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1. About “UASMaster” @

UASMaster offers a complete photogrammetric workflow for data coming from
Unmanned Aerial Systems (UAS). The software is open for any hardware and
offers a streamlined batch processing with QA/QC tools. Various editing tools
are available to get the best possible result. UASMaster is bridging the gap
between simple black-box workflows for non-photogrammetrists and
photogrammetric expert workflows.

Limitations:
e 2000 images
e 40 Mpix
¢ Single point cloud file export (no tiling)
¢ Single mosaic file export (no tiling)

1.1. Modules in “UASMaster”

-

» Graphical blunder search
functionality

* Automatic tie point G
e

extraction with int
\ operability %@

\T
&

~

+ Stereo editing

* On-the-fly data control

* Breakline and morphological
data support for processing
Semi-automatic editing tools

J

UAS Engine

Automatic mosaicking with
radiometric correction and
true-ortho support
Automatic seamline
generation

Pixel based and feature based
matching

* All-in-one solution for DTM and
DSM generation

%ﬁ% » Support of morphological data y

Page | 1
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1.1.1. Modules for Georeferencing

LIAS f X

o o Project setup:

roject Preparation . : i

@ Create, open or edit an UAS project. h Def!ne coordinate SRR
+ Define camera

» Assign given data (images, ground
control points, GNSS, IMU)

(D] (B ] (@]

= Quick Processing (optional)
Processing from gecreferencing to
mosaic image generation.

J

Georeferencing:

_ * Acquire tie points
> gt‘:r';fﬂ?;;'{:a':aement | - Manual ground control point
measurement

Surface and Ortho Generati » Compute exterior orientation with
e eneration camera calibration

Start UAS Edit... k )

UAS F X
New UAS engine for robust tie point
extraction, offering different strategies
for different image types.

Extract
Aquire tie-points

Digitize tie-points or control-points measurement.
.

J\L

Orientate [

Compute exterior orientations

>
2 Measure <=I Manual ground control point

Strategies for different levels of
camera quality

.

1.1.2. Modules for Surface and Ortho Generation

UAS 5 X

2 Surface # Creates automatically: )

G DTMs and DS

enerate DM and Dolls « DTM (feature-based method)

[ B Define Arca ] * DSM (cost-based method)
DTM Extraction: - Optional: digitize polygon (area of
Detaied - » interest )
DSM Extraction

Orthos and Mosaic . .
» Generate orthos and mosaic # Creates aUt_Omatlca"y-

Ortho-mosaic

Ortho Mosaicking: » Classic ortho (no occlusion test)
[Classic Ortho - | |£| * True ortho (with occlusion test)
Pixel size: 1.00 [m]

Page | 2
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2. Project setup

2.1. General information about the project

Sample Block TAC_P65

For this manual a block with 41 images was selected. Figure 1 shows the
block structure with the projection centers of the images.
In general, this tutorial only reflects a standard workflow in "UASMaster".
The block is characterized as follow:

ground pixel size: 0.04 m

number of images: 41

number of longitudinal strips: 7
number of cross strips: 0

average overlap: 60% / 80%

average terrain height: 90 m

control points / check points: available
type of terrain: open field

UAS: Trimble UX5

For UAS projects we assume an accuracy of the GNSS antenna coordinates
of about 10 m.

[\2021

\N200S

-~

ROTOIR' 1

Figure 1:
Flight layout

of the entire
block

Page | 3
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2.1.1. Sample data: TrainingData_UAS

The training data project will need about 500 MB of disk space. The data is
organized in the following subdirectory structure:

[drive]:\...\TrainingData_UAS\Images\
includes 41 images in .JPG format

[drive]:\...\TrainingData UAS\Input\

_L> e UASMaster GNSSIMU_LatLong.csv
GNSS coordinates and IMU values

e UASMaster_GroundControlPoints.gcp
ground control coordinates

e UASMaster_Sketches GCP.docx
Sketches of positions of ground control points

[drive]:\..\TrainingData_UAS\input\*.*

_|—> Backup\

Tutorial_Complete.*
Successfully processed project

Tutorial_prepared.*
prepared project (project setup 479

The project files stored in the Input>Backup folder could be used for self-
monitoring, however they will not be used for the work through the tutorial. A
step by step operation method is preferred which will implicate the generation
of a new project file.

Page | 4
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2.2. Project Preparation é

Sample Block TAC_P65

Starting "UASMaster" by clicking on the icon will open the UAS

ApplicationsMaster interface.

“ UAS ApplicationsMaster
File  View UAS Export Tools Window Options Help

O = BE -3 e a v By ¢ 2 Eh %%

Main

% Qutput Log

o || uas gl x

svn ¢

-3 Project Preparation
Create, open or edit an UAS project.

- Quick Processing (optional)
Processing from georeferencing to
maosaic image generation.

Georeferencing

Surface and Ortho Generation

Task Status

Project Preparation
GCP Measurement
Relative Adjustment
Absolute Adjustment
Surface Generation
Surface Editing
Mosaic Generation

357.000m ; 252,500 m ; 0.000 m

Selecting the tab UAS at the right side of the menu opens resp. closes the
UAS menu. The workflow order is designed from top to bottom.

The “Project Preparation” offers the possibility to create a new project and to

open or edit an existing one.

2.2.1. Create a new project - Basics

Creating a new project will open the “Basics” widget.
Beside the administrative settings the target
coordinate system has to be defined.

All results will refer to this coordinate system.

2.2.1.1. Steps to work through

e “Administrative” entries:
Description: enter project name, e.g. Tutorial
Operator: enter your name

e Section “Units”:
Definition of the target coordinate system

Basics 7 @
Administrative
Description: | new_project

Operator: | sdunkel

Units

Coordinate @ Local Other

system:
Object units:  |m E|= 1.0000000000 | m
Image units:

Angular units: |deg E|
Corrections

| Apply earth's curvature correction

| Apply atmospheric refraction correction

|_ OK. || Cancel |

Page | 5
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Selecting “Other” a message will appear which informs the user that
already stored project data will not automatically be transformed to the
new entries.

Basics g ” £3

Administrative

Description: | new_project

Operator: | zdunkel

Units
Coordinate - Local @ Other
system:

]

Mote, that a change of units does not directly affect any record values.
As a consequence, the operator is responsible to apply all necessary value

transformations.

Apply atmospheric refraction correction

[ OK H Cancel ][ Apply l

Setting up a new project this will not have any effect, because till now
no data has been imported and therefore no transformation into a new
system needs to be done. Continue by selecting “OK”.

The target coordinate system of our project is
WGS84, UTM zone 31N (EPSG code: 32631).

Use the browse (...) button to select the
WGS84 / UTM zone 31N system in the “Projected System” tab or enter

Coordinate Systems

Projected Systems | Local Systems | Geographic Systems

e <

jin] Based oni Projection - Add...
- WGES 84 [ UTM zone 265 WG5S 34 Transverse_Mercator |
--WES 84/ UTM zone 270 WGS 34 Transverse_Mercator | Copy
--WES 84/ UTM zone 275 WGES 34 Transverse_Mercator | Edit
--WES 84 / UTM zone 28M WES 34 Transverse_Mercator 1 =
--WES 84/ UTM zone 285 WG5S 34 Transverse_Mercator | Remove
--WES 84/ UTM zone 29M WG5S 34 Transverse_Mercator | =
- WES 84/ UTM zone 295 WGS 84 Transverse_Mercator | Parameters
- WGES 84/ UTM zone 2M WGS 84 Transverse_Mercator |
--WES 84/ UTM zone 25 WGES 84 Transverse_Mercator |
--WES 84/ UTM zone 30M WGES 84 Transverse_Mercator Search by EPSG Code
--WES 84/ UTM zone 305 WES 84 Transverse_Mercator r
--WES &4/ UTM zone 315 WG5S 34 Transverse_Mercator i [ Eind ]
--WES 84/ UTM zone 32M WGS 34 Transverse_Mercator  r—
--WES 84/ UTM zone 325 WGES 34 Transverse_Mercator | e
--WES 84/ UTM zone 33M WG5S 34 Transverse_Mercator | -
| --WES 84/ UTM zone 335 WG5S 34 Transverse_Mercator 1 ™ Germany |Z|
4 m 3
3255 projected systems Tree view [ Find ]
[] show only user defined systems [ OK ] [ Cancel ]

Page | 6
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Sample Block TAC_P65

the EPSG code: 32631 into the corresponding text field.

Basics -5 [m]
Administrative
Description: | new_project
Operator: | sdunkel
Units
Coordinate Local @ Other
system: WGS 84 / UTM zone 31N
Object units:  |'m = | 1.0000000000 | m
Image units: | mm
Angular units: |deg |E|
Corrections
| Apply earth's curvature correction
| Apply atmospheric refraction correction
[ (a4 ] | Cancel | | Apply |

The object and image units are defined automatically with the selection
of the coordinate system and cannot be changed. The angular units,
however, could be set to degree, grad or radians.

The correction for earth curvature and atmospheric refraction should be

activated!

Press OK for accepting the entries and exiting the menu.

2.2.2. Camera definition

For the definition of the camera you need at least the information about the
sensor size and focal length. For some cameras predefinitions are stored.

Double clicking on “Camera/sensors” icon launches the “Camera Editor”.

-

-

[t UAS Project Editor - [R:APS-UAV-Specs\..\Tutorial.prj] [ |- | (]
File Edit View Tools Help
DS EHN e W EyL S|
Project Value
- [4] Workspace
= [3] Elements
i i Cameras/Sensors i
= _F'hu:utu:us

Page | 7
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i

*@* Carnera Editor @
Camera ID  Status  Date  Sensor Type Add..
Copy

Sample Block TAC_P65

The camera editor offers the
possibility to add a new
camera or to import a camera
from another Inpho project
file.

Tip: If all defined cameras will be exported into one common Inpho project file,
which is available in the company’s network, this can serve as a database
for all cameras associated with Inpho software.

2.2.2.1. Add a new camera

To add a new camera, select the Add button in the “Camera Editor” window.
Enter the new camera name Camera ID text field, specify “CCD Frame” for
Sensor Type and select the Brand of the camera if a predefinition is

available.

In case there is no predefinition stored, select Custom and then Edit.

s

-

@Add Mew Camera @
Camera ID:
Sensor type: |CCD Frame E| Brand: |Generic Ricoh GR.3 |E|
Generic Ricoh GR3
g Trimble LX5
Trimble %100
eBee Ixus125HS
1S 10
@ Edit Camera l@l
Basic Calibration . Dsstortion ‘ Comments
dentfication
Camera [D: e
- Erame Brand: Custom 3
....... X: Offset Y: Offset Z:
0.000 0.000 [m)
| [deg]

In addition to the camera coordinate system definition the mount rotation of the
camera has to be specified. This parameter defines the rotation of the image
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coordinate system with respect to the flight direction of the aircraft. The
parameter is used to calculate the approximate kappa rotation from the strip
azimuth. But as soon as IMU data is available the mount rotation is not used
for the rotation angle consideration. The mount rotation is then just used to
check the definitions and could be as well not considered at all. In case the
mount rotation angle + strip azimuth and the IMU kappa angle do not fit, a
‘Kappa integrity message’ appears.

Checking the explanations in the Project (5 UAS Project Editor

Validator, the correct mount rotation can be : R
entered in the “Basic” tab of the Camera Editor. Fle Edit ViewiZools Help

DN ke E

Project

=[] Workspace

Basic Calibration Distortion Comments |

4 Edit Camera @

Sensor System

Focal length: [mm]
Sensor size:

Width: Height: [pix]
Pixel size:

Width: Height: [pm]

Principal Point

Defined with respect to:

) Sensor coordinate system. The reference is a pixel's | ¥ center point i
@ Image coordinate system. &
The orientation of the image coordinate system is set to |E|
Definitions are provided for |PPA only |Z|
Principal point of autocolimation (FPA): v 2

Xl ¥ [mm]

Principal point of symmetry (PPS):

X ¥ [mm]

Enter the focal length, the sensor size (respectively to the actual shape —
landscape or portrait) and the pixel size.

Page | 9
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Definition of the image coordinate system

The orientation of the image coordinate system has to be defined with the X-
axes pointing in flight direction. A correct definition is necessary for a correct
rotation of the images. In case no information about the flight direction is
available check the overlap of the images in the "UAS Measurement". If the
image displayed in the “Block Overview” or in “Topo Viewer” seem to have a
wrong rotation, change the rotation of the image coordinate system.

7 A [\ TrainingData_UAS\ProjectTutorial Stla pr] ==
File Edit View Window Options Help

B oaee Ban @U-Xeoxsn- A EESYQN 3TLL8S W

Photos 2 x| [Hoa] Toro

3| Photo List ‘ Stampsize: [X-Lare
TR-%8 @8 M &5~

8o [oip ori Oovw -

'.?n |Dsco3013 ¢
? Ipscozor2 @@
[ | pscozon1
3 |pscossno #
g |Dsco3gog g
__ | DSco3908 2

| Dsco3g07 #2

ISR

o TR

& |DSCo3881 2

8 |pscossso #p
| DSco3879 2
| Dsco3s7s #2
|Dscozer ¢
|DSco3s76 2
| Dsco3s7s g
|DSC3849
| Dscozsss 2
| DSC03847 2
| Dsco3s46 v C
|DSco384s #2 v 2§
|Dscozsas i v 2.8~
« y

LTS

| Photo Image Points
Ol x| B~ o
IDPoint x[mm] y[mm] vy [um] Mode

Statistics
Point Stats | Photo Stats

D Type X Y Z RXY RX RY RZ XY X  SY  SZ  Menifold  Blunder Eliminated
7] 1002 HY - 2 E « P wu 5
1 1003 HY

V1 2001 HY
B outputiog ) Statistics

[ PAN 14: 1 [1:243.08 34291.525 m; 5638920.915m ; 90.000m [

——— e

Note: For UAS projects we strongly recommend that the X axis of the camera
coordinate system is pointing in flight direction. The reason is that the UAS
systems are using an inertial system which refers to the “airplane”.

That means that the integrated GPS/inertial angles refer initially to the IMU
sensor axis not to the image coordinates system of the camera. The rotation
angles are presented as

navigation angles (roll,
pitch, yaw) not as
photogrammetric angles (o,

®, X).

Zgps

Page | 10



MATCH-AT Tutorial Sample Block TAC_P65

Definition of the principal point
The principal point defines the origin of the image coordinate system. For UAS

systems usually no displacement values are available except the system was
calibrated during a previous project, then these values should be imported.

2.2.2.2. Import Existing Camera Definitions

. | . Y 7 |3
In case the camera was used in another Inpho project it is possible to 8-l
import it from there. Select the Import buttonand - ... pate Sensor | Add...
browse for the project. /| 24.10.1311.10 CCD Fr

_
@ Import Camera IERIEE S

Select camera file

Define import format and file name.
[+] Import...

Format: |Inpho Project File

Fle: (]

4 Select Camera File @
@uv| , <« TrainingData_UAS » Project » Backup v|+¢|| Search Backup p'
Organize = New folder = 0 @

=
Bl Desktop m Name Date medified Type Size
4. Downloads . . e . .
= R - \®| Tutorial_Complete.prj 2410.20121518 PRI File 40 KB
= Recent Places
- | & Tutorial_prepared.prj 24.10.201313:29 PRJ File 32 KB
1 1ihrarier

Select the camera(s) to be imported and select “Finish”. In case a camera is
imported having the same name like an already existing one, a “Conflict” will

be announced.

& Import Camera @

Import selection

Select cameras to import. Take note that subsequently you may have to adjust
the camera mount rotation within the Camera Editor dialog. This espedially holds

true for Leica branded cameras.
View Import File. ..

& ID SaveAs™ Conflict
UX5 UX5 K]
D |:| Owerwrite existing cameras

< Back ][ Einish ] [ Cancel

Page | 11
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It is always better to use a “calibrated” camera than to start from the beginning
with rough values. The computation times will decrease a lot, especially for
bigger projects.

2.2.2.3. Steps to work through

Recall the project data:
UAS: Trimble UX5, 41 images, mean terrain height: 90 m, target coordinate
system WGS84/UTM 31N

e Double-click on Cameras/Sensors in the “UAS Project Editor”.

This will open the “Camera Editor”

e Select the Add button and the window “Add New Camera” will Copy
appear. -
@ Add Mew Camera [ | -

Camara [0: LS|
Sensor type: |CCD Frame [x]  frand: Trmbie uns =

| Edt. || concel Export...

Enter the new camera name, e.g. UX5 into the Camera ID text field,
specify “CCD Frame” for Sensor Type and select as Brand: Trimble UX5

¢ Click on the Edit button and check the predefinitions of the camera

< Edit Camera @
Basic | Calibration Distortion Comments
Identification
Camera ID: uxs
Serial number:
Sensor type:  CCD Frame Brand: Trimble UX5 |Z|
Platform
Offset X: Offset ¥: Offset 2:
GMSS antenna offset: | 0.000 0.000 0.000 [m]
Camera mount rotation: |0.0000 - Zeiss default |Z| [deg]
Default
ok |[ cance || apoly

Page | 12
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@Edit Camera @
Basic | Calibration | Distortion I Comments |
Sensor System
Focal length: | 15.5172 [mm]
Sensor size:
Width: | 4912 Height: | 3254 [pix]
Pixel size:
Width: | 4,7500 Height: | 4,7500 [m]

Principal Point

Defined with respect to;

() Sensor coordinate system. The reference is a pixel's | ¥ center point Tz
@ Image coordinate system. 4®—EI
The arientation of the image coordinate system is set to |E|

Definitions are provided for |PPA and FPS |E|

Principal point of autocollimation (PPA): T 2
X! | 0.0000 y: |0.0000 fmm]
. . , ] TBps
Principal point of symmetry (PPS): FRA
%1 0,0000 v |0,0000 [rm] 5

Default

[ OK H Cancel ] Apply

Predefinition of focal length, sensor size, pixel size and distortion
coefficients.

4 Edit Camera \EI

| Basic I Calibration | Distortion | Comments |

Distortion Correction Type

Use correction of type: |Coefficents |E|

Distortion Values

Symmetric radial distortion coeffidents:
Ko: 1] K1 -0.000202911 K2 £.81854e-07 K3: -8.64898e-10
K4 0 H 0 Ki: [u} K 0

The correction for the radial distortion of a measured paint is computed by the

following equations:
dX =X (KO + K1%7"2 + K294 + K326 + K97°8 +K&7~10 ... )
df =Y (KO + K152 + K254 + K36 + K478 + K57°10 ... )

Decentering distortion coeffidents:
P1: -2,96516e-05 P -5.0424e-05 P3: [u} P4 i}

The correction for the decentering distortion of a measured point is computed

by the following equations:
di = (1 +P3T42 4 P44 ., ) (PL{r"2 + 2%~2) + 2%P25Y )
dY = {1 +P35°2 +P45~4 ... ) [ ZP1™X=Y +P2(r"2 + 25¥"2) )

Where r is the radial distance from the measured point to the PPS. X, ¥ are the
measured point coordinates referring to PPS.

