multi-temporal imagesis also easy,
reliable and effective. By applying change detection techniques on multi-temporal
images changesin land cover can be monitored and determined. It also enables
organisations to maintain the integrity of the data that they manage. Multi-temporal
imagery can be processed to highlight changesin pixel spectral response between
image dates. Such information can be used in the decision making process, or used
to monitor changes over time as an aid to updating information databases.

Change detection techniques are used to highlight new road development, urban
development, crop and forest monitoring, land degradation and any application that
reguires change detection.
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Reliable result

To obtain reliable results from processing multi-temporal imagery using change
detection methods, the imagery of different dates should be rectified to the same
co-ordinate system. (Thisis covered in the chapter on image rectification). The
more accurate the image rectification is, the better and more reliable your result
will be. The second important factor is the compatibility of the dynamic range of
the imagery of the different dates. Since multi-temporal images are taken at
different dates, the atmospheric effects will be different on the images. Hence
atmospheric correction is necessary. A simple way to rectify the atmospheric
problem isto apply dark pixel correction to the temporal images prior to carrying
out change detection on the multi-temporal images.

Standardising atmospheric effects using Dark Pixel Correction

The aim of standardising atmospheric effects using dark pixel correctionisto
reduce atmospheric effects on imagery and normalise scenes for comparison. Dark
Pixel Correction technique involves subtracting the pixel value of the darkest pixel
over water from all pixel valuesin the sameimage. Thisisaquick and easy
technigue and assumes that the atmosphere has affected each pixel in the dataset
equally. This cannot aways be assumed, and care should be taken.

The standardising atmospheric effects using dark pixel correction techniqueis
made easier by opening up two windows, one with each dataset, and geolinking
them so that, at all times, they show the same ground area. It isbest to select an area
of the image where pixel values are relatively uniform such as a waterbody. By
using the Cell Values Profile window, you can determine corresponding pixel
responsesin each dataset, and build up atable that will alow you to work out if one
dataset exhibits brighter or darker responses on average. You should sample at | east
20 pixels across the entire image in order to establish an appropriate pattern. If, on
average, the pixelsinimage A are brighter or darker than image B by a constant
amount, then you can standardise the images by altering the formula of one image
to read Inputl + (or) - (some constant value). You will need to save this as a new
dataset in order to carry out any further processing.

Hands-on exercises

What you will
learn...

These exercises give you practice using formulato carryout change detection on
multi-temporal images. The multi-temporal images used are TM images of
SanDiego taken in 1985 and 1991. The datasets are in the ‘\examples\Shared _Data
directory and the dataset names are ‘Landsat TM_year 1985.ers and
Landsat TM_year 1991.ers’. Both datasets have been rectified..

After completing these exercises, you will know how to perform these tasksin
ER Mapper:

Comprehensive ER Mapper Training Workbook 353



Chapter 20

Before you
begin...

Change Detection e 1:Eliminating seasonal and atmospheric effects

Eliminate seasonal and atmospheric effects

Create Virtual Dataset containing of multi-temporal images
Red Green difference change detection method

Image Differencing change detection method

Band Ratioing change detection method

Principal Components Analysis change detection method

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1:Eliminating seasonal and atmospheric

effects

Objectives

L earn to reduce the difference in the atmospheric effects on the two temporal
images using dark pixel correction technique.

Open an image window and the Algorithm window to load
Landsat_TM_year_1985 image

Before you
begin...

Before beginning this exercise, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

On the Standard toolbar, click on the View Algorithm for Image Window
£ | button.

An image window and the Algorithm window appear.

Click on the Layer tab to view the settings for the layer.

On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \examples.

The scrolling list in the center now shows alist of directories containing example
images supplied with ER Mapper (such as ‘application...” and others).

Double-click on the directory named ‘Shared_Data.
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A list of raster imagesis displayed. Note that each hasa*“ .ers’ file extension. This
isthe file extension associated with raster filesin ER Mapper format.

6 Scroll down to view the image named ‘Landsat_TM_year_1985.ers, then
double-click on it to load it.

The file chooser dialog box closes, and the image is loaded into the Pseudocolor
layer. Note that the layer now shows the name of the image loaded
(‘Landsat_ TM_year 1985'), and the button left of the nameis now selected
(indicating that the layer is turned on).

ER Mapper renders the image in the image window. The image (band one) is
displayed in arange of colors because the color table named Pseudocolor is
chosen.

7 On the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose ‘greyscale’.

8 Click 99% Contrast Enhancement button to display the band 1 of the
dataset.

View lowest cell values in the image for all bands of Landsat_TM_year_1985

dataset

1 From the View menu, select Cell Values Profile....
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2 TheCell Values Profile dialog box appears. Drag it by itstitle bar next to the
image window. This dialog has three display windows, any of which can be turned

on or off at any

time

Average —j
option

- v Average v C OO Close |

—— Signature
window

—— Neighbors
window

Values
window

_
Bard: |E1.0.485 um ] ¥ Signature
87|98/ 86
8888 87
9090/ 90
[¥ Weighbors
_
B1:0.485_urm|B8 ﬂ
B20.56_um |27
B30.66_um |22 [V Valies
B4:0.83_um |11
B51.65 um |10
BE:17.45_um|120
BY:2.215 um 4 j Help |

3 By default, the Values option is selected. (If this has been changed, turn on
Values and turn off Signature and Neighbors.)

4 Select the Average option on the Cell Values Profile dialog box

5 On the main menu, click the Pointer Tool | k | toolbar button.

Set Pointer mode tells ER Mapper that you want to use the mouse pointer to view
data values. (The other mode, Zoom mode, sets the pointer for use as a zoom and

pan tool.)

6 Point inside the image window, and drag the mouse pointer through the
water area around the island at the bottom part of the image.
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=—Drag the cursor
€| along the water
area

The Cell Values Profile dialog displays the average data values of water in all
seven bands in the Landsat image for the all the cells (pixel) locations that you
dragged your cursor along. The average data values are updated as you drag the
mouse to new locations.

7 Note down the average cell values of water for all 7 bands.

Open an image window and the Algorithm window to load
Landsat_TM_year_1991 image

1 Onthe Standard toolbar, click on the New | [ | button.

A new image window appears.

2 The existing Algorithm window becomes a new Algorithm window for the
new window. If you have closed the Algorithm window, on the Standard

toolbar, click on the Edit Algorithm |#8 | button.

3 The Algorithm window appears.
Click on the Layer Tab to view the settings for the layer.

5 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.
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The Raster Dataset file chooser dialog box appears.

Select the path ending with /examples/Shared_Data’.

Double-click on the dataset named ‘Landsat_ TM_year_1991.ers’ to load
the dataset.

Band one of the dataset is |oaded into the Pseudocolor layer.

On the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose ‘greyscale’.

Click 99% Contrast Enhancement button to display the band 1 of the
dataset.

View lowest cell values in the image for all bands of Landsat_TM_year_1991

dataset

From the View menu, select Cell Values Profile....

The Cell Values Profile dialog box appears. Drag it by itstitle bar next to the
image window. This dialog has three display windows, any of which can be turned
on or off at any time.

<7 Cell Values Profile |0
Average — | W dwerage = O Claze
option = Signature
= 1 window
_|
Band: |E10485 um 7] I Signature
99 |97 |98 ,
10159 [101 — [ Neighbors
103102102 _ window
v Meighbors
_|
B1:0.485 um| 99 ]
B2:0.56 um |35
B30.66_um |31 IValues | | e
B4:0.83 um |16 window
B5:1.65 um |14
BE11 45 um|122
B7-2.215 um|d - Help |
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By default, the Values option is selected. (If this has been changed, turn on
Values and turn off Signature and Neighbors.)

Select Average on the Cell Values Profile dialog box

On the main menu, click the Pointer Tool | k { toolbar button.

Set Pointer mode tells ER Mapper that you want to use the mouse pointer to view
data values. (The other mode, Zoom mode, sets the pointer for use as a zoom and
pan tool.)

Point inside the image window, and drag the mouse pointer through the
same water area around the island at the bottom part of the image as you
did for the ‘Landsat_ TM_year 1985.ers’ image.

The Cell Values Profile dialog displays the average data values of water in all
seven bandsin the Landsat image for all the cells (pixel) locations that you dragged
your cursor over. The average data values are updated as you drag the mouse to new
locations.

Note down the average cell values of water for all 7 bands.

Check the differencesin the average cells values of water for corresponding bands
1to 7 of the two temporal images. (You will notice that

‘Landsat_TM_year _1991.ers' dataset has values higher than those in
‘Landsat_TM_year 1985.ers’ dataset: The differences are approximately 11 (99-
88) for Band 1, 8 (35-27) for Band 2, 9 (31-22) for Band 3, 5 (16-11) for Band4, 2
(122-120) for Band 6 and 5 (9-4) for Band 7.

Reducing the differences in the atmospheric effects between the two
temporal images

1

2

On the Algorithm window for the ‘Landsat_ TM_year_1991.ers’ dataset,

make sure band 1 is displayed. Click on the Edit Formula |E.¢| button in the
process stream diagram.

The Formula Editor dialog box opens.

Note that the generic formula window contains the text “INPUT1” by default, and
that INPUT1 is assigned to dataset band 1 in the Relations window.

In the Generic formula window, edit the formula text to read:
| NPUT1 - 11
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Note:

You are subtracting 11 from the DN value of each pixel of band 1of the
‘Landsat_TM_year_1991.ers' dataset so as to reduce the difference in the
atmospheric effects between band 1 of the ‘Landsat TM_year 1985.ers' and
‘Landsat_ TM_year _1991.ers' datasets.

Click the Apply changes button on the Formula Editor dialog box.

Click 99% Contrast Enhancement button to display band 1 of the
dataset adjusted for atmospheric effects.

Click your left hand mouse button on the Pseudo Layer. A text field will
appear. In the text field change the band description to B1-1991.

Correcting atmospheric effects for bands (2-7)

1

Note:

On the Algorithm window click on the Duplicate button and duplicate
band 1 of the dataset.

Turn off the first Pseudo Layer.

Click on the second Pseudo Layer and make it the active layer.

On the Algorithm window from the band selection | B2:0.56_um =,

select band 2 of the ‘Landsat_ TM_year 1991.ers’ dataset for the second
Pseudo Layer.

Click on the Edit Formula |«

button in the process stream diagram.

-

The Formula Editor dialog box opens.

In the Generic formula window, edit the formula text to read:
| NPUT1 - 8

You are subtracting 8 from the DN value of each pixel of band 2 of the
‘Landsat TM_year 1991.ers dataset so as to reduce the difference in the
atmospheric effects between band 2 of the ‘Landsat TM_year 1985.ers' and
‘Landsat_ TM_year 1991.ers’ datasets.

Click the Apply changes button on the Formula Editor dialog box.
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Note: On the Formula Editor dialog box check the relationship window (middle part of
the Formula Editor dialog box) and see that band 2 of the dataset is selected before
clicking on the Apply changes button.

8 Click 99% Contrast Enhancement button to display band 2 of the
dataset adjusted for atmospheric effects.

9 Click your left hand mouse button on the Pseudo Layer. A text field will
appear. In the text field change the band description to B2-1991.

10 Repeat the process for all the other bands (3-7) with the formula for band 3
(INPUT1 - 9), for band 4 (INPUT1 - 5),for band 5 (INPUT1 - 4),for band 6
(INPUT1 - 2) and for band 7 (INPUTL1 - 5).

11 Edit the band description for each band. Change the description for band 3
to (B3-1991), for band 4 to (B4-1991), for band 5 to (B5-1991), for band 6
to (B6-1991) and for band 7 to (B7-1991).

12 Turn on all the 7 pseudocolor layers of ‘Landsat_ TM_year 1991.ers’ which
have been adjusted for the atmospheric effects to match the atmospheric
effects of ‘Landsat_ TM_year_1985.ers’ dataset.

13 Delete the transform from each of the 7 layers.

Note: Deleting the transform from each of the layers maintains the dynamic range of the
atmospheric adjusted data value of the 7 bands without scaling or clipping.

14 On the Standard toolbar, click the Save As |#&1 button.

The Save As... dialog box appears. Thisdialog lets you specify a path and name
for your output disk file, and options for creating the new dataset.

15 On the Save As ... dialog, select the path ending with the text /examples/
Miscellaneous/Tutorial.

16 In the Save As: text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘Atmospheric_adjusted TM_1991’ and
separate each word with an underscore (_). For example, if your initials are
"DH," type in the name:

DH At nospheric_adjusted TM 1991
17 Click OK or Save to close the file chooser dialog.
Your name appears as the Output Dataset name with a‘.ers’ extension.
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Note: It isnecessary to save the atmospheric affect adjusted data as a dataset for further
processing. If you save the dataset as Virtual Dataset you will not be able to access
the adjusted cell values.

2:Creating Virtual Dataset of the two
temporal imagery

Objectives Learn to create a Virtual dataset of two rectified temporal images.
Before you Before beginning this exercise, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

Loading the first dataset

1 On the Standard toolbar, click on the Edit Algorithm |&| button.

An image window and the Algorithm window appear.

2 Click on the Layer Tab to view the settings for the layer.

3 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

Select the path ending with /examples/Shared_Data.

Double-click on the dataset named ‘Landsat_ TM_year_1985.ers’ to load
the dataset.

Band one of the dataset is |oaded into the Pseudocolor layer.

6 On the Algorithm window click on the Surface Tab. By default the Color
Mode is Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose greyscale color.

7 Click 99% Contrast Enhancement button to display the band 1 of the
dataset.

8 Click your left mouse button on the Pseudo Layer. A text field will appear. In
the text field change the band description to B1-1985
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9 On the Algorithm window click on the Duplicate button ‘ and duplicate

band 1 of the dataset.

10 Turn off the first Pseudo Layer.

11 Click on the second Pseudo Layer and make it the active layer.

12 On the Algorithm window from the band selector || BE2:0.56_um ~||, select

band 2 of the ‘Landsat_TM_year_1991.ers’ dataset for the second pseudo
layer.

13 Click 99% Contrast Enhancement button to enhance and display the

band 2 of the dataset.

14 Click your left mouse button on the Pseudo Layer. A text field will appear.

In the text field change the band description to B2-1985

15 Repeat the process for all other bands (3-7): duplicate the last band, turn off

the second-last Pseudo Layer, activate the last Pseudo Layer, change the
last Pseudo Layer to band 3,4,5,6 or 7 of the dataset from the band selector
on the Algorithm window, enhance and display it with 99% Contrast
Enhancement button and change the band description to B3-1985, B4-
1985, B5-1985, B6-1985 and B7-1985.

Loading the second dataset with the atmospheric effects adjusted

1

Note:

On the Algorithm window click on the Duplicate button and duplicate
band 7 of the ‘Landsat_ TM_year 1985.ers’ dataset.

Turn off the second last Pseudo Layer which is band 7 of the
‘Landsat_ TM_year 1985.ers’ dataset..

Click on the last Pseudo Layer which is the duplicated layer of the band 7 of
the ‘Landsat_TM_year 1985.ers’ dataset and make it the active layer.

Click the Load Dataset ﬁ button in the process stream diagram for the
last layer to open the file chooser dialog.

Select the path ending with the text ‘examples/Miscellaneous/Tutorial,” and
load the dataset named ‘Atmospheric_adjusted_TM_1991.ers’

On the Raster Dataset file chooser click on OK this layer only button.

By clicking the OK thislayer only button, you load the
‘Atmospheric_adjusted_TM_1991.ers into the last Pseudo Layer only. If you click
the OK button you load the ‘Atmospheric_adjusted TM_1991.ers into al the
Pseudo Layers which you do not want to do in this particular instance.
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Band one of the * Atmospheric_adjusted_TM_1991.ers’ dataset is|oaded into
the last Pseudo layer (eight Pseudo Layer).

7 Click the 99% Contrast Enhancement button to display band 1 (B1-
1991) of the ‘Atmospheric_adjusted_TM_1991.ers’ dataset.

8 Click on the Pseudo Layer. A text field will appear. In the text field change
the band description to B1-1991

9 On the Algorithm window click on the Duplicate button and duplicate
band 1 of the ‘Atmospheric_adjusted_TM_1991.ers’ dataset.
10 Turn off the eight Pseudo Layer.

11 Click on the ninth Pseudo Layer and make it the active layer.

12 On the Algorithm window from the band selector || BZEZ-1991 x|l , select

band 2 of the ‘Atmospheric_adjusted_TM_1991.ers’ dataset for the ninth
Pseudo Layer

13 Click the 99% Contrast Enhancement button to display the band 2 of
the ‘Atmospheric_adjusted_TM_1991.ers’ dataset.

14 Click your left hand mouse button on the Pseudo Layer. A text field will
appear. In the text field change the band description to B2-1991

15 Repeat the process for all other bands (3-7) of the
‘Atmospheric_adjusted_TM_1991.ers’ dataset, duplicating the last band,
turning off the second-last Pseudo Layer, activate the last Pseudo Layer,
change the last Pseudo Layer to band 3,4,5,6 or 7 of the
‘Atmospheric_adjusted_TM_1991.ers’ dataset from the band selector on
the Algorithm window, display it with 99% Contrast Enhancement button
and change the band description to B3-1991, B4-1991, B5-1991, B6-1991
and B7-1991.

16 Turn on all the 14 Pseudo Layers of ‘Landsat TM_year 1985.ers’ and
‘Atmospheric_adjusted_TM_1991.ers’ which have been adjusted for the
atmospheric affect to match the atmospheric affect of
‘Landsat_TM_year 1985.ers’ dataset.

17 Delete the transform of all the 14 layers

Note: Deleting the transform from each of the layers maintains the dynamic range of the
data value of the 14 bands without scaling or clipping.

18 On the Standard toolbar, click the Save As & button.
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The Save As ... dialog box appears. This dialog lets you specify a path and name
for your output disk file, and options for creating the new dataset.

19 On the Save As dialog, select the path ending with the text ‘/examples/
Miscellaneous/tutorial.

20 In the Save As: text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘TM_1985 Atm_Adj_TM_1991 VDS’
and separate each word with an underscore (_). For example, if your initials
are ‘DH’ type in the name:

DH TM 1985 At m Adj _TM 1991 VDS
21 Click OK or Save to close the file chooser dialog.
Your name appears as the Output Dataset name with a“.ers' extension.

Note: You have saved the‘Landsat_ TM_year 1985.ers' and
‘Atmospheric_adjusted_TM_1991.ers’ datasets asa Virtual Dataset and you are
ready to perform the change detection between the TM imagery of the two dates
(1985 & 1991).

3:Change Detection

(1) Red Green difference change detection method

Objectives

Before you
begin...

L earn a simple change detection method displaying compatible bands of imagery
of different dates in Red and Green color layersin RGB color mode.

Before beginning this exercise, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

The production of ared/green difference image is awidely used technique, and is
particularly useful for interactive viewing of change areas. This technique involves
displaying simultaneously one dataset in green and one dataset in red. The resultant
combined image contains mainly shades of yellow (indicating the same response
between dates), but areas which have changed appear as green or red. Red areas
tend to have more contrast than green areas, therefore it is suggested that the most
current image uses the red layer if increasesin pixel brightness are of importance
and viceversa. A viewing scale of 1:20 000 or larger isideal for panning acrossthe
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Image to delineate areas of interest. Thistechnique is most effective where the
magnitude of the areas to be found is anticipated to be quite large, such as cleared
fields or changesin crop growth.

1 On the Standard toolbar, click on the Edit Algorithm |§| button.

An image window and the Algorithm window appear.

2 Click on the Layer Tab to view the settings for the layer.

3 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

4 From the Directories menu, select the path ending with ‘/examples/
Miscellaneous/tutorial’.

5 Double-click on the dataset named
‘TM_1985_Atm_Adj_TM_1991 VDS.ers’ to load the dataset.

Band one (B1-1985) of the dataset is |oaded into the Pseudocolor layer.

6 On the Algorithm window click on the Surface Tab. By default the Color
Mode is Pseudocolor. Change it to ‘Red Green Blue’ color mode.

7 The Pseudo Layer is now with a red cross because it is incompatible with
the ‘Red Green Blue’ color mode. Click your right mouse button on the
Pseudo Layer. The short-cut menu appears. Choose ‘Red’ from the short-
cut menu and change the Pseudo Layer.

8 On the Algorithm window click on the Duplicate button and duplicate
band 1 (B1-1985) of the ‘TM_1985_ Atm_Adj TM_1991 VDS.ers’ dataset.

9 Click your right mouse button on the duplicated Red layer. The short-cut
menu appears. From the short-cut menu change the layer color to ‘Green’.

10 On the Algorithm window from the band selector || B&E1-1331 ||, select

the eight band of the “TM_1985 Atm_Adj_TM_1991 VDS.ers’ dataset
which is band 1 of the ‘Atmospheric_adjusted TM_1991.ers’ dataset .

11 Click 99% Contrast Enhancement button to display band 1 (B1-1985)

of the ‘Landsat_ TM_year 1985.ers’ in the Red layer and band 1 (B1-1991)

of the ‘Atmospheric_adjusted_TM_1991.ers’ dataset in the Green layer.
12 You will notice that all the areas that have been changed in band 1 of

TM_1991 imagery are highlighted in green and changed areas in band 1 of
TM_1985 imagery are shown in red. Areas with no change are displayed in

yellow.
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13 On the Algorithm window click on the Copy Window and Algorithm

button (| and duplicate both the image window and the Algorithm.

14 Change the bands to band 2 (B2-1985) for the Red layer and band 2 (B2-

1991) for the Green layer.

15 Click 99% Contrast Enhancement button to display the band 2 (B2-

1985) of the ‘Landsat_ TM_year_1985.ers’ in the Red layer and band 2 (B2-
1991) of the 'Atmospheric_adjusted_TM_1991.ers’ dataset in the Green
layer.

16 Repeat the process and display Red Green change detection images of

Note:

band 1-5&7 between ‘Landsat TM_year_1985.ers’ and
‘Atmospheric_adjusted_TM_1991.ers’ datasets. Compare the Red Green
change detection images of the corresponding 1-5&7 bands of the imagery
of the two dates.

Due to dlightly longer wavelength of band 7 (2.215_um) compared to band 1
(0.485_um), band 7 has better penetration into clouds and thus producing thinner
cloudsin the band 7 change detection image. Thermal Infrared (TIR) band
(11.45_um) (TM6) measures composite temperature of each pixel of the target area
and provides different spectral reflectance information than wavelengthsin VIS,
NIR & SWIR. Hence TM6 is excluded in the exercise. The different reflection of
different surface materials at different wavelengths should be taken into
consideration when interpreting the change detection images.

(2) Image Differencing change detection method

Objectives

Before you
begin...

Learn a simple change detection method of subtracting compatible bands of
imagery of different dates and displaying the result as a greyscale or pseducol or
image.

Before beginning this exercise, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

Image differencing is perhaps the most simple of all change detection methods. Itis
based upon the principle that by subtracting the pixel responsesin one image from
the corresponding pixel responses in another image, any negative value in the
output image represents an increase or decrease in pixel response depending on the
order of subtraction. For example, if the response from the latest image was
subtracted from the response from the older image then all negative valuesin the
output image would indicate an increase in pixel brightness.
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All increases in scene brightness would cause negative pixel valuesin the output
image but thisis not to say that all negative values indicate significantly “changed’
pixels. The histogram of the resultant dataset needs to be manipulated to isolate
areas of increase or decrease that are significant.

