Step-by-Step guide for
IMAGINE UAV workflow

Overview

This short guide will go through all steps of the UAV workflow that are needed to produce the final
results. Those consist out of two raster datasets, the image mosaic and the digital surface model as
well as out of a point cloud stored in the LAS format. The guide is based on UAV example data that is
included in the installer. If you have installed the example data you find it in the folder:
C:\Users\Public\GEOSYSTEMS\UAV\examples\gravel-pit

The UAV example datasets have generously been provided by GRID-IT (http://www.grid-it.at/).

Some remarks regarding the input data

e Use a digital camera with reasonably high resolution (5 Megapixel or more).

e Avoid ultra-wide angle and fish-eye lenses. The best choice is a lens with 50 mm focal length
(35 mm film equivalent) but focal length might vary from 20 to 80 mm.

e Lenses with a fixed focal length are preferred. If zoom lenses are used - focal length should
be set either to maximal or minimal value.

e Try to use the RAW data lossless converted to TIFF files. JPG compression adds unwanted
noise to the images which might affect to accuracy.

e The ISO-value should be set to the lowest possible value. High ISO values will add additional
noise to the images.

e Always use the original images. So do not crop or geometrically transform (e.g. resize or
rotate) the images.

e Rough rule for image overlap: 60% of side overlap + 80% of forward overlap

Step 1: Examination of the input data

The first step of the data processing is to examine your input datasets. This helps you choosing the
right options for all processing settings as well as to get a rough idea about the processing time.

Some details that are important:
e File format (e.g. jpg or tif)
¢ Number of input datasets
o Number of columns and rows of each input file
e Type of the used image orientation (EXIF, external file, no orientation)
e Coordinate reference system of your reference data (center coordinates of the images)

e Geographic projection for your study area
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If we look at the folder that contains the example datasets we should see that it contains 15 jpg-
images and one text file.
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Name Date modified Type Size
(=] DSC04367.PG 12/11/2013 5:41 PM  JPEG image 9,536 KB
=] DSC04368.0PG 12/11/20135:41PM  JPEG image 9,952 KB
=] DSC04369.0PG 12/11/20135:42PM  JPEG image 10,496 KB
=] DSC043700PG :42 JPEG image 11,040KB
(=] DSC04371.0PG JPEG image 11,456 KB
=] DSCO43720PG / JPEG image 11,328KB
=] DSCO4373.0PG 12/11/20135:43PM  JPEG image 11,072KB
=] DSC043740PG 12/11/20135:43PM  JPEG image 10272 KB
(=] DSC04375.0PG JPEG image 9,664 KB
[ DSC04376.PG JPEG image 8,864 KB
=] DSC04383.0PG JPEG image 9,120KB
=] DSCO4384.JPG 12/11/20135:45PM  JPEG image 10,208 KB
=] DSCO4385.PG 12/11/20135:45PM  JPEG image 11,040KB
=] DSCO4386.0PG 12/11/20135:45PM  JPEG image 11,168 KB
=] DSC04387.0PG 12/11/20135:46 PM  JPEG image 9,152KB

12/11/20137:47PM  Text Document 1KB

|| image_positions.bt

EE

Please check the image properties by right clicking on an image. Select properties | details. The
dimension of each image is 6000 by 4000 pixel.

General | Securty | Detais | Previous Versions |

Property Value
Image

Image ID

Dimensions 6000x 4000

Width 6000 pixels

Height 4000 pixels

Horzortal resolution 350 dpi

Vetical resolution 350 dpi

Bt depth 2

Compression

Resolution urit 2

Color representation sRGB
Compressed bits/pixel 3

Camera
Camera maker SONY
Camera model NEX-7
Fstop /56
Exposure time 1/800 sec.
150 speed 150-100

Remove Properties and Personal Information

[Cok | [Ccameel ][ omw

Next you should look for GPS coordinates of the image center in the EXIF-information block.
Depending on the source of your images you might now find a GPS section inside the image

metadata. The provided images of the UAV example dataset also lack this kind of information. Please
compare the following two screenshots. The first one shows one of the example images that does not
contain GPS information:

General | Securiy | Detais | Previous Versions |
Property Value ~
Advanced photo
Lens maker
Lens model
Flash maker
Flash model
Camera serial number
Contrast Normal
Biightness 105171875
Light source Dayight
Exposure program Shutter Priorty
Saturation Normal
Sharpness Nomal _
White balance Manual =
Photometric interpretation
Digtal zoom
EXIF version 0230
File
Name DSC04367.0PG v
Remove Properties and Personal Infomnation
ok | [ cancd || ooy
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The second one shows the image details for an image that does contain GPS-information:

= DSC_3414.JPG Properties -
| General | Securty | Detais | Previous Versions |

Propetty Value ~
Flash model
Camera serial number
Contrast Normal
Brightress
Light source Unknown
Exposure program Unknown
Saturation Nomal
Shamness Nomal
White balance Auto
Photometric interpretation
Digtal 200m 1
EXIF version 0230

GPS =
Latitude 48; 29; 28.3776000000070...
Longtude 9, 12; 28 954799599995494
Altitude 43785

File
Name DSC 3414.0PG v

Remove Properties and Personal Information

If we deal with images that do have GPS information processing is quite easy. The GPS information
will be used directly if we select the option “From EXIF” in the setup project step. There is no need to
reference any external files during data processing.