Page | 13
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The distortion model can be represented also graphically by selecting View
The model will show radial symmetric distortions only (no decentering effects)-

<> 3D Distortion Correction Plot ?
Display
0
Filed Mesh [+]
=80 [ Displacement vectors
0] "M Lx Jlxe e ]
-150
V-Factor
-50 — —20d Resolution:
) -250
& -300 0 )
=160~}
Z-Factor
0
-150 — | =
-200 — |
/' Resolution:
-250 —_ 0.1 0.1x [+]
-300 |
-10 =
8_6—-4_2 e —4—6
0 2 e = 2
4 g = 2
810 6 1

In case a predefinition will be used, check the focal length and sensor size.
Available distortion values should be kept, because they serve as initial
values. Due to the fact, that UAS sensors have quite big distortions a

predefined distortion model from a

default camera of the same type is better | % Camera Editor [ |mEs]
th_ar) a “zero modell(nq distortion). This pre————— Sensol (i
will improve the projection of the ground XS /| 24.10.13 1110 CCDFr
control point position into the images.
Export...
Il 1 | 3
[ OK ] [ Cancel ] [ Apply ]
e Close the “Camera Editor” with OK.
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2.2.3. Photo Definition

"

(&4 UAS Project Editor
File Edit View Tools Help

DA\ e BEP LS N

| Project Value
=- [ Workspace
-I-[3] Elements
@ Cameras/Sensors 1

= ﬁj Photos

B Orthos )
I GNSS/IMU - Approx.EO 0

2.2.3.1. Steps to work through

Recall the project data:

UAS: Trimble UX5, 41 images, mean terrain height: 90 m, target coordinate
system WGS84/UTM 31N

e Double-click on “Photos > Frame Type” to open the photo importer dialog

e Use the Import... > Image Files function to load all the image files located
in one directory.
The Add... function is only used to manually add ONE or manually
selected images

e Select Add...Add Directory, to load all images into the

project. Add File...
The directory of the training data example can be found on:
\\TrainingData_UAS\Images\

¢ In case the project file would imply more than one camera, the correct one
has to be assigned in the text field Camera. For the training project the
camera you defined e.g. UX5 should be selected.

e Furthermore the mean terrain height has to be defined. Usually a rough
average value of all heights of ground control points needs to be
calculated. In our example it's about 90 m.

Enter in the text field Terrain Height 90

e The checkbox Initialize with existing GNSS/IMU orientation may be left
unchecked, as GNSS/IMU values are not yet imported
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@r Frame Photo Importer

Input Selection

Image File

R YTrainingData_UAS\Images\DSC03748, PG
R {TrainingData_UAS\Images\DSC03749. PG
R WTrainingData_UAS\Images\DSC03750, PG
R YTrainingData_UAS\Images\DSCO3751. PG
R {TrainingData_UAS\Images\DSCO3752. PG
R WTrainingData_UAS\Images\DSC03753. PG
R TrainingData_UAS\Images\DSCO3779, PG
R {TrainingData_UAS\Images\DSCO3780. PG
R WTrainingData_UAS\Images\DSCO373 1 PG
R YTrainingData_UAS\Images\DSC03722, PG
R \TrainingData_UAS\Images\DSCO3783. PG
R WTrainingData_UAS\Images\DSC03734. PG
R YTrainingData_UAS\Images\DSC03725, PG
R {TrainingData_UAS\Images\DSC03811. PG
R WTrainingData_UAS\Images\DSC03812, PG
R YTrainingData_UAS\Images\DSC03813, PG
R\ TrainingData_UAS\Images\DSC03614. PG
R WTrainingData_UAS\Images\DSC03815, PG
R TrainingData_UAS\Images\DSC03816, PG
R {TrainingData_UAS\Images\DSC03817. PG
R:\TrainingData UAS\Images\DSC03343. PG

Camera: r=1j kR

Terrain height: |90

Initialize with existing GNSS/IMU orientations

[
II'||

[0 [
< Add
Remove
]
m
[ Mext = ] | Cancel |

Next will open the Identification Extraction dialog which allows defining
the characters that should be used to construct a photo ID from the photo
file name. Image ID's may consist of any character excluding characters
being used by the operating system (&%\...).
The table shows all image files that will be loaded with their extracted
photo ID. The rules to extract the photo ID's from file names are set either

to

... use digits only

(e.g. 123_12.tif will create photo ID 12312, however be careful with two
images 1_11.tif and 11_1.tif because both will create photo ID 111!)

... all digits from left until first non-digit character
(e.g. 123_12.tif will create photo ID 123)

... all digits from right until first non-digit character
(e.g. 123_12.tif will create photo ID 12)

... any character

(e.g. 123_12.tif will create photo ID 123 12)

...display section from...up to...

(e.g. 123_12.tif will create photo ID 123 12)
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Additionally, leading zeros can be skipped and all blanks inside an

image name can be erased.

For the training data set, the default setting Use any character

(Include alpha-numeric sorting) should be used.

=

4 Frame Photo Importer

DSC03749

R:\TrainingData_UASImages\DSC03742, PG

Identification Extraction
1D Imane File -
DSCO3748 R:\TrainingData_UASImages\DSC03748. PG

ID Extraction Method

[] Deploy section from position
[] Skip leading zeros
[] Eraze blanks

IUse digits only. (Induce numeric sorting)

@ Use any character. (Induce alpha-numeric sorting)

up to position |1

IUse any digit, starting from left until first non-digit character. (Induce numeric sorting)
IIse any digit, starting from right until first non-digit character. (Induce numeric sorting)

e Check in dialog Merge Options if no conflicts due to identical image 1Ds

will be announced.

=

@* Frame Photo Importer

Merge Options

Imported IDs:

" D5C03785
" D5C03811
& D5C03812
" D5C03813
& D5C03814
" D5C03815
" D5C03816
W D5C03817
W D5C03843
W D5C03844
& D5C03845
W D5C03845
W D5C03847

[] overwrite items already existing

@ Frame Photo Importer

Merge Options

Imported IDs:

X DSC03748
K DSC03749
*® DSC03750
*® DSC03751
® DSC03752
*® DSC03753
*® DSC02779
* DSC03780
* DSC03781
* DsC03782
* DSC03783
¥ DSC03784
¥ DSC03785
* DSC03811
¥ D5C03812
¥ DSC03813
X DSC03814
X DSC03815
X DSC03816
X DSC03817

-2l

m

[] Overwrite items already existing

]

Finish

] [ Cancel

)

For conflicts a red cross will be display for the corresponding image(s).
Then you have the possibility to overwrite the existing ones (activate check
box) or you modify the ID extraction by selecting Back or you Cancel the

import.
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¢ Close the dialog by selecting Finish and close the “Frame Photos”
importer with OK.

2.2.4. GNSS/IMU - Approx.EO

7~

(&f UAS Project Editor - [R:\TrainingData_UAS\..\Tutor 2
File Edit View Tools Help

DeEN e BB PLHL S w ,

Project Value
= 4] Workspace *
= (@] Elements
@ Cameras/Sensors 1
= [El Photos
e %9 Frame Type 41
Orthos 0
géGNsstMU - Approx.E0:0
Points 0
& DTMs 0
=- [ Groupings

The dialog is used to define projection center coordinates and/or rotations, no
matter if they are coming from GNSS/IMU or if they are just digitized
coordinates. In case there is a mixture of good (about 10m) and bad
GNSS/IMU observations there is a possibility to activate only the “good” ones
for later adjustments. All imported positions will be used as approximate
exterior orientations but only the activated ones will be used as constraints in
the adjustment. The “bad” observations may be deactivated by changing the
activation column after import.

2.2.4.1. Steps to work through
e Double-clicking on GNSS/IMU — Approx.EO will open the “GNSS/IMU
Importer”

4 GNSS/IMU Importer @

Select import file

Choose a file source to import data from. If neccessary, define a token sequence to rule out commentary lines from impart. Impaort may
start from any line of the file.

File: (]

Browse for the file

\\TrainingData_UAS\Input\UASMaster GNSSIMU_ LatLong.csv
in which the projection center positions and rotations are stored.
Follow the steps of the import wizard and use the filter “All Files *.*” for
selecting the file.
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Start the import at line 2; the header of the file - line 1- clarifies the
structure of data (#image,latitude,longitude,altitude,yaw,pitch,roll). This
is of great importance for the correct assignment of rows during import.

Import begins atrow: |2 = | Ignore lines starting with
Import Data Preview

<@ GNSS/IMU Importer

Select import file

File: |R:YTrainingData_LASInputiUASMaster _GHNSSIMU_Latlong.csw

Grouping separators

1%

R =

Choose a file source to import data from. If neccessary, define a token sequence to rule out
commentary lines from import, Impaort may start from any line of the file.

=)

1

= h h R

L]

10
11
12
13

#image,latitude longitude altitude , yaw pitch, roll

DSCO3748.1PG,50.885865828,4.91073258,206.93,1.22,3.98,2.46
DSCO3749.1PG,50.88610517,4.91079094, 207, 16, 1.65,3.77,2.02
DSCO3750.1PG,50.88631920,4.91080136,206. 59,2.31,3.63,1.56
DSCO3751.1PG, 50.88653800,4.91081591, 206, 53, 2.67,4.73,0.64
DSCO3752.1PG, 50.88680618,4.91083591,206.83, 3. 34,4.29,0.66
DSCO3753.1PG,50.88699449,4.91085176, 207, 12, 3.65,4.89,0. 20

e
b=

D5C03779.0PG, 50.88577825,4.91045455, 208, 34, 359.94,5.01,3.09

D5C03730.JPG, 50.88599919,4.910455342, 208, 49,0.65,5.49,2.22
D5C03731. PG, 50.88619635,4.91046346,208.73,0.93,4.81, 1.51
DSC03732.0PG, 50.88643255,4.9104696 1, 208.96,1.41,4.90,2.45
D5C03733. PG, 50.85661309,4.91047648, 209, 20, 1.69,4.86,2.70

m

ack [ MNext = ] | Cancel |

Deactivate “Grouping separators” checkbox and enter in the text field of
“Ignore lines starting with” the # sign and activate this checkbox

or

activate the “Grouping separators” checkbox and enter the # sign in its
text field and deactivate the checkbox for “Ignore lines starting with” .

The first possibility will import the data without any strip definition, the
second possibility will take care of the predefinition of the strips.

Grouping separators can be activated, considering an indicator sign
(here #). If grouping separators are activated they are used to
automatically create the strip layout from this information.

Usually the file will not be prepared in this way so we do not activate
this feature.
Ignore lines starting with allows to ignore lines starting with a specific
character.
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Next takes you to the delimiter specification.
As default delimiters are used Tab and/or Blank. The current data set

uses a “,” as delimiter. Activate the checkbox Comma
< GNSS/IMU Importer @
Define field delimiters
Select any number of delimiters to separate your import data into columns. The data preview will show
you the effects of your selection.
Delimiters
Treat sequenced delimiters as one
Tab Comnia [T] other
Blank [ Semicolon Text identifying mark: |* |z|
Import Data Preview
#image latitude longitude altitude  |yaw pitch  [roll -
DSCO03748.0PG  |50,88586828 (4.91073258 |206.93 (1.22 3.958 |2.46
DSC03749.0PG  |50.88610517 |4.91079094 (20716 |1.65 377|202
DSC03750.0PG  |50.88631920 491080136 (206,59 |2.31 3.63 |1.56 )
DSC03751.0PG  |50,88653800 (491081591 |206.53 [2.67 4.73 |0.64 5
DSCO03752.0PG  |50,88680618 (491083591 |206.83 (3.34 4.29 |0.66
DSC03753.0PG  |50.88699449 |4.91085175 (20712 |3.65 4.89 |0.20
DSCO03779.0PG  |50,88577828 (491045495 |208.34 (359.94 |5.01 |3.09
DSC03730.0PG  |50.88599919 |4.91045342 (208.49 |0.65 549 (222
DSCO03731.0PG  |50.88619635 491046346 (208.73  |0.93 4.81 |1.51
DSCO03732.0PG  |50.88643255 491046961 (208,96 |1.41 4.90 |2.45
DSC03733.0PG  |50.88661369 491047548 (209,20 |1.69 4.86 |2.70
DSC03734.0PG  |50.88686755 491048913 (209.36  |2.31 479 225
DSC03735.0PG  |50.88709573 |4.91050557 (209.43 |3.05 5.17 |1.87
DSC03511.0PG  |50.88573634 491010141 (206.61 |0.55 3.65 |70
DSC03512.0PG  |50.88597198 491010911 (206,36 |1.35 4.62 |2.52 i
e DIV I r
[ < Back ] [ Mext = ] [ Cancel ]

Next opens the “Column assignment”

Click into the table’s column header to select a column. Then click the
button that shows the data type that this column should be assigned to.
Remember the information of the header line of the file:

| i #mage,latitude longitude altitude  yaw pitch,roll

Assign the first column #image to ID
the second column latitude to North Y
the third column longitude to East X
the fourth column altitude to Height Z
the fifth column yaw to Kappa/ Yaw
the sixth column pitch to Phi / Pitch
the seventh column roll to Omega /Roll
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@ GNSS/IMU Importer @

Assign column field formats

First dick a header label of the preview table to select a column. Then toggle on any of the push-buttons from the range of field
formats to spedfy the selected column's content.

D || Eastx || nmorthy ][ Heightz |[omega/Rol|[ Phi/pitch || Kappa/vaw || Active
|= optional
Import Data Preview
D Marth Y East X Height Z Kappa / PhifF Omeq: -

D5C03743.)PG  |50.68586828 |4.91078258 |(206.93 |L.22 3.98
D5C03749.)PG  |50.68610517 |4.91079094 (20716 |1.65 3.77
D5C03750.0PG  |50.68631920 491080136 (206,539 |2.31 3.63
D5C03751. PG |50.88653300 [4.91081591 (206.53 |2.67 4.73
D5C03752. PG  |50.886806018 |4.91083591 (206.83 |3.34 4,29
D5C03753.0PG  |50.6869944% 491085170 (20712 |3.65 4.39

s
F

D5C03779.0PG  |50.88577328 |4.91045435 |208.34 |359.94 |5.01
D5C03780.0PG  |50.8859991% |4.91045342 [208.49 |0.63 5.49
D5C03781.0PG  |50.88019635 4.91040340 [208.73 |0.93 4,81
D5C03782.0PG  |50.88043255 491040961 (208,90 (141 4,90

m

Fi ;

[ < Back ][ Mext = ][ Cancel

¢ Next opens the “Identification Extraction” dialog. It is necessary to
synchronize the photo center IDs with the photo IDs.

Use deploy Section from position 1 up to position 8
This will change the proposal “Candidate” e.g. DSC03748.JPG to “ID”
DSCO03748 and so on.

& GNSS/IMU Importer 1D Candidate
L S —— D5C03748 DSCO3T48.JPG
- | D5C03749 DSCO3749.0PG
Define a filter to extract identification strings. DSC03750 DSCO3750.0PG
_ 0503751 DSCO3751.JPG
BDscoam [CJ:E;;::JPG D5C03752 DSC03752.JPG
DSC03749 DSCO3749.JPG D5C05753 D5C03753.PG
DSC03750 DSCO3750.JPG DSC03779 DSCO3TT9.0PRG
DSC03751 DSCO3751.0PG
DaC03752 DaC03752 JPG D5C03780 DSCO3780.JPG
DSC03753 DSCO3753.JPG DSC03781 DSCO3TELIPG
DSCO3779 DSCO3779.0PG D5SCO3782 DSCO3TE2IPG
DSCO3780 DSCO3780.JPG
DSCO3781 DSCOITEI IPG DSC03783 DSCO37E3.0PG
DSC03782 DSCO3782.0PG
DSC03783 DSCO3783.PG -

ID Extraction Method

") Use digits only. {Induce numeric sorting)
) Use any digit, starting from left unti first non-digit character. {Induce numeric sorting)
) Use any digit, starting from right until first non-digit character. (Induce numeric sorting)

@ Use any character. (Induce alpha-numeric sorting)
Deploy section from pesition |1 |5+ up to position |8 |5

[ skip leading zeros
[] Erase blanks

< Back ][ Mext = ] [ Cancel
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to be imported points.

r

& GNSS/IMU Importer
Merge IDs of GNSS items

[ 2 3

Review all IDs schedule for impart. If IDs
conflict with project data, you may choose to
overwrite them.

DSC03748
DsC03749
DsC03750
DsC03751
DsC03752
DSC03753
DsC03779

»

m

Sample Block TAC_P65

Next informs about conflicts (identical ID) between already existing and

Next is the specification of the coordinate system the data is referring

to. The GNSS/IMU data is given as WGS84 geographic coordinates.

Select “Other” for “Coordinate system:” select the “Geographic
Systems” tab and scroll to WGS84.

& Coordinate Systems

Projected Systems I Local Systems

Geographic Systems

(]
Viti Levu 1912

WVIN-2000

Voirol 1875

Voiral 1875 (Paris)
Voiral 1379

Voiral 1875 (Paris)
Wake Island 1952
WGES 66

Wes 72

WG5S T2BE

WGES 84

Xian 1980

‘facare

‘femen MGN3G
off

Zanderij

Viti Levu 1916 (deprecated)

Datum
Viti_Levu_1912
Viti_Levu_1918
Vietnam_2000
Vairal_1875
\oirol_1875_Paris
\oirol_1879
\oirol_1873_Paris
Wake_Island_1352
World_Geodetic_Sys...
WE5_1972
WGES_1972_Transit_...
WGES_1934
Xian_1980
Yacare
‘femen_Mational_Ge...
Yoff
Zanderij

To WGS34 Unit o
shift Xx: 51.000... degree
shift Xx: 51.000... degree

no parameters defined degree
shift x: -73.000... degree
shift x: -73.000... grad

no parameters defined degree

no parameters defined grad

shift X: 275.00... degree

no parameters defined degree

no parameters defined degree
shift X 0.000 ... degree

no parameters defined degree
shift Xx: -155.00... degree
shift X: 0.000 ... degree

no parameters defined degree —
shift x: -265.00... degree -

< |

L}

| r

419 geographic systems

[ show only user defined systems

Copy

Edit. .

Remove

Parameters

Search by EPSG Code

[ Find |

Search by Country

———-Select a Country —IZ|

[ Find |

[

Ok

||

Cancel ]

rotation sequence”

@ Aeronautical rotation sequence:

Roll, Pitch, Yaw

[] Apply compensation for meridian convergence

|:| Apply compensation for camera mount rotation:

Usze mount rotation of camera |ILX5

[=]

defined as 0.000 [deq]

The “Rotation system” of the GNSS/IMU data is given in “Aeronautical
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Next opens the last dialog of the “GNSS/IMU Importer”. The “Exterior
Orientation” of the photos will now be initialized using the GNSS/IMU
positions/rotations. In case no IMU rotations are available the
initialization can be done also with GPS only or with GPS and strip
information.

Activate Initialize the exterior orientation from GNSS / IMU

In case a “manual” strip definition is imported, the “Strips” section is
activated. Then the checkbox “Generate strips from imported
GNSS/IMU profile information” can be selected for generating the strips
at this step. Alternatively this can be done later.