On the Standard toolbar, click on the Edit Algorithm || button.

An image window and the Algorithm window appear.

Click on the Layer Tab to view the settings for the layer.

On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with ‘/examples/
Miscellaneous/tutorial’ to open it.

Double-click on the dataset named
‘TM_1985 Atm_Adj_TM_1991 VDS.ers’ to load the dataset.

Band 1 (B1-1985) of the dataset is |oaded into the Pseudocolor layer.

On the Algorithm window click on the Surface Tab. By default the Color
Mode is Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose ‘greyscale’.

Click 99% Contrast Enhancement button to display the band 1 (B1-
1985) of the dataset.
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8 On the Algorithm window click on the Edit Formula button ﬁ The
Formula Editor dialog box appears.

*%¢ Formula E ditor - 3] x|

Principal Componentz  Ratios  Standard  Seizmic

menu bar to load
standard formula

D ezcriptior; IEIand Difference Cloze
Apply changES| File: ¥
i1-2 o Ed ¥
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(Type in text s
or load from J

file)
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Specific  __|

formula
ﬂ Help |

9 Inthe Generic formula area type in (i1 -i2 ) and click on Apply changes
button on the Formula Editor dialog box.

10 In the Relations area for INPUT 1 select B1:B1-1985 which is the band 1
(B1-1985) of the ‘Landsat_ TM_year 1985.ers’ dataset and for INPUT 2
select B8:B1-1991 which is the band 1(B1-1991) of the
‘Atmospheric_adjusted_TM_1991.ers’ dataset .

11 Click the 99% Contrast Enhancement button to display the band
differenced image of (B1:B1-1985) - (B8:B1-1991) which is the band

differenced image of band 1 of ‘Landsat_ TM_year 1985.ers’ and band 1 of
‘Atmospheric_adjusted_TM_1991.ers’.

12 You will notice that the changed areas between the imagery of the two
dates are highlighted, with positive values shown as bright areas and
negative values shown as dark areas. The areas that haven't changed are
displayed as middle greyscale areas.

13 On the Algorithm window click on the Edit Transform Limits button K .
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14 The Transform dialog box appears.

15 On the Transform dialog box adjust thelower limit of X-axis transform as the
change threshold to approximately 30 (the actual input limits range from -

156 to 142).
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Hiztagram Style:l De-Gluantized :l Cloze |
| Edt v |

)
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255 —l

&N
=
][NV
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- L — ' . £ |
| 154 114

Actual Input Limits: 156 ta 142 Help

‘

Note: The DN vaue 30 is the threshold of the changed areas of the positive values of the
dynamic range of the change detection image. Threshold valueswill depend on the
type of application and imagery used and the dynamic range of the band
differenced change detection image.

Note: The areas of greatest change are found in the two ends - low and high DN - of the
transform. Only changesin the high end of DN in the transform are defined in the
above excercise.

Note: Only the changed areas of the high DN values are highlighted.
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16 Change the color from greyscale to pseudocolor from the Color Table

dropdown list on the Surface Tab and view the changed areas in
pseudocolor. The changed areas are now shown in red.

Save the band differenced change detection image as a Virtual Dataset

1

Save the change detection image (Transform with threshold ~30) as a
Virtual Dataset

On the Standard toolbar, click the Save As &&{ button.

From the Files of Type drop down list select ER Mapper Virtual
Dataset(.ers).

Select the path ending with the text ‘/examples/Miscellaneous/tutorial’.

In the Save As : text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘B1_difference_clipped_VDS’ and
separate each word with an underscore (). For example, if your initials are
‘DH’ type in the name:

DH Bl di fference_clipped VDS
Click OK to close the file chooser dialog.
Your name appears as the Output Dataset name with a“.ers’ extension.

Calculate the statistics of the changed area

1

Note:

On the main menu click the Process menu and from the dropdown list
select Calculate Statistics. The Calculate Statistics dialog box appears.

On the Calculate Statistics dialog box load the
‘B1_difference_clipped_VDS.ers’ dataset from the ‘tutorial’ directory.

You can choose the default Subsampling Interval as 4 which will calculate
statistics quickly taking every fourth value or you can take subsampling
interval of 1 for more accurate statistics calculation.

Do not select Force Recalculate stats: sinceit isthe first time you calculate the
statistics of this dataset.

Click the OK button on the Calculate Statistics dialog box to start
calculating the statistics of the dataset.

After it has successfully calculated the staististics of the dataset, from the
View menu on the main menu, select the Statistics option from the
dropdown list and choose Show Statisitcs.. (View --> Statistics --> Show
Statistics..)
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The Statistics Report dialog box appears.

Load the B1_difference_clipped_VDS.ers dataset from the ‘tutorial’
directory and click OK button to view the statistics of the changed areas.

Notice the Null Cells number and Non-Null Cells numbers. The Non-Null Cells
numbers are for the changed areas. You can calculate the area extent or percent
covered for the changed areas.

You have performed change detection for the higher end of the transform (high DN
values from the ((band 1 of Landsat TM_year 1985) - (band 1 of
Atmospheric_adjusted_TM _1991)) band differenced image). For changesin the
lower end of the transform (low DN values) to be highlighted, repeat the procedure
mentioned above but use the formula ((band 1 of
Atmospheric_adjusted TM _1991) - (band 1 of Landsat TM _year 1985)).

To highlight the lower end of the transform of the ((band 1 of

Landsat TM_year 1985) - (band 1 of Atmospheric_adjusted TM _1991)) band
differenced image, click the Edit Formula button on the Algorithm window. The
Formula Editor dialog box appears. Insert minus sign (-) in front of the formula.
Apply changes and display the image. The transform is now inverted and previous
lowest DN is now the highest DN. Apply athreshold to the inverted transform and
define the changed areas of the inverted image - differenced change detection
image. Save that as a Virtual Dataset

After you have saved the two Virtual Dataset for the changes detected in the high
and low ends of the transform of the image - differenced change detection image,
use the Raster Cellsto Vector Polygons option from the Process menu on the main
menu window and convert them to vector format. Display agreyscale band 1 image
of theLandsat_ TM_year 1985.ers and overlay ontop of it the two vector layers
of the changed areas detected for high and low ends of the transform of the image -
differenced change detection image. Assign each vector layer adifferent color.
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(3) Image ratioing change detection method

Objectives

Before you
begin...

Learn the image ratioing change detection method of dividing corresponding
bands of imagery of different dates and display it as a greyscale or pseducol or
image

Before beginning this exercise, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

The technique of image ratioing involves dividing the spectral response value of a
pixel in one image with the spectral value of the corresponding pixel in another
image. Thisisdone in order to suppress similarities between bands. The nature of
band ratioing is that every pixel that has the same spectral response between input
bands will have avalue of 1 in the output image; deviations from 1 indicate
progressively different initial spectral values. Areas of greatest change are found in
the tails of the resultant histogram. Production of a change image involves
thresholding the image histogram to suppress those areas where little or no change
has occurred.

On the Standard toolbar, click on the Edit Algorithm || button.

An image window and the Algorithm window appear.

Click on the Layer tab to view the settings for the layer.

On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with ‘/examples/
Miscellaneous/Tutorial’.

Double-click on the dataset named
‘TM_1985 Atm_Adj_TM_1991 VDS.ers’ to load the dataset.

Band one (B1-1985) of the dataset is |oaded into the Pseudocolor layer.

On the Algorithm window click on the surface tab. By default the Color
Mode is Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose ‘greyscale’.

Click 99% Contrast Enhancement button to display the band 1 (B1-
1985) of the dataset.

On the Algorithm window click on the Edit Formula button Em¢. The
Formula Editor dialog box appears.
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9 In the Generic formula area type in (i1/i2) and click on Apply changes
button on the Formula Editor dialog box.

10 In the Relations area for INPUT 1select B1:B1-1985 which is the band 1
(B1-1985) of the ‘Landsat_TM_year_1985.ers’ dataset, and for INPUT 2
select B8:B1-1991 which is the band 1(B1-1991) of the
‘Atmospheric_adjusted_TM_1991.ers’ dataset .

11 Click the 99% Contrast Enhancement button to display the band ratio

image of (B1:B1-1985) / (B8:B1-1991) which is the band ratio of band 1 of
‘Landsat_TM_year 1985.ers’ and band 1 of
‘Atmospheric_adjusted_TM_1991.ers’.

12 You will notice that the changed areas between the imagery of the two
dates are highlighted, with high values shown as bright areas and low
values shown as dark areas.The areas without changes will be displayed as
middle greyscale areas (The dynamic range of a band ratioed image is
usually small and falls in the range of 0 to 10. That small dynamic range is
scaled to 255 grey levels).

13 On the Algorithm window click on the Edit Transform Limits button K :

14 The Transform dialog box appears.

15 On the Transform dialog box adjust thelower limit of X-axis transform as the
change threshold to approximately 1.26 (the actual input limits range from
0.361 to 2.327)

Note: Only the changed areas of the high DN values are highlighted.

16 Change the color from greyscale to pseudocolor using the Color Table on
the Surface Tab and view the changed areas in pseudocolor. The changed
areas are now shown in red.

Save the band ratioed change detection image as a Virtual Dataset

1 Save the changed areas highlighted in the band differenced image
(Transform with threshold approximately at 1.26) as a Virtual Dataset.

2 On the Standard toolbar, click the Save As |#1 button.

The Save As ... dialog box appears. This dialog lets you specify a path and name
for your output disk file, and options for creating the new dataset.

3 Onthe Save As ...dialog box select the path ending with the text ‘examples/
Miscellaneous/Tutorial’.
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4

In the Save As: text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘B1_ratio_clipped_VDS.ers’ and
separate each word with an underscore (). For example, if your initials are
‘DH’ type in the name:

DH Bl ratio_clipped VDS
Click OK to close the file chooser dialog.

Your name appears as the Output Dataset name with a“.ers’ extension.

Calculate the statistics of the changed area

1

Note:

Note:

On the main menu click the Process menu and from the drop-down list
select Calculate Statistics. The Calculate Statistics dialog box appears.

On the Calculate Statistics dialog box load the
‘Bl _ratio_clipped_VDS.ers’ dataset from the ‘tutorial’ directory.

You can choose the default Subsampling Interval as 4 which will calculate
statistics quickly taking every fourth value or you can take subsampling
interval of 1 for more accurate statistics calculation.

Do not select Force Recalculate stats: sinceit isthe first time you calculate the
statistics of this dataset.

Click the OK button on the Calculate Statistics dialog box to strart
calculate the statistics of the dataset.

After ER Mapper has successfully calculated the statistics of the dataset,
from the View, select the Statistics option from the drop-down list and
choose Show Statistics.

The Statistics Report dialog box appears.

Load the ‘B1_ratio_clipped_VDS.ers’ dataset from the ‘tutorial’ directory
and click OK button to view the statistics of the changed areas.

Notice the Null Cells number and Non-Null Cells numbers. The Non-Null Cells
numbers are for the changed areas. You can calculate the area extent or percent
covered for the changed areas.
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You have performed change detection for the higher end of the transform (high DN
values from the ((band 1 of Landsat_ TM_year _1985) / (band 1 of
Atmospheric_adjusted TM _1991)) band ratioed image). For changes in the
lower end of the transform (low DN values) to be highlighted, repeat the procedure
mentioned above but use the formula ((band 1 of

Atmospheric_adjusted TM_1991) / (band 1 of Landsat TM_year 1985)).

To highlight the lower end of the transform of the ((band 1 of

Landsat TM_year 1985)/(band 1 of Atmospheric_adjusted TM _1991)) band
ratioed image, click the Edit For mula button on the Algorithm window. The
Formula Editor dialog box appears. Insert aminus sign (-) in front of the formula.
Apply changes and display the image. The transform is now inverted and previous
lowest DN is now the highest DN. Apply athreshold to the inverted transform and
define the changed areas of the inverted image - band ratioed change detection
image. Save the result as a Virtual Dataset.

After you have saved the two Virtual Dataset for the changes detected in the high
and low ends of the transform of the band ratioed change detection image, use the
Raster Cellsto Vector Polygons option from the Process menu on the main menu
window and convert them to vector format. Display agreyscale band 1 image of the
Landsat TM_year 1985.ersand overlay on top of it the two vector layers of the
changed areas detected for high and low ends of the transform of the band ratioed
change detection image. Assign each vector layer a different color.

(4) Principal Component Analysis change detection method

Objectives

Learn the Principal Component Analysis change detection method by applying
Principal Component Analysis on 6 bands of the images of the two dates
(excluding band 6 which is Thermal Infrared (TIR) band):
e subtracting or ratioing the Principa Component 1 of
Landsat TM_year 1985.ersand Principal Component 1
of the Atmospheric_adjusted_ TM_1991.ersand

» display thePrincipal Component Analysischange detection
images as greyscale or pseducolor images
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Before you
begin...

Before beginning this exercise, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

Principal Components Analysis (PCA) is a technique employed in image
processing to reduce the correlation between bands of data and enhance features
that are unique to each band. A characteristic of PCA isthat information common
to al input bands (high correlation between bands) is mapped to the first Principal
Component (PC) whilst subsequent PCs account for progressively less of the total
scene variance. The advantage of PCA principleisthat you will obtain all common
information of the six bands applied in the PCA, in the Principal Component 1.
After accumulating all information common to the six bands in PC1 for both the
multi-temporal imagery you perform either the band differencing or band ratioing
change detection methods using the two PC1 of the multi-temporal imagery. The
areas of greatest change are found in the tails of the image histogram. Though
information common to the bands applied in the PCA of the multi-temporal
imagery is used, precautions should be taken in applying Principa Component
Analysis change detection method.

Calculate the statistics of the dataset

Note:

Note:

In performing Principal Component Analysis, the dataset’s statistics should be
calculated first.

On the main menu, click on the Process menu and select Calculate
Statistics.

The Calculate Statistics dialog box appears.

Load the ‘TM_1985 Atm_Adj_TM_1991 VDS.ers’ dataset from the
‘tutorial’ directory.

You can choose the default Subsampling Interval as 4 which will calculate
statistics quickly taking every fourth value or you can take subsampling
interval of 1 for more accurate statistics calculation.

Do not select Force Recalculate stats: sinceit isthe first time you calculate the
statistics of this dataset.

Click the OK button on the Calculate Statistics dialog box to start
calculating the statistics of the dataset.

After ER Mapper has successfully calculated the statistics of the dataset a
small status window will appear and the message ‘Calculate Statistics
finished successfully’ will be displayed.
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Load the dataset

1

10

11

Note:

12

Note:

On the Standard toolbar, click on the Edit Algorithm || button.

An image window and the Algorithm window appear.

Click on the Layer tab to view the settings for the layer.

On the Algorithm window, click the Load Dataset button ﬁ on the left of
the process stream diagram.

The Raster Dataset file chooser dialog box appears.

Select the path ending with ‘examples/Miscellaneous/tutorial’.

Double-click on the dataset named
‘TM_1985_ Atm_Adj_TM_1991 VDS.ers’ to load the dataset.

Band one (B1-1985) of the dataset is |oaded into the Pseudocolor layer.
On the Algorithm window click on the Surface Tab. By default the Color

Mode is in Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop-down list choose ‘greyscale’.

Click 99% Contrast Enhancement button to display the band 1 (B1-
1985) of the dataset.

On the Algorithm window click on the Edit Formula button Em¢. The
Formula Editor dialog box appears.

On the Formula Editor dialog box, from the Principal Components menu
select the PC1 generic.

In the Generic Formula area the Principal Componet Analysis formula
will be loaded for you. The PC1 generic formula is (SIGMA(I11-17]1? *
PC_COV(,R1,I?,1))

Change the formula to (SIGMA(11-16]1? * PC_COV(,R1,1?,1))

You have changed the formulato calculate PC1 from 6 bands instead of from 7
bands.

In the relations area on the Formula Editor dialog box , select (B1-1985) to
(B5-1985) and (B7-1985) which are band 1 to 5 and band 7 of the
‘Landsat_TM_year 1985.ers’ dataset.

Band 6 isinthe Thermal Infrared (TIR) electromagnetic spectrum region and is not
used.
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13 Click the 99% Contrast Enhancement button to display the PC1 of
‘Landsat_TM_year 1985.ers’.

14 Click your left mouse button on the Pseudo Layer. A text field will appear. In
the text field change the band description to PC1- 1985

15 On the Algorithm window click on the Duplicate button and duplicate
the PC1-1985 layer of the ‘Landsat_ TM_year 1985.ers’.

16 Turn off the first PC1-1985 Pseudo Layer.
17 Click on the duplicated Pseudo Layer and make it the active layer

18 On the Algorithm window click on the Edit Formula button Emg. The
Formula Editor dialog box appears.

19 On the Formula Editor dialog box, click on the Principal Components
menu and select PC1 generic.

20 In the Generic Formula area the Principal Componet Analysis formula will
be loaded for you. The PC1 generic is (SIGMA(I11-17]1? *
PC_COV(,R1,1?,1))

21 Change the formula to (SIGMA(11-16]1? * PC_COV(,R1,1?,1))

Note: You have changed the formulato calculate PC1 from 6 bands instead of from 7

bands.

22 In the Relations area on the Formula Editor dialog box, select (B1-1991) to
(B5-1991) and (B7-1991) which are band 1 to 5 and band 7 of the
‘Atmospheric_adjusted_TM_year_1991.ers’ dataset. In the
‘TM_1985 Atm_Adj_TM_1991 VDS.ers’ dataset they are (B8:B1-1991) to
(B12:B5-1991) and (B14:B7-1991).

Note: Band 6isin TIR electromagnetic spectrum region and is not used.

23 Click 99% Contrast Enhancement button to display the PC1 of
‘Atmospheric_adjusted_TM_year_ 1991.ers’ dataset.

24 Click your left mouse button on the Pseudo Layer. A text field will appear. In
the text field change the band description to PC1- 1991

25 Turn on the first Pseudo Layer (PC1-1985).
26 Delete the transforms of both Pseudo Layers.
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Save the PC1-1985 and the PC1-1991 images as a Virtual Dataset

1

On the Standard toolbar, click the Save As |#&{ button.

The Save As ... dialog box appears. Thisdialog lets you specify a path and name
for your output disk file, and options for creating the new dataset.

On the Save As dialog, select the path ending with the text ‘examples/
Miscellaneous/Tutorial’.

In the Save As : text field, type in a name for the disk file. Use your initials at
the beginning, followed by the text ‘PC1 1985 PC1 1991 VDS.ers’ and
separate each word with an underscore (). For example, if your initials are
‘DH’ type in the name:

DH PC1 1985 PCl1_1991 VDS
Click OK or Save to close the file chooser dialog.
Your name appears as the Output Dataset name with a“.ers extension.

Apply band differencing change detection method to the PC1 of the multi-
temporal images

1

Follow the procedure of the band differencing change detection method and
perform change detection on the ‘PC1_1985 PC1 1991 VDS.ers’ dataset.

Apply band ratioing change detection method to the PC1 of the multi-
temporal images

1

Note:

Follow the procedure of the band ratioing change detection method and
perform change detection on the PC1_1985 PC1 1991 VDS.ers dataset.

Compare the images and statistics of the threshold applied change detection images
of Band Differencing, Band Ratioing and Principal Component Analysis change
detection methods. You will notice that the Principal Component Analysis change
detection method detects the greatest change. In comparing the change detection
images of different methodsit is best to Geolink the windows and compare them.
Care should be taken in applying different change detection methods and accuracy
should be assessed.

Close all image windows and dialog boxes

1

Close all image windows using the window system controls:
For Windows, select Close from the window control-menu.
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» For Unix systems, select Close or Quit from the window control menu in the
upper-left corner (for systems with both options, select Quit).

2 Click Close on the Algorithm window to close it.
Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

* Reduce atmospheric effects on images

* Create Virtual Dataset of multi-temporal images

» Perform Red Green Difference change detection method

« Perform Band Differencing change detection method

» Perform Band Ratioing change detection method

» Perform Principal Component Analysis change detection method
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Raster To vector
conversion

This chapter introduces you to the concept of raster to vector conversion and gives
you practice using ER Mapper’s raster to vector conversion features.

About raster to vector conversion

Raster to vector conversion, sometimes called vectorization, allows you to convert
data from araster data structure to a vector data structure. For example, features or
thematic classes defined by processing a satellite image can be converted to
polylines and polygons, and then imported directly into avector-based GI S product
or used for further processing of raster data. Raster to vector conversion is an
especially valuable feature for extracting timely information from satellite images
to quickly update vector-based information stored in GIS products.

In raster to vector conversion, ER Mapper analyzes the boundaries of the features
you specify in araster image, then traces polylines or closed polygons around the
features. Typically you first need to perform some type of image processing to
extract the features you are interested in, such as classification or thresholding to
mask or highlight a particular feature. After vectorizing the features of interest, the
output polylines or polygons can be saved to an ER Mapper format vector file,
regionsin araster file, an ARC/INFO GI S coverage, or exported to other vector
formats such as DXF.
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Hands-on exercises

These exercises give you practice creating algorithms to highlight afeaturein a
raster image, and then converting the feature to a vector representation. In this case,
you will create vector polygons from classesin aprevioudly classified image, and
generate a binary land/water image and create a vector representation of the

coastline.
What you will After completing these exercises, you will know how to perform these tasksin
learn... ER Mapper:

» Apply smoothing to a classified image to remove isolated pixels

» Extract classes from a classified image and convert them to vector polygons
* Process a satellite image to create a binary land/water image

» Vectorize the binary image to extract polylines tracing the coastline

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Vectorizing a feature class

Objectives Learn to prepare an algorithm displaying a classified image to extract and
vectorize afeature class of interest, and perform the raster to vector conversion.

Display a classified Landsat image

'}

1 Click on the Open |2 toolbar button.

An image window and the Algorithm dialog box appear.
From the Directories menu, select the path ending with the text \examples.
Double_click on the ‘Functions_And_Features’ directory to open it.

In the directory ‘Classification, open the algorithm
ISOCLASS Landsat TM_year 1985.alg’
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ER Mapper runs an algorithm displaying a classified image of the San Diego,
Cdliforniaarea. Thisimage was previously generated from a 1985 Landsat TM
image of same areausing ER Mapper's ISOCLASS Unsupervised
Classification feature. There are 10 feature classes in thisimage representing
water, vegetation, barren land areas, and other feature classes.

Zoom in on the park area near the image center

1 Slightly to the right of the image center there is a nearly rectangular area
containing mostly vegetation (shades of green and light green). This area is

San Diego’s Balboa Park. Click the ZoomBox Mode EI toolbar button
and drag a zoom box surrounding the green areas defining the park
borders.

Your zoomed image should show mostly green and light green pixels (vegetation)
with possibly some magenta pixels (urban areas) along the outer borders. You will
Create a vector representation of the vegetation areas.

Apply a median filter to generalize the classification

Notice that the classification contains many small, isolated groups of pixelswithin
thelarger single color areas. It isgenerally agood ideato incorporate these isolated
pixelsinto the larger feature classes before performing araster to vector
conversion. That way, you vectorize only the major features in the image and
minimize the number of very small polygons that will be created.