Since in our case we do not have geo-coordinates in the EXIF information we need to “import” the
image position from an external text file included in the example directory.

Step 2: Define orientation format

This step can be skipped if you process datasets that have valid GPS information in the EXIF-header.

In order to be able to use the orientation information stored in a text file we need to define the input
file structure. Let's have a look at the orientation file included in the example data. You are able to
load C:\Users\Public\GEOSYSTEMS\UAV\examples\gravel-pit\image_positions.txt in any text editor:

Datei Bearbeiten Suchen Ansicht Kodierung Sprachen Einstellungen Makro Ausflihren Erweiterungen Fepster 2 X
HEHUELE JMD/2eink*x BRI EREDEENEE =

[=limage_positions.ee m|

1 id,name,x,¥y,z,omega,phi,kappa

2 1,Dsc04367.JpG,11.4447656,46.1143331,655.81¢6,0,0,83.3

3 2,Dsc04368.JPG,11.4447733,46.1141304,654.936,0,0,82.6

4 3,D5C04369.JPG,11.4447635,48.1139336,655.056,0,0,82.7

5 4,D5C04370.JPG,11.444765%,48.1137339,654.79,0,0,82.4

& 5,D5C04371.JPG,11.4447698,46.1135317,654.744,0,0,83

7 &,D5C04372.JPG,11.4443952,46.1134512,654.454,0,0,82.3

8 7,DSC04373.JPG,11.4443394,468.1136503,653.983,0,0,83

© 8,DSC04374.JPG,11.4443379,468.1138485,654.489,0,0,84

0 ©9,DsSC04375.JPG,11.444324,468.1140464,654.6%91,0,0,83.2

1 10,DsC04376.JPG,11.444343,468.114251,654.481,0,0,82.6

2 11,DsC04382.JPG,11.4439038,48.1145309,656.508,0,0,82.7

13 12,DsSC04383.JPG,11.4439131,48.1143313,655.98,0,0,82.2

14 13,DSC04384.JPG,11.4438935,48.1141304,654.943,0,0,82.2
5 14,D5C04385.JPG,11.4439184,48.1139322,654.377,0,0,82.4

16 15,DSC04386.JPG,11.4439049,48.1137292,653.959,0,0,82.8

17 16,DSC04387.JPG,11.443%0%5,48.1135308,653.706,0,0,82.5

Normal text file length: 907 lines: 18 Ln:1 Col:1 Sel:0|0 Dos\Windows UTF-8 w/o BOM INS

This plain text file contains comma separated values. The actual data values start from the second

row. Here we are interested in the image filename (column 2), as well as in the image center
coordinates X, Y and Z (column 3, 4 and 5). Since the algorithm used during image orientation is quite
smart we are able to skip the camera rotation angles (omega, phi, kappa) for most of the cases. In
order to project the final results correctly we need to know which coordinate reference system is used.
In our case we have Lat/Lon values based on WGS84. So the EPSG code of the underlying coordinate
reference system is 4326.
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With all this information we are able to define the orientation format using the “Edit orientation
formats” dialog.

Start the dialog by clicking in the Toolbox ribbon | Imagine UAV | on Edit orientation formats.

mW " om0 o oo

File Home Manage Data Raster WVector Terrain Toolbox Help Google Earth
E = 2 o @& wd @& |
IMAGINE Image Spatial Model Model pypsaic  AUtoSync  Stereo  paps virtualgls |IMAGINE
Photogrammetry Equalizer  Editor™ Maker~ - Workstation™ Analyst~ - - UAV~
Common 1 % Rrun uav process
Contents # X 2DViewd =3 View model
|B" = 2D View #1 [E!  Edit orientation formats

A

Create a new format defintion in the Orientation Format Editor by pressing the “+" button next to the
Avialable formats entry. This will add a new row the the formats list. To rename the entry double klick
on the new entry. Now set the name to Gravelpit.