Import options

State the format type of the import source. Optionally, constrain the extraction of data considered on
impart.

Exterior Orientation

Initialize the exterior orientation (position/attitude) of existing photos from  |GNSS [/ IMU |E|

< GNSS/IMU Importer @

Click Finish to close and finish the import wizard.
All observations should be activated.

GNSS/IMU (% |l

jin} Act EastX Morth ¥ HeightZ StdDevX StdDevY StdDevZ Act Omega Phi Kappa St = Add...
DSCO3748 534402.458 5638872.293  206.930 0.0000 0.0000 0.0000 4.0314 2.3748 88.7819
DSCO3749 634402,364 5633898.047  207.180 0.0000 0.0000 0.0000 3.8265 1.9107 88.3527
DSC03750 534402.481 5638922.4564  206.550 0.0000 0.0000 0.0000
DSCO3751 634402,374 5633046.819 206,530 0.0000 0.0000 0.0000
DSC03752 534403.509 5638975.674  206.830 0.0000 0.0000 0.0000
DSC03753 634404.082 5638997.641 207,120 0.0000 0.0000 0.0000

m

4.8928 -0.1113 86.3633

REREE®E

Edit...
3.6898 1.4125 87.6939 B
4.7546 0.4192 §7.3390 =
4.3211 0.4092 36.6593 —

DSCA3773 534379.673 5638861.689 208,340 0.0000 0.0000 0.0000 |« 5.0068 3.0952 90.0599 Columns. ..
DSC03780 534379,281 56385886.,258 208,450 0.0000 0.0000 0.0000 5.5147 2.1577 89,3525 —
D5C03781 ©534379.069 55633908.190 208.730 0.0000 0.0000 0.0000 4.8338 1.4318 §9.0730 Find...
DSC03732 534373.821 5638934.464 208,960 0.0000 0.0000 0.0000 4.9586 2,32838 88.5940
D5C03783 ©34373,783 5633954.617  209.200 0.0000 0.0000 0.0000 4.9373 2.5557 88.3144
DSCO3734 534373.943 5638982.866  209.360 0.0000 0.0000 0.0000 4.8765 2.0553 87.6966
DSC03735 B4 634379442 5639008.273 209,480 0.0000 0.0000 0.000004 52618 1,5927 §6.9612 ~ SortID
q i b numerically

0f41 Units: m, deg

OK ] I Cancel I l Apply
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Finally we import the ground control points. They are already given in the

target coordinate system (WGS84 UTM 31N).
2.2.5.1. Steps to work through

e Select “Points” from the “UAS Project Editor”.

[

File Edit View Tools Help

DN G a S EP~LE oK

i’ UAS Project Editor - [R:\TrainingData_UAS\..\Tuterial_Stilla.pr... | = || & |[s£3]

Project Value
= [#] Workspace *
= (@] Elements
i@ Cameras/Sensors 1
= EI Photos
08 Frame Type 41
Orthos 0
E GNSS/IMU - Approx.EQ 41
{Points Hil
& DTMs 0
=[] Groupings

e Select Import button from the menu and browse for the file the ground

control point coordinates are stored in

TrainingData_UAS\Input\UASMaster_GroundControlPoints.gcp

Points

4 Object Point Importer

Select impart file

(7 sl

Choose a file source to import data from. If neccessary, define a token sequence to rule out

commentary lines from import. Import may start from any line of the file.

File:

|:| Grouping separators

-

Import begins atrow: |1 5 [7] 1gnore lines starting with
Import Data Preview

(]

Sort ID
O numerically

Apply

||
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4 Object Point Importer

Select impart file

[ 7 menl

Choose a file source to import data from. If neccessary, define a token sequence to rule out

commentary lines fram import. Import may start from any line of the file.

File: |R:YTrainingData_UASnputiUASMaster_GroundControlPoints.gop

Import begins atrow: ||| =

Import Data Preview

|:| Grouping separators

[ 1gnore lines starting with

L]

1 7 DATUM: WG5534 -
2 #PROJECTIONM: UTM31
3 7 COORDIMATES: PLANE
4 #EPSG Code: 32631
5 # HEIGHT (above sea level): Belgium (DNG/TAW)
g =
7 1002 633832435 5638382.684 92.699
8 1003 533835.690 5638383.962 92.747
g 2001 634381.823 5639015.083 38.415
10 2002 534399,.198 5638970.250 38.290
11 2003 634412.374 5638930,202 90,489
17 2004 634377842 5638972.680 82.678 |
13 2005 634399, 446 5638911.643 93.094 1
14 2008 534354.728 5638998.449 86.718
15 2007 634368.158 5638916.869 31,901
15 2008 534355.141 5638963.042 85.399
17 2009 634326.418 5638961.461 92.114
15 2010 534342.315 5638387791 86.269
19 2011 634275.659 5638943.517 959.041
g 2012 534294.401 5638396.602 91.799
21 2013 6342681.620 5638851.120 91,702
27 2015 534243.071 5638913.958 87.293
23 2021 634232751 5639056, 386 81.551
24 TROTOIR_1 534395.751 5633884.958 91.479
44 2
< Back [ Mext = ] [ Cancel ]

e The preview of the data shows a header information from line 1 to 6, so
the import should start from line 7
Select for “Import begins at row:” 7
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Next starts the “Define field delimiters”. The preview shows an already
correct column separation which means, that the delimiters in the input
file are blanks and/or tabs.

*@* Object Point Importer @

Define field delimiters

Select any number of delimiters to separate your import data into columns, The data preview will shaw
you the effects of your selection,

Delimiters
Treat sequenced delimiters as one

Tab ] Comma [ other

[¥] Blank ] Semicolon Text identifying mark: |~ |E|

Import Data Preview

1002 533332495 |(5638332.684 |(92.699

1003 533835.690 (5638383.962 (92747

2001 5343581.823 (5639015.088 |[38.415

2002 534399.198 |(5638970.250 |(88.290

2003 534412.374 (5638930.202 [90.489

2004 634377.842 |(5638972.680 |[BL.673

2005 534399.446 (5638911.643 [93.094

2006 534354.728 |(56389958.449 |(35.713

2007 534368.158 |(5638916.869 (31901

2008 534355.141 (5638963.042 |[85.399

2009 534326.418 (5638961.461 [92.114

2010 534342.315 (5638387791 |(85.269

2011 534275.659 (5638943.517 [99.041

2012 534294,401 |(5638396.602 (91.799

2013 5342581.620 (5638351.120 [91.702

2015 534243.071 (5638913.958 (37293

2021 5634232.751 |(5639056.386 |[81.551

MROTOIR._1 [634395.751 |5638884.958 |91.479

4 k
[ < Back ][ Mext = ][ Cancel

Next opens the page “Assign column field formats”
Specify which data is in which column:

first column : ID
second column: East X
third column: North Y
fourth column: Height Z
[ 1D || Eastx || morthy || Heightz |

Import Data Preview

D East X Maorth ¥ Height Z
533332495 |5635332.684 |92.699
633335690 [5638383.962 (92.747 Page | 26
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Then the “Identification extraction” will appear. Prepare the control points
numbers. For the training data set use the default setting “Use any
character”. Then the point ID will be used as they are.

The next dialog allows the assignment of the coordinate system to the

input data..

Units

system:

Coordinate

Ohbiject units:

Image units:

Merge Options

Select impart options

Local

% Object Point Importer

@ Other

WGS 84 / UTM zone 31N

Angular units: |deg

[=]

[] owerwrite object points already existing

7 el

Ceea ] |

Einish J l Cancel I

Because the ground control data is given in the target system no other
setting has to be done. For other data sets define the corresponding

system.

Continue with Finish.

Points @

Act ID Type EastX MorthY HeightZ Desciption Add..
1002 Hy 2495 .,.82,684  92.699 Undefined
1003 HY 5690 ...83.962 92,747 Undefined Ed
2001 HY ..1.823 ...15.088  88.415Undefined F—
2002 HY ..9,198 ,,,70.250 88,290 Undefined =
2003 HY 2374 .,.30.202 90,489 Undefined
2004 Hy . 7842 ...72.680  B2.678Undefined -
2005 HY L9046 L 11,643 93,094 Undefined Descriptions...
2008 Hy 4728 ...98.499 86,718 Undefined I —
2007 Hy ...8.158 ...16.869  81.901Undefined Columns. ..
2008 Hy 05,141 ...63.042  85.399 Undefined —
2009 Hy 6418 L.61.461 92,114 Undefined \LJ
2010 HY 2,315 ,..87.791 86,269 Undefined
2011 HY ..5.659 ... 43,517  99.041Undefined
2012 HY 4401 ...96.602 91,799 Undefined
2013 Hy 1,620 ...51,120 91,702 Undefined
2015 HY 3071 ...13.958  87.293Undefined
2021 Hy 2,751 ...56.386  81.551Undefined [ SertID
T. HY  ..5.751..84.95% 91,479 Undefined numerically
M0 o/ Uniits: m, deg

I oK I [ Cancel J [ Apply J

All ground control points are imported and active. Finish the import with

OK.
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2.2.6. Create Strips

If you haven’t created the strips during the GNSS/IMU import you have to
create or recreate them with the “Strip Generation Wizard”.

i UAS Project Editor - [R:\TrainingData_UAS\...\Tuterial_Stilla.pr... | = | & |[w&3]

File Edit View Tools Help

D @SN B PhH & R

Project Value
= (4] Workspace *
- [3] Elements
i Cameras/Sensors 1
= Photos
2 Frame Type 41
Orthos 0
E GNSS/IMU - Approx.EQ 41
Points 18
& DTMs 0
=[] Groupings
P : Strips i0
- [=9] Settings
E ﬁg Adrministrative

e Select in the Groupings section “Points” from the “UAS Project Editor”.

[ "

Strips @

ID PhotoIDs Mum Crab Angle  Azimuth Add...

Emove

Generate. ..

Columns. ..

Eind...

e Clicking on Generate will open the “Strip Generation Wizard”. The first
window informs that the strips will be generated from the photo ID
information. Continue with Next.

e The strip definition relies on photo information, i.e. on unique
identification IDs which should be as simple as possible and the
approximated exterior orientation parameters. . The automatic
procedure might not work successfully if very long or complicated
identifiers are used as input data.

Use the default setting “Use any character” for the training data set.
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===
@ Strip Generation Wizard
ID Extraction
Extract IDs.
D Candidate i

DSCO3814 DSCO3814
DSCO3748 DSCO3748
DSCO3815 DSCO3815
DSCO3749 DSC03749
DSCO3849 DSCO3849
DSCO3782 DSCO3782
DSCO3848 DSCO3848
DSCO3783 DSCO3783
DSCO3911 DSCO3911
Dsc03784 Dscozpgd
DSC03910 DSCO3910
DSCO3785 DSCO3785 -

ID Extraction Method

m

) Use digits only. {Induce numeric sorting)
() Use any digit, starting from left until first non-digit character, (Induce numeric sorting)
) Use any digit, starting from right until first non-digit character, (Induce numeric sorting)

@ Use any character. {Induce alpha-numeric sorting)

["] Deploy section from position | 1 | up to position | 1
[7] skip leading zeros
[] Erase blanks

Mext l [ Cancel

Continue with Next

e The Azimuth and Distance tolerance

limiting the number of photos to be @ S—
taken into account when creating a strip. i SEneraten T
If the azimuth deviation between the Settings

strip azimuth and the next photo
exceeds the specified threshold, a new
strip is created. Azimuth tolerance: | 20 deg

Distance tolerance: | 200] %

Define parameters,

How to understand the Distance
tolerance? During the strip creation, the
base distance between neighboring images is being calculated. If a
distance tolerance of 0% is entered a new strip will be generated if this
“base length” is exceeded, 100% means the distance of two base
lengths are exceeded, 200% means three base lengths are exceed and
SO on.

Due to the fact that UASs are very susceptible to wind and are in
addition not as steady as photogrammetric systems, the entries for
“Azimuth tolerance” and “Distance tolerance” should be defined with
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increased values.

Use the following value for the training data set:
20 deg for “Azimuth tolerance”

200% for “Distance tolerance”

e Next starts the strip generation, a progress window will be displayed.
Select Finish closes the wizard.

Stps o s

ID  Photo IDs Mum Crab Angle  Azimuth

1 DEC03745,05C03749,05C, .. =] 0,0000 0,7423
2 DEC0377/9,D5C03780,05C, .. 7 0,0000 -0,0903
3 DEC03811,05C03812,D5C, .. 7 0.,0000 0,7312
4 D5C03843,05C03844,D5C, .. 7 0.,0000  0,2716
5 7

g 7

=
[= 8
o

D5C035875,05C03875,05C. . 0.0000 07202 Generate. ..

D5C03907,05C03908,05C0... 0.0000 -0,303&

Find...
O %Elr'lfelfijcally
0/fa Units: m, deg
[ Ok ] [ Cancel ] [ Apply ]

6 strips should have been created. The “Strips” dialog shows the created
“Strip ID” the assigned photos in this strip, the “Number of photos” in the
strip, the “Crab Angle” and the calculated “Azimuth” angle.

Each strip can be edited by selecting it and changing its image
definitions.
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2.2.7. Finishing project definition

The project definition should be now complete without any remaining errors.

i’ UAS Project Editor - [R:\TrainingData_UAS\..\Tutorial_Stilla.... [ = || & |[=5]

Eile Edit View Tools Help

D EENh®WeE L&

Projest Value
/T Workspace "
5 (@] Elements
I @0 Cameras/Sensors 1
‘ = Photos
g Frame Type 41
Orthos 0
g GNSS/IMU - Approx.EQ 41
Points 18
& DTMs i
=3 Groupings
Ol Strips 6
- [+ Settings
= m Administrative
Description Tutorial

Operator sdunkel
= m Corrections
Atmospheric Refraction

Earth's Curvature
= Units
Systemn WGS 84/ UTM zone 31N
Object m
Image mm
Angular ideqg

Generation date: Di 5. Mov 16:08:53 2013 Last change: Wed Nov 06 16:11:18 2013

Use the “Project Validator” to get detailed information of announced warnings
and errors.

Project Validator @

=[] [Workspace

= [=] Elements

@ Cameras 0
Photos 4]
Orthos 0

g GNSS/MU 0
Points 0

=[] Groupings

[ Models 0
il Strips 0
B0 Blocks 0
(%9 Settings
Z StdDev. 0O
[ Refresh ] [ Details == ] [ sort ID numerically Show warnings

If all is ok leave the “Project Validator” and then the “UAS Project Editor”.

To recapitulate the project setup we offer the possibility of viewing the video tutorial:
VideoTutorial_ UASMaster-ProjectSetup_(English).mp4
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2.3. Image overviews

For Jpeg images no image overviews will be created. The whole image will be
loaded into the RAM of the computer. The resampling of the displayed image
extract, e.g. during control point measurement, will be done on the original
resolution. For bigger projects and a small capacity of RAM .this could be very

time consuming.

Using images in TIFF format, image overviews (image pyramids) have to be
created. This will result in much faster processing and displaying times.

2.3.1. Creating Image overviews for images in TIFF format

The “Image Commander” can be used for creating the overviews of the TIFF

images.
& UAS ApplicationsMaster [-=||-= @
File View UAS Export Window Options  Help
[ = . Merge » 2 o ® %
Main Convert 3 =3¢ ‘
Transform i c
[P
Image Viewer..
e Image Commander...
F J |:|
El Qutput Log
Open the image commander... 170,000 m ; 95,500 m ; 0,000 m
It can be launched from the Tools menu in the “UAS ApplicationsMaster”
interface.
jg@lmage Comrmander || =(=] @]
File Owerviews External Depth Channels Tiling RGEIndex IMG RDX LastE[[ Add ;]
Add File... |
Add Directory..,
1

e Add the directory where the images are stored
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4

I

@s@lmage Commander EI@ 1‘
File ‘ Overvi External Depth Channels Tiling RGE Index 'S Add - |
I\UAVAccuast\ November201 24 Tiff\P1020532.tif 0 no 8 3 Tiled [0,0,01 j —_J
I\UAVAccuast Movember201 24 Tiff\P1020533 tif 0 no 8 3 Tiled [0,1,2] -
I\UAVAccuas Movember201 24 Tiff\P1020534 tif 0 no 8 3 Tiled [0,1,2] —

- - - Process Image Overviews...
T\UAVAccuast Movember201 24 Tiff\P1020535.tif 0 no 8 3 Tiled [0,1,2]
I\UAVAccuas\Movember201 24 Tiff\P1020536.tif 0 no 8 3 Tiled [01,2] Process Project Overview...
T\UAVAccuast Movember201 24 Tiff\P1020537 tif 0 no 8 3 Tiled [0,1,2] - —
E\UAV\Accuas\November201 2\Tiff\P1020538.tif 0 no 8 3 Tiled 0,1,2] S ]
I\UAVAccuas Movember201 24 Tiff\P1020539.tif 0 no 8 3 Tiled [0,1,2]
I\UAVAccuas\Movember201 24\ Tiff\P1020540.tif 0 no 8 3 Tiled [01,2]
I\UAVAccuas Movember201 24 Tiff\P1020541 tif 0 no 8 3 Tiled [0,1,2]
I\UAVAccuas\ Movember201 24 Tiff\P102054 2 tif 0 no 8 3 Tiled [0,1,2] =
I\UAVAccuas Movember201 24 Tiff\P1020543 tif 0 no 8 3 Tiled [0,1,2] A L :

1=
[i
[r=
i

Close

All available images in the directory will be listed. This includes information
about existing “Overviews”, “Type” of overview (External or Internal),”"Depth” of
image (here 8bit), the number of “Channels”, the type of the TIFF format (here

Tiled) and the channel assignment.

Select the image overview option to calculate overviews for Tiff images by
selecting the button Process Image Overviews.

@@ Generate Overviews

Options

Color depth:

File format:

Delete overviews

@ Generate overviews

[] Use IPEG compression: Quality

2|l

leave unchanged -

[] Adjust intensities to use complete range
Enforce tile rather than scanline organization
[] save image pyramid in separate file

output = input hd

-

[ Start ] [ Cancel

)

In general the default settings are recommended — create tiled tiff format with
no compression. The number of overviews is automatically defined based on

the image extent.

It is possible to store the image pyramid in separate files instead of creating

internal pyramids.

Start will initiate the processing. The result will be listed accordingly.