1 Inthe process diagram, click the pre-formula Edit Filter (Kernel) &
button. (Be sure to choose the button left of the Formula button.)

-}

2 On the Filter dialog, click the Filter filename | (=] chooser button.

3 From the Directories menu, select the path ending with the text \kernel.
In the directory ‘filters_ranking, load the filter ‘median_5x5.ker.

Thisisab by 5 filter that assigns the center pixel the median values of all pixelsin
the 5 by 5 window. This and other filters such as ‘ majority.ker’ are commonly used
to generalize classified images.

5 ER Mapper runs the algorithm with the median smoothing filter.

Notice that most of the smaller, isolated pixels or clusters are merged into the
surrounding dominant feature classes, giving the image smoother [ook.

6 Click Close on the Filter dialog to close it.
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Enter a formula to aggregate the two vegetation classes

4

Notice that there are two vegetation classes in this part of the image represented in
green and light green (the light green areas are a golf course and darker green are
other vegetation types). For this exercise, you will aggregate these into one
common class representing all vegetation before vectorizing them. (You could also
vectorize each into its own polygons if desired.)

Click the Edit Formula gge button in the process stream diagram.
In the Generic formula window, edit the formula text to read:
if inputl=3 or inputl=5 then 5 else inputl

Thisformulatells ER Mapper “if pixels have avalue of 3 (class 3) or 5 (class5) in
the image, assign them both a value of 5, else do not change them.”

Click the Apply changes button to validate the formula.
ER Mapper runs the algorithm and aggregates the two classes.

Both vegetation classes are assigned the same value (5), so they both appear in the
light green color. This light green areais portion of the image you will convert to a
vector representation.

Click Close to close the Formula Editor dialog.

Save the algorithm as a Virtual Dataset

o O~ W DN B

To run the raster to vector conversion, you need to save the algorithm as a Virtual
Dataset (VDS). The VDS will contain al your processing, including the zoomed
area, the smoothing filter, and the class aggregation formula.

From the File menu, select Save as....

Select ER Mapper Virtual Dataset (.ers) for the Files of Type: field.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘raster_classes VDS, and separate each word with an
underscore (). For example, if your initials are "CJ," type in the name:

CJ _raster_classes VDS
Click OK to save the Virtual Dataset.
Click on the Yes button on the Delete output transforms... dialog box.
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Convert the raster cells to vector polygons

1

Tip:

From the Process menu, select Raster Cells to Vector Polygons....

The Raster to Vector Conversion dialog box opens. This dialog contains
options to vectorize specific bands or cells values in an image, to create polygons,
polylines, or filled polygons, and to smooth (interpolate) vectors.

]

Click the Input Raster Dataset |2 | chooser button.

From the Directories menu, select the path ending with the text \examples
Then open the ‘Miscellaneous\Tutorial’ directory and load the
‘raster_classes_VDS.ers’ image you just created.

Turn on the Fill Polygons option (to create polygons instead of polylines)

To smooth rugged edges of the polygons turn on Smooth option.

Click the Output Vector Dataset || chooser button.

From the Directories menu, select the path ending with the text \examples.
Then open the ‘Miscellaneous\Tutorial’ directory and type a name in the
Save As: text field as follows, then click OK to close the chooser. For
example, if your initials are "JT," type in the name:

JT vegetation_pol ygons

Edit the value in the Cell Value field to read 5 then press Enter or Return.

This tells ER Mapper to vectorize all pixels (cells) with the value 5 in the Virtual
Dataset (the vegetation areas from the classification). By default, ER Mapper will
create vector polygons.

Click OK to start the raster to vector conversion.

ER Mapper displays a status dialog indicating the progress, then displays a
confirmation dialog when the conversion is compl ete.

Click OK to close the confirmation dialog, then click Close and Cancel to
close the other two raster to vector dialogs.

You have now created a vector file containing polygons representing the areas of
vegetation on the classified image.

Display the vector polygons over the classified image

1

In the Algorithm window, select Annotation/Map Composition from the
Edit/Add Vector Layer menu.

A new annotation layer is added to the algorithm.
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Click the Edit Layer Color &2 button in the process stream diagram to
choose a color for displaying the vectors.

Select a red color, and click OK to close the Color Chooser.

Click the Load Dataset ﬁ button in the process steam diagram.

From the Directories menu, select the path ending with the text \examples.

In the directory ‘Miscellaneous\Tutorial,” double-click on the
‘vegetation_polygons.erv’ image you created to load it.

ER Mapper first processes the raster data, then draws the vector polygonsin red.
Notice that the vectors closely follow the outlines of the green areas on the image.

Display the vector polygons alone

1

Turn off the Class Display layer containing the ISOCLASS image.

ER Mapper draws the vector polygonsin red over an empty (black) backdrop
image so your can see them more clearly. Asyou can see, vectorizing raster datain
thisway can save hours or days of digitizing feature outlines by hand, soitis
especially valuable for updating vector information for use in GIS products.

2: Vectorizing a binary image

Objectives

Learn to prepare an algorithm that creates a binary image (land and water in this
case), and perform the raster to vector conversion to extract a polyline defining
the coastline.

Display a greyscale Landsat algorithm

1

2
3
4

Click the Open | =] toolbar button.

From the Directories menu, select the path ending with the text \examples.
Double_click on the ‘Data_Types’ directory to open it.
In the directory ‘Landsat_TM, open the algorithm ‘Greyscale.alg.

ER Mapper runs an algorithm displaying band 1 of aLandsat TM satellite image of
the San Diego, Californiaarea. Thisimage contains a significant area of oceanin
the lower portion, and artificia recreational bay in the upper-left (Mission Bay).
You will create a binary image to separate the land from the water, then vectorize
the image to trace the coastline.
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Enter a formula to mask land from water

Note:

5

Binary images are often created in earth science image processing to mask or
isolate major features from each other. Land/water binary images are especially
common because analysts are often only interested in working with one of the two
features, and wish to mask out the other. A ssimple way to do this, when possible, is
to define a data threshold to separate one feature from the other.

Click the Edit Formula gge button in the process stream diagram.

In the Generic formula window, edit the formula text to read:
if inputl < 20 then 1 else 2

Thisformulatells ER Mapper “if pixelsin the band selected for inputl have avalue
less than 20, assign them avalue of 1, else assign all other avalue of 2. After this
formula each pixel in the image will be reassigned a datavalue of 1 or 2 (abinary

image).
Click the Apply changes button to validate the formula.

In the Relations window, click on the ‘INPUT1’ drop-down list and select
B5:1.65_um.

Now your formula uses athreshold of 20 in band 5 (mid infrared) to separate land
from water. Infrared bands are useful for separating land from water because water
absorbs nearly all incident infrared radiation.

Thethreshold value of 20 for thisimage was determined in an earlier exercise using
ER Mapper’'s Traverse Extraction feature. Thisvalue would typically be
different for each image.

Initially the image appears black because the Transform limits need to be adjusted.

Click Close to close the Formula Editor dialog.

Adjust the Color Table and Transform for the binary image

1

From the Color Table drop-down list, select unique.

‘Unique’ isaspecia lookup table with widely different colors in slots next to each
other (so it isgood for emphasizing small differences in data values).

Click the post-formula Edit Transform Limits [ button to open the
Transform dialog box.

On the Transform dialog, click the Create default linear transform Z]
button to reset the transform line.
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4

From the Limits menu, select Limits to Actual.

Theimageisdisplayed in two colors—grey for the water areas (avalue of 1) and red
for the land areas (a value of 2). The land and water are generally well separated
from each other.

Save the binary algorithm as a Virtual Dataset

1

~N O 0o~ WD

Click Close to close the Transform dialog.

From the File menu, select Save as....

Select ER Mapper Virtual Dataset (.ers) for the Files of Type: field.

From the Directories menu, select the path ending with the text \examples.
Double-click on the directory named ‘Miscellaneous’ to open it.
Double-click on the directory named ‘Tutorial’ to open it.

In the Save As: text field, type a name using your initials at the beginning,
followed by the text ‘binary_image_VDS, and separate each word with an
underscore (_). For example, if your initials are “BP” type in the name:

BP_bi nary_i mage_VDS
Click OK to save the Virtual Dataset.
Answer Yes to the Delete output transforms for virtual dataset query.

You adjusted the transform so the binary image could be displayed onscreen.
Before vectorizing the binary image, you need to delete the transform so the 1-2
datarangeis not transformed to 0-255.

Convert the raster cells to vector polylines

1

From the Process menu, select Raster Cells to Vector Polygons....
The Raster to Vector Conversion dialog box opens.

"}

Click the Input Raster Dataset |2 | chooser button.

From the Directories menu, select the path ending with the text \examples.
Then open the ‘Tutorial’ directory and load the ‘binary_image VDS.ers’
image you just created.

Click the Output Vector Dataset | ] chooser button.

From the Directories menu, select the path ending with the text \examples.
Then open the ‘Miscellaneous\Tutorial’ directory and type a name in the
Save As: text field as follows, then click OK to close the chooser. For
example, if your initials are “MJ,” type in the name:
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M) _vector _coastline

6 Edit the value in the Cell Value field to read 1 then press Enter or Return.

Thistells ER Mapper to vectorize all pixels (cells) with the value 1 in the Virtual
Dataset (the water areas in the image).

Turn on the Polylines option (to create polylines instead of polygons).
Click OK to start the raster to vector conversion.

ER Mapper displays a status dialog indicating the progress, then displays a
confirmation dialog when the conversion is compl ete.

9 Click OK to close the confirmation dialog, then click Close and Cancel to
close the other two raster to vector dialogs.

You have now created a vector file containing polylines representing the coastline
(land/water boundary) in the Landsat TM image.

Display the vector polylines over the Landsat image

Click the Open | =] toolbar button.

1

2 From the Directories menu, select the path ending with the text \examples.

3 Double_click on the ‘Data_Types’ directory to open it.

4 In the directory ‘Landsat_TM, open the algorithm ‘Greyscale.alg.
Thisisthe same Landsat TM image you used to create the binary VDS.

5 In the Algorithm window, select Annotation/Map Composition from the
Edit/Add Vector Layer menu.

A new annotation layer is added to the algorithm.

6 Click the Edit Layer Color &8 button in the process stream diagram to
choose a color for displaying the vectors.

7 Select a yellow color, and click OK to close the Color Chooser.

8 Click the Load Dataset ﬁ button in the process stream diagram.

9 From the Directories menu, select the path ending with the text \examples.

10 In the directory ‘\Miscellaneous\Tutorial, double-click on the
‘vector_coastline.erv’ image you created to load it.

ER Mapper first processes the raster data, then draws the vector polylinesin
yellow. Notice that the vectors closely follow the land/water boundary in the image.
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Close all image windows and dialog boxes
1 Close all immage windows using the window system controls:
» Select Close from the window control-menu.
2 Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Apply smoothing to a classified image to remove isolated pixels

» Extract classes from a classified image and convert them to vector polygons
* Process a satellite image to create a binary land/water image

» Vectorize the binary image to extract polylines tracing the coastline
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Vector and
Tabular dara

This chapter explains how to use ER Mapper to add overlays of vector and tabular
datafrom external products and sources.

About vector data and Dynamic Links

In addition to drawing your own annotation using ER Mapper’s drawing tools, you
can also display vector dataimported from other applications, and link directly to
datain external formats without translation. These functions can be useful for
overlaying geological interpretations stored in vector format, or linking to and
displaying tabular data (such as well locations) or vector data (such as lease
boundaries) in external formats.

Vector data can come from GI S products or external file formats such as DXF or
Postscript. Typical uses for vector Dynamic Links include displaying subsurface
geological structure interpretations, surface geology, or cultural data such aslease
boundaries or road networks.

Tabular data can come from database products or tabular datafiles. ER Mapper can
display tabular (point) data as colored circles of varying sizes. This capability is
useful for applications such as plotting the locations of wells, drill sites, sample
sites, and so on.
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Hands-on exercises

Note:

What you will
learn...

Before you
begin...

These exercisesintroduce you to the basic features for displaying vector and tabular
datain ER Mapper.

These exercises use a satellite image as the reference raster image for overlaying
vector and tabular data, but the same concepts apply to using seismic or other
geophysical data.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Add annotation layers to display and edit vector data stored in ER Mapper format.
Add Tabular Data layersto display data stored in tabular format
Add layersto display data stored in an external vector GIS format

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

1: Overlaying vector data

Objectives

Learn to add alayer to an algorithm to display vector dataimported from an
external format. In this case you will overlay vectors for aroad network
previously imported using ER Mapper’s vector import utilities.

Load a greyscale satellite image algorithm

1

Click the Edit Algorithm ﬂ toolbar button.
An image window and the Algorithm dialog box appear.

Click the Open | = toolbar button.

From the Directories menu, select the path ending with the text
\examples\Data_Types.

Double-click on the directory named ‘SPOT_Panchromatic’.
Double-click on the algorithm named ‘Greyscale.alg.

Comprehensive ER Mapper Training Workbook 393



Chapter 22 Vector and tabular data e 2: Overlaying tabular data

The algorithm displays a satellite image of the San Diego, Californiaareain the US
from the SPOT satellite system. The image is 10 meter resolution, so it provides
good detail and is often used for base mapping applications.

Add an Annotation layer and load a vector roads image

1 Onthe Algorithm window, select Annotation/Map Composition from the
Edit/Add Vector Layer menu.

An Annotation layer is added to the algorithm layer list.

2 Click the Load Dataset ﬁ button in the process stream diagram for the
new layer to open the file chooser dialog.

3 From the Directories menu, select the path ending with the text \examples.

In the directory named ‘Shared_Data’, load the file named
‘San_Diego_roads.erv.

Thisisavector image of roads in the greater San Diego area. It was previously
imported from aDigital Line Graph (DLG) fileformat using the ER Mapper import
utilities that converted it to an ER Mapper format vector file (with an “.erv” file
extension).

5 In the process diagram, click the Edit Layer Color &8 button.

6 Choose a red color, then click OK to close the Color Chooser dialog.

ER Mapper runs the algorithm again and displays the vector road network asared
overlay. If desired, you can edit the vectors to add, delete or modify them. (Use of
the annotation tools is covered in the chapter on Map Composition.)

7 In the Annotation layer’s text description field, type the new description text
San Di ego roads and press Enter or Return.

2: Overlaying tabular data

Objectives Learn to add alayer to an algorithm to display point data stored in a tabular
format. (The examples used here are fire station locations, but they could just as
easily be well locations on an interpreted time surface.)

Turn off the vector roads layer

1 Inthe Algorithm window, turn off the vector ‘San Diego roads’ layer by
right-clicking on the layer name and selecting Turn Off.

(Thiswill make it easier to see the tabular data where there is overlap.)
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Add a Tabular Data layer and load sample data

1 From the Edit/Add Vector Layer menu (on the Algorithm window), select
Tabular Data, then select Table of data shown as Outline Circles.

A Table of Datalayer is added to the algorithm layer list.

2 With the Table of Data layer selected, click the Load Dataset ﬁ button in
the process diagram.

3 From the Directories menu, select the path ending with the text \examples.

In the directory named ‘Data_Types\Spot_Panchromatic’, load the file
named ‘San_Diego_Fire_Stations.tbl.’

Thisisatabular dataset containing the locations of fire fighting stationsin the
greater San Diego area.

5 In the process diagram, click the Edit Layer Color &8 button.

6 Choose a cyan (light blue) color, then click OK to close the Color Chooser
dialog.

ER Mapper runs the algorithm again and displays the location of each fire station
asacyancircle. (To display the circles, ER Mapper is accessing datain an external
file with an Easting and Northing value for each location and other information.)

7 In the Annotation layer’s text description field, type the new description text
fire stations and press Enter or Return.

3: Overlaying GIS vector data

Objectives Learn to add alayer to an algorithm to display vector data stored in an external
GIS product format (ARC/INFO in this case). In this case, you will display a
network of roads stored in an ARC/INFO format coverage file.

Turn off the Tabular Data layer

1 Inthe Algorithm window, turn off the tabular ‘fire stations’ layer by right-
clicking on the layer name and selecting Turn Off.

(Thiswill make it easier to see the GIS data where there is overlap.)

Add an ARC/INFO layer

1 From the Edit/Add Vector Layer menu (on the Algorithm window), select
ARC/INFO Coverage.
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An ARC/INFO layer is added to the algorithm layer list.

With the ARC/INFO layer selected, click the Dynamic Link Chooser #%
button in the process diagram.

The ARC/INFO Chooser dialog box opensto let you choose the coverage you
want to link. (Note that the button is different from the Load Dataset button
because you are not loading an ER Mapper format raster or vector file, but linking
directly to afile that isnot in ER Mapper format.)

On the ARC/INFO Chooser dialog, click the Workspace |[=| button.

The ARC/INFO Workspaces dialog opensto let you specify the location of the
ARC/INFO coverage files on your system.

From the Directories menu, select the path ending with the text
examples\Shared_Data.

Click once on the directory named ‘arc_info_workspace’ to select it, then
click the Select button.

The ARC/INFO Chooser dialog now shows the selected workspace, and the
Coverage drop-down list shows the available GIS vector coverages.

Choose a coverage, line width and line color

1

On the ARC/INFO Chooser dialog, select lajollards from the Coverage
drop-down list.

This coverage file contains the road network for the La Jolla area of San Diego
(covering the northern portion of this SPOT satellite image).

Select 1.0 from the Line Width drop-down list.
Click OK on the ARC/INFO Chooser dialog to close it.

ER Mapper runs the algorithm again and displays a large area network of roadsin
the LaJollaarea. Thisdatawas accessed directly from an ARC/INFO coveragefile,
so no file trandation was needed to display it. (You can also edit ARC/INFO
coverages and save them back to coverage format.)

==

Click the Edit Layer Color == button in the ARC/INFO layer’s process
diagram.

Choose a yellow color, then click OK to close the Color Chooser dialog.

IER Mapper runs the algorithm again and displays the network in yellow.

n the Annotation layer’s text description field, type the new description text
La Jol | a roads and press Enter or Return.
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Turn on all three color layers

1

Note:

Turn on all three of the color layers by right-clicking on their names and
selecting Turn On.

Vector layers always appear on top of any raster layers in an algorithm, regardless
of their position in the layer list. Relative to each other, the uppermost vector or
tabular layer has display priority where there is spatial overlap with other vector or
tabular layers.

Click on the ‘fire stations’ layer to select it, then click the Move Up button

o]

The ‘fire stations' tabular layer moves above the other two vector layers, so it now
has the highest display priority.

The circles representing fire station now appear on top of the vector roads overlays.

Close all image windows and dialog boxes

1

2

What you
learned...

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Add annotation layers to display and edit vector data stored in ER Mapper format.
Add Tabular Data layersto display data stored in tabular format
Add alayer to display data stored in an external vector GIS format
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Gridding

The ER Mapper Gridding Wizard uses irregularly spaced data to create a gridded
raster image. It doesthis by laying aregularly spaced grid over the whole area and
calculating a value for each cell in the grid. The accuracy of these calculations
depends on the method used and the density and spacing of the input data.

The ER Mapper Gridding Wizard extracts regularly gridded raster filesfrom a
combination of any or all of the following types of data.

Random line data

Contour data, with faults, streamlines, ridgelines, and breaklines
Random point data

Regular line data

Regularly gridded raster file

The output datais araster (.ers) file with single or multiple bands containing
regularly spaced grids.

ER Mapper supports two gridding techniques:
e Triangulation
e Minimum Curvature Under Tension
These are described in Chapter 38, “Gridding”, in the ER Mapper User Guide.

Comprehensive ER Mapper Training Workbook 398



Chapter 23 Gridding e Creating a gridded raster image

Creating a gridded raster image

You can use the ER Mapper Gridding Wizard to generate a single or multiband
raster image file from one or more input data sources. The input sources can be any
of the following formats:

* Generic ASCII XYZ

« DXF

* USGS contour format (DL G-3)

* Any raster formats directly readable by ER Mapper (including .ers)
* ER Mapper .erv format

Hands-on exercise

These exercises give you practice in using the Gridding Wizard to create a gridded

raster image.
Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Create a gridded image from text files

Open the Gridding Wizard

1 Click the Gridding Wizard button on the Common Functions toolbar.
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e [: Create a gridded image from fext files

The Gridding Wizard dialog opens with the 1)Introduction tab selected.

™ Gridding Wizard - Step 1 of &

1) Introduction |z] Deta Sources| 3) Output Bands | 4) Grid Typs | 5) Creste Grid |
Welcome to the Gridding Wizard |

This wizard will help vou genersle one or more images from point, lina
of pohogon data. Using this wizard, you can do the following:

- Creafe a single gndded image from a single data source.

- Create & single large gridded image from & number of small adjacent
data sources.

- Create & datasel containing muliple gndded images, each
rapresenling a dileren measurement avar the same araa

- Zave the information you enter with this wizand into a grid project file
which can be reused at a later firme.

Which project do vou want to use 7
= Mew grid project
™ Exisfing grid project

anid prizject fle: | shMiscellane oust Tutanall,dl_grid_project_2.egp

L Epch

Cancel

2 Select the New grid project option.

Notice that the Grid project file: field is grayed out. Thisis because you are
creating anew project file. Therefore, you do not have to specify an existing one.

3 Click on the Next> button or select the 2) Data Sources tab.

Both actions will take you to the next step by opening the Data Sources tab
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Select the input data source.

™ Gridding Wizord - Step 2 of &

1) Intraduction 2) Deta Sources |3) Outout Bands | 4) Grid Type | 5) Creste Grid
Please select the data source(s) you wish to grd
“ou can grid data from adjacant areas, or & number of differant

measuremeants from the same area, or both,

=] Add.,
Data source ﬂl
list abar ]

Thistab allows you to enter one or more data sources for gridding. The data
sources can be from the same or adjacent areas. For this example we are going to
choose a number of text files as data sources.

Thelist of data sources should be empty because we have not yet entered any.

Click on the Add... button to enter a data source.
A file chooser dialog should open.

In the chooser dialog Files of Type field, select AsciiXYZtext(.txt).

From the Directories menu, select the path ending with the text \examples
Double-click on the directory named ‘Functions_And_Features’ and then on
the ‘Gridding’ directory.

The directory has four text files, supplied with the permission of the Geological
Survey of Western Australia, that list geochemical sample readings at |ocations
specified by Easting/Northing coordinates. An extract from the

‘Peak_Hill _Al203.txt’ file listing aluminum oxide sample readings is shown below

#Easti ng Nor t hi ng Al 203
679346 7186699 11
675848 7182842 10. 4
675882 7180203 7.22
680312 7182703 8.76
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The information contained in the file isknown as ASCIIXY Z data. The X Y
components are the Easting/Northern coordinates of the locations, and the Z
component is the aluminum oxide reading at each of the X Y locations.

The other threefiles are ‘Peak_Hill_CaO.txt’, ‘Peak_Hill _Fe203.txt’ and
‘Peak_Hill_MgO.txt" which list traces of calcium oxide, copper oxide and
magnesium oxide respectively.

In this exercise we will use the Gridding Wizard to create a gridded raster image
with separate bands each showing overall concentrations of aluminum oxide,
calcium oxide, copper oxide and magnesium oxide.

Click on the file named ‘Peak_Hill_Al203.txt, and then click Apply.
The Ascii Projection Details dialog box should open.