Avalable formats: |+ | | -| Fermat

‘Aibotix (computed) Orientation elements | Delimiter and line to ignore |
Aibotix (recorded) Filename: |1 E
Gravelpit Position: EPSG: 4326 &
Column  Apply Correction  Offset Scale  Decimal delimiter
Longitude: |2 2 [ o0 T Lm0 3
Latitude: |3 B [ 0,00 < 1,00 B
Z |4 £ [ 0,00 $ 100 2
Angles: [] use Type: RFY v Unit: Degree -
Omega: 14 5 0,00 00 (=
Phiz 13 B 0,00 3 1,00 =
Kappa: 12 5 0,00 100 (=
Preview

Next switch to the “Delimiter and ignore line” tab. Ensure that “Comma” is used as column delimiter.
We also want to skip the first line containing the column descriptions. Add a new ignore line entry by
clicking on the + button in the “lines to ignore” group. This will add a new skip entry starting from 1
and ending with line 1. This is exactly what we need. Entries can easily be modified. Just select the
ignore option with a mouse click and modify the start and end options. Alternatively you may also set
a comment character(s). All lines starting with this character(s) will be skipped. You may add any
number of skip options.
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For your example the settings in “Delimiter and ignore line” tab should look as follows:
Available formats: [ +| |- | Format
Aibotix (computed) | Orientation elements | Delmiterandinetoignore |

Aibotix (recorded) Delimiters Lines to ignore
Gravelpit

: []

Comma Comma 1->1 (®) Static line
SETCE from line: o line:
space CE L@
Tab () Comment line:
Other

[] combine consecutive delimiters

Preview

Preview orientation data file

The last step is to assign the column numbers to the needed processing values and specify the
coordinate reference system of the input values.
The image filename is stored in column 2 of the input data. The image center coordinates X, Y and Z

can be found in column 3, 4 and 5. Since we will not use the rotation angles we keep this option
disabled. We also know that the EPSG-code of the coordinate reference system is 4326. This will lead

to the foIIowinﬁ final settim';s:

Available formats: [ + | [ - | Format

Abotix (computed) Orientation elements | Delimiter and line to ignore |
Aibotix (recorded) Filename:
Gravelpil Position: EPSG:
Column  Apply Correction  Offset Scale  Decimal delimiter
Longitude: [ 0,00 Fl[Lo0 [
Latitude: ] 0,00 2[00 [
z Ol = 100 2
Angles: [Juse Type: RPY - Unit: Degree -
Omega: 14 B 0,00 SR
Phi: 13 B 0,00 $ 1,00 =
Kappa: 12 E 0,00 < 1,00 E
Preview

Press the OK button to save all modified settings.
The additional options allow you to:
e Define a constant offset for all input values (e.g. when coordinate have been cut off)
e Define a scale factor for each input value (e.g. when the input values are stored in cm but you
need to use m for the process)
e Override the decimal delimiter (e.g. certain countries are using “,” as default decimal
delimiter)
Now we are ready to start processing the UAV example dataset.
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Step 3: Start processing

Start the run model dialog by clicking in the Toolbox ribbon | Imagine UAV | on Run UAV process.

| = Untitled:1 - ERDAS IMAGINE 201

Home  Manage Data  Raster  Vector  Terran  Toolbox = Help  Google Earth

E = 2 0 4 wi @ (8

IMAGINE Image Spatial Model Model pjosgic  AutoSync  Stereo  paps VirualGls MAGINE
Photogrammetry Equalizer  Editor~ Maker~ - Workstation™ Analyst™ - - UAV~
Common

| &\\ Run UAV process

Contents 2 x  2DViewdl =2 view model

Specify the following processing options in the upcoming dialog:
e Input Folder: c:/users/public/geosystems/uav/examples/gravel-pit/
e File Selection Filter: *,jpg (all jpg files in the Input Folder will be selected)
e Orientation Format: Gravelpit (which we have created in step 2)

e Orientation File Input: c:/users/public/geosystems/uav/examples/gravel-pit/
image_positions.txt

e Orientation Accuracy: high (very good quality for the image orientation)

e Surface Accuracy: high (very detailed point cloud and thus surface; will take much more time
to compute compared to medium; select low for a first try when dealing with an unknown
dataset in order to reduce the computation time to a minimum)

e Set the output file for the point cloud in LAS-format: gravelpit_pc.las (in any directory with
write access — e.g. create a new directory c:/users/public/geosystems/uav/examples/gravel-
pit/results)

e Set LAS projection to 32632 (UTM zone 32 north/WGS84)

e Set output file for the mosaic in TIF-format: gravelpit_pc.tif (in any directory with write access
— e.g. create a new directory c:/users/public/geosystems/uav/examples/gravel-pit/results)

e Set the mosaic projection to 32632 (UTM zone 32 north/WGS84)

e Set output file for the DSM in TIF-format: gravelpit_dsm.tif (in any directory with write access
— e.g. create a new directory c:/users/public/geosystems/uav/examples/gravel-pit/results)

e Set the DSM projection to 32632 (UTM zone 32 north/WGS84)
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The settings should like as follows. Please double check before you start the process by clicking on
the Run-button.