I

@glmage Commander EI@
File ‘ Overvi External Depth Channels Tiling RGE Index it Add A
I\UAVAccuas\November201 24 Tiff\P1020532.tif 8 no 8 3 Tiled [0,0,01
I\UAVAccuas\November201 24 Tiff\P1020533 tif 8 no 8 3 Tiled [0,1,2]

T\UAVAccuas\November201 24 Tiff\P1020534 tif 8 no 8 3 Tiled [0,1,2] -
E\UAVAccuas\Novemnber201 24 Tiff\ P1020535.tif 8 no 8 3 Tiled [01,2]

I\UAVAccuas\November201 24 Tiff\P1020536.tif 8 no 8 3 Tiled [0,1,2] Process Project Overvie:
I\UAVAccuas\November201 24 Tiff\P1020537 tif 8 no 8 3 Tiled [0,1,2] -
E\UAV\Accuas\November20124Tiff\P1020538.tif 8 no 8 3 Tiled 0,1,2] S
I\UAVAccuas\November201 24 Tiff\P1020539.tif 8 no 8 3 Tiled [0,1,2]

T\UAVAccuas\November201 24 Tiff\P1020540.tif 8 no 8 3 Tiled [0,1,2]
I\UAVAccuas\November201 24 Tiff\P1020541 tif 8 no 8 3 Tiled [0,1,2]
I\UAAccuas\November20124Tiff\P102054 2. tif 8 no 8 3 Tiled [01,2] —
E\UAVAccuas\Novemnber201 24 Tiff\P1020543.tif 8 no 8 3 Tiled [01,2] il View Image

Close

|
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3. Georeferencing

3.1. Strategies

The strategy of the Georeferencing depends strongly on the quality of input
data. In case a camera with a rough distortion model is available — like the
Trimble UX5 — the Georeferencing will need less effort.

Apart from that also the block structure has a big influence to the work you
have to invest for this production step.

3.1.1. Strategy for projects using a camera with distortion model

a) Measurement of ground control points
b) Acquire tie points

c)

Camera calibration using the extensive mode

In case the ground control point location is difficult it could be beneficial to
change this strategy to the following:

a) Acquire tie points (relative orientation)

b) Measurement of ground control points

c) Adjustment using type “weak”

d) Camera calibration using the extensive mode

The advantage of processing the relative orientation first is that the image
section the control point is positioned to fits much better. This allows a faster
measurement of the control points.

The final adjustment is necessary to check if there is no error in the control
point measurement.

3.1.2. Strategy for cameras without distortion model

a)
b)
c)
d)
e)
f)
9)
h)

Acquire tie points (relative orientation)

Measurement of at least 2-3 ground control points

Adjustment using type “weak”

Measurement of the remaining ground control points

Adjustment using type “weak”

Camera calibration using the approximate mode

Check and if applicable measure remaining ground control points
Camera calibration using the extensive mode
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3.2. Acquire tie points

After the project setup the “Main” window of the “UAS ApplicationsMaster”
shows the footprints of the defined images, the rough position of the entered
control points and the position of the strips.

Refresh the “Status” of your project and set the “Task” Project Preparation to
done M.

“ UAS ApplicationsMaster - [R:\TrainingData_UAS\Project\Tutorial_Stilla.prj] EI@
File View UAS Export Tools Window Options Help

Dl @ ME-Eamny %% A¢ BE GG

o[ | uAs g X

Main

svn ¢

-3 Project Preparation
Create, open or edit an UAS project.

- Quick Processing (optional)
Processing from georeferencing to
mosaic image generation.

< Georeferencing
Start UAS Measurement...

2 Surface and Ortho Generation
Start UAS Edit...

| Task Status

Project Preparation () M
GCP Measurement —

Relative Adjustment [

Absclute Adjustrment |@_
Surface Generation _

Surface Editing .

Maosaic Generation »

4 T [ |_|

% Output Log
634432739 m ; 5639104.517~, 90.000 m | (&

Clicking on “Georeferencing” at the right side
of the “UAS ApplicationsMaster” interface will .5 Georeferencing
open the “UAS Measurement” dialog. Start UAS Measurement...

It is also possible to start this dialog selecting “UAS* and “Measure” on the
“UAS ApplicationsMaster” interface

@ |JAS ApplicationsMaster - [R:APS-1

File View Export Tools
[ = E .n“'_-‘-'\ Measure... |

Main 'g Edit...
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A, UA! Measurement - [R:\TrainingData_UAS\Project\Tutorial_Stilla.prj] =[] |
File [t View Window Options Help
Hif-o0aee Bae MU -Kozn- % BESEED 3EL28B 2
Pha 2s & X [ Boxk o) <] | Uas 5 Xy,
= Photo List =3
E p o . 5 Extract =
LAY e
2o Disp ow E
2 | pshoze13 {3 S Meas R
* | ps 0ze12 {2 Digitize tie-points or control-points i
DS 03011 T3
¥ |ps oasw0 {3 5 o . @
# |05 o9 {3 Compute ext tati =1
B DS 03908 1 g
DS 03907 {3 H

3 (Dstosss1 {3
% |Ds p3ss0 {3
DS 03879 {3
000378 18
DsCo3877 £
DSC03876 1
D5C03875
DsCo3849 T
DsCo3848 T
Dsco3ed7 {3
DSCo3846 T
DSCo3845 T
DsCo3844 13

A N S N )

[ Photo Image Points
O X &~
ID Point x[mm] y [mm] vny [um] Mode

Statistics &%
PointStats | PhotoStats
D Tpe X Y Z RXY RC RY RZ S S S S Manfold  Blunder  Eiiminated
9] 1002 HY - -- -
71 2000 HY - 8-
B outputlog ) Statistics
PAN 2311 [1:1473.77 §34235.599 m ; 5639075.173 m ; 90.000m |
= — =

General information about the interface

]
i

Lists and tables are used for navigation, information and
editing. On the left side of the main programs frame you will
find toggle menus to show the lists for Points, Strips, Photos
and Orthos.

#&, |

I
m

q X

u|

On the right side of the main programs frame you will find
buttons to show the UAS window (to select the processing
step), Properties list (to select symbols/items to be displayed
and to show analysis results) and the Tool Options Window
(to select all options for a selected tool such as the
measurement mode).

| sdios o spued [£)]

On the lower left side you will find the Output Log
(messages/errors) and the Statistics listing.

suogdp) jooL @ sagiadold B svn ¢

souo [

El outputlog i) Statistics
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For the extraction of the tie points a sift operator is used. The matching will be
carried out for the whole image area. The tie points will be used for the whole
process, no tie points will be removed from the project. At the end the operator
can decide if he wants to delete not used tie points (Statistics) or to keep
them for further runs.

UASMaster offers for the tie point extraction with adjustment of the block four
methods.

LIAS & X

- Bxtract
Aquire tie-points

TP Extraction With Adjustment:

Full Resolution > p

Half Resolution Approx 2D
Half Resolution
Low Resolution

3.2.1. Extraction methods

The extraction method to be used depends again on the used camera and the
quality of the images (blurred, compressed, no forward motion). The used
sensors are very small and respectively they get very small pixel sizes.
Imagine that your project is flown in 70m height and using a SonyNex camera
will result in a GSD (ground sample distance) of 2cm. For smaller sensors
(smaller pixels) this value will be much smaller. Noticing the image quality, it is
not realistic to expect an accuracy < 2cm in terrain although the “Full
resolution” would theoretically result in higher accuracies. So we recommend
for smaller sensors the method of “Half Resolution” because the processing is
much faster and the accuracy comparable to the actual result using the “Full
Resolution”.

In most of the cases using the method of Full Resolution will not produce
better accuracies but much longer processing times.
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Pixel Size Focal length

2592
Nicon 1J @
13.2 x 8.8 [mm] N 3.4 ym 10 mm
Ricoh GR e
ICO
3 2.0 ym
7.44 x 5.58 [mm] 2 H 6 mm
3264
Sony Nex -
23.5 x 15.6 [mm] S| 4.78um 15 mm

Full Resolution

Full resolution will extract tie points up to level O (original pixel size). It could
increase the accuracy for pixel sizes bigger 4um. Be aware, that the
processing needs much longer.

Half Resolution Approx 2D

This method should be used for images with very bad Kappa values or
unknown rotations. It results in an improvement of the planimetric accuracy
and the azimuth angles. Nevertheless the method should not be used for big
projects, resp. not for plenty of images.

Examples:

e Use if ,Half Resolution“ is not working
e Use for Balloon projects

e Use directly for images having bad kappa values, select the
.images of interest‘, measure manual tie points and proceed the
tie point extraction via ,Half 2D).

After the processing a tie point extraction using Half Resolution has to be
done.

Half Resolution

This method will fit as default for the majority of projects. The tie point
extraction will be done on level 1, which means on a resolution of twice the
pixel size.

Low Resolution
This method is good for a quick processing but with less accuracy.
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3.2.2. Steps to work through

- Georeferencing
Start UAS Measurement...

e After project setup start the “Georeferencing”
The “UAS Measurement” dialog appears. The project will be display in

the BLOCK view.

&, UAS Measurement - [RATrainingData_UAS\Project\Tutorial_Stilla.prj] =N R
Fic™ gan  Wiow  Window Options  Help
H F-ou@e Bege [RE-Xeox o % BFEFS20e0 EEL99% w
Block )¢
g
o
g H
% ol
@
B
g
o
=
&
@

L) m

Ctrl + LB Zoom
Ctrl +RB Pan
WL Zoom

The Block View is
Displaying images north oriented by projecting the images with the
exterior orientation parameters to the mean terrain height.
Allowing a block overview with real image content.
Projecting control, check and tie points into the images.
Displaying strips with arrows indicating the flight direction B [l
Displaying analysis content

The displayed projection center markers indicate the 2 x
adjustment status.

e Open the UAS side menu by clicking on the UAS tab on the right
side of the “UAS Measurement” interface

suondo ool @ saniadosd g2 swn f
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LIAS

- Extract
Aquire tie-points

TF Extraction With Adjustment:

B X

[Full Resolution - »

Full Resolution
Half Resolution Approx 20
Half Resalution
Low Resolution

vieasure

Digitize tie-points or control-points

N Exctract

Select Extract and a sub-menu will be opened.
Select the tie point extraction method Half Resolution.
The matching is then performed on a GSD of 4 cm.

suogdn |oo_|_ﬂﬁ san.adosd B L

Aquire tie-points

TP Extraction With Adjustment:

Sample Block TAC_P65

[Half Fesolution

][>

Use GPS/Approx, EQ

Remark: By default the checkbox for “Use GPS/Approx. EOQ” is
activated. Then all GNSS positions activated in the “UAS Project Editor”

will be used for the adjustment.

In a Processing window the processing progress can be tracked.

) Processing...

Processing

Totl: [

B =]

Sub: |

g Cancel

Logging

2013-11-08T17:05:03: Command pre conditions validation succeeded
2013-11-08T17:05:03: Started Tie-point Extraction
File R:/TrainingData_UAS Project/working/01-input/fuasbox.sta could not be copied to
R:fTrainingData_UAS Project/working/00-exchangefuasbox_initial.sta
2013-11-08T17:05:10: Tie-point Extraction running, time 00:00:07
2013-11-08T17:05: 17: Tie-point Extraction running, time 00:00: 14
2013-11-08T17:05:24: Tie-point Extraction running, time 00:00:21
2013-11-08T17:05:31: Tie-point Extraction running, time 00:00:28
2013-11-08T17:05:38: Tie-point Extraction running, time 00:00:35
2013-11-08T17:05:45: Tie-point Extraction running, time 00:00:42
2013-11-08T17:05:52: Tie-point Extraction running, time 00:00:49
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e After finishing the processing, the Block viewer shows the relatively
oriented footprints, the control point positions, the strips and the tie
points. All images used in the adjustment and therefore having updated
exterior orientation values are marked with a “*”. In the training example
all photos could be used, all projection center markers have a “*”.

5 Extract
Aquire tie-points

TP Extraction With Adjustment:

/| Use GPS/Approx. EQ

5 Measure
Digitize tie- points or control-points

. Orientate
Compute exterior orientations

Task Status
Project Preparation (=)
GCP Measurement

Relative Adjustment
Absolute Adjustment

Surface Generation

Surface Editing

Mosaic Generation

| Half Resolution ~||»

#& UAS Measurement - [R:\TrainingData_UAS\Project\ Tutorial_Stilla.prj] EI@
Eile Edit View Window Options Help

H #-008¢ EaR [ -Xow v % BE2YaD 282858 0

7] | Block o) (<] | LAS ERd

suogdg oo, %] s=q.2dod 51

Statistics (=9
Faint Stats Photo Stats

(o] Type X Y z RXY RX RY RZ SKY SX SY s7° Manifold Blunder Eliminated

V| 2015 HV == =

V] 2021 HV = = = = = = = = = = == = =

@sSUTLIPLS2 TP 634340,681 5638927.225 139384 0.000000 0.000000 0.000000 0.000000 0.000000 3580542 3.117786 2679160 [ 2 0 0

@SUTL1C18% TP 634341.563 5638922.701 140.095 0.000000 0.000000 0.000000 0.000000 0.000000 3.560184 3.105315 2.681017 . 2 0 0 i

= outputlog ) Statistics

- = = T I =0l T :
[wil v s alal lozll=llrdla Tl wl O e sz op

All used tie points are displayed in green color. When sorting to SX (or
SY or SZ) in the “Statistics” window all tie points being excluded from
the adjustment are sorted at top of the list. Selecting them in the list will
show all these tie points in pink color in the “Block view”.
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green points > used for adjustment pink points > not used for
adjustment

Remark:

All matched tie points remain in the project, doesn’t matter if they are

used for adjustment or not. Pink does not mean that they are wrong but
they do not fit to the current configuration. After a camera calibration

and the corresponding refinement of the exterior orientation pink

points can change to green ones. (B

e Before starting with the control point measurement, check the
distribution of the tie points in the photo and the general connection of «

L
the photos. e
The analyzing tools of the “UAS Measurement” can be enlarged by
clicking on the Properties tab on the right side of the interface
74, UAS Messurement - [R\TrainingData_UAS\testprj*] [ l= ==
W 4-000c RAR [S- Kamn- % EES5es SELESS K
Block | Topo (o) <) Properties CEY
g [ - ||| Property Value H ﬁ
. o 4 g
o Estimated o 2
¥ Calculated [=]
Vet = E:

soq0 [

Strips
Strip/Photo ID Text

StdDev XY
StdDevZ

Residual XY

Residual Z

ID Text

Symbol Size 100

StdDev XY
StdDevZ

Residual XY

Residual Z

1D Text

Symbol Size 100

Joint Lines Photos
4 Joint Sectors Photos
Joint Sectors Me... Geometric
Joint Lines Points
Joint Sectors Points

» O]
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Activate the Joint Analysis Photos option to check if all images are
connected. In case all images are marked with a circle and the same
color, the block is completely connected. In our example, the display
shows that all photos are well connected so we continue with the
control point measurement.

e Document the finished processing step by ticking off the status of
“Relative Adjustment”

Task Status

Project Preparation
GCP Measurement
Relative Adjustment
Absolute Adjustrment
Surface Generation
Surface Editing
Mosaic Generation

O000E0E®

3.3. GPS/Approx. EO

The approximate exterior orientation values should be used for the adjustment
only if they are about 10m or better.

= bxtract
In case the values are worse they serve Aquire tie-points
as initial values only. The Use
GNSS/Approx. EO checkbox should be TP Extraction With Adjustment:
deactivated. | Half Resolution - »

If many ground control points are
available, the GNSS values also could
not be used, because the accuracy of the ground control point coordinates is
usually much better.

| Use GPS/Approx. EQ

Remark: By default the checkbox for “Use GPS/Approx. EO is activated.
Then all GNSS positions activated in the “UAS Project Editor” will be used as
observations for the adjustment.
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3.4. Point Measurement

3.4.1. General

Generally, there are two possible workflows in "UASMaster": Either doing all
control point measurements before starting the automatic tie point extraction
or doing the automatic tie point extraction before measuring any ground
control.

Control points should be measured in beforehand whenever it is needed to
stabilize the tie point matching because difficulties are expected (forest
regions, water...).

In other cases the control point measurement can be done after the tie point
extraction. This has the advantage that bad control point measurements will
not influence the automatic tie point matching and typically after a relative
orientation (tie point extraction without using ground control) the projection of
ground control points is much closer to the position to be measured in the
photo. Therefore the measurement is much easier.

When starting the UAS Measurement the first time, select on the menu bar
Options and “Preferences” to define viewing properties and shortcuts for a
convenient use of the tool.

To get a coarse overview of the block, you should activate in the sub-menu of
Views the Display aerial images in main view option. This is optional and
not required for the ground control point measurement.

#& 1JAS Measurement - [R:\TrainingData_UAS\Project\ Tutorial_Still

File Edit View Window [Options | Help

HE &5 @58 & Preferences... P
Reset Dock Wind '
Photos Deset Lock windows B Preferences
=l
g, [ F & Cursor Editor,
- [ B AS = omm _ ’ Workspace
'$‘ Cursors
F Views
El Preferences EI@
e |
Q Cursors
@ Views General

Background color: E /
Display of Aerial Images

") Disable display of aerial images in mainM
@) Display aerial images in main view

) Use project backdrop image instead of aerial images in main view
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UAS [ 4
3.4.2. Steps to work through
 Ddrct
e Select Measure and Measure GCPs Aauiretiepeints
A « & Measure
Select on the left side of the “UAS Digitize tie-points or control-points
Measurement” interface the Point List and
1 . ’ {=} Measure TPs ] ’ {*) Measure G
sort according Type. Now the ground
control points are listed at the top of the list. Orientate
Compute exterior orientations
#A, UAS Measurement - [R:\TrainingData_UAS\Project\Tutorial_Stilla. g
Eile Edit View Window QOptions Help . .
H -0 g8ge a8 EI v 5 The first column of the .||St shows
paints s x the ID of the control point, the
z Point List second the Type.
AP @& [Ywrew -4 g »  The following types are possible:
E D Type  Predictions Links @ é HV Horizontal and Vertical control point
@ :
e EUC;TOIRJ E: g ;5 g Jg; HO  Horizontal control point
@ 1003 Hv @0 o«  VE  Vertical control point
g igi E: ; g g J'ﬂ;; CHV  Horizontal and Vertical Check point
2003 H 9 20 o @  CHO Horizontal Check point
2 ﬁgﬁ E: g E g ‘E} CVE Vertical Check point
o (CHECK points are not used for adjustment)
3 4 5
— R—— ”( / —
Eile | Edt View Window Options Help
H 2000 BRe @ -Xeany L @l ap 8999 z?
5 ponts 8% [gock | mitrera G5
[ pomtust [
40> s - NN RREE PR E PR ES

3 Type | Predictions - | | | DSC03752 DSCO3753 DSC03783 DSCO3784 DSCO3785 DSCO3815 DSCO3816 DSCO3BL7 DSCO3847 DSCO3848 DSCO3849 DSCA3879 DSCO3880 DSCO3881
§ ¥ TROTORL WV ® 15 - @ e
] 1002 HY ®0 Mode: [AutoRenew image election  ~ : { 5
1 8 ¥ 1003 HY LX)
g %gz w : ; Image DSGO3752 Image DSC03753
¥ 2003 Hv L]
& ) 2004 HV e
@) 2005 HY CF:]
7] 2006 HY e
2007 HY ®
HY L -]
i) HY L]
] HY ex
9] 2011 HV ®1s
) 2012 HY e
] 2013 HY on
9| 2015 HV LBt S i = = =
@ 202 HY e: @ 33 )
% :mgﬂ I: 3 K Image DSC03785
i 1 ¢
W esutucio TP 918
« i ]
Point Image Points
Boxa8-r 0000
IDPhoto x[mm] y[mm] voy [um] Modg
- [ ’
Fmage DSC03817
- ’ o = = -
a o ] vl [ =] - 2K el r B« [ ’

Outputlog ) Statistcs

[ PAN | 121 [1:123.66 634388.795m ; 5639016.427m ; 88.415m | &

sadoig JB swn (

suogdg jooL @
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Point List showing the ID and the Type. Furthermore the Predictions
informs in how many photos the point could be measured.