XY 2 Ascii Projection Details

Dataset; nghPeak_Hill_AI203 bt

(=
Geodetic datum: AGEDER ="

Geodetic projection: | ThAkGE]

Band Selectian

Ok Cancel |

Check that the projection details are as shown above and then click on the
OK button to return to the data source chooser.

If the projection details are not as shown above, use the file chooser buttons E?l
on the Geodetic datum and Geodetic projection fieldsto select ‘AGD66’ for
thedatum, and ‘' TMAMGS50' from the ‘tranmerc’ projection list. Set Coordinates
to ‘Easting/Northing’.

Repeat steps 5 and 6 to add the following files to the data source list:
Peak Hill_CaO.txt

Peak Hill _Fe203.txt

Peak_Hill_MgO.txt

Click OK instead of Apply after selecting the last file.
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The file names will appear in the source list box.

“'ou can grid data fram adjacent areas, or a number of different
measurements fram the same area, ar both.

Feak_Hill_AIZ03 b, d: 1

Feak_Hill_tMgO t«t. Band: 1 =
Peak_Hill_Fe203td, Band: 1 ermove
Peak_Hill_Cal tt, Band: 1

Options...

8 Click on the Next> button to go to the 3) Output Bands tab.

Define the output bands

™ Gridding Wizord - Step 3 of b

Diefine the bands you want in your gridded image

i+ Craate a separale band from each data sourca
™ Mosaicall data sources into & single band
" Custom

Output band Diata source

El Seve Grid Project File. | <Back | mMNet> | cancel |

The output gridded raster image can have one or more bands of information. The

“Output Bands' tab allows you to specify how the input sources are to be mapped
to these output bands. There are three main options:

Createaseparateband Each input sourceis alocated to a separate band.
from each datasource  Thiscreates an output gridded image with multiple
bands as thematic overlays.
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M osaic all data sources
into asingle band

Custom

e [: Create a gridded image from fext files

All the input sources are allocated, i.e. mosaiced,
into asingle band. This creates a single band output
gridded image.

Enablesthe toolbar buttons for you to customize the
output. You can specify the number of output bands
and their descriptions, and then allocate individual
or combinations of input sources to the output
bands.

Select the default option Create a separate band from each data source.

The list box will show:

Output band

Gridded Data: 1
Gridded Data:2
Gridded Data:3
Gridded Data:4

Data source
Peak_Hill.Al203.txt, Band:1
Peak_Hill.MgO.txt, Band:1
Peak_Hill_Fe203.txt, Band:1
Peak_Hill.CaO.txt, Band:1

You will not be able to edit the entries in the list box.

Click on the Next> button to go to the 4) Grid Type tab.
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Select the gridding method

@ Gridding Wizard - Step 4 of &

1) Intraduction| 2) Dete Snun:es| 3) Dutout Bands| 4) Grid Typa |5) Creste Grid
Select the gridding method that wou want 1o use

TRIANGULATION is fast and works bestwith evenly dismbuted data. but
sparse deta grves nse to distinct nangular incets in the oulputimage.

MMM CLUBNVATURE ganerates a smoother output than triangulation.
It hes & set of adjustable perameters which can be usad to “tune" the
solution to the data fype (.0. potential fisld data, topographic data).

Al Triangulation (TIN) | All Minimurn Cunvature | <1 cooeed |

[Gricided Data: 1 |Tri&ngul&1i|:m

IGriddEd Diala: 2 |Tn'angula1ion

|Gricdded Data: 3 |Tri AnnulAfinn

Save Gid Fraject File.. <Back | Met> | cancel |

There are two gridding methods available, viz. Triangulation and Minimum
Curvature. Triangulation is simpler and works best with evenly distributed data.
Minimum Curvature has a number of parameters which you can adjust to suit the
input data.

The ‘Grid Type' tab allows you to set the gridding method for the output bands
collectively or individually.

We will set all the bandsto Triangulation.

1 Click on the All Triangulation (TIN) button to set the gridding method to
Triangulation.

You could also have selected Triangulation from the drop-down list next to each
band description.

Notice that the Advanced... buttons are grayed out. Thisis because you do not
have to set any further parameters for Triangulation.

2 Click on the Next> button to go to the 5) Create Grid tab.
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Create the gridded image

aa A W N

™ Gridding Wizord - Step 5 of &

1) Inhoduction| 2) Dt Sources| 3) Outout Bands| 4) Grid Type | 5) Creste Grid
Dutput imformation

et iji-:tinn...l EditExents.. |

— Call atnbutes

Call giza = |1 50 Mull e2ll walue: |-50000
Call siza™y; |1 B0 Calitype:; | EEE4ByteFeal =

Callg: 1mz2 Bands: 4
Lines: 744 Size (Mb): 11488770
— Aftar craating gndded imagea
P Display gridded image
B Dhisplay gridded image with sunshading
¥ Displey gricded image with input ovadaid as points

El Save Grd Project File.. | <Back | Fnish | cancel |

The Create Grid tab allows you to specify the file name and define the Extents,
Projection and Cell attributes of the output gridded file. You can also select how
you want the gridded image to be displayed.

Click on the File Chooser | & button to open the Gridding Wizard Output

File chooser dialog box.

From the Directories menu, select the path ending with the text \examples
Double-click on the directory named ‘Miscellaneous’.

Double-click on the directory named ‘Tutorial’

Enter ‘minerals_triangulated_grid_<your initials>’ in the chooser Save as:
field, and click on the OK button.

The name with its path and a“.ers extension will be inserted in the File: field of
the ‘ Create Grid' tab. When you create the gridded image it will be saved to that
file name.
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6 Click on the Set Projection... button to open the Grid Output Coordinate

Space dialog.

7 Grid Output Coordinate Space ____ MEIE
Conriotie da — S &
Geodetic projection: | TMAMGED = Cancel

- Defaults
Help...

Thisdialog allows you to select a Geodetic datum, Geodetic projection and
Coordinate type for the output gridded image. For this example we will use default
values.

Click on the Defaults button to select the default values.
Click on the OK button to return to the Gridding Wizard.

Click on the Edit Extents... button to open the Grid Output Extents dialog
box.

% Gnd Output Extents
Output extents

¥ hdaximum extents (exents of all data sources)
" Custom extarnts

Thisdialog box allows you to specify the areato be included (extents) in the output
gridded image. If you select the Maximum extents option, the output image will
include the full extents of all the data sources. If you select the Custom extents
option, you can then enter the top left and bottom right coordinates of the gridded
image in the units you specified in the Grid Output Coordinate Space dialog.
Generaly thisisin Eastings/Northings Longitude/L atitude or meters. This enables
you to limit the extents of the gridded image to an area of interest.

10 Select the Maximum extents option.
11 Click on the OK button to return to the Gridding Wizard.
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12 Check that the number of cells and lines in the Cell attributes box show
reasonable values.

13 If the size of the output file is larger than 12 Mb, increase the Cell size X:
and Cell Size Y: values until the size is less than 12Mb.

Note: In practiceyouwould probably not do this because it decreases the resolution of the
output gridded image. It is done here to save time and conserve disk space.

Cell size values of 150 should result in the file size shown below

— Cell attributes

Cell size x: (150 Mull cell walue: I-EDDEIIZI

Cell size ¥; [150 Celltype: | EEE4ByteReal |
Cells: 1012 Bands: 4
Lines: 744 Size (Mh): 11.488770

14 Select the following display option:
» Display gridded image with input overlaid as points

You could also have selected the following options but, for the purpose of this
exercise, we will just select the one:

» Display gridded image
» Display gridded image with sunshading
15 Select the Save Grid Project File button the open the chooser dialog.

All the grid data sources and settings you entered are stored in a project file which
you can save and re-use.

16 From the Directories menu, select the path ending with the text \examples
17 Double-click on the directory named ‘Miscellaneous’.
18 Double-click on the directory named ‘Tutorial.

19 Enter ‘grid_project_1 <your initials>’ in the chooser Save as: field, and
click on the OK button.

The project fileis saved to the file name with a*.egp’ extension.

20 Click on the Finish button to generate the gridded image and close the
Gridding Wizard

A Status dialog will indicate the progress of the gridding. On completion,
ER Mapper will display an image window displaying the following algorithm;

» Thegridded image in apseudo layer and a grid datasource points vector layer.
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21 Click on the Close button to close the Status dialog.

View an algorithm with the gridded image

1 Click on the image window title bar to make it active.

2 Open the Algorithm dialog by clicking on the Edit Algorithm button g on
the Common Functions toolbar.

The algorithm has a surface with Pseudo and a Grid Datasource Points vector layer.

3 Select the Pseudo layer

Thislayer contains band B1 Gridded Data: 1 of the raster image you created. This
displays the overall traces of aluminum oxide gridded from the
‘Peak_Hill_Al203.txt’ data source

4 Select bands B2 to B4.

(= ——[B4Grdded Dater 4 =]

The image window will display the gridded trace of mineral associated with the
band.

5 Select the Grid Datasource Points layer.

Notice that thislayer isaDynamic Link to the Project File you created. It shows
point locations for the layer 1 (aluminum oxide) sample readings.

6 Click on the Dynamic Link Chooser &2 button in the layer process
diagram to open the Display grid datasource points dialog box.

7 Select ‘Gridded Data:2’ from the Grid Layer drop-down list, and click on the
Finish button to exit the dialog.

Grid praject file:

IESRMisn:eIlanenus‘nTutnriaIngid_prnjeu::t_1_dj.egp @.’;l

Grid Layer:
|Gridded Data: 2 =]

The image window will now show the point locations for the layer 2 (calcium
oxide) sample readings.1

Close all image windows and dialog boxes

1 Close all image windows using the window system controls:
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e Sedlect Close from the window control-menu.

Only the ER Mapper main menu should be open on the screen.
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2: Create a gridded image using Minimum
Curvature

In this exercise, we will create the same gridded image as we did previoudly.
Instead of using Triangulation for all the bands we will now use Minimum
Curvature for two of them. We will also gave the bands more meaningful names.

Open the Gridding Wizard

1

(4| button on the Common Functions

Click on the Gridding Wizard
toolbar.

The Gridding Wizard dialog opens with the 1)Introduction tab selected.

Select the Existing grid project option.

Select your previously saved ‘grid_project_1_ <your initials>.egp’ project file
from the \examples\Miscellaneous\Tutorial’ directory.

Click on the Gridding Wizard Next> button or select the 2) Data Sources
tab.

Both actions will take you to the next step by opening the ‘ Data Sources' tab

The list of data sources should show the four ‘Peak_Hill’ text files you
selected in the previous exercise.

L eave the data sources unchanged.

Click on the Next> button to go to the 3) Output Bands tab.
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Define the output bands

@ Gridding Wizord - Step 3 of 5
1) Introduction| 2) Deta Sowrces| 3) Output Bands |4) Grid Type | 5) Create Grid
Deefine the bands you want inyour gridded image
™ Craste a saparale band frorm each data sourca

™ Mosaicall dats sources into & single band
% Custom

i Usze the toolbar buttons 1o customize the outout bands:

%|8|%|%|a ]| $lo| o)

Output band Data source
ak_HM_AZD 3t Band: 1 A

i : Paak_Hill_tg ta Band: 1
Grdded Data: 3 Paak_Hill_Fe23.t4 Band. 1 |
-

Gridded Data: 4 Feaak_Hill_Cal kt Band: 1

) | Seve Grid Project File. | <Back Mext> | Cancel |

1 Select the option Custom.

This should already be the default selection because we are using an existing
Project File. The toolbar buttons will now be visible.

We want to give the output bands more meaningful names.

2 Select the ‘Gridded Data:1’ entry under Output band.

3 Click on the Edit output band description E | button.

The Edit band description dialog will open.

% Edit band description

Band description: |

4 Inthe Band description field, enter the text “Al203 - triangulated”. Make
sure that the ‘Peak_Hill_Al203.txt’ data source is allocated to this output
band. If not, change the name accordingly.

5 Click on the OK button to return to the Gridding Wizard.
The Output band name will have changed to “Al203 - triangulated”.

6 Repeat the previous two steps and rename the other bands, “CaO -
triangulated”, “Fe203 - MinC” and “MgO - MinC".
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You should now have the following entriesin the list:

Cutput band Data source
Al203 trimngulated Feak_Hill_AlZ03 td. Band: 1

bAinC Feak_Hill_tMgO.td, Band: 1
3-MinC Peak_Hill_Fe?03 tt Band: 1
ﬁﬂ—’rriﬂnnulﬂtﬂd Feak Hill Calltd Rand 1

7 Click on the Next> button to go to the 4) Grid Type tab.

Select the gridding method

™ Gridding Wizard - Step 4 of 5

1) Intraduction| 2) Deta Sources| 3) Dutout Bands | 4) Grid Type |5) Create Grid
- Select the gndding method that yvou want 1o use

TRIAMGULATION iz fast and wodks bestwith evenly distmbuted data, but
sparse deta gres nse to distinct nangular fecets in the outputimage.

MU CUBNVATURE ganerates a smoother oulput than tisngulation.
It hes & et of adjustable paramaters which can be uzad to “tune"” the
solution to the data type (e.g. polential field data, topographic data).

Al Triangulation (TIN | Al Minimurm Curvature | All Advanced.. |

Ifl]:.’l “nangulated |Tris,ngula1i|:|n j | e j
Ih"llgD - MiniC: |h-1inirnum Curvafure j Advanced. I

[Fez03-MinC B Minisum Cunsaturn - advanced.. Iﬂ

|| save crid ProjectFile. | Back |  Net> | cancel |

We will set two bands to Triangulation, and the others to Minimum Curvature.

1 Select Triangulation from the drop-down list next to ‘Al203 - triangulated’
and ‘CaO - triangulated'.
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2

3

Note:

Select Minimum Curvature from the drop-down list next to ‘Fe203 - MinC’
and ‘MgO - MinC’.

All Triangulatian (TIN) [ Al Minimum Curvaturel All Advanced...
[3 - nangulated T Tnangulation =] | GEFECEEDE: |ﬂ

Fez03-kinC binimum Curvature j Acheanced.., |J

gD - binC kdinirnurn Curvature j Advanced... |

Click on the Advanced... button next to the ‘Fe203 - MinC’ entry to open the
Minimum Curvature Parameters dialog.

% Minimum Curvalure Parameters

Far standard minimumn cursature solution sat tension to zero. To
suppress undesired oscillations and false local maxima and minima
use tansion (~25 for potential field dats, ™ 35 for steep topography data)

Boundary tension (%5): IEE—
Interior tension (35); IE‘E_ L
Convergence speed (*): Iﬂﬂ—
Convergence limit (% of 2 r:mge]l.llli_

Maxirum nr. of tarations: ZRhR

Aspect ratio: |1

Canceal

Diefaults

Hdd:

Help...

S

p —

Use the sliders to set the Boundary tension(%) and Interior tension(%) to
25.

L eave the other settings at their default values. It is advisable not to change them
unless you have a good reason for doing so and you know what you are doing. See
“Gridding methods” on page 582 of the ER Mapper User Guide for more
information on these parameters.

Thiswill create the ‘ Fe203 - MinC' band with Minimum Curvature under tension,
and the ‘MgO - MinC’ band with Minimum Curvature.

Click on the OK button to close the dialog and return to the Gridding
Wizard.

Click on the Next> button to go to the 5) Create Grid tab.
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Create the gridded image

7 Gridding Wizard - Step % of b
1) Invoduction | 2) Date Sources| 3) Output Bands| 4) Grid Type| 5) Creets Grid |
Qutput information
File: |i‘-,u:-ct-mples'l.MlEL‘EIIt-rlBuus'l.Tul.uritd‘. dy_rrinerals_MinC_grid.ars ﬂl

et Prc:jectiun...l Edit Extants.. |

+ Cell afinbutes

Call siza = Il 50 Mull call walue: |-50000
Cell size 'y |1 1] Caltype: | EEE4ByteFial =]

Calls: 1012 Bands: 1
Lines: 744 Size (Mb): 11.4BBY?0

— aftar craating gndded image
W Display gridded image
 Display gridded image with sunshading
 Display gridded image with input ovadaid as points

2| seve Gid ProjectFite | <gack | Fnish | cancel |

The ‘Create Grid' tab allows you to specify the file name and define the Extents,
Projection and Cell attributes of the output gridded file. You can also select how
you want the gridded image displayed.

Click on the File Choose
File chooser dialog box.

button to open the Gridding Wizard Output

From the Directories menu, select the path ending with the text \examples

Double-click on the directory named ‘Miscellaneous’ and then select the
“Tutorial’ directory.

Enter ‘minerals_MinC_grid_<your initials>" in the chooser Save as: field,
and click on the OK button.

The name with its path and a“.ers extension will be inserted in the File: field of
the ‘*Create Grid' tab. When you create the gridded image it will be saved to that
file name.

Select all the display options:

Display gridded image

Display gridded image with sunshading

Display gridded image with input overlaid as points

The image will be displayed in three separate image windows.

Select the Save Grid Project File... button to open the chooser dialog.
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All the grid data sources and settings you entered are stored in a project file which
you can save and re-use.

From the Directories menu, select the path ending with the text \examples
Double-click on the directory named ‘Tutorial’

Enter ‘grid_project_2_<your initials>’ in the chooser Save as: field, and
click on the OK button.

The project fileis saved to the file name with a‘.egp’ extension.

10 Click on the Finish button to generate the gridded image and close the
Gridding Wizard

A status dialog will indicate the progress of the gridding.

On completion, ER Mapper will display three image windows displaying the
following agorithms;

* Thegridded image in a pseudo layer
* Thegridded image in a pseudo layer and an intensity layer with sunshading on.
» Thegridded image in apseudo layer and a grid datasource points vector layer.;

View an algorithm with the gridded image
1 Click on the ‘pseudo layer’ image window title bar to make it active.
2 Open the Algorithm dialog by clicking on the Edit Algorithm button g on
the Common Functions toolbar.
The algorithm has a surface with Pseudo layer.

3 Select the Pseudo layer

Thislayer contains band B1: Al203 - triangulated of the raster image you created.
This displays the overall traces of aluminum oxide gridded from the
‘Peak_Hill _Al203.txt’ data source.

4 Select the B3:Fe203 - MinC band from the drop -down list.

The image window will now display the overall iron oxide traces gridded from the
‘Peak_Hill _Fe302.txt’ data source using the Minimum Curvature method.
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Close all image windows and dialog boxes
1 Close all immage windows using the window system controls:
» Select Close from the window control-menu.

Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following task in
learned... ER Mapper:

» Usethe Gridding Wizard to create a multi-band gridded image from text files.

» Select some of the output bands to use Triangulated gridding, and others to use
Minimum Curvature and Minimum Curvature under tension.
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Contours

The ‘Contours' dynamic link analyses raster data and draws contours from the
values. For example, you may wish to generate contours from digital terrain data,
or magnetics or seismic data. You can view the contours on screen in 2D and print
them. You can also save them as a separate vector file if you want to view themin
3D or export the file to another application.

ER Mapper contouring has the following features:

* images, agorithms and virtual images can be contoured

» you need only select the data source (image) and the band, and ER Mapper will
automatically create the contours

* you can let ER Mapper set the parameters or you can specify them yourself

* you can see contour start value and interval, contour labels and contour color, line
style and line width

* you can add contours to the entire image or to a part of an image.

Adding and setting up a contours layer

Contours are added to an algorithm using a Contours dynamic link layer. Any
number of Contours dynamic link layers can be included in an algorithm.
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Hands-on exercise

These exercises give you practice contouring a magnetics image (images,
algorithms and virtual datasets can be contoured)

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Draw Contours on an image

Open an image window and the Algorithm window

1 Click the Edit Algorithm button ﬁon the Common Functions toolbar.
An image window and the Algorithm dialog open.

2 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.
From the Directories menu, select the path ending with \examples.
Double-click on the directory ‘Shared_Data’ to open it.

5 Double-click on the image named ‘Newcastle_Magnetics.ers’ to load it.
The image is loaded into the Pseudocolor layer.
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6 From the Edit menu in the Algorithm dialog, select the Add Vector Layer
submenu and click on Contours.

= Algorithm M= E
View Mode: Namal v | I Feather [ Smooting|  Close |
Deseription: | Mo Description Edit v
e R eleae 8| R Add Raster Leyer "
| | | [ | | | | . | | Change Raster Layer 3
E—$ [Ps]: Default Sutace = Annofation/Map Composition Add Vector Layer
Fegion Leyer Add MNew Surfaca Crl+d
ARC/INFO Coverage Cut Chyl+3¢
| Copy Chrl+C
Grid Datasource Points Faste Chrl+y
Grd Datasource TN Duplicate Ctrl+D
AT o Properfies Chl+P
MicraStation DGH File
External Yector formats 3
5 BRegions b -
< | [ PostScript b '

7 A Contours layer is added to the data structure diagram in the left panel of
the Algorithm dialog.

To start the Contouring Wizard

1 In the Algorithm dialog, click the Chooser button. £

The Contouring Wizard dialog opens.
2 Contounng wizard

The contour wizard adds a contour layer to your
display algonthm to generate contours directly
from an image or algonihm file.

File:las\Sh ared_Data\Mewcastle_Magnetics.ers = |

Band:| B1:magnetics x|

k¥ Make contours mult-color
k¢ Label contours

IIse Mext = to set styles for contours and labels.
LIse Save as... to save contours to a vectaor file.

< Barh Mext = Finish Cancel
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2 Inthe File: field on the Contouring Wizard dialog select
‘Newcastle_Magnetics.ers’ file in the ‘\examples\Shared_Data’ directory

Note: Virtua datasets and algorithms can also be contoured.

3 Choose the band to contour. (Newcastle_Magnetics.ers has only one band)

Band: Choose the image band to contour. Band 1 is chosen
by default.

4 Select the Make contours multi-color and Label contours options.

M ake contour s multi- Select this option for the contour lines to have

color colors from a specified color table. Otherwise they
will have asingle color.

L abel contours Select thisoption if you want the contour linesto be
labelled.

5 Click on the Next > button to go to the Set contours style wizard page.

Set contours style.

@ 5et contours style

- - =N |
;jT _ Multi-color tabla: | alavation
\ - % 11 First contour level [ for automatic): |'|E|
\ b/ g ! Contour interval [0 for autumat-c].lBEl
|
=
a_ | Contaur line width (in points): |05
(¢ Ewery Mth contour is a primary cnrutuur:li
wi ¥ Make primary contours thicker
- }h% Secondary contour style:|17 (— — v =]
e ey
| Use Mext > 1o set label style.
£M e
Save as... | < Back | Mexl = | Finish | Cancel |

Select elevation from the drop-down list in the Multi-color table field.

Enter 10 for the First contour level, 30 for the Contour interval, and a
Contour line width of 0.5 points.

3 Enter 4 for Every Nth contour is a primary contour.
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Select the Make primary contours thicker option.

Select Secondary contour style number 17 from the list.

Every fourth contour line will be solid and thicker than the other lines, which will

be dotted.

If you leave the options as they are the default options will be used.

First contour level

Contour interval

Contour linewidth

Every Nth contour isa

primary contour

Makeprimary contours
thicker

Secondary contour style

The value at which thefirst contour isdrawn. If you
leave the value as 0, ER Mapper will automatically
choose avalue.