Input Folder

| cfusers/publicigeosystemsfuaviexamples/grave -pit

Fille Zection Filter
“irg

Orientation Format

|Grave|pit

Orientation File Input (* td)
| image_positions. b

Origntation Accuracy
|h|gh

Surface Accuracy
[high

LAS Output File (*las)
| granelpit_pclas

LASEPSG
|32532

Mosaic Output File (*tif)
| gravelpit_mosaic tif

hdosaic EFSG
|32532

DS Output File (* tif)
| granselpit_dsrm tif

DEM EPSG
|32532

‘ Edit ‘ | Pressiew | | Fun | | Batch | | Cancel | ‘ Help ‘

Depending on the power/speed of your PC the processing will take quite a while (20 - 30 minutes) to
finish. Check the process status in the IMAGINE process list. Each operator should report the current
progress.

Fow Process Tille Status Progress ~

1 ewkspace
2 smpiocess i3
SMpIOcess Executing Compute Orientation — 28%

Kil Dismiss Cancsl Cancel Al SelectMons | SelectAl | [ Select. | [JPI [ Close | [ Help |

Step 4: Display the results

After the process has finished you are able to display the three output datasets in the IMAGINE
viewer. Just open the mosaic and/or DSM as raster files in the IMAGINE viewer:

H o

Contents Mstadata

Hr inqure -
= Messwe = [
ntomator

2D View #1Transition * x

L1iwls
v anu

< >
W Contents 20 View #1r.

Retriever L

<

127396948 612583153 (Pseudo Mercator | WS B4) 1273969.48, 6125631.53 meters (Pseudo Mercator(WGS 64) 000
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The computed point cloud in the LAS format can also be directly opened with the IMAGINE viewer via
"Open Point Cloud Layer”. You will see that the points are rgb-encoded, this means that every point
has stored the RGB-value of the underlying input pixel. You are also able to display the point cloud in
3d:

Mome  ManageDats  Raster  Vector Temam  Tookbor  Help  GoogleEath  Pont Cloud @

Color by RGB [ ik & = * £ ol K & A %
ISale 10 7" z° n
s Overat prafile Ve Profile Volumetric 30 30 Temain Tools
Pt Size 1 b . G T . Profée”  Parameters. e ¥ Profile | Roam®  Analysis™  View" | Offset”  +
Display Enhancemen Profi

Contents 3 x  20Viewd painkcioudlas § A @ % X Poini Cioud 10 Disploy 91 Saanx

< @ = 20 View #1
LRG0 nicioud o

1 Background

Retriever !

Hint: Use the UAV-layout

If your main focus is processing UAV data you may think about using the provided UAV layout instead
of the default interface of ERDAS IMAGINE. The UAV layout contains only the most needed functions
as seen in the screenshot below:

Home  Hep | U

Q - =

L‘*L‘ B B ﬂ ‘1
RunUAV View Edt orientation Open Raster Oper Pomt  Terrain

process model formats Layer. syer.. Prep Tool
Setup and Run

Pomt Cloud  Orawng  Table

Postprocessing

Contents # x 2D View#! pointcloud as. § A @ 8 X FoirtCloud 30 Display #1

) 2D View #1 '3 % R
» @ % SN o AN

Background

Retriever L

127402461, 6125881.87 meters (Pseudo Mercator(WGS 84))

Using the UAV operators

If you have access to an ERDAS IMAGINE Professional license you are also able to use the UAV
operators within the Spatial Modeler.

We are providing a pre-cooked UAV model for you convenience that can be accessed by clicking on

“View model” button in the UAV main menu. This will open up the base model within the Spatial
Modeler Editor.
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In order to process the example dataset change the following settings:

Input ports of the “Create project” operator:
o Image Directory: c:/users/public/geosystems/uav/examples/gravel-pit/
o Orientation Format: Gravelpit
o Orientation File: c:/users/public/geosystems/uav/examples/gravel-pit/image-
positions.txt
Input ports of the “Export LAS" operator:
o LASName: output file for the point cloud in LAS-format: gravelpit_pc.las
o EPSG: 32632 (UTM zone 32 north/WGS84)
Input ports of the “Export Mosaic” operator:
o MosaicName: output file for the image mosaic: gravelpit_mosaic.tif
o EPSG: 32632 (UTM zone 32 north/WGS84)
Input ports of the “Export DEM" operator:
o DEMName: output file for the DSM: gravelpit_dsm.tif
o EPSG: 32632 (UTM zone 32 north/WGS84)

Ensure that the final model should looks like as follows before you start the process.
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