The Links shows the actual measurements.

How to understand the interface

The Point List shows all available ground control points, check points and tie
points.

Point image Points displays the measured image coordinates

In the MultiAerial viewer the measurement will be carried out in mono
mode. The MultiStereo viewer should be selected if you want to measure

the points in stereo.

Stamps of all photos the point could be measured in

The Page size slider allows selecting the number of measurement windows
in the display. This works only for the MultiAerial view. For the MultiStereo

the view it is fixed to 4 windows. B

Select a point in the Point List. In case you would like to measure points in
stereo, activate View — Displays — Multi-Stereo Viewer (or click on the
corresponding icon).

ldentifying the control point. The displayed section P
of the image does typically not represent the correct = ™ Fl % B %

location of the control point. To find the correct Multiaerial 11 1:1 =
position, enlarge the area by selecting another T F6
zoom level offered at the menu bar | H i 1:4 F7

§ DSCO3Y 122 1:8 F&
In case you did the tie point matching first, the we 1:16 F3
projection of the points might disturb the oRenew T2 1:32 F10

measurement of the ground control points.

To show the control points and check points only, use the filter options
(dropdown box) and select the GCP&CheckOnly option. This will exclude the
tie points for the display as well as for anaylsis options. Please make sure to
change the filter option back to NoFilter in case matching is performed or block
analysis is done.

Point List
(s | W MoFilter -

W MoFilter
W <3-fold
W =2-fold
W =3-fold
W Checkonly
W CrossSirip
W GCPonly
W InStrip

ype

L= - - N - N - B -
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A single click into an image results in a point measurement if Measure &t is
active. By default the Manual measuring Mode is selected.

Measure the position of the point roughly in each photo, use the @ button to
open the photos on the next page.

Then select another zoom level e.g. 4:1 and use the Move to button to center
the measurement windows to the Measured Point Position

FHEGeE & @

E Calculated Ray Intersection
f Estimated Point Position

¥  Measured Point Position
| A':;" Gven Fostion

Measure now the point in the correct position.

Image PS(03749

Ima&iDSCOBZS’l ImagesPSC03811

\

S

Image DSC03813

Measurement of control point TROTOIR_1.

The Point List shows for the predictions a [
yellow dot, because the point could not be

Point List
Timorom 1 @ & |7 NoFiter v g >
i)

. Type’ Predictions Links il
measured N a” phOtOS. TROTOIR_1 HY o8 7 U]i—
1002 HV 90 0 o
1003 HYV B0 0 o
2001 HYV 9 14 0 o
2002 HY 9 2 0 o
[ nn2 v @& on nom
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There is also a Semi-automatic and a Full-automatic measuring mode
available which can be selected with a right mouse click into a displayed photo.

Manual: This option activates the manual measurement mode. A click with the
left mouse button into an image will place a measurement to the desired
position.

Semi-Automatic: This allows least squares matching assisted measurement of
points. This mode requires that the points have to be measured in each image.
But with each new measured position the software is transferring the measured
point into the images already measured. Successful matching will be
represented by a green square.

The size of the square represents the size of the matching template. If you have
problems, e.g. shadow, set the template smaller.

Tool Options B X x
=

Maode =
Manual - |

o

LSM Parameter ﬁ

o

Z ]

Template size: 27 pixel

L11L3

Threshold: 97 %

| Enable pyramid tracking. Start trace atlevel: 3 |5

Note: The Semi-Automatic mode will most probably fail, if your point position is
not on a ground (e.g. corner of buildings, pole points). Points on elevated
objects have to be measured in most cases stereoscopically.

Note: Please double check the refined measurements carefully, to make
sure the matched position is in fact the correct location.

Hint: for semi-automatic measurement it is recommended to deactivate the
Pyramid Tracking.

Full-Automatic: This allows least squares matching assisted
measurement of ground controls, check and tie points by defining the
position of a point in just one image. When activated click with the left
mouse button in one of the images at the exact position you would like to
have the point measured. The software will then project the measured
position into all other images in the Multi-Aerial or Multi-Stereo View and
will do a least squares matching of the point.

Note: The Full-Automatic mode will most probably fail, if the projection of a
point into other images is insufficient based on rough orientation values or
if the point location is not on the ground (e.g. corner of buildings, pole
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points). Points not on the ground have to be measured in most cases
stereoscopically.

Hint: for full-automatic measurement it is recommended to deactivate the
Pyramid Tracking.

To be successful in full automatic point measurements, it is essential to
have good orientations (e.g. to do a relative orientation — automatic tie
point matching — first) and to have a mean terrain height definition as good
as possible.

For projects with no camera calibration and bad image quality the Semi-
automatic and Full-automatic measure mode fails very often.

e Continue with the ground control point measurement until all of them are
measured. When the measurement is finished the point list should look
similar to the next screenshot.

Points =
[ Point List
P @ &
D T}rpe! Predictions
TROTOIR 1 HV 2 8
2001 HV @ s
2002 HV @ s
2003 HV D6
2004 HV 212
2005 HV 99
2006 HV O u
2007 HV 9 12
2008 HV 2 15
2009 HV @ u
2010 HV O u
2011 HV 96
2012 HV 99
2013 HV Q4
2015 HV @3
2021 HV 91
3.4.3. Editing functions Points
[ Point List
Remove a point FIrotom_1 | B (& |V NoFilter
Select a point in the point list, press the right D = T
mouse button and select Remove in order to - @ Clear Point Selection
delete all measurements of a point. For given @] 1002 | @ Remaove Point Selection
points (ground control or check points) only the 1003 ViewIn... b
image measurements are removed, in case of ;Eg; Move To... ’
manually measured tie points, the complete point 203 | ga Fin..
is being removed from the list. 2004
2005 | 5| Celumns... »
F#l wnne
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To delete a selected point or its measurement directly from the views, press the
right mouse button (while positioning the cursor in one of the point views) and select
either Remove Image Coordinate or Clear Image Coordinates.

Remove Image Coordinate removes the current measurement only and

Clear Image Coordinates deletes all image measurements of this point.

Furthermore it is possible to remove photo measurement directly from the Point
Image Points list.

[ Point Image Points £ '%‘."

i =]
O X E- 7 -'-%:
1D Photo x[mm] y[mm] voge[um] Mode Block \ o

DSC03748 018539 117043 0.00000 LsM *
D5C03749 -5.02529 1.63776 0.00000 MAN Complete

DSCO3779 349837 414437  0.00000 LSM _*
DSCO3780 -2.12558 -3.54808  0.00000 MAN Check
DSC03781 -743250 -300216  0.00000 MAN| (] Upcheck
DSCO3811 4.05558 -0.81402  0.00000 MAN
DSCO3812 -150420 0.40689  0.00000 MAN| #% Remove

%] Columns... 3
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3.4.4. Measurement of new tie points

In case of an insufficient block connectivity in some areas it could be
necessary to measure additional manual tie points.
e Select the Measuring Mode
e Enter a new point ID into the Point ID input field of the Point List
¢ Click with the left mouse button in the Block or Topo View to a position
where you would like to have the point measured.
Alternatively you may either have the Multi-Aerial and Multi-Stereo views
already opened to measure the point into these opened images. A third
option would be to select any number of images from the images list and
click the “Open in Aerial Viewer” to launch the Multi-Aerial View with the
selected imagery to measure manual tie points..

72, UAS MEaSUrement - [K:\ 1 FainingUata_UAS\FIOJecty | utonal_Stiia.prj|
File Edit Viev Window Options | Help

H-Blage Bee ONB-Xoan- R BEESSQ) 399952 0
Points 8 X| | Block || MultiAerial
| Point List
43 newt @ »
D <
7] TROTOIR 1
] 1002

711003
V] 2001
] 2002
7] 2003
7] 2004

soloud 5 sARS oA SRd

oo [

V| 2005

V] 2006

V| 2007

V| 2008

V] 2009

v| 2010

V| 2011

V] 2012

v| 2013

V| 2015

V| 2021
@SUTLICO
@SUTLICL
@suTLcio -
Pl b

| Point Image Points
O X
ID Phote x[mml y[

[ outputlog i) Statistics

¢ In case the point is measured in the Block or Topo View in manual mode,
the new tie point is being listed in the point list dialog but not yet
measured.

e Select the new generated tie point from the list to open it in the Multi-Aerial
Viewer. The Multi-Aerial view displays now all images the new tie point is
projected to..

e Use the Zoom function to get a good view on the designated point
position.
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e Refine the position

e Continue measuring the next points if necessary.

3.5. Orientate

The orientate dialog includes options to run adjustments including camera
calibration as well as running the adjustment only (optional).

3.5.1. Adjustment (optional)

- Orientate
Compute extericr orientations

Adjustment With Calibration:

[Extensive - ] }

Adjustment (optional):

Weak Approx 2D
Weak ” . ]

There are three adjustment methods available. The Default method should be
used only in case your camera is calibrated and you measure or re-measure
some tie points or ground control points

Weak Approx.2D should be used for images where the weak adjustment
failed. In such a case select in the “UAS Measurement” tool the floating
image(s) as well as the images the floating image should be connected to and
measure some manual tie points. Then start the Weak Approx.2D
adjustment. A planimetric adjustment and a correction of the azimuth angle
will be performed. In case this is successful and the photos are connecting the
Weak adjustment should be started again.

K%ﬂ
Weak This method should be used if your camera is not calibrated or your

block configuration is unstable. This indicates that the EO is not very good, so
that the adjustment needs to run with weaker accuracy limits.
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Note: All 3 adjustment options are optional. They are only necessary if re-
measurements were performed in the block, the measurements should be
checked or if adjustment parameters were changed. The result of a previous
run will be treated as a good approximation and will be used, together with the
new measurements, as a basis for a new block adjustment.

3.5.2. Camera Calibration

= Orientate
Compute exterior orientations

Adjustment With Calibration:

First Approximation * P

Extensive

First Approximation

Refine 3
J

Use GPS/Approx. EQ

| iRestoreEC~ | | &) BackupEO |

A camera calibration using the method First Approximation should be used
for cameras having no distortion information available. The Adjustment with
Calibration results in general in a first distortion model for the camera, and
therefore in better projections for the ground control points (easier
measurement). In addition more tie points can be kept and used during the
adjustment as the orientation and camera fit much better and former “pink
points” are now used and will become green ones.

The Extensive calibration has to be done for all cameras, no matter if having
a high or low quality camera. This calibration requires usually a distortion
model to perform the best calibration of the camera. Five subsequent
calibrations will be performed. The Extensive calibration should be selected
for cameras with given distortion models like the Trimble UX5 or after a
calibration run with the First Approximation method.

Refine should be used in case additional ground control points have been
measured after an Extensive camera calibration has been carried out. The
new ground control points could have an influence on the camera model and
therefore need to be included into the calibration. Selecting the Refine option,
a single calibration will be performed.

3.5.3. Restore EO
Restoring the EO rewinds the exterior orientation to the initial values.
3.5.4. Backup EO

Saves the current EO for the selected images. EO values being listed under
the “Frame Type” (in in Project Editor) are being transferred to the “GNSS/IMU
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— Approx. EO” dialog and would be used as initial values in further processes.

This option is optional!

3.5.5. Steps to work through

e For the training project first run an "Adjustment (optional)” using the
method Weak to check the control point measurements. This should is
recommended as the ground control point measurement was done after
the tie point matching. The adjustment with Weak is required to make sure
no erroneous ground control point measurements are in the block that
would influence the camera calibration in a negative way.

A Processing...

Processing

Totd: T—
Sub:

Logging

2013-11-11T16:42:43: Started Blunder Detection (Tteration 0, Phase 2)

2013-11-11T16:42:50: Blunder Detection (Tteration 0, Phase 2) running, time 00:00:07
2013-11-11T16:42:51: Child process Blunder Detection (Iteration 0, Phase 2) completed, time 00:00:07
2013-11-11T16:42:51: Command post conditions validation succeeded

2013-11-11T16:42:51: Command pre conditions validation succeeded

2013-11-11T16:42:51: Started Adjustment Report (Tteration 0)

2013-11-11T16:42:58: Adjustment Report (Iteration 0) running, time 00:00:07
2013-11-11T16:42:59: Child process Adjustment Report (Iteration 0) completed, time 00:00:07
2013-11-11T16:42:59: Command post conditions validation succeeded

2013-11-11T16:43:00: Child process UASEngine completed, time 00:00:37
2013-11-11T16:43:01: Project Output done

E=N Rl ExH

Cancel

A processing window
displays progress and
possible error messages.
Now the project is ready for
a camera calibration.

. Then start the

camera calibration using the Extensive method, because the training
example includes a camera with an initial distortion model.

o After the process, check if there are more tie points used for the

adjustment (less pink points).

e Check if the ground control point measurements could be improved, as
based on a refined orientation and better camera calibration, points are
projected into more images and therefore can be measured in more

images.

e Based on the output, decide if the final adjustment is sufficient or if a
further refinement of the camera calibration is required.
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3.6. Checking the results

The most effective way to analyze your block with respect to standard
deviations, point density and block stability is to use the analyzing possibilities
in the Properties menu. Review connectivity or error ellipses and residual
vectors to check point accuracy. If you discover areas with an insufficient point
density or points with large residuals or error ellipses, you may have to add tie
points manually, using the "UAS Measurement" tool and post-processing the
adjustment (default method) again. The strip display and the footprint analysis
help to find suspicious orientations.

Note: Incorrect orientations may result from insufficient tie point density, but
also from lack of control information or erroneous control point measurements.
Incorrect interior orientations or incorrect approximations of photo centers may
result in mismatches of tie points or even a total lack of tie points in the
corresponding image. The graphics leads a user to check specific areas.
There are often several possibilities for the same reasons.

A variety of analysis functions is available in the UAS Measurement tool.
However, they are not described in detail in this tutorial. More detailed
description of the analyzing options is available in the MATCH-AT reference
manual.

Furthermore you can check the distribution using the Topo Viewer

#4, UAS Measurement - [R:\TrainingData_UAS\test.prj*]
Eile Edit View Window Options Help

H #-0@a2¢ @ [E-Xaooo-r% EHEE2 0 8495

The Topo View is
- Displaying images north oriented. Considering the exterior
orientation angles and the position of images within a strip. The
view allows to check the image relation and image content without
having image overlay of adjacent images.
Projecting control, check and tie point measurements in the images.
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Displaying strips

4, UAS Measurement - [R:\TrainingData_UAS\test.prj"] = =
File Edit View Window Options Help I
H &0 R @ -Xonu- % BESYSe BBLLE82 V2

=y o) )| Properties 8 x

Property Value

Control Poi..
Check Points.
Tie Points
Point ID Text
Estimated

sdins g swog 3]

Calculated

ENEEE

suogdo oo % [EEEEIER svn ¢

StdDev XY
StdDev Z

Residual XY
Residual Z

D Tet

Symbol Size 100

joint Lines ...

g§888%
a3

joint Sector.

Statistics

RS
Point Stats Photo Stats
) Type X \ 2. RXY RX RY RZ SXY X sv sz Manifold Blunder Eliminated
& Jorl1CO TP 634349.305 5638974565 82153 0.000000 0.000000 0.000000 0.000000 0.000000 0.008582 0.008913 0017633 [l 13 0 0
Jorl1C1l TP 634354.051 5638956845 82593 0.000000 0000000 0.000000 0.000000 0.000000 0.010076 0.009208 0021229 [ 11 0 0
Bl ind110_TO £24252 740 SA2R020 20624 2220000000 1.A0HO0N_000AN00 N.A0KNN_ 0000000000106 0000001 N 110262 B 11 n a
Bl Outputlog ) Statistes

PAN 7:1 1:486.16 634430.730 m ; 5638882.786 m ; 90.000 m
A

— T T T=—— = = T T T ™ T T T T T

Checking the photos, it can be recognized, that in photo DSC03782 a part has
no tie points (forest). Because the general connection is good here no further
action is necessary. For other projects it may be necessary to add manual tie
points in some areas

3.7. Statistics

In the Statistics list of the UAS Measurement tool all points with their terrain
coordinates and their standard deviations are listed. Having accepted the final
result of the adjustment, it is now possible to remove the unused tie points
(pink points) from the list. However this is not mandatory.
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4.

4.1.

Surface and Ortho Generation

a x Surface and Ortho Generation needs well
orientated aerial images. It is important to
5 have a completed Georeferencing process
urface . .2
Generate DTMs and DSMs in UASMaster, before continuing the
Surface and Ortho Generation.

LIAS

Orthos and Mosaic

i The Surface Generation creates from the
Generate orthos and mosaic

images a point cloud. Only areas covered
from at least two images can be used to create a point cloud. Areas with
insufficient coverage will create gaps in the point cloud.

Insufficient coverage in the block is not an error from the software, but a
limitation from the given data.

The Ortho Mosaic Generation can only calculate ortho photos, if there is
height information given. If areas of images do not have height information,
due to gaps in the point cloud or if the images are in the outer boundary of the
block, than these parts of the images will not be used in the Ortho Mosaic
Generation.

UAS Edit GUI

Surface
Generate DTMs and DSMs. ®

ol cocuf® )0 28
+ 3
LN ] al
. Fl
B
« gl
- ;
2 i‘
‘ Pt
& .
20
o
x o
ilm#
of -
3
£
x

HH
i

> Orthos and Mossic ;
Generate orthos and mosaic

AR
i
i

ity
il

PARS S SRS S S ANNNS SRS SN

6 B, B, 6 B, E, o B, B, B, B, B, B, B, B, B, B, B B B B, B B8,

ARTAEEERETERSTET

FREREREBEREREREL
fPideagiqqiiad

PJOOO000 ¥

# GCP Measurement
Reletive Adjustment
Adjustment
\
Editing
| [

3.5: 1 [1:972.32 Sparse mode evel: 1 634280,488 m ; S639055.434m ; 90.000m | 5

———— T = ==

UAS Edit is the module from UASMaster, where point clouds are generated
and edited and Ortho Mosaics are generated.

The Menu Bar contains all functions for editing. In this tutorial we will only
focus on a few functions, typical used for the point cloud editing and Ortho
Mosaic generation.

The Terrain Tab shows always two layer structures.
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e The morphological structure can be used to create new breaklines,

exclusion areas or other line types.

e The point cloud structure contains the automatically generated points

from the DTM or DSM run.

The UAS Tab offers functions to automatically generate a point cloud and

Ortho Mosaic for the project.
The Main View displays all generated data.

It is not possible to create new layers or to delete layers, as UASMaster uses

this layer structure for organizing all points and lines in the project.

4.1.1. Navigation

If you are familiar with the navigation in UASMaster you can skip to the next
chapter. Chapter 4.1.1.1 and 4.1.2 explain how to pan and zoom and how to

use the Profile and Stereo View.