The distance between contours. If you leave the
value as 0 the step between contours will be
automatically chosen by ER Mapper.

Specify the width of the contour linesin points. The
default is 0.5 points.

The contour lines at the specified interval will be
primary contours which you can specify to be
thicker. Leave at the default value of O or 1 for no
primary contours.

Select this option for primary contour lines to be
thicker than the width specified in the Contour line
width field.

This option has no effect if there are no primary
contours; i.e you entered O or 1 in the Every Nth
contour isa primary contour field.

Select theline style for secondary contoursfrom the
list.

Please note that you will only have secondary
contoursif you elected to have primary contours.
Therefore ER Mapper will not use the secondary
contour style if you entered a0 or 1 in the Every
Nth contour isa primary contour field.

6 Click Next to go to the Set labels style wizard page.
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Set labels style
@ 5et labels style
R Label contours
Label fant color: red Set calor...
h‘.é) Label font size: 10 x
Label font styla: | Hetvetica =]
L5 ,—
_=tg Label every Mih contour line: |1
]
- N%ﬁ
4E0
Save as... | < Back | Mext = | Finish | Cancel |

1 Selectthe Label contours option.,

The Label contours option should already be checked because you selected it inthe
first page of the wizard.

2 Leave the Label font color, Label font size and Label font style to the
default values of red, 10 and Helvetica respectively.

3 Set Label every Nth contour line: to 2 so that every second line is
labelled.

4 Click on Finish to exit the Contouring Wizard.
ER Mapper will redraw the image with contour lines.

Note: You could also have used the Save as... button in the Contouring Wizard to save
the contours as an ER Mapper Vector Dataset (.erv) file. Thisisonly necessary if
you want to use the contours in some other applications. The ER Mapper
Contours layer will re-draw the contours every time you run the algorithm.
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Close all image windows and dialog boxes

What you
learned...

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following task in
ER Mapper:

Use the ER Mapper Contouring Wizard to define and draw contours on an image.
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Creating Lookup
laples

This chapter explains how to create lookup tables that will transform digital values
of raster images to colors in pseudocolor layers.

About Lookup Tables

The lookup table files are text files, each holding an array of 256 lines of four
entries each. The first entry is the pixel lookup value and runs from 0 to 255 down
the array. The other three entries are the Red, Green and Blue valuesin the 0-65535
range (16 bit) that will be used to display that pixel value.

A variety of lookup tablesis supplied with ER Mapper. In addition, you can create
your own tables tailored to your needs.

Color Lookup Tablefilesare held in the ‘lut’ directory. Add any new lookup tables
in this directory so that they will appear in the Color Table menuin ER Mapper's
Algorithm dialog box.

To select a Lookup Table

1 Inthe Algorithm dialog box, select the Surface tab.
2 Select ‘Pseudocolor' from the Color Mode drop-down list.
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3 Select the desired Lookup Table from the Lookup Table drop down list.

To create a new linear Color Lookup Table

To include the lookup table in the lookup table menu, make sure the fileisin the
‘lut’ directory and hasa ".Iut' extension.

If your color lookup table isto consist of alinear gradation from one color to
another, you can use the ‘makelut’ utility supplied with ER Mapper to help you
generate it. ‘'makelut' creates a Color Lookup Table which adjusts one specified
value to another, and outputs the Color Lookup Table to the "makelut’ standard
output path.

To generate a Color Lookup Table:

1 PC - Bring up a command prompt window.

2 Type in the CLUT utility command at the \bin\win32> prompt:

Tip:

makelut -n"CLUT _name" iRiG iB nR nG nB >
ERMAPPER\IUt\CLUT _filename.lut

Where;

-n"CLUT_name" is the name of lookup table that will be mentioned in the
CLUT _filename.lut file.

iIRIG iB are the Red Green Blue values of initial lookup table
NR nG nB are the Red Green Blue values of new lookup table

ERMAPPER\Iut isthe ER Mapper Color Lookup Table directory. The created
CLUT _filename.lut lookup table file will be stored in that directory.

CLUT _filenameisthe file name of color lookup table and will be displayed
(without the .lut extension) in the Color Table drop-down list on the Algorithm
window.

The pixel lookup values are specified in the range 0-255 in thefirst column, and the
“makelut’ utility correctly generates the RGB valuesin the 0-65535 range (16 hit) in
the 2nd, 3rd and 4th columns.

To find out the values of the colorsin the lookup table, load the CLUT _filename.lut

fileinto any Text Editor. The CLUT _filename.lut file will display all the variations

of Red Green Blue and the corresponding unit values.
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Hands-on exercises

These exercises teach you to create 2-color and multi-color lookup tables.

What you will After completing these exercises, you will know how to perform the following
learn... tasksin ER Mapper:

» Create 2-color and multi-color lookup tables

» Select combinations of Red Green Blue values of any color you would liketo usein
the color lookup table that you are going to create

» Create acombination of colors and grey scale lookup table
» Apply the created lookup tables to the raster images

Before you Before beginning these exercises, make sure all ER Mapper image windows are
begin... closed. Only the ER Mapper main menu should be open on the screen.

1: Creating a 2-color lookup table

Objectives Learn to create a 2-color lookup table and use it to display araster image

Display an image in Pesudocolor mode

1 On the Standard toolbar, click on the Edit Algorithm ﬂ button.
An image window and the Algorithm window appear.

2 Click on the Layer tab to view the settings for the layer.

3 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \ examples.
Double-click on the directory ‘Shared_Data’ to open it.

Double-click on the image named ‘Landsat_ TM_year 1985.ers’ to load it.
Band one of the image isloaded into the Pseudocolor layer.
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7

On the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode. From the
Color Table drop down list choose ‘pseudocolor’.

The image window displays band 1 of the image with the * pseudocolor’ lookup
table.

Finding the combination of Red Green Blue values for a particular color

1

a A W DN

On the main menu click on the File menu and from the drop-down list select
Page Setup...

Page Setup dialog box appears.
On the Page Setup dialog box select Set Color... button.
Color dialog box appears.

From the Basic colors: choose bright blue color and note down the values
Red = 0, Green = 0 and Blue =255.

From the Basic colors: choose bright red color and note down the values
Red = 255, Green = 0 and Blue =0.

Creating a blue_red color lookup table

1

Note:

Bring up a MS-DOS Prompt window. At the \bin\win32> prompt type in the
following

makelut -n “blue->red" 0 0 255 255 0 0> C:\ERMAPPER\|ut\blue_red.lut

The following procedure assumes that C\ERMAPPER iswhere ER Mapper is
installed. Change the command to suit your environment.

makel ut command to make lookup table

-n switch to include the name “blue->red” in
the blue red.lut file

“blue->Red” Name of the lookup table appearsin the
blue red.lut file

00255 Red, Green, Blue values of Blue color

25500 Red, Green, Blue values of Red color
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> create the blue_red.lut file in the defined
directory

C\ERMAPPER\lut\blue_red.lut The defined directory path and the file
name to be saved

2 The blue_red.lut lookup table file is created and is saved in the
C:\ERMAPPER\Iut directory.

Display an image using your blue_red.lut color lookup table.

1 Exit from ER Mapper and restart it again.

Note: To enable the ER Mapper to recognize the created lookup table file you have
created, it is necessary to exit from ER Mapper and restart it.

2 On the Standard toolbar, click on the Edit Algorithm ﬂ button.
An image window and the Algorithm window appear.

3 Click on the Layer tab to view the settings for the layer.

4 On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \ examples.
Double-click on the directory ‘Shared_Data’ to open it.

Double-click on the image named ‘Landsat_ TM_year_1985.ers’ to load it.
Band one of the image isloaded into the Pseudocolor layer.

8 On the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode.

9 From the Color Table drop down list choose ‘blue_red’ - the color lookup
table you have created.

The image window displays band 1 of the image with the blue_red color lookup
table you have created.
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2: Creating a multi-color lookup table

Finding the combination of Red Green Blue values for five colors

1

o 01 A~ W

Display an raster image in Pseudocolor mode.

On the main menu click on the File menu and from the drop-down list select
Page Setup...

Page Setup dialog box appears.
On the Page Setup dialog box select Set Color... button.
Color dialog box appears.

From the Basic colors: choose black color and note down the values Red
=0, Green = 0 and Blue =0.

From the Basic colors: choose bright blue color and note down the values
Red = 0, Green = 0 and Blue =255.

From the Basic colors: choose bright green color and note down the
values Red = 0, Green = 255 and Blue =0.

From the Basic colors: choose bright red color and note down the values
Red = 255, Green = 0 and Blue =0.

10 From the Basic colors: choose white color and note down the values Red

= 255, Green = 255 and Blue =255.

Creating a Black_blue_green_red_White color lookup table

1

Bring up a MS-DOS Prompt window. At the \bin\win32> prompt type in the
following and press enter.

makelut -n "Black->Blue->Green->Red->White" 0000 0255 0 255 0 255 0 0 255
255 255 > C\ERMAPPER\lut\blk_blu_gr_rd_wht.lut
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Note: The following procedure assumes that C:\ERMAPPER iswhere ER Mapper is
installed. Change the command to suit your environment.

makelut command to make lookup table

-n switch to include the name
“Black->Blue->Green->Red-
>White” inthered_blue.lut file

“Black->Blue->Green->Red->White” Name of the lookup table appears
intheblk_blu gr rd wht.lut file

000 Red, Green, Blue values of Black
color

00255 Red, Green, Blue values of Blue
color

02550 Red, Green, Blue values of Green
color

25500 Red, Green, Blue values of Red
color

255 255 255 Red, Green, Blue values of White
color

> create the blk_blu_gr_rd wht.lut
filein the defined directory

C\ERMAPPER\Iut The defined directory path and the

\blk_blu_gr_rd_wht.lut file name to be saved

2 The blk_blu_gr_rd_wht.lut lookup table file is created and is saved in the
C:\ERMAPPERA\Iut directory.

Note: Bring up a Text Editor and open the blk_blu_gr_rd_wht.lut file. Check how the
color changes gradually from Black to Blue to Green to Red to White from the
pixel lookup value (the first column) 0 to 64 to 128 to 192 to 255 down the array.

Display an image using your blk_blu_gr_rd_wht.lut color lookup table.

1 Exit from ER Mapper and restart it again.
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Note:

Note:

To enable the ER Mapper to recognize the created lookup table file you have
created it is necessary to exit from ER Mapper and restart it.

On the Standard toolbar, click on the Edit Algorithm ﬂ button.
An image window and the Algorithm window appear.

Click on the Layer tab to view the settings for the layer.

On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \ examples.
Double-click on the directory ‘Shared_Data’ to open it.

Double-click on the image named ‘Landsat_ TM_year_1985.ers’ to load it.
Band one of the image isloaded into the Pseudocolor layer.

On the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode.

From the Color Table drop down list choose ‘blk_blu_gr_rd_wht’ - the color
lookup table you have created.

The image window displays band 1 of the image with the blk_blu_gr_rd wht color
lookup table you have created.

View the blk_blu_gr_rd wht color lookup table from the vertical color scale bar in
the transform window.

3: Creating a combination of multi-color
and greyscale lookup table

Creating a Greyscale color lookup table

1

Bring up an MS-DOS Prompt window. At the \bin\win32> prompt type in the
following and press enter.

makelut -n "Black->White" 0 0 0 255 255 255 >
C:\ERMAPPER\lut\ black white.lut
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Note: The following procedure assumes that C:\ERMAPPER iswhere ER Mapper is
installed. Change the command to suit your environment.

makel ut command to make lookup table

-n switch to include the name “ Black-
>White” in the black_white.lut file

“Black->White” Name of the lookup table appearsin the
black_white.lut file

000 Red, Green, Blue values of Black color

255 255 255 Red, Green, Blue values of White color

> create the black_white.lut file in the
defined directory

CA\ERMAPPER\lut\black_whitelut =~ The defined directory path and the file
name to be saved

2 The black_white.lut lookup table file is created and is saved in the
C:\ERMAPPERA\Iut directory.

3 Bring up a Text Editor and open the black_white.lut file. Check how the color
changes gradually from Black to White from the pixel lookup value (the first
column) 0 to 255 down the array.

4 Edit the first 20 pixel values (0-19 of the first column) to 0 0 65535 (Blue)
and the last 20 pixel values (236 to 255 of the first column) to 65535 65535
0 (Yellow).

5 Save the file as blue_grey_yellow.lut.

Display an image using your blue_grey_yellow.lut color lookup table
1 Exitfrom ER Mapper and restart it again.

Note: To enable the ER Mapper to recognize the created lookup table file you have
created it is necessary to exit from ER Mapper and restart it.

2 On the Standard toolbar, click on the Edit Algorithm ﬂ button.
An image window and the Algorithm window appear.

3 Click on the Layer tab to view the settings for the layer.
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Note:

On the Algorithm window, click the Load Dataset button ﬁ on the left
side of the process stream diagram.

The Raster Dataset file chooser dialog box appears.

From the Directories menu, select the path ending with \ examples.
Double-click on the directory ‘Shared_Data’ to open it.

Double-click on the image named ‘Landsat_ TM_year_1985.ers’ to load it.
Band one of theimage isloaded into the Pseudocolor layer.

Select Thematic Mapper band 5 (TM5) from the band selection drop-down
list on the Algorithm window.

DN value of water in TM5 islessthan 20. You are going to display the water region
in TM5 in blue color using your blue _grey yellow.lut lookup table.

In the Algorithm window click on the surface tab. By default the Color
Mode is in Pseudocolor. If not, change it to Pseudocolor mode.

10 From the Color Table drop down list choose ‘blue_grey_yellow’ - the color

Note:

lookup table you have created.

The image window displays band 1 of the image with the blue_grey yellow color
lookup table you have created.

View the blue_grey yellow color lookup table from the vertical color scale bar in
the transform window.

11 Click the 99% Contrast Enhancement button.

The water region is displayed as blue with some areas displayed as black. It is
because the transformation has been clipped to 99%.

12 On the Algorithm window click the Edit Transform Limits [ button.

13 The Transform window appears.

14 On the Transform window, on the X axis type in the first value O instead of

4 as displayed (which was clipped) and press enter.

15 The image is displayed with the water region as blue and without black

areas.
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Close all image windows and dialog boxes

What you
learned

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Create 2-color and multi-color lookup tables
Create a combination of multi-color and greyscale lookup table
Apply the created color lookup tables to images.
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26

Image geocoding

This chapter explains how to use ER Mapper to geometrically correct raw image
data and rectify it to real world coordinate systems and map projections.

Note: The exercisesin this chapter require the ‘Landsat_practice.ers’ imagefileto bein
‘examples\Miscellaneous\Tutorial’ directory. This file was also used Chapter 19,
“Supervised classification”.

About image geocoding

Whenever accurate area, direction and distance measurements are required, raw
image data must usually be processed to remove geometric errors and rectify the
image to areal world coordinate system. With satellite imagery, for example, these
errors are introduced by factors such asroll, pitch and yaw of the satellite platform
and curvature of the earth. In order to overlay or mosaic two imagesin ER Mapper,
the images must be in the same coordinate system. The common coordinate system
can be “raw” (uncorrected), or areal world map projection system.

A ground control point (GCP) is apoint on the earth’s surface where both image
coordinates (measured in rows and columns) and map coordinates (measured in
degrees of latitude and longitude, meters, or feet) can be identified. Rectificationis
the process of using GCPsto transform the geometry of an image so that each pixel
corresponds to a position in areal world coordinate system (such as L atitude/
Longitude or Eastings/Northings). This process is sometimes called “warping” or
“rubbersheeting” because the image data are stretched or compressed as needed to
align with areal world map grid or coordinate system.
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Orthorectification is a more accurate form of rectification because its takes into
account sensor (camera) and platform (aircraft) characteristics. It is specifically
recommended for airphotos. Orthorectification is covered separately in Chapter 26,
“Image orthorectification”.

Registration issimply aligning two images so they can be overlaid or superimposed
for comparison. In this case, the images do not have to be rectified to amap
projection (they can both beina“raw” coordinate system).

ER Mapper’s Rectification utilities are commonly used to perform four different
types of operations:

Image to map rectification—using polynomial (control point) or linear geocoding
to rectify an image to a datum and map projection using GCPs.

Imageto imager ectification—using polynomial (control point) or linear geocoding
to rectify one image to another using GCPs.

Map to map transfor mation—transforming arectified image from one datum/map
projection to another.

I mage r otation—rotating an image any number of degrees.

In this exercise, you will use the Geocoding Wizard to perform an image-to-image
rectification. A typical procedure for performing an image-to-image rectification is
asfollows:

Define Identify common features in both images
control (ground control points) using the mouse
points to build a transformation model

Rectify the “raw” image to the new

Rectify the coordinate space (map projection an datum)
Image of the corresponding rectified image
Eve}luate. Evaluate the accuracy of the rectification
registration using simple overlays or other techniques
accuracy
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Hands-on exercises

What you will
learn...

Before you
begin...

Note:

These exercises give you practice using ER Mapper’s Geocoding Wizard.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Choose common ground control points (GCPs) between two images
Use options to modify the GCP display and edit GCPs

Rectify a“raw” image to the chosen datum and map projection
Evaluate registration accuracy using a simple image overlay method

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

It isvery important to adhere to the following procedures exactly as written.
Choosing GCPs can be afairly complex procedure, and you will learn the basics
best by following these exact steps the first time.

1: Choosing ground control points

Objectives

Learn how to use ER Mapper’s Geocoding Wizard to identify common features
in the two images, edit the points, and modify the GCP display.

Create the FROM algorithm (the “raw” image)

Before performing an image-to-image rectification, you must first create an
algorithm that displaysthe “raw” image you want to rectify.

Click the Image Display and Mosaicing Wizard ll toolbar button.
An Image Wizard dialog box appears.

In the Image Wizard Select files to display window, click the file chooser
Eﬁ;l button in the File to display: field to open the file chooser.

In the directory ‘examples\Miscellaneous\Tutorial’, double-click on the
image named ‘Landsat_practice.ers’.
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Note: You should have created the "Landsat_practice.ers' image in the
‘examples\Miscellaneous\Tutorial’ directory in an earlier exercise. If you have not
done so, you can create it now by copying files‘Landsat MSS notwarped’ and
Landsat MSS notwarped.ers from the ‘ examples\Shared_Data\’ directory and
renaming them to ‘Landsat_practice’ and ‘Landsat_practice.ers’ respectively.

4 Select Display image in 2D and Manually set display method, and click
on the Next > button.

In the Select display method window, select Red Green Blue.

Check the Manually select display method properties box.

Click on the Next > button.

In the display mode properties box Type: field, select RGB 321 from the list.
Click on the Next > button.

10 The RGB composite with MSS1 (Blue), MSS2 (Green) and MSS3 (Red) is
displayed.

O© 00 N O O

11 Click on the Finish button to close the Image Wizard.

12 Click the Save As El toolbar button.
13 In the Files of Type: field, select ‘ER Mapper Algorithm (.alg)’.

14 From the Directories menu, select the path ending with \examples.

15 Open the ‘Miscellaneous\Tutorial’ directory, and save the algorithm with the
name ‘Landsat_FROM_algorithm’ (use your initials at the beginning).

16 Close the image window using the window system controls:
» Select Close from the window control-menu.

Remove existing Ground Control Points from the practice image

1 From the Process menu (on the main menu), select Geocoding Wizard.
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The Geocoding Wizard dialog box will open with the Start tab selected.

™ Geocoding Wizard - Step 1 of §

1) Start|2) Triengulation Setup| 3) GCP Setup| 4) GCP Edit] 5) Reciiy|
Input File

— Geocoding Type
= Trianguletion
" Polynomial
™~ Orhorachify using ground control points
" Orhoractify using exeriar anentation
™ Wap o map reprojection
" Known point registration
" Rotation
Uz Delauney Trhangislation 10 rectifyour imag e whean yau wanl 10 reduce local j

distortions. This is often used with images from aithome scannars whera
inaccuracies heve been introducad by unexpecied aircraft mowvement (e.g. wind
shears). liis less accurate than Odhorecification

-

Save | Close | Cancel |

2 Click the Load Algorithm or Dataset = | button in the Input file: field to
open the file chooser.

3 From the Directories menu, select the path ending with the text \examples.

In the directory ‘Miscellaneous\Tutorial, double-click on your previously
saved algorithm, ‘Landsat_ FROM _algorithm’.

Select Polynomial in the Geocoding Type box.
Select the GCP Edit tab.

7 Click the Delete all GCPs ‘El button and, when asked to confirm the
delete, click Yes.

8 Click on the Save button to save the changes to the practice image. If asked
to confirm saving GCPs to disk click Yes.

Set the Polynomial Order
1 Select the Geocoding Wizard Polynomial Setup tab.
2 Select Linear in the Polynomial Order box.
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Specify an image-to-image rectification and algorithm name

1

Select the Geocoding Wizard GCP Setup tab.
The GCP Setup tab lets you specify the name of a geocoded reference image.

In the GCP Picking Method box, select Geocoded image, vectors or
algorithm option.

Thistells ER Mapper you plan to pick corresponding points between two images
on the screen (an “image-to-image” rectification).

'

Click the Load Corrected Algorithm or Dataset | ] button.

From the Directories menu on the file chooser dialog, select the path
ending with the text \examples.

Double-click on the ‘Data_Types’ directory to open it.

Double-click on the ‘Landsat_MSS’ directory to open it, then double-click on
the algorithm ‘RGB_321.alg’ to load it.

This agorithm will be used to display the ‘CORRECTED’ image, which isthe
already rectified image containing coordinate information.

Setup parameters for the image rectification

3

The To geodetic datum, To geodetic projection and To Coordinates,
fields in the Output Coordinate Space box show the datum, projection and
coordinate type for the output rectified file you will create. These parameters are
included automatically from the ‘ CORRECTED’ (rectified) Landsat image.

Click on the Change... button to open the Geocoding Wizard Output
Coordinate Space dialog.

% Geocoding Wizard Quput Coordinate Space S [=] B3
— Output coordinate space OF
Craturm: MADE? = Cancel
Frojectian: MNUTRATT (=
Coord system type: |Eastings£NDrthings |

'}

Click on the Projection |=| chooser button.

The Projection Chooser dialog opens showing available map projections
(ER Mapper includes over 700 projections and you can add your own as well).

Click Cancel on the Projection Chooser dialog to close it.
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Chapter 26 Image geocoding e 1: Choosing ground control points

Click Cancel on the Geocoding Wizard Output Coordinate Space dialog
to close it.

Select the Geocoding Wizard GCP Edit tab.

ER Mapper opens several image windows and dialog boxes. You should see a
screen setup similar to this one:

UNCORRECTED ER Mapper
GCP ZOOM ROAM geolink)
WINDOW

WINDOW

CORRECTED GCP
ZOOM WINDOW

CORRECTED GCP
(OVERVIEW ROAM
geolink) WINDOW

Geocoding Wizard
dialog box

If your system does not position the windows automatically, rearrange them as
shown above before proceeding.

Setup the image windows to pick the first four GCPs

2
3

When you first begin picking GCPs, your “raw” (unrectified) image contains no
ground control points. You will begin by picking the first four control points using
the CORRECTED and UNCORRECTED image windows. Once you have picked
the first four GCPs, you can use the CORRECTED windows to quickly pick the
remaining GCPs.

On the main menu, click the Edit Algorithm ﬂ button to open the
Algorithm window.
Click inside the 'CORRECTED GCP ZOOM'’ window to activate it.

In the Algorithm window, turn off the Smoothing option.
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Note:

Click your right mouse button inside the ‘CORRECTED GCP ZOOM’
window, and select Zoom to All Datasets from the Quick Zoom menu.

The ‘CORRECTED GCP ZOOM’ window zooms out to the full image extents.

Click inside the ‘UNCORRECTED GCP ZOOM'’ image window to activate it.
In the Algorithm window, turn off the Smoothing option.

Click your right mouse button inside the ‘'UNCORRECTED GCP ZOOM’
window, and select Zoom to All Datasets from the Quick Zoom menu.

The ' UNCORRECTED GCP ZOOM’ window zooms out to the full image extents.
You are now ready to pick your first GCP.

Click Close on the Algorithm window to close it.

It isagood ideato turn off the Smoothing option on agorithms where you will
pick ground control points. This makes it easier to see the locations of individual
image pixels when you zoom in closely to areas.

Pick a GCP in the upper-left part of both images

Note:

Make sure the main ER Mapper menu is not hidden by the image windows—moveit
dlightly if needed so you can easily access the toolbars.

On the main menu, click the ZoomBox Tool @ | toolbar button.

Point to the ‘UNCORRECTED GCP ZOOM’ image window, and zoom in on
a small area in the upper-left part of the image with well defined features
(drag a zoom box).

Move the pointer over the ‘CORRECTED GCP ZOOM’ image window
(notice the pointer is a & icon), and click once to activate the window.

In the ‘CORRECTED GCP ZOOM’ image window, drag a box to zoom in on
the same geographic area you have displayed in the ‘UNCORRECTED’
window.

You have now zoomed to a common area in both images to pick a GCP.

On the main menu, click the Pointer Tool | k { toolbar button.

In the ‘CORRECTED GCP ZOOM’ window (which is active), click on a
clearly identifiable feature in the image, such as a sharp boundary between
red vegetation and white barren land.
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ER Mapper marks the control point with green cross hairs, and the geographic
location of that point appears in the Easting and Northing fields on the Geocoding
Wizard GCP Edit dialog. (Thisdialog has many options you will learn more about
later.)

Click once inside the ‘UNCORRECTED GCP ZOOM’ window to activate it.

Click on exactly the same geographic feature in the ‘UNCORRECTED GCP
ZOOM'’ window. (It is important to be as accurate as possible).

ER Mapper marks the control point with cross hairs, and the image pixel location
of that point in the raw image appearsin the Cell X and Cell Y fields on the GCP
Edit dialog. The location of each point is marked with awhite “X” in each image
with the number “1.” You have now picked the first GCP.

Pick a second GCP in the lower-left of both images

1

On the Geocoding Wizard GCP Edit tab, select Auto zoom.
The ZOOM windows will now automatically zoom into the point selected in the
corresponding OVERVIEW ROAM windows.

On the Geocoding Wizard Edit GCP dialog, click the Add new GCP -ﬂt-p‘
button.

Click on a well defined feature in the ‘'UNCORRECTED GCP (OVERVIEW
ROAM geolink)’ window to select it.

The ‘UNCORRECTED GCP ZOOM’ window will zoom ito the selected point

Click once in the ‘CORRECTED GCP (OVERVIEW ROAM geolink)’ window
to activate it, then click on the same feature to select it as a GCP.

The ‘CORRECTED GCP ZOOM’ window will zoom ito the selected point

Use the two ZOOM windows to adjust the positions of the GCP.
You have now picked a second GCP in the image.

Pick two more GCPs in the upper- and lower-right

1

Tip:

Following the steps from the previous section, pick a GCP near the upper-
right and lower-right corners of the images.

When picking the first four GCPs, it is best to pick them in the four corners of the
image (if thisispossible). Thiswill make the Calculate from point function you
will use next as accurate as possible. (In this case there was ocean in the lower-|eft,
so you picked a point in the closest area possible.)
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Pick additional GCPs using the Corrected GCP Overview window

Once you have picked the first four GCPs, notice that ER Mapper now displays
valuesinthe‘RMS field on the GCP Edit dialog. The Root Mean Square (RMS)
error is ameasurement of the accuracy of the GCP in thisimage expressed in the
image's pixel size. (An RMS of 1.00 would be 80 meter positional error in the case
of the Landsat M SS data used here.) If you have done an accurate job selecting the
first four GCPs, the RM S should be one or less.

When an RM S can be calculated, ER Mapper can now use the coefficients
generated from thefirst four pointsto “predict” the location of ‘UNCORRECTED’
(raw) points when you pick additional pointsin the ‘CORRECTED’ (rectified)
image. This feature makes selection of the remaining points much faster and easier,
and you will use it next.

1 On the main menu, click the Set Pointer mode | k | button (if needed).

2 If needed, activate the ‘CORRECTED GCP (OVERVIEW ROAM geolink)’
window by clicking in it.

3 On the Geocoding Wizard Edit GCP dialog, click the Add GCP 4= ‘ button.

4 Inthe ‘CORRECTED GCP (OVERVIEW ROAM geolink)’ window, click on a
well defined feature near the center of the image.

ER Mapper marks the control point with cross hairs, and enters the geographic
location of GCP #5 in the TO Easting and Northing fields. The ‘CORRECTED
GCP ZOOM’ window zooms into the point for you to adjust its position.

5 In the Geocoding Wizard GCP Edit dialog, click the Calculate from point
‘ button.

ER Mapper automatically enters valuesin Cell X and Cell Y fields—thisisthe
“predicted” location of GCP #5 in the FROM image.

Notice that the new GCP #5 has an RMS error of zero. Sinceit’'slocation is
computed from the existing points, it adds no new information to the rectification
model (and istherefore not yet atrue GCP). Next you need to “fine tune’ the
location of the point in the ZOOM windows to make it atrue GCP.

6 Click once in one of the ZOOM windows to activate it, then click on the GCP
in the image. Adjust its position if necessary.

ER Mapper repositions GCP #5 to the new position, and calculates an RM S value
to display in the Geocoding Wizard GCP Edit dialog box.

You have now picked a fifth GCP using the “ predict FROM points” technique.
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You can keep clicking in the UNCORRECTED AND CORRECTED ZOOM
windows as many times as needed to refine the GCP location.

Pick several other points spread throughout the images

1

Tip:

Using the procedure in steps 2-6 above, pick several other GCPs well
spread throughout the image (pick at least 10).

If the default magnification level in the ZOOM windows istoo great or small for
your taste, activate each window and use the Zoom In or Zoom Out optionsin
the Quick Zoom menu to change the zoom factor by a fixed amount in both
windows. That zoom factor is retained for subsequent points. (If you make a
mistake, you can select Previous Zoom tofix it.)

Try some other features on the Geocoding Wizard GCP Edit dialog

1

In the Geocoding Wizard GCP Edit dialog, click on any GCP number under
the ‘Name’ column.

ER Mapper moves the crosshairs to highlight that point in al the ‘OVERVIEW
ROAM’ and ‘ZOOM’ windows.

Turn off the Auto Zoom option at the bottom.
Click on any GCP number under the ‘Name’ column.

ER Mapper moves the crosshairs to highlight that point in the ‘OVERVIEW
ROAM’ windows, but not the ‘ZOOM’ windows.

Click on the Zoom to current GCP ' & button.
ER Mapper zooms into the selected GCP in the “*ZOOM’ windows.

Select the number text for a GCP under the ‘Name’ column, and type a
short name.

You can give GCPs text labels as well as numbers to help identify them.

Click on the text ‘On’ in the second column for any GCP.

Thetext changesto ‘ Off’ and all the RM S errors are recomputed without including
that GCP. (Thisis an easy way to see how the positional error of any GCP
influences the RM S of the others. For example, turning off a GCP with alarge

RMS often reduces the RM S of the others.) This can be important when choosing
which GCPs will be used for the final image rectification.
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7
8

Turn off other GCPs to see the effect, but turn all on again when finished.
Click on the text ‘Edit’ in the third column for any GCP.

Thetext changesto ‘N0’ and the “X” and number marking it in the image turns
green. This effectively “locks’ a GCP so it cannot be edited (that is, clicking in the
image windows do not redefine it’s position). Thisis useful when you have severa
very good GCPs and you to lock them to avoid accidentally changing them.

Turn on the Errors option.

The magnitude and direction of the calculated positional error are shown
graphicaly by aline for each GCP on theimage. (If you have very small RMS
errors you may not seethe error line, even if you increase the line length by afactor
of 10 using the x10 option.)

10 Turn on the Grid option.

A polynomial grid displays over all three image windows. Thisgridisasimple
“preview” of the way in which the FROM (raw) image pixelswill be reprojected
onto the new coordinate grid of the TO image. (Thisgrid isonly an approximation,
in reality the lines would be curved.)

11 Click Save on the Geocoding Wizard dialog. If asked confirm saving the

GCPs to disk, click Yes.

2: Perform the image rectification

Objectives

Learn how to use the ground control points you selected to rectify the image to
the selected datum and map projection.

Specify output (rectified) image file

1

o b W DN

Select the Geocoding Wizard Rectify tab.

Click the file chooser |2} button in the Output Info box.

From the Directories menu, select the path ending with \examples.
Double-click on the ‘Miscellaneous\Tutorial’ directory to open it.

Enter the filename ‘Landsat_ MSS_rectified’ (start with your initials), then
click OK.

In the Resampling: in the Cell Attributes box select ‘Nearest Neighbour’'.

The Cell Attributes box also lets you resample the output image to a different cell
size (Output Cell width and height), and specify anull cell value.

Select Display rectified image to display the image after it is rectified.
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Create the output rectified image on disk

1

Click on the Save file and start rectification button.
ER Mapper opens a status dialog to indicate the progress of the rectification.

When the operation finishes, click OK of the successful completion dialog.
Click on the Close button to exit the Geocoding Wizard.

You have now rectified the uncorrected Landsat M SS image to correspond to the
1927 North American Datum (NAD27) and UTM zone 11 (NUTM11) map
projection.

Close all image windows and dialog boxes

1
2

Click on the Geocoding Wizard Close button.
Close all image windows using the window system controls:
For Windows, select Close from the window control-menu.

For Unix systems, press right mouse button on the window title bar, and select
Close or Quit (for systems with both options, select Quit).

Click Close on the Algorithm window to close it.

3: Evaluating image registration

Objectives

Learn asimple way to visually evaluate the registration of two images using an
overlay technique. In this case, you will evaluate the registration of the raw image
you rectified and the rectified MSS image supplied with ER Mapper.

Load an existing RGB algorithm

1
2
3
4

Click the Open |2 toolbar button.

From the Directories menu, select the path ending with the text \examples
Double-click on the ‘Data_Types’ directory to open it.
In the directory ‘Landsat_MSS, load the algorithm named ‘RGB_321.alg’

This algorithm displays the rectified Landsat MSS image of San Diego provided
with ER Mapper as an RGB image. You will use only the Red and Green layersfor
the comparison with your rectified image.

On the main menu, click the Edit Algorithm &/ button to open the
Algorithm window.
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Load your rectified image into the Green layer

1

0o N o o b~ W N

In the Algorithm window, click on the Blue layer to select it.

Click the Cut ﬂ button to delete the Blue layer.

Click on the Green layer to select it.

Click the Load Dataset ﬁ button in the algorithm process diagram.

From the Directories menu, select the path ending with \examples.
Double-click on the ‘Miscellaneous’ directory to open it.
Double-click on the ‘Tutorial’ directory to open it.

Click once on the image ‘Landsat MSS _rectified.ers’ to select it, then click
OK this layer only button to load it into the Green layer. (The Red layer
should still have the ‘Landsat_ MSS_27Aug91’ image.)

Select B3:0.75_um from the Green layer's Band Selection drop-down list.
(Band 3 isaso loaded in the Red layer for the other image for direct comparison.)

Display the two images to evaluate registration

1

Click the 99% Contrast Enhancement ‘ toolbar button.

This image combines two different images—one in the Red layer and one in the
Green layer. If your images are well aligned the image appears yellow. If you see
areas that are dominantly red or green, this indicates poor registration.

On the Algorithm window, turn off the Smoothing option.
On the main menu, click the ZoomBox tool toolbar button.

Drag a zoom box over a very small area of the image that contains land and
water.

Errorsin registration appear as either red or green pixels because thisis where the
two image do not align perfectly. Thisisavery ssmple way to evaluate the
registration of two images. If the RMS errors of your GCPs were generally less
than one, you should not see more that one pixel offsets or registration errors.
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Close all image windows and dialog boxes

What you
learned...

1

2

Close all image windows using the window system controls:
Select Close from the window control-menu.

Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

After completing these exercises, you know how to perform the following tasksin
ER Mapper:

Choose common ground control points (GCPs) between two images
Use options to modify the GCP display and edit GCPs

Rectify a“raw” image to the chosen datum and map projection
Evaluate registration accuracy using a simple image overlay method
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Image
orthorectification

This chapter explains how to use the ER Mapper Geocoding Wizard to
geometrically correct raw image data and orthorectify it to real world coordinate
systems and map projections.

About orthorectification

Orthorectification corrects local and global distortions in an image by adjusting for
camera characteristics, platform positions and terrain details.

The camera characteristics, derived from acameracalibration report, are storedin a
camerafile for use by the Geocoding Wizard.

Theterrain details are supplied in theform of aDEM. If theterrainisrelatively flat,
you can use an average height value.

In the case of Advanced Orthorectification, the platform position is determined by
exterior orientation values that describe the exact position of the aircraft at the time
the image was taken, and how this relates to the image. The following parameters
are specified:

Attitude omega Thetilt angle (roll) of the aircraft; i.e. the rotation about
the X axis (direction of travel).
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Attitude phi The swing angle (pitch) of the aircraft; i.e the rotation
about the Y axis.

Attitude kappa The azimuth angle (yaw)of the aircraft; i.e the rotation
about the Z axis.

Exposurecenter XYZ  The co-ordinates of the exposure center of the image.

If the exterior orientation parameters are not known, you have to specify about 4 to
6 GCPsfor the Gridding Wizard to compute them.

To use Orthorectification you must have the following information available:

» Camerafile containing camera calibration information

DEM file (Y ou can enter an average height if the terrain is relatively flat)

» Exterior orientation (Only for Advanced Orthorectification. Otherwise you must
select GCPs)

» GCPsreferenced by their XY Z coordinates.
The diagram below illustrates the required inputs for orthorectification.

Camera Camera
Calibration/ | \Wizard
Report
* Exterior Orientation
Roll
Pitch
Yaw Ground
L8 Exposure | OR| control
OR average Center Points
height
| ; |
Uncorrected Corrected
image (airphoto) image (airphoto)
— Geocoding Wizard Orthorectification | —p
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Hands-on exercises

What you will
learn...

Before you
begin...

These exercises give you practice using ER Mapper’s Geocoding Wizard to
orthorectify an image.

After completing these exercises, you will know how to perform the following
tasksin ER Mapper:

Use the Geocoding Wizard to orthorectify an airphoto

Use the Camera Wizard to create a Camera File from a calibration report
Locate fiducial marks on an airphoto

Pick suitable Ground Control Points (GCPs)

Before beginning these exercises, make sure all ER Mapper image windows are
closed. Only the ER Mapper main menu should be open on the screen.

In these exercises you will use the Geocoding Wizard to orthorectify an airphoto
image of San Diego taken in 1997. The example images are used with permission
from Aeria Fotobank.

1: Orthorectify an airphoto using GCPs

Objectives Learn how to use ER Mapper’s Geocoding Wizard to orthorectify an airphoto.
Use the Camera Wizard to create a Camera File with given calibration
parameters.

Select Ground Control Points

Open the Geocoding Wizard

1 Click on the Ortho and Geocoding Wizard 78| button in the Common

Functions toolbar.
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The Geocoding Wizard will open with the 1) Start tab selected.

T Geocoding Yisard - Step 1 ol B
1) Stant |2j| Ortho Setup| 3) Fiducinl Point Edit| 4) GCP Setup| 5) GCP Edi| 8 Racify|
i Input File

- Geocoding Type
C I Triangulation
| Polynomial
| Dshorectty using ground control points
™ Outhorechty using extenor onentation
" Map to map reprojeciion
™ Known point regisiralion
| Rotation

Onhorectiicaton corects an image for scele distofions caused by aircraft =
mionament and ground terrain distorions. Wi the most accuale lorm of rechibcalian
and requires tha following dems:

-ascanned aenal photo

=detailz about the camera used =l

El Sove | Close | Cancel |

Click the Load Algorithm or Dataset ﬂ button in the Input file: field to
open the file chooser.

From the Directories menu, select the path ending with the text \examples.

Select the directory ‘Applications\,Airphoto\1_Geocoding’ and then double-
click on ‘San_Diego_Airphoto_34 not_rectified.ers’ to select it.

Select the Geocoding Wizard Orthorectify using ground control points
option.

In this example, you do not have exterior orientation parameters which provide
information on the position of the platform or aircraft. Instead, you will pick GCPs
so that the wizard can compute the exterior orientation parameters. If these
parameters were available, you would have chosen the Orthorectify using
exterior orientation option.

Select the 2) Ortho Setup tab.
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Enter terrain and camera details

™ Geocoding Yirard - Slep 2 ol B

1) Start. 2) Ortho Setup |3}F|du|:iul Point Edit| 4) GCP Sstup | 5) GCP Edit| &) Rectity|

i DEM Setup
+ Usa a DEM file as haight ™ Usa an average haightvalus

File to use as DEM: IFI|IC.4:I‘|II:I nshAirpholol] _GeocodingSan_ego_DEM.ar: | = I

Band contsining height |61 Fseudo x| Units: [Meters =]
A DEN file is required to comec for tarrain distamion in ta image, The file must be
registered ho & cormpalible coordinale sysberm.

— Cemera Details

coane | sla)

To orhoreclify an image. the chamcienstes of e camera must be known, You can
choose & pre-defined camera file, or you can craste a new one with the camera file
wizard.

El Sove | Close | Cancsl

This tab allows you to enter the terrain details in the form of aDEM or as an
average height value. Obviously, using a DEM would produce a more accurate
result. However, if the terrain is relatively flat, you can enter an average value. In
this example you will enter the name of a DEM file.

You supply the camera details to the Geocoding Wizard in the form of a camera
file. If the applicable camera file does not exist, you can use the Camera Wizard to
Ccreate one.

1 Selectthe Use a DEM file as height option in the DEM Setup box.

Notice that the DEM Setup box changes according to the option that you choose.
Because you selected the Use a DEM file as height option, the DEM Setup box
displays afile and a band chooser for you to select the DEM file and the required
data band.

2 Click on the Load input DEM File ui-’“l button to open the file chooser.

3 Select the file ‘San_Diego_DEM.ers’ from the
‘examples\Applications\,Airphoto\1_Geocoding’ directory and click on the
OK button to return to the Geocoding Wizard.

4 Click on the Camera Wizard El button to open the Camera Wizard
dialog.
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Create a Camera file

% Camera details wizard M= E3

— Introduction

COrhorediification requires infarmation about the camera usad.
Each mefric cemera used in a=nal photography has acalibration
reportwhich descrbes the behaviour of that camera. Obtain a
copy of the camera calibration repart o complete this wizard,

Lizing this wizard you can load and edit an existing camera fila or
Craahe a new one.

~ Create new T Edit exisfing

<Hark | Mext > | imsh [ Cancel |

The CameraWizard creates a Camerafile for the Geocoding Wizard to use. It does
this by providing a number of dialog boxes for you enter camera calibration
information. You normally get thisinformation from a camera calibration report. If
you do not have avalid calibration report for the camera that was used to take the
image, you can use a generic report for that cameramodel. This could resultina
some inaccuracies.

1 Click on the Create new option to create a new Camera File.

You could edit an existing CameraFile, in which case the wizard provides you with
the Camera file: field and chooser to enter the name of the existing file.

2 Click on the Next> button to go to the Camera identification page.

% Camera details wizard E= E3

— Cameraidentification
Flease provide information aboutthe camers, lens and

date that the calibrafions took placa. This will allaw you to
ensily identify and use these camera details in fufure,

hanufaciurer: JWIIU
fodel: ]RCZEI
Lens sarial number: ]'l s

Doy Month ear
- : 1 [~ | 1 | |
Date calibrated: ]3 — o = | 198 =]
< Back | :Ne:u:t} ifiEh [ Cancel
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The information you enter here is not used by the Geocoding Wizard. Therefore it
can be omitted. It is, however, agood ideato include it because it is a means of
identifying the camera and the calibration report in the future.

3 Enter the following information in the applicable fields:

Manufacturer: wild

Model: RC20

Lensserial number: 13115

Date calibrated: Day: 31 Month:10 Year: 1998

4 Click on the Next> button to go to the ‘Camera attributes’ page.

5 Camera details wizard

— Camera aftributes

Llze the information found on the camera calibration report to
specify the lens calibrated focal length.

Facal length (mm) (Compulsan: I'I 52,74

You cah choose 1o Improve accuracy' by spacifving the
calibrated prncipal point. This is defined as axp . p offzet from
the centre of the lens.

= offset o pnncipal point {mm): IIJ

% offzatto principal paint (mm): ||J

< Back | i Mest> rli=ii] [ Cancel |

Use this page to enter information on the focal length of the cameralens. The
Camera Wizard uses thisinformation, so it must be entered. In addition, you can
enter information on the position of the Principal Point relative to the lens center as
ameasure of lens distortion. Any distortion in the lens would cause the principal
point to be offset from the lens center.

5 Enter the following information in the applicable fields:
Focal length: 152.793

X offset to principal point:0
Y offset to principal point:0
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6 Click on the Next> button to go to the ‘Number of Fiducial points’ page

2 Camera detaills wizard
-~ Mumber of Fiducial points

Fiducial points are marks made around the edge of images
taken by metric cameras. These marks are used 0 accurataky
relate the image fo the camera model.

Selectthe appropriate fiducial patern for the camera:

e
4 Comers ?l |
4 hdiddle PE" +
" All 8 a | |
bt

Mesd > | imiEn [ Cancel |

Aerial photography camerasinsert Fiducial marks around the edges of the airphoto
images. The Geocoding Wizard uses the positions of these marks to relate the
image to the cameramodel. Different camerasinsert these marksin different places
on the image. Use this page to specify where the camera has placed the Fiducial
marks. If you specify four Fiducial marks where the camera has, in fact, inserted
eight, the Geocoding Wizard will only take into consideration the four you
specified.

7 Select the All 8 option; indicating that the Fiducial points are on the four
corners and the middle of edges of the image.

8 Click on the Next> button to got to the ‘Fiducial point offsets’ page.

% Camera details wizard EI= E3

-~ Fiducial point ofizats

Check the camara calibration report for offsat values in millimatars.
Top left Middle top Top night
X i b b X b

|-1IJE-.HEI |]EIEIJ] |IJIJ]‘I J'HEI.EI‘I []EIEIJ] |'IIJE.EI2

: l:l & 4 . :
hicldle left | | Middle right
® 77 E"* o ¥
-109.99 10072 5 10m |0ms3
[osss foore = 5] [ fioor Joors
Eatiom lett Middle bottom Botiom right
* i " i E b

|-1IJE-.EEI |-1L‘.’IEEIH |-EII]EI5 J-]EIH.HEI [HJEIJ] |-1IJS.QEI

< Back | Mext > | ifish I Cancel
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This page enables you to specify the positions of the fiducial points relative to the
principal point.