ﬁmj' Pan Ctrl+P

E View ¥ | Gk Drag Zoom

Zoom Y | dv ZHeight Ctrl+H

(}.;} Irnage Adjustment... E}' — o

Sterec Options 2
Move To...
Best-Fit Stereo Ctrl+B

Profile Area Ctrl+V

o View functions

4.1.1.1. Pan

Pan allows panning through the current view, without changing the zoom level.

Pan can be used in
= Main View
= Aerial View
= Profile View
= Ortho View
= Stereo Views

Hint: Pan is available with CTRL+Right-mouse-button.

4.1.1.2. Drag Zoom

Drag Zoom displays a selected section from the current view.
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Drag Zoom can be used in
= Main View
= Aerial View
= Ortho View
= Stereo Views

The system mouse selects through dragging a box over the desired section.

o Drag Zoom or Selection

4.1.1.3. ZHeight

ZHeight allows changing the cursor in Z in the Stereo Views.
The function is not available in other views.

ZHeight can be used in
= Stereo View

ZHeight is available in all stereo views with pressed right-mouse-button and move
the cursor up or down in the stereo view.
Selecting ZHeight from the menu bar allows performing the functionality with
pressed left-mouse-button and move the cursor up or down in the window.

4.1.1.4. Rotation

Rotate the data cube with the right-mouse-
button pressed and moving the mouse in
the desired direction.

Selecting Rotation from the menu bar
allows executing the function with the left-
mouse-button.
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The data cube can be rotated around the mathematical x-z-axis, fix to an
automatically determined origin.

4.1.1.5. Real Zoom

Real Zoom changes the magnification of the view. The change of the zoom is
continuously adjustable in “+” and “-“.

Real Zoom can be used in
= Main View
= Aerial View
= Profile View
= Ortho View
= Stereo Views
with the mouse-wheel..

Real Zoom can be done with the wheel of the mouse.
Selecting Real Zoom from the menu bar allows performing the functionality with
pressed left-mouse-button and move the cursor up or down the window.

e ¢

N~

o Mouse-wheel Zoom

4.1.2. Zoom

C{f Zoom In
& Zoom Cut
e Fil Wigw
41 i | F3
20 F4

1 F5

L e
—

F&

z
4 1:4 F7
g Fa

e 1:16 F9

132 1:32 F10

o Zoom functions

ZOOM IN/OuT

Zoom In or Zoom Out changes step-wise the viewing area of
the current window. UAS Edit changes the viewing area with a
factor of 40%.

Starting with a 100 by 100 pixel viewing area and using Zoom
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FIT VIEW

ZOOM LEVELS
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In, the next step will be 60 by 60 pixel.
Vice versa, using Zoom Out, the next step will be 140 by 140
pixels.

Zoom In/Out is executed through

= clicking with the left-mouse-button of the system mouse into
the desired view

» Using the command ZoomOutSlow and ZoomInSlow for the
Immersion Box mouse

Fit View changes the zoom automatically to display the

complete project area.

References for Fit View are the loaded and displayed images

respectively footprints and the imported and displayed vector

data.

Fit View is executed through

= clicking with the left-mouse-button of the system mouse into
the desired view

» Using the command FitView for the Immersion Box mouse

The pyramid zoom levels can be directly accessed and display
the images in 4:1, 2:1, 1:1, 1.2, 1:4, 1:8, 1:16 and 1:32. The
zoom level 1:1 displays the image in its original resolution.
Zoom levels can be used for aerial and ortho images.

CLT Zoom In +
&, Zoom Out

i Fit Wiew

411 411 F3
a1 201 F4
111 F5
2 1:2 Fa&
14 1:4 F7
e 1.8 Fa
TE 1:16 Fa
£32 132 F10

o Zoom functions
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4.1.3. Photos Tab

The Photos Tab displays the imported image files in a spread sheet form. Only active
images can be used for Stereo View.

' Photos &g X
S S L 41
D Disp Ori Ovw On
DSC03913 v T 2
DSC03912 v =
DSC03911 # v =
DSC03910 v =
DSC03909 v T 2
DSC03908 v =
DSC03907 # v =
DSCO3881 v =
DSC03830 v T 2
DSC03879 v =

Images cannot be removed in the Photos Tab directly.

To remove images, use UAS ApplicationsMaster, and Edit Project....

If the images do not have pyramid levels, the UAS ApplicationsMaster offers
functions to create additional pyramid levels.

Image pyramids (overviews) are necessary to use Stereo View in the UAS
Edit.

4.1.3.1. Photos Spread Sheet

IMAGE ID:

The Image ID column lists all existing images. Images are
categorized into Aerial and Ortho. Aerial and Ortho Imagery are
displayed in a tree view.

IMAGE DISPLAY:

Display can have the status:
# |mage On

14 Image Off

- Image and Footprint Off

Images with the status Image On, are displayed in the Stereo
View.

Aerial images with the status Image Off, are only displayed in
the Stereo View with their footprints.

Images with the status Footprint Off are not considered for
Best-Fit View. Images with missing pyramid levels are set to
status Image and Footprint Off.
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OVERVIEW:

ONLINE:
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Orientation can have the status:

+" Checked

* Crossed

Images with the status crossed, are images with missing
orientation values or camera information.

Overview displays the number of pyramid levels existing for the
imagery.

Online can have the status:

= Online

= Offline

Online checks if the imagery is online or not. The file path can
be reassigned for the images in the UAS ApplicationsMaster,
using Edit Project....
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4.1.4. Terrain Tab
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The Terrain Tab displays the generated point clouds calculated from UASMaster.

It is possible to run the DTM or DSM point cloud generation multiple times. The result
of each process will be added to the given layer structure and accumulated.

After the point cloud generation the points will be automatically placed into the layer
“00_Created”.
Using classification tools or the re-classify tool, it is possible to move the points to
different layers and to organize the data more efficiently.

i
i
0
o
a

g X

v [+] [E] (4]

suondp |oo_|_9ﬂ m sol.gmm sooyd

F Layer ID

21 €9 morphological. dxf

- 5=BREAKLIMNES

- F=%EXCLUSION_AREA
- E=$FORMLINES

- 3= GROUNDPOINTS
- $Z3SUBSIDIARY _LINE
- E3TRUEORTHO

2]~ %2 pointdoud.las

- 8=300_Created

- $=301_Undassified

- $=302_Ground

52403 _LowVegetation

-3=¢05_HighVegetation
- $=%06_Building

- E=%07_LowPoint

- §=%08_ModelKeyPoint
- =%09_Water

- $=310_Class10
~3=311_Classll
-3=%12_CwverlapPoints

-3=¢14 LowReliability
-%=%15_Class15

- 3=¢04_MediumVegetation

- 3=¢13_MediumR.eliability

b AN & b 4> b 3 40 db db 4> 3 b SN RN LN N SL NN
0 0, 0, 0, 0, 0y 0, B, B, 0, 0y 0, 0, 0y 0, 0, 0, B, 0, 0, 0, 0, 0 0,
a0 =) =5 b 2D =0 =D D =) =D D =) =0 =D =D =0 =5 e =) =) 5 =) =0 )
IR NEEEET AT N TR

4.1.4.1. Terrain Spread Sheet

LAYER ID:

L
#

[y
#

Type

Break Lines
Exclusion Areas
Form Lines
Mass Points
Situation Lines

Object Shapes

Mass Points
Mass Paints
Mass Paints
Mass Points
Mass Points
Mass Points
Mass Points
Mass Points
Mass Points
Mass Points
Mass Paints
Mass Paints
Mass Points
Mass Points
Mass Points
Mass Points

The Layer ID morphological.dxf offers all needed line types for
the classic and true ortho generation.
The Layer ID pointcloud.las offers the standard LAS 1.2 classes

for reclassification.

INTERPOLATE [I*]:

Interpolate can have the status

~" On
X Off
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Only files and layers with the status “Interpolate On” will be
used for the online contour lines and colored grid generation
and for height-interpolation of points and lines, when digitizing
in a 2D View.

Hint: Only data with status “Interpolate On” is used for the ortho mosaic generation.

LocCK [L*]:

Lock can have the status

& On

= Off

Files and layers with the status “Lock On” cannot be selected or
edited.

LAYER DISPLAY [D*]:

COLOR [C*]:

LAYER TYPE:

Display can have the status:

% On

W Off

Files and layers with the status “Display On” are displayed in
the views. It is not possible to copy, move or draw points and
lines on layers, which are Off.

ﬂ

i

Other...

Color Palette

Color can have any value from the existing color palette.
Points and lines from the active Layers are displayed according
to the selected color.

Type can have the status from all existing Type Codes.
Layers with a specific Type Code can only maintain points or
lines.

Please be aware, that exporting data to specific formats (e.g.
Winput) will use the information of the Type.
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4.2. Surface Generation

In Surface generation you can generate automatically for the complete project
or a defined area a point cloud. The density of the point cloud is depending on
the method used (DTM or DSM). The result is automatically loaded into UAS
Edit and displayed in the Main View.

In the next steps you can now:
e use the editing tools to eliminate errors,
e add additional morphological data (e.g. breaklines) to enhance the
point cloud,
¢ Re-Run the automatic point cloud extraction on a small polygon

Finally all data (point cloud and morphological data) should represent the
correct terrain model.
With the correct terrain model the ortho photo mosaicking can be started.

All these steps take place in the UAS Edit and can be directly accessed and
viewed. The final products are the edited point cloud and the ortho photo
mosaic.

4.2.1. Area Definition

Define Area allows to limit the output of the point

=
- i cloud extraction. If no area is defined, UASMaster
5 Surface will use the complete project for the point cloud
Generate DTMs and DSMs .
extraction.
| B Define Area |
DTM Extraction: To create an area definition, select the function and
[Detaiied - » start digitizing a polygon in the Main View.
DSM Extraction To remove your selection, select the Define Area
[Dense *|[»|  function and hit the ESC key. Continue with a

different function afterwards.

4.2.2. DTM Extraction

The DTM Extraction uses two basic matching algorithms: Least Squares
Matching (LSM) and Feature Based Matching (FBM).

FBM is a matching strategy that is very robust. It only needs coarse
approximations and is very fast. Therefore it is mostly used in the beginning of
the process, to quickly establish a good basis. It is about 1/3 pixel accurate.

The matching process computes values from one image that describe the
appearance of a certain found feature. These values must be found in the
second image as well.

LSM is a matching strategy that is very accurate. But it needs better
approximations and is slower than FBM. It is mostly used in the refinement at
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the end of the process or to refine points to obtain a good point precision. It is

about 1/10 pixel accurate.

The matching process creates a template (21x21 pixels) from one image and
overlays it onto the second image. There it will be shifted until the square-root of
the square-sum of gradient residuals converges to a minimum. LSM is therefore

an iterative process.

DTM Extraction Options:

e Detailed: Generates a DTM up
to Level O of the ground sample
distance (GSD) and uses the
precise optimization. The final
result generates a grid with 27x
GSD from Level 0.

e Smooth: Generates a DTM up to
Level 1 of the ground sample
distance and uses the balance

optimization. The final result
generates a grid with 30x GSD
from Level 1.

LIAS g X

Surface
Generate OTMs and D5Ms

I B Define Area ‘

DTM Extraction:

Detailed [ p

Smooth
Smoather b

e Smoother: Generates a DTM up to Level 2 of the ground sample
distance and uses the balance optimization. The final result generates

a grid with 30x GSD from Level 2.

4.2.3. DSM Extraction

The DSM EXxtraction uses the Cost-Based Matching (CBM) algorithm.

DSM models are computed with a Cost-Based Matching strategy. To explain
the theory of cost-based matching is rather complicated and should not be the
purpose of this documentation. Briefly, cost-based matching is a pixel-by-pixel
matching technique unlike feature based matching or least squares matching

which are rather area based.

For each pixel of one image the
corresponding pixel in the second image to
match is searched through a path in a so-
called 3D-cost-cube. A variety of cost
functions (e.g. also the correlation
coefficients are cost functions) are
considered to find the way along a
minimum cost path. Each direction in the
3D-cost-cube represents a x-y movement
in the image to match. Finding the pixel
with the lowest cost generates a lowest-
cost 3D model — our surface model. Unlike
propagated Semi-Global-Matching
techniques, UASMaster does not use
mutual functions (e.g. to compensate for
color changes etc.).

LIAS 5 X

Surface
Generate OTMs and D5Ms

I B8 Define Area J

OTM Extraction:

| Detailed L
DSM Extraction
Denze || p

Medium
Sparse
OENENdLE UTLITWE: dIiel rmidesdic
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DSM Extraction Options:

Dense: Generates a DSM up to Level 0 of the ground sample distance
(GSD) and uses the UAS optimization. The final result generates a
grid with 3x GSD from Level 0.
Medium: Generates a DSM up to Level 1 of the ground sample
distance and uses the UAS optimization. The final result generates a
grid with 3x GSD from Level 1.
Sparse: Generates a DSM up to Level 2 of the ground sample
distance and uses the UAS optimization. The final result generates a
grid with 3x GSD from Level 2.

4.2.4. DSM Generation Exercise

Let’s create a DSM point cloud for our demo data set.

Select the Surface button from the UAS Tab

< Surface
Generate DTMs and DSMs

Select from the DSM Extraction dropdown box the option: “Dense”

Start the point cloud generation, clicking the process icon |p

If your process is not starting, please check following things:

Are your image paths correct? You can go to the UAS Project Editor
and look at Frame type photos for the file paths.

(4" UAS Project Editor - [E\TutorialData\..\Tuterial_Compl..| o || @ | & l

Frame Photos
DeEN o e B> L& oK
o} Camera EastX North Y HeightZ  Omega  Phi Kappa Terrain | On |Imaqe File
Project Value DSC03748 @UXS 634402.683 5630882.236  161.014  1.7865 1.4189 84.2035 00.000 =2 |:\TutorialData\UASMaster'
= [ Workspace DSC03749 @AUXS  634402.627 5638907.153  161.047  0.7213 0.8671 93.6599 90.000 52 :\TutorialData\UASMaster'
=-(2] Elements DSCO3750 @UX5 ~ 634402.740 5638931.136  160.809  0.8607 0.7317 92.9675 90.000 52 :\TutorialData\UASMaster'
@ Cameras/Sensors 1 DSC03751 @OUXS  634403.098 5638956.182  160.691  1.8291-0.2453 92.2167 90.000 52 :\TutorialData\UASMaster'
S Photos DSC03752 @EUXS  634403.628 5638980.193  160.818  1.2453-0.2568 82.1030 90.000 52 :\TutorialData\UASMaster'
% Frame Type 41 DSC03753 @UXS 634404.247 5639004.992  160.983  1.5311 -0.6647 91.7731 90.000 2 :\TutorialData\UASMaster'
&l Orthos. T DSC03779 @BUX5  634379.684 5638865.847  160.750  1.3480 1.1371 94.9549 90.000 52 :\TutorialData\UASMaster'
I GNSS/IMU - Approx.EO 47 DSCO3780 @EUXS ~ 634379.268 5638800.141  160.912  2.5600 0.2285 94.2060 90.000 2 :\TutorialData\UASMaster'
£, Paints 16 DSC03781 @UXS 634378.081 5638915.372 161,317  1.6565-0.4175 84.4234  90.000 =2 |:\TutorialData\UASMaster'
& DIMs 0 DSC03762 @BUX5  634376.826 5638939.537  161.442  1.5242 0.6763 93.9811 90.000 52 :\TutorialData\UASMaster'
=) Groupings DSC03783 @EUXS ~ 634378.803 5638063.639  161.598  1.5786 0.9716 93.4812 90.000 52 :\TutorialData\UASMaster'
®@ Strips 6 DSC03784 @UXS 634370.084 5638988.647  161.607  1.3284 1.4058 82.8200 00.000 =2 |:\TutorialData\UASMaster'
B Settings DSC03785 @BUXS  634379.671 5639013.579  161.664  1.8285 1.3452 923212 90.000 52 :\TutorialData\UASMaster'
= ill, Administrative DSCO3811 @EUX5 ~ 634354.710 5638862.302 150572  1.1967 1.1845 84.1072 90.000 2 :\TutorialData\UASMaster'
Description new_project DSC03812 @UX5 634354.540 5638887.566  150.400  1.0081 0.7351 82.0025 90.00( 2 [\TutorialData\UASMaster'
Operator clemair 4 L1}
=il Corrections 1/41
Atmospheric Refraction
Earth’s Curvature
=i Units
System 'WGS 84 / UTM zone 31N
Object m
Image mm
Angular deg

Generation date: Mi 23. Okt 17:22:46 2013 Last change: Tue Oct 29 16:19:46 2013

They should show the correct image file path and show the online
status correct.

Do you have write permissions in your project folder?

Do you use a project file with correctly georeferenced images? To
check, you can use for testing our already completed demo project file
“UX5_completed.prj”.
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4.3. Surface Editing

Surface editing is needed to eliminate the errors in the automatic point cloud.
Errors in the point cloud would cause a wrong ortho mosaic generation at this
georeferenced position.

To detect errors UAS Edit offers display options, which allow an easy
detection of errors.

Errors can be searched in Profile View or Stereo Views.

To correct the error UAS Edit offers Selection Tools and Modification Tools.

4.3.1. Display Options

For error detection we will focus in this tutorial only on a few Display options.
You can find the display options in the Menu Bar here:

File Edit Point Line Snap Review |Display View Window Options
Display Settings... D
% Enable/Disable Antialiasing

Display Excluded Areas

o e

Display Line Vertices

T

Display Point Labels

Display Photos
Display Photo Frames
Display Orthos
Display Ortho Frames

S - g ]

Display £ Coding
Display shaded relief

i Select Point Color »
Select Line Color *

21
= Select Contour Lines Color »

4.3.1.1. Points

i Select Point Color L

Display Simplified Points

Select Line Color - Display Colored Points

2
== Select Contour Lines Color ¥ | #. Display Height Colored Points

Display Simplified Points is using the color settings in the Terrain Tab.
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S[EF = -
Display Simplified Points
Display Colored Points

£, Display Height Colored Points

- 47 pointdoud.las

v Y
- 8=200_Created 2 @[ Mass Points
- %=%01_Unclassified S W |_ Mass Paints
- 8=202_Ground 2 @ [ Mass Points
- 5=%03_LowVegetation v o2 W |_ Mass Paints
- E=204 Mediumvegetation 2 @ [ Mass Points
~E=305_HighVegetation v 2 @ [ MassPoints
- E=206_Building « 2 @ [ Mass Points
52307 LowPaint v 2 % [ Mass Points
-~ E=208_ModelkeyPoint w2 @ [ | MassPoints
52309 _Water ¥ & @ vassroints
~E2310_Class 10 w2 @ [ | MassPoints
~§5311_Classi1 W & @[] | MassPoints
~8=£12_OverlapPoints w2 @ [ | MassPoints
- §=%13_MediumReliability S W |_ Mass Paints
52214 LowReliability » & @ MassPoints
~%2315_Class15 W& W [ | MassPoints

Sample Block TAC_P65

In this example all points are displayed white, as all points are currently in the

layer “00_Created”.

Classifying the points into different layers allows an easier interpretation of the
data. The layers are using the LAS standard classes. Typically for terrain
models points should be in the ground layer. Surface models use typically the

ground with high vegetation and buildings.

Display Colored Points is using the color information (e.g. RGB values)
stored with each single point during the point cloud matching process.
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In this example we see the colored point cloud. The points are still in the layer
“00_Created”.
Colored points make interpretation very easy. The color information helps to
classify a point correctly into vegetation, building or ground.

4.3.1.2. Contours

W B | #

Select Point Color
Select Line Color

Select Contour Lines Color

T

Display Simplified Contour Lines
Display Height Colored Contourlines

Contour lines represent millions of
points with a few lines, making the
interpretation much easier and less
overwhelming.

Contour lines are denser drawn if the
terrain slope is steeper, indicating a
“‘peak” or “valley”. More spaced
contour lines indicate a gentle slope
and less change in height.

The graphic on the left shows in the
upper image a birds view and in the
lower image a profile view. The blue
line in the upper image is the
represented profile line in the lower
image.

The amount of contour lines at one
spot indicates the height change at
the location. The contour interval
step can be set in the menu bar:
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Automatic: The min/max heights from the current Main View are collected
and UAS Edit uses an automatic contour interval fitting to the min/max values.

10.0

[}
]
un
m

User: Selecting User allows entering in the right text field an individual
numeric value for the contour interval.

Predefined: The dropbox offers predefined contour interval values.
Contours uses all data with an active interpolation flag.

5§97 pointcloud.las =
é----%ﬂﬂ_ﬁ:reat&d vd 1= |_ Mass Points

4.3.1.3. Shaded Relief

= B2 S o mm L Eﬂ & || == || Automatic = | 10.0 Automatic

Shaded Relief uses all data with an active interpolation flag.
3 %7 pointdloud. las V=

;----%DD_CreatEd =R |_ Mass Points

Depending of the slope normal and the sun angle and direction, the shaded-
relief display varies. UAS Edit offers settings for the sun angle and direction.

Shaded relief uses the settings of the Display Settings B

Display Settings allow changing values for Shaded Relief and Height Coding
parameters. Following parameters are available for Shaded Relief:
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AZIMUTH

The angle of the x-axis to the sun, measured counter
clock-wise. The illumination of the sun is calculated as
parallel light.

ELEVATION

The angle from the horizon to the sun. The illumination of
the sun is calculated as parallel light.

DIFFUSE

Diffuse light represents a directional light cast by a light
source. The light rays of diffuse light illuminate an object
from different directions and are therefore not in sorted
parallel direction. Diffuse light does not cause strong
shades but generates a smooth light impression

AMBIENT

Ambient light is the average volume of light that is created
by emission of light from all of the light sources
surrounding the objects. The ambient slider defines how
much ambient light the object receives. Generally, about
0.1 to half is good. A setting of 0.0 means that the object
does not receive any ambient light; it is only lit by light that
actually gets to it. A setting of 1.0 means that it is lit by all
of the world's ambient light. Increasing the Ambient setting
has the effect of flattening the shading, since the ambient
light washes the diffuse shading out.

WIREFRAME

Shows the internal raster, which is .
used to calculate the normal vectors .
for the shading. The raster size is
fixed and cannot be set.

Shaded Relief can be combined with Height-Coloring and Contours.
Shaded Relisf

Azimuth 75

NN
&y Armbient J

Wireframe ]

4.3.2. Profile View

Profile View can be used to select from an active scene in the Stereo View,
Main View or Ortho View a Profile View.

Point and line data of the selected area is displayed in the Profile View.

Profile View can be used in
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= Main View
=  Ortho View
=  Stereo View

The Profile View needs an area selection. It can be undocked and closed.
The Profile View allows separating easily ground points from off ground points,
with a minimum of measurement steps. The function is designed for LIDAR
editing and classification, but can be used for any other DTM data as well.

The area selection is done by measuring in total three points of a rectangular
data cube. The first two points define the baseline of a cube. The third point
defines the depth of the cube.

Profile areas can be measured either in 2D or 3D.

PROFILE SELECTION

1. [ press Profile-lcon
2. Measure baseline and depth with 3 clicks
3. The view will be added to the Tab-Dialog

wan | N | Pt |

i Profile View showing selection

4.3.2.1. Arrow Keys for systematic editing
The selected Profile View can be moved patch-wise with the arrow keys.
Additionally the Profile View can be panned with the function pan and zoomed
with the function real zoom.
The current profile view area is displayed in the main view.

The measurement of the baseline represents always the mathematical x-
axis. According to the shape of the cube, the y-axis is set automatically.

Stepping right, means moving in direction of the mathematical x-axis.
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o Example showing baseline measured at bottom side

-
o Example showing baseline measured at right side

4.3.3. Stereo View
Stereo ] The Stereo View appears as a tab dialog, attached to the Main View.

%. The stereo view shows aerial imagery and vector data in stereo mode.
Vector data can be displayed with the available Active Display.

The Stereo View allows collecting, editing and viewing 3D data in stereo.
Data can be reviewed in 3D to check points and lines overlaid to the aerial
images to check the absolute x-y-z position.

Height changes can be done with the Navigation function ZHeight.

The Stereo View needs orientation data for the aerial images given. Having
insufficient orientated images result in inadequate stereo view.

As an option, the Stereo View automatically switches to another pair of images
if the current view position is outside or close enough to the border of the
current image pair.

4.3.3.1. Best-fit Stereo

Best-fit stereo can be used to select from an active scene in the Main View
the best-fitting Stereo View.
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Bes’rfl’r Stereo

o Best-fit Stereo - Stereo pair selection

UAS Edit determines the closest projection centers of a stereo pair from the
selected best-fit position.

4.3.4. Selection

File Edit | Point | Line Snap Review Display View Wir

¥ Rectangular Select Ctrl+Alt+R
24 Fence Selection Ctrl+F

ﬁ‘g In Polygon Selection Ctrl+Alt+I

'}?; Select Along Fence / Line Ctrl+Alt+ A
%, Interpolate Gap

®

Filter 2
Filter Brush Opticns
Filter Settings...

s

Remowve Double Points

#2 Rectangular Select. All points inside the rectangular selection are affected.
Rectangular Select can be used in
= Main View
= Stereo View
»= Ortho View
= Profile View

The selection is made through dragging a box over the desired section.
Hint: Rectangular Select can select single points with

the system mouse. To select a single point, just
make a left-mouse button click to the single point.
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Only points within the snapping range will be
selected.

#% Fence Select. All points inside the polygonal fence selection are selected.

Fence Select can be used in
= Main View
= Stereo View
= Ortho View
= Profile View

The selection is made through measuring a polygon with clicking left-mouse-
button for the vertices around the desired section. To finish the measurement
click the right-mouse-button in the current view and select “End” or double
click left-mouse-button.

4.3.5. Modification Tools

The tutorial will only present a subset from all existing modification tools.

e The filter project tool allows an automatic classification of the points
into ground and off ground points.

e The Classify Selected Object tool, allows to manually classify the
points into the different layers from UAS Edit.

e The Interpolate Gap tool allows to digitize a polygon and to fill the gap
with new points, using the heights of the surrounding vector
information.

e Create Point/Line allows to digitize in stereo or mono new vector
data.

4.3.5.1. Filter Project

o B M K-

Q{ Filter Project

¥ Filter Along Line
f?"TEl Filter Brush
%TE' Thinout

Filter Project allows filtering with a defined strategy the complete project.

A strategy includes one or multiple filters.
Four filter types are supported:

= Building
= DtmDsm
= Gross

=  Vegetation
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ﬁ@ Filter Settings Dialog @
Strategies & Filters Brush Filter
Remoave MNew ~ Remove Reset

Strategies™ Filters* Filter Settings
J}--ﬁ%Eraser J}--?ﬁBuilding Filters Mame:

+1- JpLIDAR_DSM < | | & TADtmDs Filters Type:

- A% LIDAR_DTM_DSM
- @3 LIDAR_Flat

- A% LIDAR_Mountain
- A% LIDAR,_Quick

- A3 LIDAR,_Strong

- g%y Smoother

J:r--ngmss Filters
+ --év*lu'egetaﬁon Filters Positive height:

« =]
£
o
m
m
0

¥
+
+
+
+
H

Import Ok J [ Cancel

4.3.5.2. Classify Selected Objects

¥+ Classify Selection allows moving selected vector data into the currently
selected layer.

Classify Selection allows moving points and lines.
Classify selection can be used in

= Main View

» Profile View

= Stereo View

Classify Selection needs a pre-selection to be executed.
To move the current selection to the active layer, select Classify Selection.

Example
Start by choosing an area containing data to classify, e.g. by opening a Profile

View.

mwo - 1112.001]

e e b e A e i AT e b, i B i

1033.501 L e TR 1033.501

o Profile View before classification

Select points (or lines, when classifying in other views) to be classified using
the selection tools.
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1112.001

033501 00 Tmeeem 00 e 11033501

o Profile View showing selection to be classified

Press the Classify button. All selected objects are moved to the active file and
layer.
mo0l ———— 112,001

lo33sorl— TEeeeem TS 17033.501

o Profile View showing result of classification

4.3.5.3. Interpolate Gap

Eile Editl:ine Snap Review Display View

o

@ Rectangular Select Ctrl+Alt+R
24 Fence Selection Ctrl+F

ﬁ‘g In Polygon Selection Ctrl+Alt+I
'}?; Select Along Fence / Line Ctrl+Alt+ A

Interpolate Gap

£ Filter b
Filter Brush Opticns
Filter Settings...

s

Remowve Double Points

%1 Interpolate Gap allows filling points into a measured polygon.
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Interpolate Gap can be used in
= Main View
= Stereo View

Steps to work through

INTERPOLATE GAP

1. Select current layer to fill-in points

2. 2 Press Interpolate Gap-lcon

3. Measure polygon
Depending on the point type of the current layer, two different methods will
be applied.

UAS Edit uses the entered grid spacing values of the Option Tab to fill the
defined polygon.

“Interpolate Gap® Options

Grid spacing in X direction: |2 [m]
Grid spacing in ¥ direction: |2 [m]
| Fill with constant Z: 10 [m]

o Interpolate Gap Options Tab

Confirming the grid spacing will insert north oriented mass points with equally
spaced points inside the previous measured polygon.

Option: Fill with constant Z

Instead of interpolating for each point an individual height, it is possible to set
all points to the same constant height. To activate the option, please check
the box and enter the height.

4.3.5.4. Create Point / Line

+.J Create Point/Line will check the current layer type and enables to measure
either a new point or a new polyline.

It is not possible to measure both points and lines on the same layer.

Create Point/Line can be used in
= Main View
=  Ortho View
=  Stereo View

Create Point/Line offers following Tool Options:
RECTANGULAR MODE

Square Measurement Tool allows measuring line segments
rectangular to each other. There are currently two types of square
measurement functions available:

Conservative Measurement and Magnetic Measurement
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Both functions are calculated based on planimetric constraints, and do
not consider the z-dimension.

Type CONSERVATIVE MEASUREMENT creates with every measurement a
perpendicular line to the previous one.

Type MAGNETIC MEASUREMENT creates only perpendicular lines, if the
new measured point has a position within a given threshold.

The threshold is calculated with a corridor along a technical
perpendicular line, going through the last measured point.

FoLLow uP

Follow Up is an option, which can be activated with the check box.
Follow Up actions are executed automatically after finishing the
measurement of a line or point.

There are currently two follow up functions available:
Reinterpolate Points along line and Delete.

Tool Options 8 X

"Measure” Options

Rectangular Mode:

@ Mone
Conservative
Magnetic

Corridar: 10 :j He :
| Fallow Up

Action: |Re-Interpolate Points along Line |E|

Distance | 2.00 [m]

The height of the new position is depending on the view and the existing
vector data in the local area.

Using a stereo view, the height can be set manually.

Using a 2Dview DTMaster will interpolate the new height according to the
existing local vector data around it.

4.3.5.5. Set active Layer
The active layer is used as target layer for:
Create point/line

Interpolate Gap
Classify selected objects

Active FileLayer

| Ohio_bilbwnp || WHPPoints = |
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Set active layer from menu bar

The set active display dialog is placed by default in the menu bar. Choose
from the drop-down menus an active file and layer.
If the active display is not available, please activate it in the Window tool bar.

Window

Toolbars 8| v File
Dock Windows  » | L Edit

Tools
v Yiew
v Active Display Options
Events
Window
Options
Help

Active FileLayer

Lime up

4.3.6. Set active layer from Layer Tab

Right-click on a layer and select Set as active layer.
The active layer is set automatically.

4.3.6.1.1. Create Line Exercise
Let’s create a line:

Select the active layer Breaklines
Select Create Point/Line
Click with the left mouse button in the Main View
You should see a polyline appear. Continue clicking the left mouse button for

more vertex points. To finish the line press the Enter button from the Num
lock.

J

= |/

— —

7 8 | 9

|
Ok
oot

ST o EEE
i ) o e
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4.3.7. WYSIWYG

UASMaster tries to offer an intuitive ortho mosaic handling. All the data you
can see in the current moment in UAS Edit will be used for the ortho mosaic
process.

Important to know: the interpolation flags are considered and will influence
your final result. Only layers being activated with the interpolation flag are
being used for the ortho mosaic process.

%" DTMaster - [Unnamed Project™] EI@
Eile Edit Point Line 5nap Review Display View Window Options Help
DM@l 2o ®X [ - ag il BEds - Mu a0 § oo » B
F:finpho_data/UCAMX_80_60_8cm/DSM_TestGap2/DSM_TestGap2EXCLUSION_AREA_000_000.0_7.las Ell]l]_created |z| EL - :X; 42w -| -Default- E% ‘ g*‘ E
¥l% v < |EE (2 % d |(EF[E = auomete [<Ja00 ] [automate
Terrain & X | Man o [
o — — — o
g [=] (&) (E] [w i i
7| <
% Layer ID = _|* p* C* Type New File... 2
& $9F:finpho_data/UCAMY_80_0... = ? B
S --$=200_Created = @ r Mass Points —
i -~-$=%01_Undassified é‘ @ |— Mass Points Edit...
(i) - §=302_Ground =t @ [l vessponts Remove
5 ~-$=%02_GroundSynthetic é‘ @ |— Mass Points
] --F2203_LowVegetation é‘ (} r Mass Points
--$=%04_MediumVegetation é‘ @ |— Mass Points
El --§=305_HighVegetation = @ r Mass Points
3 --$=%06_Building é‘ Q Mass Points
- e
ﬁ -~ $=%08_Mod 3 i
= ,_ModelKeyPoint é‘ Q Mass Points
% --$=209_Water = @ r Mass Points
= - 52410_Rail 2 @ [ Messpints
@ --§5311_RoadSurface 2 @ [ wMassponts
-~-$=%12_OverlapPaints é‘ Q |— Mass Points
-F=2313_MediumR eliability 2 @ [ Masspants
2314 LonReliability = @ [ Masspants
~$2315_TransmissiorTower 2 @ [ Masspants
] . 3 Tz
% Output Log
5:1 |1:670.40 |Iso: 1.0, Tited plane  Full mode [70429.282 m ; 353002338 m ; 0.000m /261.937m |

The contour lines in this image are on top of the buildings and the vegetation.
Running the ortho mosaic process, will include this height information.
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& DTMaster - [Unnamed Project] (= B

Eile Edit Point Line Snap Review Display View Window Options Help
D EH W EEH QX X #E-agH

BEEMFE] MMF AT N (e » B

F:finpho_data/UCAMX_80_60_8cm/DSM_TestGap2/D5M_TestGap2EXCLUSION_AREA_000_000.0_7las ElDU_CreatEd |z| mﬂ - :X: 412 11 v| Default- E% ‘ g*‘ E
% v ¢ |([@EIEE | FEFEFET] automatc [+] 00 |[Automatic
Terrain F X Main EIES
g [NEEw y
- ? LayerID I* L* D* C* Type New File.., §
2 % Fjinpho_data/UCAMX_80_60... e =
S ~-$=%00_Created é‘ Q Mass Points
@ ~F=301_Undassified g @ Mass Points Edit....
(i} ~§=02_Ground = @ Mass Points g
--F=302_GroundSynthetic 2 @ [ Masspants
5 --¥=303_Low\egetation = @ |— Mass Points
-F=304_MediumVegetation 2 @ [ Masspants
] --¥=05_HighVegetation = @ |— Mass Points
E - 5306 _Building g @ Mass Points
~32307_LowPoint = @ = Mass Points
g‘ - E=308_ModelKeyPoint 2 @ [ Masspants
o - E2309_Water 2t @ [ Masspants
= ~%2310_Rail & @ [ messpons
2 --¥=11_RoadSurface = @ |— Mass Points
-§=312_OverlapPoints = @ |— Mass Points
$=313_MediumReliability = @ |— Mass Points
- E2214_LowReliabiity 2 @ [ masspants
F=315_TransmissionTower é‘ Q |— Mass Points
] I 3 i

% Qutput Log
5:1 |[1:670.40 |Iso: 1.0, Tited plane Full mode [70429.262m; 353002.338m; 0.000m /261.937m | §

The contour lines in this image are only calculated from the blue ground
points. You can see the interpolation flags in the red box deselected for the
vegetation and building layers. Running the ortho mosaic process, will not use
the points on top of the buildings and trees.
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4.4. Orthos and Mosaic Generation

Images captured from cameras using a perspective view cause terrain
distortion. The images cannot be mosaicked together or overlaid on maps
without first being converted (“orthorectified”) to an orthogonal view, typically a
view looking straight down from infinity.

The conversion needs information about the height at each position in the

ground, to place the pixel to the correct position. Therefore we need the terrain
model.

A

h=

4.4.1. Classic Ortho

The classic orthophoto generation does not check for occlusion and uses only
the terrain model (DTM) without object information (e.g. building) and ortho-
rectifies the image according to the DTM.

Classic orthophotos will have objects higher than ground misplaced,
depending on the angle of view from the projection center.
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4.4.2. True Ortho

4.4.3.

4.4.4.

The true orthophoto generation checks the data for occlusion and uses the
object shapes together with the DTM.

Pixel Size

Ortho Mosaicking:

|Classic Ortho - | }

Pixel size: 0.06 [m]

The pixel size entry field in UAS Edit should represent the ground sample
distance. The ground sample distance can easily be calculated from the flying
height above ground and the focal length of the camera.

H
GSDground = To X Dx,y
H,: Flying height (Plane above Ground [not sea level])
c¢: Focal length of camera

Please do not enter a smaller value for your orthophoto mosaic ground sample
distance, as the value calculated from your imagery.

Example with following given data:
H, = 1000 [m]

¢ = 100 [mm]

Pxy = 6 [.um]

1000 [m]
GSDgrouna = oA
GSDgrouna = 0,06 [m]

x 0,000006 [m]

Review Result

Orthos s x After processing the ortho mosaic in
UAS Edit, the ortho mosaic is

v g G~ 1 : ) ,
I; o on v on automatically linked to the project

: E file. To take a look at the orthophoto
mosaic Ve 82

mosaic, please go to the Ortho Tab,
select the mosaic and activate the
display:

SOUHO [ suondg |00_|_@ ueLsl S soqum
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{4 Inactive

2  Hidden

The orthophoto mosaic is displayed in the MainView and can be overlayed
with the existing point cloud and morphological data.