9 Enter the following values in the applicable fields:

Top left X:-105.99 Y:106.01
Middletop X:0.011Y:110.01
Top right X:106.01 Y:106.02
Middle left X:-109.99 Y: 0.012
Middleright X:110.01Y: 0.013
Bottom left X:-105.99 Y:-105.99
Middle bottom X:-0.005Y: -109.99
Bottom right X:106.0l Y:-105.99

10 Click on the Next> button to go to the ‘Finish’ page.

¥ Camera details wizard

— Fimsh

These cemera details can now be stored as a camera file.
Flerse select afile to save the infarmetion to and Click Finish,

Camera fila: |2les\iscellaneous) Tutoral\camera_dj.cam |3."|

<Back | e I Finish | Cancel |

11 Click the Save = | button in the Camera file: field to open the file chooser
to select a directory and file name to which to save the new camera file.

12 From the Directories menu, select the path ending with the text \examples.

13 Select the directory ‘Miscellaneous\Tutorial,” and then enter ‘camera_<your
initials>’ in the Save as: field.

14 Click on the OK button to return to the Camera Wizard.

The file name and directory you entered should now be displayed in the Camera
file: field.
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15 Click on the Finish button to return to the Geocoding Wizard.

16 Click the Load Camera File ﬂ button in the Geocoding Wizard Camera
file: field to open the file chooser.

17 From the Directories menu, select the path ending with the text \examples.

18 Select the directory ‘Miscellaneous\Tutorial,” and then double-click on the
‘camera_<your initials>’ file you saved.

19 Click on the 3) Fiducial Point Edit tab.

Edit the fiducial points

™ Geocoding Wheard - Slep 3 ol B

1) Start| 2) Ortho Smup|?jj_ﬁiﬁéiﬁi_ﬁﬁiﬁ_ﬁ_ﬁgﬁlﬂ GCP Setup| 5) GCP Edi 6) Rectity|

Mame | On| EditUnde Cellx | Cally | AMS | — Display
ToplLeh | O] Edit] | =
Top Right | 0| Edi | A
Battorn Le#t | Ofi| Ecit] | | -
Baotom Fight | O] Edit |
|
|
|
|

Micldla Left | | Edil
Widelle Fight | Ci| Edit]
Middle Top | 0| Edit
Middla Bottom | Ot Edit

|
|
| ¥ Awio zoom
|
|
|

Fiducial points are usually @ small circle or crogs atthe edge of the
image. Select the eniny vou wish to define from ihe list ebove. and
identify this location in the image windaw, vou must identif at least thoee:
fiducial points.

El Save | Close | Cancel |

Thiswizard page enables you to enter the locations of the fiducial points on the
image into ER Mapper.
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ER mapper opens two image windows one in OVERVIEW ROAM mode, and the
other in ZOOM mode.

B

OVERVIEW ROAM

Select the Auto zoom option. This causes the ZOOM window to
automatically zoom to the selected fiducial mark.

Select the Pointer Tool | [} I on the Standard toolbar.

On the table, select ‘Top Left’ in the ‘Name’ column.

In the OVERVIEW ROAM window, click on the Fiducial mark on the top left
corner of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

On the table, select ‘Top Right’ in the ‘Name’ column.

In the OVERVIEW ROAM window, click on the Fiducial mark on the top right
corner of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

On the table, select ‘Bottom Left’ in the ‘Name’ column.

In the OVERVIEW ROAM window, click on the Fiducial mark on the bottom
left corner of the image.

Theimage in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

On the table, select ‘Bottom Right’ in the ‘Name’ column.
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10 In the OVERVIEW ROAM window, click on the Fiducial mark on the bottom
right corner of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

11 On the table, select ‘Middle Left’ in the ‘Name’ column.

12 In the OVERVIEW ROAM window, click on the Fiducial mark on the middle
of the left side of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use this to adjust the position of the cursor to the center of the red circle.

13 On the table, select ‘Middle Right’ in the ‘Name’ column.

14 In the OVERVIEW ROAM window, click on the Fiducial mark on the middle
of the right side of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

15 On the table, select ‘Middle Top’ in the ‘Name’ column.

16 In the OVERVIEW ROAM window, click on the Fiducial mark on the middle
of the top the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

17 On the table, select ‘Middle Bottom’ in the ‘Name’ column.

18 In the OVERVIEW ROAM window, click on the Fiducial mark on the middle
of the bottom of the image.

The image in the ZOOM window will automatically zoom to the selected fiducial
mark. Use thisto adjust the position of the cursor to the center of the red circle.

After selecting the fiducial markers, the table on the Fiducial Point Edit tab
should be similar to what is shown below.

Mame On| Edit|Undg Cell= | Celly | BMS
Top Left On| Edit|Undg  211.13] 322.401 0.23
Top Right | On| Edit|Undg 522111 32226 013
Bottorm Left | On| Edit|Undg  202.80) 5333.18 0.3
Bottom Right | On| Edit|Undg 5813.25) 5333.81 0.26
Middle Left | On| Edit|Undg 11259 2827.72 0.15
Middle Right | On| Edit|Undg 5311.96| 282756 0.34
tiddle Top | On| Edit|Undg 271612 22764 0.20

iddle Eh:ttum"ﬁ Edit|Undg 2707.95] 5428.11 013

The RMS column should show values of less than 1.00.
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The image window should now have al the fiducial points labelled.

- i . +|.Eill.:l1.'tl:lr'r'| Fietht

19 If necessary, select the Errors option, and adjust the position of the
selections in the direction of the indicated errors.

The x10 option enlarges the error markers for a more accurate indication.
20 Click on the 4) GCP Setup tab.

Setup Ground Control Points

Geocoding Yirard - Slep 4 ol B
1) Start| 2) Ortho Setup | 3) Fiducial Point Edit ;ﬁj’ﬁj_i;’:ﬁ_’s]}_’:ﬂﬁisj GCP Edit| 8) Reciify|
e CF Ficking Method
I+ Geocodad image, wachors or algorithm.
]?5'-,-¢p|:|! ications\Airphoto)1_GeocodingSan_Diego_Airphoto_34_reclified ars EI
I™ Salect GCF's from a digiizar.

Ground control points (GCF's) are ientifiable features in the uncormected image that
hewe a known coordinate [ocation, GOF's can be enterad from survey sheets. fram
images in & compatible coordingle space of fiam paper maps usng & digtizes.

R — Ouiput Coordinale Space

To geodstic datum: MNaDa7?
BE  Togecdstic projeciion:  MUTMI1
To coordinate typs: Eastingz/Monhings
Change...
[7) | Sove | Close | Cancel |

The GCP Setup tab lets you specify the way that you want to choose control
points. Control points may be entered manually, chosen from a reference image,
chosen from a digitizing tablet, or chosen using a combination of these three
methods.

In this exercise, you will use a previously orthorectified reference image to locate
GCPs.

1 Inthe GCP Picking Method box, select Geocoded image, vectors or
algorithm option.

Thistells ER Mapper you plan to pick corresponding points between two images
on the screen.
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N

Click the Load Corrected Algorithm or Dataset (= | file chooser button.

3 Choose ‘ER Mapper Raster Dataset (.ers)’ in the Files of Type: field.

From the Directories menu on the file chooser dialog, select the path
ending with the text \examples.

Double_click on the ‘Applications’ directory to open it.

Double-click on the ‘Airphoto\1_Geocoding’ directory to open it, then
double-click on ‘San_Diego_Airphoto_34 _rectified.ers’ to load it.

Thisisthe already rectified image containing coordinate information.

Setup parameters for the image rectification

The To geodetic datum, To geodetic projection and To Coordinates,
fields in the Output Coordinate Space box show the datum, projection and
coordinate type for the output rectified file you will create. These parameters are
included automatically from the ‘ CORRECTED’ (rectified) airphoto image.

7 Click on the Change... button to open the Geocoding Wizard Output
Coordinate Space dialog.

" Geocoding Wizard Quput Coordinate Space
— Owutput coordinate space 0K
Datum: MADEY E Cancel
Frojection: MNUTKATT =
Coord system type: |Eastings,."N|:|rthings _j

8 If necessary, change the settings to what is displayed above.

9 Click OK on the Geocoding Wizard Output Coordinate Space dialog to
close it.

10 Select the Geocoding Wizard 5) GCP Edit tab.
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Edit Ground Control Points

T Geocoding Yzard - Slep b ol B

1) Start| 2) Ortho Setup | 3) Fiducial Point Edit] 4) GCP S=tup| 5) GCP Edit IEJ Fiectity|

| £ 2|8 x|2]%

[ Mame| On| Edit| Undo| Cal | Cellv | Easting Morhing | Heigh| Rz =] - Display ———
h | on|Edit| Undo| 270322 so746e|  4B359674E| 3613589.23W) 1.0 0EE

™ Grid

2 On| Edit| Undo| 478667 393880  465360.30E| 3620604160 570] 083
3 On|Edit| Undo| 281100 328218 4B367951E 3621143410 210)  2E0 I" Erroes
4 On| Edit| Undlo| 263817 253375 48352583E| 362174785M| 720 273 R il
§  On| Edit| Undo| 360816 249596 4p4353.75E  3621935.06M| 5560 007 P —
B On | Edit| Undo| 375209 296368 apassacoE| 362142430n| 54500 23
I BMS onder
| | =l
Ell Soee | Close | Cancsl |

ER Mapper opens several image windows and dialog boxes. You should see a
screen setup similar to this one:

UNCORRECTED ER Mapper
GCP ZOOM ROAM geolink)

CORRECTED GCP
(OVERVIEW ROAM
geolink) WINDOW

CORRECTED GCP
ZOOM WINDOW

Geocoding Wizard
dialog box

Note: If your system does not position the windows automatically, rearrange them as
shown above before proceeding.
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Note:

Pick a GCP in the upper-left part of both images

Make sure the main ER Mapper menu is not hidden by the image windows—moveit
slightly if needed so you can easily access the toolbars.

On the Geocoding Wizard GCP Edit tab, select Auto zoom.

The ZOOM windows will now automatically zoom into the point selected in the
corresponding OVERVIEW ROAM windows.

Click on a well defined feature in the ‘'UNCORRECTED GCP (OVERVIEW
ROAM geolink)’ window to select it.

The ‘UNCORRECTED GCP ZOOM’ window will zoom ito the selected point

Click once in the ‘CORRECTED GCP (OVERVIEW ROAM geolink)’ window
to activate it, then click on the same feature to select it as a GCP.

The ‘CORRECTED GCP ZOOM’ window will zoom ito the selected point

Use the two ZOOM windows to adjust the positions of the GCP.
You have now picked a GCP in the image.

Pick a second GCP in the lower-left of both images

On the Geocoding Wizard Edit GCP dialog, click the Add new GCP @
button.

Click on a well defined feature in the ‘'UNCORRECTED GCP (OVERVIEW
ROAM geolink)’ window to select it.

The ‘UNCORRECTED GCP ZOOM’ window will zoom into the selected point

Click once in the ‘CORRECTED GCP (OVERVIEW ROAM geolink)’ window
to activate it, then click on the same feature to select it as a GCP.

The ‘CORRECTED GCP ZOOM’ window will zoom ito the selected point
Use the two ZOOM windows to adjust the positions of the GCP.
You have now picked a second GCP in the image.

Following the above steps, pick another four GCPs near the upper-right,
lower-right and middle of the images.

The more GCPs you pick the lower the possibility of errors. For orthorectification
you need at least Six.
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Try some other features on the Geocoding Wizard GCP Edit dialog

1 Inthe Geocoding Wizard GCP Edit dialog, click on any GCP number under
the ‘Name’ column.

ER Mapper moves the crosshairs to highlight that point in al the ‘OVERVIEW
ROAM’ and ‘ZOOM’ windows.

Turn off the Auto Zoom option at the bottom.
Click on any GCP number under the ‘Name’ column.

ER Mapper moves the crosshairs to highlight that point in the ‘OVERVIEW
ROAM’ windows, but not the ‘ZOOM’ windows.

4 Click on the Zoom to current GCP S | button.
ER Mapper zooms into the selected GCP in the “ZOOM’ windows.

5 Select the number text for a GCP under the ‘Name’ column, and type a
short name.

You can give GCPs text labels as well as numbersto help identify them.

6 Click on the text ‘On’ in the second column for any GCP.

Thetext changesto ‘ Off’ and all the RM S errors are recomputed without including
that GCP. (Thisis an easy way to see how the positional error of any GCP
influences the RM S of the others. For example, turning off a GCP with alarge

RMS often reduces the RM S of the others.) This can be important when choosing
which GCPs will be used for the final image rectification.

Turn off other GCPs to see the effect, but turn all on again when finished.
Click on the text ‘Edit’ in the third column for any GCP.

Thetext changesto ‘No’ and the “X” and number marking it in the image turns
green. This effectively “locks” a GCP so it cannot be edited (that is, clicking in the
image windows do not redefine it’s position). Thisis useful when you have severa
very good GCPs and you to lock them to avoid accidentally changing them.

9 Turn on the Errors option.

The magnitude and direction of the calculated positional error are shown
graphically by aline for each GCP on the image. (If you have very small RMS
errors you may not seethe error line, even if you increase the line length by afactor
of 10 using the x10 option.)

10 Turn on the Grid option.

A polynomial grid displays over al three image windows. Thisgrid isasimple
“preview” of the way in which the FROM (raw) image pixels will be reprojected
onto the new coordinate grid of the TO image. (Thisgrid is only an approximation,
in reality the lines would be curved.)

Comprehensive ER Mapper Training Workbook 470



Chapter 27 Image orthorectification e 1: Orthorectify an airphoto using GCPs

11 Click the Add new GCP 4 button and select a point on the CORRECTED
image. o

12 Click on the Calculate uncorrected point | button. The wizard will

automatically position the corresponding GCP on the UNCORRECTED
image. Use the ZOOM windows to adjust the GCP position.

Thisfacility is available once you have positioned four points.

13 Click Save on the Geocoding Wizard dialog. When asked confirm saving
the GCPs to disk, click Yes.

Thiswill save the geocoding information into the header file of the
UNCORRECTED image.

14 Select the Geocoding Wizard 6) Rectify tab.

Rectify the image

™ Geocoding Yhieard - Slep b ol b

1) Start| 2) Ortho Setup | 3) Fiducial Point Edit| 4) GCP Setup| 5) GCP Edd. 6) Reciify

1 Dwaput Inbo
File: || ﬂ
Size: 2963 MB
Lines: 4402
Cells: 2353 Edi Extanls...
— Cell Attibutes
Call size |0.6764 Matzrs
Cell siza v 08784
= hull cell value: [0
Fesampling: | Mearest Maighbor =l Defeu Cell Size I
[ Digpley rechiied image & Save File and Siart Rectification ]
@ Sove | Close | Cancel ]
1 Click the file chooser = I button in the Output Info box.
2 From the Directories menu, select the path ending with \examples.
3 Double-click on the ‘Miscellaneous\Tutorial’ directory to open it.
4 Enter the filename ‘Airphoto_orthorectified’ (start with your initials), then
click OK.
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5 Click on the Edit Extents... button to open the Geocode Output Extents

dialog box.
% Geocode Output Extents !EI
— Dutput extents Ok
" Maximum extents
: Cancel
& Optimurm extents, remove black borders (ortho only)

" Custom extents

— [EUEtErn extents

Eactinme: [481279.64E 455716.91E
MErthinme: |3623785 60N 3619284 65M
[SEttita e 320451 253N 32:42:46.6M
[Canmitueles [ 171717:59 424 11798 65

o Ceft = A

Shiepshiot Extents frarm 2am i current i ey

Thisdialog allows you to specify how much of the orthorectified image you want to
save. You have three main options:

Maximum extents:

Optimum extents:

Custom extents:

Saves the whole image including any portion not visible
in the currently active image window.

Automatically calculates the extents of airphotosto
exclude the black edges around them.

Allows you to specify the top left and bottom right
coordinates of the areato be included. If you click on the
Snapshot button ER Mapper will automatically select
the extents of the visible part of theimage in the
currently active image window.

Select the Optimum extents button to remove the black edges.

Click on the OK button to return to the Geocoding Wizard.

In the Resampling: in the Cell Attributes box select ‘Nearest Neighbour’.

The Cell Attributes box also lets you resample the output image to a different cell
size (Output Cell width and height), and specify anull cell value.

9 Click on the Save button to save the orthorectification parameters in the
‘San_Diego_Airphoto_34 not_rectified.ers’ header file.

You will use thisin the next exercise.
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10 Select Display rectified image to display the image after it is rectified.

11 Click on the Save file and start rectification button.

ER Mapper opens a status dialog to indicate the progress of the rectification.

12 When the operation finishes, click OK of the successful completion dialog.

13 Click on the Close button to exit the Geocoding Wizard.

You have now rectified the uncorrected airphoto image to correspond to the 1927
North American Datum (NAD27) and UTM zone 11 (NUTM11) map projection.

14 Do not close the image window with the orthorectified image

Evaluate the image orthorectification

1

~N o o0 ~AW

On the main menu, click the Edit Algorithm E button to open the
Algorithm window.

The Algorithm window shows the Red, Green and Blue layers of the
orthorectified image ‘<your Initials>_Airphoto_orthorectified’

In the Algorithm window, click on the Blue layer to select it.

Click the Load Dataset ﬁ button in the algorithm process diagram.

From the Directories menu, select the path ending with \examples.
Double-click on the ‘Applications’ directory to open it.

Double-click on the *Airphoto’ and then on ‘1_Geocoding’ directory to open
it.

Click once on the image ‘San_Diego_Airphoto_34 _rectified.ers’ to select it,
then click OK this layer only button to load it into the Blue layer. (The Red

and Green layers should still have the ‘<your
Initials>_Airphoto_orthorectified’ image.)

Select B3:Blue from the Blue layer’s Band Selection drop-down list.

Display the two images to evaluate registration

1

Click the 99% Contrast Enhancement ‘ toolbar button.

This image combines two different images—one in the Red and Green layers and
onein the Blue layer. If your images are well aligned the image appears normal. If
you see areas that are dominantly yellow or blue, this indicates poor registration.

On the Algorithm window, turn off the Smoothing option.
On the main menu, click the ZoomBox tool toolbar button.
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4 Drag a zoom box over a very small area of the image that contains land and
water.

Errorsin registration appear as either blue or yellow pixels because thisis where
the two images do not align perfectly. Thisis avery simple way to evaluate the
registration of two images. If the RMS errors of your GCPs were generally less
than one, you should not see more that one pixel offsets or registration errors.

Close all windows
1 Close all image windows using the window system controls:
» Select Close from the window control-menu.
2 Click Close on the Algorithm window to close it.
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2: Orthorectify an airphoto using Exterior
Orientation

Objectives Learn how to use ER Mapper’s Geocoding Wizard to orthorectify an airphoto
using Exterior Orientation parameters

In this exercise you will orthorectify the same image as in the previous exercise.
Thistime, instead of using Ground Control Points, you will enter Exterior
Orientation parameters which have been obtained from a photogrammetry, aerial
triangulation or geoposition system external to ER Mapper. In the previous exercise
you saved orthorectification parameters in the

‘San_Diego_Airphoto 34 not_rectified.ers file. This meansthat you will not have
to re-enter them in this exercise.

Open the Geocoding Wizard

1 Click on the Ortho and Geocoding Wizard %8 button in the Common
Functions toolbar.

The Geocoding Wizard will open with the 1) Start tab selected.

2 Click the Load Algorithm or Dataset El button in the Input file: field to
open the file chooser.

3 From the Directories menu, select the path ending with the text \examples.

Select the directory ‘Applications\,Airphoto\1_Geocoding’ and then double-
click on ‘San_Diego_Airphoto_34_not_rectified.ers’ to select it.

Thisisthe same file as that you used in the previous exercise.

5 Select the Geocoding Wizard Orthorectify using exterior orientation
option.

= Geocoding Type
" Triangulation
" Folynomial
" Onhorectify using ground control points
& Orthorectity using exterior orientation
" kap to map reprojection
" Known point registration
" Rotation
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In this example, you enter exterior orientation parameters which provide
information on the position of the platform or aircraft.

6 Selectthe 2) Ortho Setup tab.

The fields in the Ortho Setup page should contain the information that you entered
in the previous exercise because it was saved to the header file of the image being
orthorectified.

7 Click on the 3) Fiducial Point Edit tab.

Thefieldsin the Fiducia Point Edit page should also contain the information you
entered in the previous exercise.

8 Click on the 4) Exterior Orientation Setup tab.

Enter Exterior Orientation parameters

T Geocoding YWhrard - Slep 4 ol &
1) Start| 2) Ortho Setup | 3) Fiducial Point Edit 4) Exterior Orientation Setup |51| Ractty|

i Exterior Orignabion

Affuede omega: |01.0242331 36466359 Exposure cenler I 483687 44766264
Alhitude phic 0.0ZB5557973451 62 Exposura center r: |35214|33.I:I??EE45

Atude kappa: (000197 766019558325 Exposine cantar Z: I 1182932741 4632

Seale: [o0o4ay4s00.s95039a

i Dutput Coordinate Space

Cuslput datum: MAD2?
Ciulput projechon: MNUTHT
Oidlput comrdinste bpe: Easlings/Mothings

Exterior Orientation parameters contain information on the position of the platform
or aircraft at the time the image was taken. You would have to obtain this data from
asystem external to ER Mapper. If these parameters are not available then you
would use Ground Control Points as in the previous exercise.
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1 Enter the information in the relevant fields as shown in the table below:

Field name

Description

Enter value

Attitude omega

Thetilt angle (roll) of the
aircraft; i.e. therotation
about the X axis (direction of
travel).

0.024233136466399

Attitude phi

The swing angle (pitch) of
the aircraft; i.ethe rotation
about the Y axis.

0.028555797949162

Attitude kappa

The azimuth angle (yaw)of
the aircraft; i.ethe rotation
about the Z axis.

0.0019776681959326

Exposure center X

The X co-ordinate of the
exposure center of the image.

483681.44 788264

Exposure center Y

TheY co-ordinate of the
exposure center of the image.

3621463.0778646

Exposure center Z

The Z co-ordinate of the
exposure center of the image.

3182.9321414632

Scale

The scale of the image
expressed as adecimal value.

0.000048745007960398

2 Click on the Change... button to open the Geocoding Wizard Output
Coordinate Space dialog.

3 Enter the Datum, Projection and Coord system type as shown below

Diaturm:

Frojection:

— Dutput coordinate space

MALDIZY

MLTRAT

Coord system type: |EastingstDr‘[hings

|4_|E.;'|E.z

Tip: NUTM11isaUTM projection type.

4 Click on the 5) Rectify tab.
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Rectify the image

1
2
3
4

Click the file chooser El button in the Output Info box.

From the Directories menu, select the path ending with \examples.
Double-click on the ‘Miscellaneous\Tutorial’ directory to open it.

Enter the filename *Airphoto_orthorectified_advanced’ (start with your
initials), then click OK.