Erroneous orthophoto mosaic areas are caused from wrong terrain model data
and therefore corrections to the point cloud and morphological data are
needed to create a correct orthophoto mosaic for the situation.

4.45. Ortho Mosaic Generation Exercise

Generate for the complete project a 3cm orthophoto mosaic.

Activate all images

Check the interpolation flags for your point cloud and morphological
data and activate if needed the necessary layers

Enter 3cm for pixel size and hit the run button '

4.5. Output

UAS Edit has three major outputs:
e Point cloud
¢ Morphological Data
e Ortho Mosaic

4.5.1. Export Vector Data

Export Mode
@) Separated

Combined

As Imported

Separated: Each data set can be exported to a different file and file format.
Combined: All data sets will be combined into one file and one file format.

As Imported: If you imported data into UASMaster you can export it to the
same file with the same file format (overwrites the imported file!).
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Format®

WHNF
BWNP
BXYL
DXF
FTS
SHF
WHNP
*L

Sample Block TAC_P65

These are the file formats that can be exported with Export Vector Data.

4.5.2. Export Raster

< Export Raster - M

Settings

File Name SCOR.dtm|

Raster Spacing 0.15 [m]

[

[ ]

The Export Raster will take all layers with an active interpolation flag and
creates from this data an interpolated raster model, stored in the SCOP DTM
format. The SCOP DTM format can be used very efficient in the INPHO
software family.

DTM

Binary SCOP Model Format.

The SCOP Model Format applies a hybrid representation of the
surface.

It includes a grid to represent continuous areas, intermeshed
with vector-type data such as break lines or form lines to
facilitate the representation of sudden changes in continuity
(break lines, highs and lows), or more gradual changes in it
(form lines).

Border lines, break lines and form lines are stored with their
original points and their intersection points with grid lines.
Spot heights, off-terrain points and control points are stored
with their original coordinates.

4.5.3. Ortho Mosaic

UAS Edit creates for the complete project one single ortho mosaic. The output
is placed into the project folder and automatically named mosaic.tif.
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5. End User License Agreement

IMPORTANT, READ CAREFULLY. THIS END USER LICENSE
AGREEMENT (“AGREEMENT”) IS A LEGAL AGREEMENT BETWEEN
YOU AND TRIMBLE NAVIGATION LIMITED OR ITS AFFILIATES
(“Trimble”) and applies to the Trimble Software product, including any
accompanying printed materials and any “online” or electronic
documentation (collectively, the “Software”). This Agreement will also
apply to any Software error corrections, updates or upgrades, if any, that
are subsequently furnished by Trimble, unless such are accompanied by
different license terms and conditions which will govern their use. BY
CLICKING “YES” IN THE ACCEPTANCE BOX, OR BY INSTALLING,
COPYING OR OTHERWISE USING THE SOFTWARE, YOU AGREE TO
BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT
AGREE TO THE TERMS OF THIS AGREEMENT, PROMPTLY RETURN
THE UNUSED SOFTWARE TO THE PLACE FROM WHICH YOU
OBTAINED IT FOR A REFUND. NOTWITHSTANDING THE
FOREGOING, IN THE EVENT THAT A WRITTEN, EXECUTED
AGREEMENT HAS BEEN ENTERED INTO BY YOU (OR THE ENTITY
YOU REPRESENT) AND TRIMBLE WITH RESPECT TO THE
SOFTWARE, YOUR USE OF THE SOFTWARE SHALL BE GOVERNED
BY SUCH WRITTEN AGREEMENT, AND NOT BY THIS LICENSE
AGREEMENT.

The Software is protected by copyright laws and international copyright

treaties, as well as other intellectual property laws and treaties. The
Software is licensed, not sold.

1. License and Restrictions

Subject to the terms and conditions of this License Agreement, and timely
payment by You of the applicable license fee, Trimble grants You the
limited, non-exclusive, non-transferable right and license for the applicable
license term, to use the Software in the Territory on the applicable number
of servers by the applicable number of concurrent users, in object code
format only. You may only use the associated documentation for your
internal business use in accordance with this License Agreement.
“Territory” means the country in which the Software was delivered to You,
provided that if the Software was delivered to a country in the European
Economic Area (“EEA”), it may be used in any country in the EEA. The
applicable license fee, license term, number of servers and number of
concurrent users shall be set forth in the Trimble invoice for the Software,
provided that if this is an Academic License or an Evaluation License, the
special terms and conditions for such licenses set forth below shall apply
to your use of the Software.

Use of the Software is controlled by a license key provided to Licensee by
Trimble (“License Key”), which specifies; (i) the identity of the Software,
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including version number, (ii) the number of concurrent users permitted,
(iii) the “node” or specific server or other computer on which the Software
may run (“Key Server”), (iv) whether the license is “node-locked” and
accessible only from the Key Server, or “floating access” and available
across a Local Area Network that includes the Key Server, (v) the codes,
which Licensee must input to initialize use of the Key Server(s), and (vi)
the expiration dates of Evaluation Licenses and annual licenses, or the
regeneration date, if any, of the License Key for perpetual licenses. In the
event that Trimble discontinues licensing the Software, Licensee will be
provided with an unlimited License Key.

“Academic License” means a license, under which an academic institution
obtains a copy of the Software solely for study, instruction or non-
commercial research. Academic Licenses are made available to a
university or professional academic institution recognized or accredited by
the local Ministry/Department of Education or other accredited agency
(hereinafter “Academic Institution”). Academic Institution may allow use of
the Software only by its academic personnel and/or by students, neither of
which acquire any rights therein. Academic Institution agrees to regularly
provide Trimble with a detailed summary of its usage of the Software.
Academic Institution grants Trimble the exclusive license for the
commercial use of Rule Sets developed using the Software. Academic
Institution agrees not to publish any Rule Sets without Trimble’s prior
written consent.

“Evaluation License” means use of the Software for evaluation purposes
only, in a non-production environment.

If You have obtained an Evaluation License, You may use the Software for
non-commercial, internal evaluation purposes for a period of thirty (30)
days, or such other period as may be set forth on the applicable Trimble
invoice.

The Software is delivered in object code only. Licensee shall not reverse
compile, disassemble or otherwise reverse engineer the Software, except
where, and only to the extent that, such prohibition is not permitted under
applicable law. To the extent any applicable mandatory laws give you the
right to perform any of the aforementioned activities without Trimble’s
consent in order to gain certain information about the Software for
purposes specified in the respective statutes (e.g., interoperability), you
hereby agree that, before exercising any such rights, you shall first request
such information from Trimble in writing detailing the purpose for which
you need the information. Only if and after Trimble, at its sole discretion,
partly or completely denies your request, may you exercise such statutory
rights. Without Trimble’s prior written consent, Licensee may not provide
the Software to a third party on a temporary basis and/or use the Software
for the benefit or purposes of a third party whether by means of lease,
loan, data processing services (e.g. “fee for service”), time sharing
arrangements or otherwise. In addition, Licensee will not run the Key
Server on a virtual machine based platform (e.g. VMware).
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2. Ownership, Confidential Information and Agreement not to Assert

All rights in and to the Software, including all intellectual property rights
therein and thereto, belong to Trimble and its licensors, and Trimble and
its licensors hold and retain title to each copy of the Software. Licensee
shall not copy or modify the Software, except that Licensee may copy the
Software for the sole purpose of backup as long as all copyright and other
notices are reproduced and included on the backup copy.

Licensee acknowledges that the Software constitutes the valuable
confidential information and trade secrets of Trimble. Accordingly,
Licensee shall at all times, both during the term of this License Agreement
and thereafter keep in trust and confidence all the Software, and shall not
disclose the same to any third party without Trimble’s prior written consent.

As a condition of the rights granted to Licensee under this Section 1,
Licensee irrevocably and perpetually agrees not to assert against Trimble
or any of its current or future direct or indirect licensees or sub-licensees,
distributors and/or resellers (collectively, “Trimble Licensees”) any patent,
or part thereof, copyright, trade secret or any other intellectual property
right embodied, in whole or in part, in any Rule Set written by or on behalf
of Licensee (including any Rule Set written by Trimble for use by
Licensee) (“Licensee Rule Set”), to the extent that any Rule Set developed
by Trimble or any Trimble Licensee infringes or misappropriates, in whole
or in part, any patent, copyright, trade secret or other intellectual property
right embodied in a Licensee Rule Set. “Rule Set” means a computer
software application based on Trimble’s Cognition Network Language that
is created using the Software development capabilities.

3. Term

This License Agreement is effective until the earlier of the expiration of any
temporary License Key issued to Licensee or termination in accordance
with this License Agreement. Licensee may terminate this License
Agreement by ceasing use, and deleting all copies of the Software
possessed by Licensee. Trimble may terminate this License Agreement if
Licensee breaches any of the terms or conditions in this License
Agreement, and this License Agreement shall in any event automatically
terminate in the event of a breach by Licensee of any of its terms or
conditions. Upon termination of this License Agreement for any reason,
Licensee shall immediately cease use, and delete all of Licensee’s copies,
of the Software. All provisions of this License Agreement relating to
disclaimers of warranties, limitation of liability, remedies, or damages, and
Trimble's proprietary rights shall survive termination of this License
Agreement.
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4. Warranty and Warranty Disclaimers

Trimble warrants that for a period of thirty (30) days from the date of
delivery of the software to Licensee, the Software will conform in all
material respects in accordance with documentation provided with the
Software. Licensee’s exclusive remedy and Trimble’s sole obligation in
the event of a breach of the foregoing warranty shall be for Trimble, at its
option, to correct or replace the non-conforming Software.

EXCEPT AS EXPRESSLY PROVIDED IN THIS SECTION 4, THE
SOFTWARE IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESS OR IMPLIED, AND TO THE GREATEST
EXTENT PERMITTED BY APPLICABLE LAW, TRIMBLE EXPRESSLY
DISCLAIMS ALL OTHER WARRANTIES OF ANY KIND, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE SOFTWARE IS WITH LICENSEE. Trimble
does not warrant that the functions contained in the Software will meet
Licensee's requirements or that the operation of the Software will be
uninterrupted or error-free.

5. Limitation of Liability

YOU ASSUME THE ENTIRE RISK AS TO RESULTS AND
PERFORMANCE OF THE SOFTWARE. TO THE MAXIMUM EXTENT
PERMITTED BY APPLICABLE LAW, IN NO EVENT SHALL TRIMBLE OR
ITS SUPPLIERS BE LIABLE FOR ANY SPECIAL, INCIDENTAL,
INDIRECT OR CONSEQUENTIAL OR PUNITIVE DAMAGES, HOWEVER
CAUSED AND REGARDLESS OF THE THEORY OF LIABILITY
(INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF
BUSINESS PROFITS, BUSINESS INTERRUPTION, LOSS OF
BUSINESS INFORMATION OR DATA, CROP LOSS OR DAMAGE, OR
ANY OTHER PECUNIARY LOSS), ARISING OUT OF THE USE OR
INABILITY TO USE THE SOFTWARE, OR THE PROVISION OF OR
FAILURE TO PROVIDE SUPPORT SERVICES, EVEN IF TRIMBLE HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, AND
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF
ANY EXCLUSIVE REMEDY PROVIDED IN THIS AGREEMENT.

IN NO EVENT SHALL TRIMBLE’S TOTAL LIABILITY IN CONNECTION
WITH THIS AGREEMENT OR THE SOFTWARE, WHETHER BASED ON
CONTRACT, WARRANTY, TORT (INCLUDING NEGLIGENCE), STRICT
LIABILITY OR OTHERWISE, EXCEED THE ACTUAL AMOUNT PAID TO
TRIMBLE FOR USE OF THE SOFTWARE GIVING RISE TO THE CLAIM.
BECAUSE SOME STATES AND JURISDICTIONS DO NOT ALLOW THE
EXCLUSION OR LIMITATION OF LIABILITY FOR CONSEQUENTIAL OR
INCIDENTAL DAMAGES, THE ABOVE LIMITATION MAY NOT APPLY
TO YOU.
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6. Support
Licensee may purchase maintenance and support services for the

Software by entering into an agreement with Trimble for the provision of
such services.

7. Export Control and Restricted Rights Legend

Licensee may not directly or indirectly export or re-export, or knowingly
permit the export or re-export of the Software (or portions thereof) to any
country, or to any person or entity subject to United States export
restrictions or any export and import control laws in the Territory in
contravention of such laws and without first obtaining appropriate license.

Use, duplication, or disclosure of the Software by the United States
Government is subject to restrictions as set forth in subparagraph (c)(1)(ii)
of the Rights in Technical Data and Computer Software clause at DFARS
252.227-7013.

8. General

Except as otherwise stated herein, this License Agreement contains the
entire agreement and understanding between the parties regarding the
subject matter hereof, and replaces any prior written or oral understanding
regarding such subject matter. Any different or additional terms or
conditions contained in any Licensee purchase order are hereby rejected
and shall not be deemed part of this License Agreement. Any attempt to
sublicense, assign or transfer any of the rights, duties or obligations
hereunder is void.

9. Choice of Law

This License Agreement shall be governed by the laws of the State of
California and applicable United States Federal law without reference to
“conflict of laws” principles. The United Nations Convention on Contracts
for the International Sale of Goods will not apply to this License
Agreement. Exclusive jurisdiction and venue of any dispute or action
arising from this License Agreement or the Software shall lie exclusively in
the federal or state courts located in the County of Santa Clara, California.
You hereby consent and agree not to contest such jurisdiction, venue and
governing law.

Notwithstanding the above, if you acquired this product in Canada, this
License Agreement is governed by the laws of the Province of Ontario,
Canada. In such case each of the parties to this License Agreement
irrevocably attorns to the jurisdiction of the courts of the Province of
Ontario and further agrees to commence any litigation that may arise
under this License Agreement in the courts located in the Judicial District
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of York, Province of Ontario. If you acquired this product in the European
Union, this License Agreement is governed by the laws of The
Netherlands, excluding its rules governing conflicts of laws and excluding
the United Nations Convention on the International Sale of Goods. In such
case each of the parties to this Agreement irrevocably attorns to the
jurisdiction of the courts of The Netherlands and further agrees to
commence any litigation that may arise under this License Agreement in
the courts of The Hague, The Netherlands.

Trimble reserves all rights not expressly granted by this License
Agreement.

10. Country Unique Terms

If You purchased a license to the Software in any Territory specified below
(the “Local Territory”), this section sets forth specific provisions as well as
exceptions to the above terms and conditions that apply in such Local
Territory. To the extent any provision applicable to the Local Territory set
forth below (the “Local Provision”) is in conflict with any other term or
condition in this agreement, the Local Provision will supersede such other
term or condition with respect to any licenses purchased in the Local
Territory.

Belgium and France

(a) Limitation of Liability (Section 5): The following replaces the terms of
this section in its entirety:

Except as otherwise provided by mandatory law, Trimble’s liability for any
damages and losses that may arise as a result of the performance of its
obligations in connection with this License Agreement is limited to the
compensation of only those damages and losses proved and actually
arising as an immediate and direct consequence of the non-fulfillment of
such obligations (if Trimble is at fault), for a maximum amount equal to the
charges You paid for the Software that has caused the damages. This
limitation shall not apply to damages for bodily injuries (including death)
and damages to real property and tangible personal property for which
Trimble is legally liable.

UNDER NO CIRCUMSTANCES IS TRIMBLE, OR ANY OF ITS
LICESORS AND/OR SOFTWARE DEVELOPERS, LIABLE FOR ANY OF
THE FOLLOWING, EVEN IF INFORMED OF THEIR POSSIBILITY: (i)
LOSS OF, OR DAMAGE TO, DATA,; (ii) INCIDENTAL OR INDIRECT
DAMAGES, OR FOR ANY ECONOMIC CONSEQUENTIAL DAMAGES;
(i) LOST PROFITS, EVEN IF THEY ARISE AS AN IMMEDIATE
CONSEQUENCE OF THE EVENT THAT GENERATED THE DAMAGES;
OR (iv) LOSS OF BUSINESS, REVENUE, GOODWILL, OR
ANTICIPATED SAVINGS.
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The limitation and exclusion of liability herein agreed applies not only to
the activities performed by Trimble, but also to the activities performed by
its suppliers and Software developers, and represents the maximum
amount for which Trimble as well as its suppliers and Software developers,
are collectively responsible. This limitation shall not apply to damages for
bodily injuries (including death) and damages to real property and tangible
personal property for which Trimble is legally liable.

Germany and Austria

(a) Warranty (Section 4): The following replaces the terms of this section in
its entirety:

Trimble warrants that the Software provides the functionalities set forth in
the associated documentation (“Documented Functionalities”) for one (1)
year following delivery of the Software when used on the recommended
hardware configuration. Non-substantial variation from the Documented
Functionalities does not establish any warranty rights. THIS LIMITED
WARRANTY DOES NOT APPLY TO SOFTWARE PROVIDED TO YOU
FREE OF CHARGE (FOR EXAMPLE, UPDATES, OR ACADEMIC OR
EVALUATION LICENSES) OR SOFTWARE THAT HAS BEEN ALTERED
BY YOU, TO THE EXTENT SUCH ALTERATION CAUSED A DEFECT.
To make a warranty claim, you must return, at Trimble’s expense, the
Software and proof of purchase to Trimble. If the functionalities of the
Software vary substantially from the agreed upon functionalities, Trimble is
entitled, by way of re-performance and at its own discretion, to repair or
replace the Software. If that fails, you are entitled to a reduction of the
license fee or to cancel this License Agreement.

(b) Limitation of Liability (Section 5): the following paragraph is added to
this Section:

The limitations and exclusions specified in this Section will not apply to
damages caused by Trimble intentionally or by gross negligence. In
addition, Trimble shall be responsible up to the amount of the typically
foreseeable damages from any damage which has been caused by
Trimble or its agents due to the slightly negligent breach of a material
contractual duty. This limitation of liability shall apply to all damage claims,
irrespective of the legal basis thereof and in particular, to any pre-
contractual or auxiliary contractual claims. This limitation of liability shall
not, however, apply to any mandatory statutory liability under the product
liability act, or to any damage which is caused due to the breach of an
express warranty to the extent the express warranty was intended to
protect You from the specific damage incurred. This clause shall not be
intended to limit liability where the extent of liability is provided by
mandatory law.

Italy
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(a) Limitation of Liability (Section 5): the following replaces the terms of
this section in its entirety:

Apart from damages arising out of gross negligence or willful misconduct
for which Trimble may not limit its liability, Trimble’ liability for direct and
indirect damages related to the original or further defects of the Software,
or related to the use or the nonuse of the Software or related to any case
whatsoever for breach of the Agreement, shall be limited to the fees paid
by you to Trimble for the Software or for the part of the Software upon
which the damages were based.
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