Click on the Edit Extents... button to open the Geocode Output Extents
dialog box.

Thisdialog allows you to specify how much of the orthorectified image you want to
save. You have three main options:

Maximum extents: Saves the whole image including any portion not visible
in the currently active image window.

Optimum extents: Automatically calculates the extents of airphotosto
exclude the black edges around them.

Custom extents: Allows you to specify the top left and bottom right
coordinates of the areato be included. If you click on the
Snapshot button ER Mapper will automatically select
the extents of the visible part of theimage in the
currently active image window.

Select the Optimum extents button to remove the black edges.
Click on the OK button to return to the Geocoding Wizard.
In the Resampling: in the Cell Attributes box select ‘Nearest Neighbour’.

The Céll Attributes box also lets you resample the output image to a different cell
size (Output Cell width and height), and specify anull cell value.

Click on the Save button to save the orthorectification parameters in the
‘San_Diego_Airphoto_34 not_rectified.ers’ header file.

10 Select Display rectified image to display the image after it is rectified.

11 Click on the Save file and start rectification button.

ER Mapper opens a status dialog to indicate the progress of the rectification.

12 When the operation finishes, click OK on the successful completion dialog.

13 Click on the Close button to exit the Geocoding Wizard.

You have now rectified the uncorrected airphoto image to correspond to the 1927
North American Datum (NAD27) and UTM zone 11 (NUTM11) map projection.

14 Do not close the image window with the orthorectified image
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Evaluate the image orthorectification

1

N o o0 AW

On the main menu, click the Edit Algorithm ﬂ button to open the
Algorithm window.

The Algorithm window shows the Red, Green and Blue layers of the
orthorectified image ‘<your Initials>_Airphoto_orthorectified_advanced’

In the Algorithm window, click on the Blue layer to select it.

Click the Load Dataset @ button in the algorithm process diagram.

From the Directories menu, select the path ending with \examples.
Double-click on the ‘Applications’ directory to open it.

Double-click on the ‘Airphoto’ and then on ‘1_Geocoding’ directory to open
it.

Click once on the image ‘San_Diego_Airphoto_34 _rectified.ers’ to select it,
then click OK this layer only button to load it into the Blue layer. (The Red

and Green layers should still have the ‘<your
Initials>_Airphoto_orthorectified_advanced’ image.)

Select B3:Blue from the Blue layer’s Band Selection drop-down list.

Display the two images to evaluate registration

1

Click the 99% Contrast Enhancement ‘ toolbar button.

This image combines two different images—one in the Red and Green layers and
onein the Blue layer. If your images are well aligned the image appears normal. If
you see areas that are dominantly yellow or blue, this indicates poor registration.

On the Algorithm window, turn off the Smoothing option.
On the main menu, click the ZoomBox tool toolbar button.

Drag a zoom box over a very small area of the image that contains land and
water.

Errorsin registration appear as either blue or yellow pixels because thisis where
the two images do not align perfectly. Thisis avery simple way to evaluate the
registration of two images. If the RMS errors of your GCPs were generally less
than one, you should not see more that one pixel offsets or registration errors.

Close all windows

1

Close all image windows using the window system controls:
Select Close from the window control-menu.
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2 Click Close on the Algorithm window to close it.

Only the ER Mapper main menu should be open on the screen.

What you After completing these exercises, you know how to perform the following tasksin
learned... ER Mapper:

» Usethe CameraWizard to create a Camera File

» Select fiducial markers on an airphoto image

* Useoptionsto modify the GCP display and edit GCPs

» Enter Exterior Orientation parameters for advanced orthorectification.

» Usethe Geocoding Wizard to orthorectify a*“raw” airphoto image to the chosen
datum and map projection.
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System setup

This appendix describes the alternate steps needed to set up your system for
students to perform the hands-on exercises in this manual. There are two tasks:

» Instalation of sample “tutorial” image and algorithm files
» Copying files for supervised classification and rectification exercises

In order to carry out the following instructions, you should have some basic
knowledge of copying files and setting file permissions (if needed).

1: Installation of example images and
algorithms

All of the hands-on exercisesin thisworkbook require you to access sampleimages
and algorithms supplied on the ER Mapper CD-ROM. The “Full” installation
option installs ER Mapper with all the example directories and files. If you want to
conserve hard drive space, you can select the “ Typical” option which installs only
the directories and files required to do the hands-on exercises. The “ Compact”
option does not install any of the required files or directories and thus precludes
you from doing the hands-on exercises.

See the Installation Manual for more information.

It is preferable to select either the “Typical” or “Full” installation option to ensure
that the correct files and directories are installed. If you choose the “ Custom”
installation option, you must select at least the following example directories for
installation.
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Application Examples Airphoto
Mineral_Exploration
Oil_and Gas Exploration
World_Topography
Land_Information

Data Type Examples  Digital_Elevation
Ersl
Landsat MSS
Landsat_ TM
SPOT_Panchromatic
SPOT_xs

Functions and Features Examples
3D

Classification
Data Fusion
Data Mosaic
Geocoding
Gridding
Miscellaneous Templates

Test Patterns

2: Copying files to the ‘tutorial’ directory

The exercises for Supervised Classification and |mage Rectification require a copy
of theimage “Landsat MSS notwarped” under the name “Landsat_practice” in
ER Mapper’s ‘tutorial’ directory. (The ‘tutorial’ directory is created automatically
during the ER Mapper installation.) Follow these stepsto create a copy of the
header file and datafile.

Note: You must have read and write access to the practice image. Set thefile
permissions appropriately if needed.
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Copying files for Windows installations

Use Windows Explorer to copy and rename the following files in the
‘examples\Shared_Data’ directory to the ‘examples\Miscellaneous\Tutorial’
directory as indicated:

Shared_Data\Landsat_MSS_notwarped.ers copy to
Miscellaneous\Tutorial\Landsat_practice.ers

Shared_Data\Landsat_MSS_notwarped copy to
Miscellaneous\Tutorial\Landsat_practice
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Reference Texts

This appendix provides references to arange of excellent image processing and
remote sensing textbooks. These books will be very helpful to those new to image
processing, or those who want to learn more about image processing techniques for
specific earth science applications. Also refer to the ER Mapper Applications
Manual for examples and information about image processing for many earth
science applications.

Avery, E. A., and G. L. Berlin. 1992. Fundamental s of Remote Sensing and
Airphoto Interpretation, Macmillan Publishing Company, New York, N.Y, USA.

Cracknell, A. P, and L. W. B. Hayes. 1993. Introduction to Remote Sensing, Taylor
& Francis Ltd, London, England.

Green, W. B. 1989. Digital Image Processing: A Systems Approach, Van Nostrand
Reinhold, New York, N.Y., USA.

Jensen, J. R. 1995. Introductory Digital Image Processing: A Remote Sensing
Per spective, Prentice-Hall, Engelwood Cliffs, N.J, USA.

Lillesand, T. M., and R. W. Kiefer. 1991. Remote Sensing and Image
Interpretation, John Wiley and Sons, Inc. New York, N.Y, USA.

Rees, W. G. 1990. Physical Principles of Remote Sensing, Topics in Remote
Sensing, vol 1. Cambridge University Press, Cambridge, England.
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Symbols
tab filereader 35

Numerics

3-D Algorithm Wizard 34

3D flythrough viewing 236
changing altitude 237
controlling direction/speed 236
summary of controls 237

3D perspective viewing 66, 226
bounding box 234
draw modes 230, 234
lighting 230, 234
multiple surfaces 239
panning the image 232
printing images 244
processing speed 244
resetting default view 231
rotating left/right 231
summary of movement controls 232
terrain detail 235
tilting forward/backward 231
tilting side to side 232
vertical (z-scale) exaggeration 233
Z Offset 241

INndex
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Index

zooming infout 231

A

Algorithm dialog
overview 56
Algorithm Geoposition Extents dialog box 179
Center option 182
Extents options 181
Geolink options 183
Zoom options 49
algorithm layers. See layers
algorithms
adding surfaces 243
basic concepts 27, 54
changing bands 60
changing lookup table 61
colordraping 118
commenting 65, 129
copy & paste layers/surfaces 243
creating automatically 55
creating manually 55
entering description 64
hue-saturation-intensity 132
mosaics 288, 294, 298
multiple surfaces 239
opening 46
output to disk file 196
printing 266
process diagram 57
saving 64, 129
simple example 62, 121, 136
stopping (STOP) 61
using as templates 56
viewing in 3-D perspective 227
Annotation layers
displaying vector data 394
annotation. See map composition
Application Examples 483
ARC/INFO coverages 32, 382, 395
arithmetic operations. See formulas
ASCII XYZ text file
Confusion Matrices 341
aspect calculations 155, 279
Autoclip transforms 109
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setting percent clip 109
using toolbar 110, 114
Auto-generate colors dialog box 317

binary images 388
boolean operations 167

C

Calculate Statistics dialog box 334
camera calibration report 454
Camerafile 462
Camera Wizard 458
Camera attributes page 460
Camera identification page 459
Fiducial point offsets page 461
Focal length 460
Number of Fiducial points page 461
X offset to principal point 460
Y offset to principal point 460
Cell Vaues Profile dialog 86, 356, 358
centering images 182
Change Projection/Datum/Cell Size Wizard 34
Class Display layer type 316
classification
aggregating classes 385
class means/95% ellipses 337
filtering to generalize 384
supervised 324
unsupervised 312
vectorizing classes 383
Classification layers
creating with scattergrams 283
displaying classified data 322
displaying thematic data 270, 273, 276, 321
Color Balancing Wizard for Airphotos 34, 294
Color Mode
Hue Saturation Intensity 72
Pseudocolor 72
Red Green Blue 72
relation to layer type 73, 77
Color Tables
create anew linear table 427

Index
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creating a 2-color table 428

creating ablue _red table 429

creating a combination table 433

creating a multi-color table 431

makelut command 427, 429, 431, 434
color thematic overlays 268
colordraping 118

HSI technique 132

tips 130

tipsfor HSl 142
combining images 119, 132

using Virtual Datasets 214
comments

defining 65, 129

for formulas 171

viewing 66
Common Geophysical Images Wizard 35
composing maps. See map composition
Confusion Matrices

ASCII XYZ text file 341

Kappa statistic 348

Producer’s Accuracy 349

reference dataset 341

Row Counts 346

User’s Accuracy 348
Contouring Wizard 34

features 418
contours

adding to an algorithm 418

band to contour 421

contour interval 421, 422

contour line width 421, 422

first contour level 421, 422

label contours 421

label font color 423

label font size 423

label font style 423

multi-color 421

primary contours 422

secondary contours 422
Contours dynamic link 418
contrast enhancement. See transforms
convolution filtering. See filters
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D

datafusion
using Virtual Datasets 213, 218
datainversion formulas 121
data structure diagram 56
Data Type Examples 483
density dicing. See transforms
dialog boxes 41
text entry 43
digital terrain datasets
aspect calculations 155, 279
slope calculations 155, 278, 280
digital terrain images
aspect calculations 155, 279
slope calculations 155, 278, 280

Index

displaying datasets 59, 67, 120, 126, 135, 138, 354, 357, 362, 366, 368, 373, 378, 428, 430, 433, 435
displaying images 59, 67, 120, 126, 135, 138, 419, 428, 430, 433, 435

DXF files
linking to 32
Dynamic Links 32, 392

E

edge detection filters 149
Edit Sun Angle dialog box 122, 124, 136, 138, 277
ER Mapper

dialog boxes 41

file choosers 42

help system 43

introduction 24

main menu 40

raster datasets 29

raster images 29

toolbars 40

user interface 38

vector datasets 29

vector images 29
exponential transforms 112
exporting data 33

F

fast enhancements 175
feathering mosaic seams 308
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Index

fiducial points 463
file chooser dialog boxes 42
Filter editor dialog box 150
filters
adjusting contrast for 153
appending 159
aspect calculations 155
basic concepts 148
C 150
creating 152
deleting 152, 161
edge detection 153
editing 152
high pass (sharpening) 152
loading 151, 157, 278
low pass (smoothing) 151
slope calculations 155, 278, 279
smoothing classified images 384
gpatial frequency 149
using multiple in stream 154, 156, 158
viewing in other layers 157
viewing next in stream 160
viewing previousin stream 160
Formula Editor dialog box 163
formulas
applications 162
assigning relations 170
autoscaling data 114
basic concepts 162
boolean operations 167
checking syntax 166
display in process diagram 164
entering 166, 359, 360
entering comments 171
entering descriptions 171
inverting data values 121
masking data 272
merging images 216
NDVI 62, 275
Principal Components 174
ratios 169
relations concept 164
restoring default 167
saving to disk 171
specifications 164
Tasseled Cap 207
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thresholding 167, 270

using regions 172

using variables 168, 275
Functions and Features Examples 483

G

Gaussian equalization 110
setting std. dev. 111
GCP Edit dialog box 470
GCP Setup tab 466
Geocode Output Extents dialog 472, 478
geocoding 30
advanced orthorectification 454
camera calibration report 454
Compute FROM function 447
evaluating results 450
GCP display options 448
picking first 4 GCPs 444
picking points from overview 447
RMS errors 447
Geocoding Wizard 30, 454
Auto zoom 469
Auto Zoom option 448
Calculate from point button 447
Cell Attributes box 449
Errors option 449
Exterior Orientation Setup tab 476
Fiducial Point Edit tab 463, 476
GCP Edit tab 444, 446, 448, 467
GCP Setup tab 443, 466
Grid option 449
Ortho Setup tab 457, 476
Orthorectify using exterior orientation 457, 475
Output Coordinate Space dialog 467
Rectify tab 449, 471, 477
resampling 449
Use a DEM file as height 458
Zoom to current GCP button 448
geolinking
basic concepts 178
Overview Pan mode 179, 193
Overview Zoom mode 179, 190
Screen mode 179, 187
setting display center 182
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Index

setting display extents 181
setting display resolution 183
unlinking windows 187
Window mode 179, 184
GIS systems
ARC/INFO coverages 32
linking to 32
vectorizing datafor 382
graphics formats
exporting to 33
using in map composition 265
Gridding Wizard 34
ground control points
overview 438
picking 445

H

hardcopy printing 32

help system 43

high pass filters 149

histogram equalization 110, 125, 126
histogram matching 306

histograms. See transforms

HSI color mode 72

HSI merge technique 248

hue layers 137

IHS merge technique 248
image algebra. See formulas
Image Compression Wizard 34
Image Display and Mosaicing Wizard 33, 286, 288
image files. See raster images
image processing

applications 26

arithmetic operations 162

binary images 388

concepts 24

contrast enhancement 96, 426

enhancements 30

ER Mapper algorithms 27

general tasks 28

geocoding 438
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output to disk 196
rectification 438
traditional techniques 26
viewing data values 86, 357, 359
image rectification parameters 467
image windows
closing 53
linking 178
loading datasets 60, 67, 120, 126, 135, 138, 144, 354, 358, 362, 366, 368, 373, 378, 419, 428, 430, 433,
435
loading images 60, 67, 120, 126, 135, 138, 144, 419, 428, 430, 433, 435
measuring distances 88
moving 47
moving to front 52
opening 46
panning with buttons 49
resizing 48
selecting current 52
setting display resolution 183
setting exact size 183
setting geographic extents 181
shaping to fit image 291, 300
specifying center point 182
using multiple windows 51
viewing cell values 86, 355, 358
viewing coordinates 88
zooming with buttons 49
zooming with mouse 49
Intensity layer type 119, 134
ISOCLASS classification. See unsupervised classification

K
kernels. Seefilters

L

Landsat TM Wizard 35
Landsat Web Publishing Wizard 35
Layer tab 57
layers 57
adding 81
Annotation 394
Annotation/Map Composition 246
changing order 80
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changing type 82

Class Display 316

Classification 270, 276, 277, 322

controls 71

deleting 81

duplicating 82, 299

Intensity 119

labelling 63, 64

loading datainto 78

loading filters 157

modifying 74

moving between 83

overview 70

raster types 73

Saturation 138

selecting 76

selecting bands 82

setting display priority 302

Tabular Data 395, 396

thematic overlays 268

turning on and off 76

vector types 74

with Color Mode 77
Level dlicetransform

setting levels 111
Line Style dialog box 257
linking windows. See geolinking
links to external data 32, 392
loading datasets 60, 67, 120, 126, 135, 138, 144, 354, 358, 362, 366, 368, 373, 378, 419, 428, 430, 433, 435
loading images 60, 67, 120, 126, 135, 138, 144, 419, 428, 430, 433, 435
Local Government Applications Wizard 35
logarithmic transforms 111
lookup tables 61
low passfilters 149

M

Magnetics Fourier Wizard 35
magnifying images. See zooming
map composition
basic concepts 246
drag and drop objects 262
drawing annotation 257
drawing map objects 260
importing graphics formats 265

497 Comprehensive ER Mapper Training Workbook



importing text 265
object attributes 265
page background color 251, 252
Page Relative option 266
polygon attributes 258
polyline attributes 257
resizing/positioning objects 264
saving to disk 264
selecting objects 258
setting map object attributes 262
setting up a page 248
special features 265
text attributes 259
map projections. See geocoding 438
map projections. See rectification 454
masking images 272
using data values 322
math operations. See formulas
measuring distances 88
mensuration 88
merging raster images
using Virtual Datasets 213
Miscellaneous 483
mosaicing
analyze images 295
capabilities 287
creating algorithms 294, 298
creating mosaiced image 288
display band 291
display method 290
feathering 296
feathering seam lines 308
file types 290
histogram matching 306
Image Display and Mosaicing Wizard 286
mosaic properties 290
requirements 287
RGB 123 293
setting display priority 287, 302
turning images on/off 292, 301
using RGB al gorithms 303
using Virtual Datasets 210
zooming to all datasets 300
mouse buttons 39
mouse pointer
Hand mode 49

Index
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Pointer mode 86, 356, 359

shapes 39

Zoom mode 48, 356, 359

ZoomBox mode 48
multi-resolution merging

using IHS technique 248

using Virtual Datasets 213
multispectral data 25

O

Ortho and Geocoding Wizard 34
orthorectification 30

Attitude kappa 455, 477

Attitude omega 454, 477

Attitude phi 455, 477

Camera Wizard 458

Exposure center X Y Z 477

exterior orientation 455, 457, 476

fiducial points 464

Focal length 460

Optimum extents 478

Scale 477

X offset to principal point 460

Y offset to principal point 460
overlays. See thematic raster overlays 268

P

Page Setup dialog box 249
Page Setup Wizard 35
panning images
from master window 193
using linked windows 186, 193
with buttons 49
with mouse 49
perspective viewing. See 3D viewing
polygon attributes 258
polyline attributes 257
Postscript files
linking to 32
printing to 33
using in map composition 246
Principal Components
choosing bands 175
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choosing PC number 175
creating images 174
Landsat TM data 174
printing images 32, 266
process stream diagram 57
profiles across datasets 90
profiles of data. See Traverse 89
Pseudocolor color mode 61, 66, 72

R

Raster Dataset dialog 78
Apply button 79
Apply vs OK 79
raster datasets
description 24
haze removal 218
importing 29
merging 213, 248
mosaicing 286
output to disk 196
reading 29
rescaling data range 108, 114
viewing cell values 86, 357, 359
viewing information 202
raster images 25
description 24
haze removal 218
importing 29
merging 213, 248
mosaicing 286
output to disk 196
reading 29
rescaling data range 108, 114
viewing cell values 86
viewing information 202
raster layers
relation to Color Mode 73
types 73
raster to vector conversion
basic concepts 382
creating polygons 386
creating polylines 387
vectorizing classifications 383
ratio formulas 169
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rectification
Compute FROM function 447
evaluating results 450
GCP display options 448, 470
overview 438
picking first 4 GCPs 444
picking points from overview 447
RMS errors 447
Refresh Image button 47
Refresh Image with 99% clip button 114
regions
defining 326
masking on image 173
showing on scattergram 337
using in formulas 172
rescaling data
using transforms 108
RGB color mode 72

S

saturation layers 138
Save As Dataset dialog box 199, 361, 365, 374, 380
saving images 32
saving imagesto disk 196
Scattergram dialog box 282, 337
Scattergram Setup dialog box 93, 282, 337
scattergrams

changing bands 93

Defer button 94, 283

Display button 94

highlighting pixels on image 282

viewing 92

viewing class means/ellipses 337
seismic datasets

colordraping 124

HSI colordraping 132

sun angle shading 120, 135
shaded relief images 122, 124, 138, 277
shaded relief images. See sun angle shading
slope calculations 155, 278
spatial frequency 149
spatial modeling 268
spectral signatures

averaging 88
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viewing 87
statistics
calculating 334
showing on scattergram 337
viewing 334
sun angle shading
basic use 120
benefits 123
with colordraping 122, 124, 138, 277
supervised classification
basic concepts 324
calculating region statistics 334
defining training regions 326
displaying the classified image 339
generating confusion matrices
confusion matrices 341
running the classification 338
viewing signature histograms 335, 336
viewing signature statistics 334
Supervised Classification dialog box 338, 345
surfaces 57
copy/paste between algorithms 243
opening into algorithms 240
transparency 241
turning on/off 242

T

tab pages 57
tabular data display 395
tabular data links 32
Tasseled Cap transformation 205
template algorithms
for autoscaling data 114
for image output 202
for RGB displays 208
for Virtual Datasets 217
text attributes 259
Text Style dialog box 259
thematic raster overlays
solid color 269, 276, 354, 362, 365, 367, 373, 376
translucent color 273
using scattergrams 282
thresholding data 167
toolbars
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displaying 45

hiding 46

overview 40

using 45
Transform dialog box 97
transforms

adjusting line 101

appending 113

automatic options 109

automatically clipping on limits 114

deleting 113

exponential 112

Gaussian equalization 110

highlighting features 104

histogram clipping 109

histogram equalization 110

histogram matching 306

inserting 112

level dlicing 111

linear 101

logarithmic 111

overview 96

piecewise 104

rescaling data with 108

setting input limits 106, 107

setting output limits 108

using multiple 112

viewing 100

viewing for other layers 83

viewing next in stream 113

viewing previousin stream 113
translucent color overlays 273
transparency

between 3D surfaces 241
Traverse dialog box 90
Traverse Extraction 89, 270

drawing traverse lines 89, 270

modifying traverse lines 91

selecting dataset bands 90

U

unsupervised classification
assigning class names/colors 316
auto-generating colors 317
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basic concepts 312

displaying the classified image 316

overlaying classes 321

specifying clustering parameters 314
Unsupervised Classification dialog box 314

\"

variablesin formulas 168
vector datasets
display color 256
displaying 254, 255
editing 256
vector images
display color 256
displaying 254, 255
editing 256
vector layers 74
vectorization. See raster to vector conversion
vegetation index formulas 62, 275
View Mode 57
viewing data values 84
Virtual Datasets
advantages 204
basic concepts 204
editing 217
loading 208, 211
saving 207
to detect changes 218
to merge images 213
to mosaic images 210
to smplify processing 205

W

warping images. See geocoding 438
warping images. See rectification 454
windows. See image windows

Z

zooming images
from master window 190
out to full extents 49, 50

Index
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to page extents or contents 255

to specific dataset extents 293, 302
using linked windows 186

with buttons 50

with mouse 49
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