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1. Drone preparation

1.1 First steps before work

DJI Mavic 2 Pro Topodrone PPK — is a ready-to-fly geodetic survey solution which is based on DJI
Mavic 2 Pro drone. It is strongly recommended to learn DJI M2P manual first, you can find it on the official
web-site: https://www.dji.com/uk/mavic-2/info#downloads

Correct preparation of the drone means following exact rules to ensure flight safety and the best
orthophoto or 3D-model quality. Flight safety — is the main basis of all our solution.

1. Checking. All components of the drone must be in a condition: no damages, cracks or malfunctions.
It is needed to carefully inspect blades, motormounts, motors, arms, gimbal, micro-sd cards, cables
and connectors, especially if you had drone in a public use. Always check your DJI Mavic 2 Pro
Topodrone PPK before large orders and far business trips.

2. Charging. You should charge all batteries of the drone, remote controller (RC) and mobile device
up to 100%. Never use DJI Intelligent Battery which is charged lower than 90%, especially if battery
has started its storage discharging. It can cause premature termination of the flight mission.

3. Exploring. Before move to the working area, explore locality in a
on-line geo-services like DJI GEO, AirMap, and PilotHub, to
provide yourself more knowledge about places and objects located

nearby. It is not allowed to fly in No-Fly-Zones: airports, prisons, [

sports stadiums. Military bases, state institutions, objects of &
strategic importance (CHP, hydroelectric power plants, nuclear |
power plants, etc.) are particularly dangerous, but they are not
marked at GEO-services. Electricity transmission lines, located at
the place you need to capture, can cause radio and magnetic
interference during the flight.

4. Setting. In the DJT Go 4! App set all parameters for comfort flying in a manual mode:

1.
2.
3.

4.
5.
6.

7.

Distance limit — “turn off” value is recommended

Maximum Flight Altitude — 500 meters? value is recommended

Return to home altitude — 100 meters or higher value is recommended. Anyway it changes
during the mission planning in the other apps.

RC MODE settings — changes axes of the sticks, value 2 is strongly recommended

EXP tuning — provides you control drone more accurate, 0.10 value is recommended

RC signal lost — action which drone would make if lost RC signal. Value “Return to home” is
recommended

Low battery warning — set at the minimum, 20% value is recommended?

NOTICE 1. DJI Go 4 App is the basic application for DJI Drones. You could not set several parameters
via other apps. It is recommended to make manual flights using DJI Go 4 App.

NOTICE 2. In some countries maximum allowed flight altitude for UAV is 120 meters. Setting 500
meters value in maximum flight altitude menu provide drone follow the terrain, flies higher than 120
meters from the altitude of home point, but not from the terrain.

NOTICE 3. If area of photographing is located far from you (more than 1 km), increase this value to 30%
NOTICE 4. Camera settings described in paragraph 1.3 of this manual.
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1.2 Compass calibration.

As the basic model, DJI Mavic 2 Pro Topodrone PPK needs the compass calibration (CC) each time
you move to the new location. CC helps your drone to adapt to local magnetic field lines. During CC,
accelerometer and compass makes two rotations in different axes. After that, drone makes adjustment
between values of each sensors. To make correct CC follow next steps:

CC makes directly before flight at the open outdoor area. Making CC indoor is useless

Remove gimbal holder and unfold drone’s arms.

Turn on the drone and RC, insert and plug the mobile device.

Make sure, there are no large metal constructions or magnetic

fields in a 50 meters.

5. Enter drone into CC mode. At least there are two ways:

a) In the DJI Go 4 app open MC Settings / Advanced settings /
Sensors state / Compass / Calibrate compass / OK

b) At the right side of RC, rapidly move the slider to S and T
positions not less than 4 times.

6. Ensure that rear LEDs of the drone lights solid yellow.

7. Put RC in the left arm and take drone from the in your right arm.
Hold drone from the top under the battery. Do not change the
orientation of the drone!

8. Rotate drone to the left side (counter-clock wise) in 380 degrees
(a bit more than 360 degrees). Stop when the rear LEDs will
change color from solid yellow to solid green.

9. Change orientation of the drone, turning it in 90 degrees in a
longitudinal axis.

10. Rotate drone to the left side (counter-clock wise) in 380 degrees
(a bit more than 360 degrees). Stop when the rear LEDs will
change color from solid green to blinking green.

11. If using 5a way entering CC mode, turn the Flight Mode slider to
P (central position). This is especially important!

12. Compass calibration now is complete.

b=

Before and after CC you can check the value of magnetic interference
in the DJI Go 4 App — it should be at the green zone after CC. If the app
notice you compass calibration failed (rear LEDs blinks red rapidly) — recalibrate compass at another place
nearby.

Notice 1: no magnetic or ferromagnetic objects on the body of pilot are allowed. For example:
massive jewelry, metal inserts or magnets in the end of the iPad tablet etc. If you have some of these objects,
even after successful CC, your drone will have “Compass Error” after taking off.

Notice 2: CC increase flight stability of the drone during the flight. But compass error can appear

even after absolutely correct calibration. It usually caused by different external interferences such are metal
objects, large antennas, electricity transmission lines (ETL)
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1.3.Camera calibration and settings

Before the shooting process will be started, you should calibrate focus of your DJI Mavic 2 Pro PPK
camera and set optimal image settings. It is recommended to use next order.

1.

4.

You should determine drone’s working altitude. This value [
depends on many factors: scale of the final orthophoto map,
properties of the lens, height of the obstacles, features of relief,
etc. Usually, working altitude is from 60 to 12 meters.

Image Ratio

Image Format

White Balance

Set correct image ratio. Go to the image menu, tap the second [B&
tab. Use the Image Ratio 3:2 value, it allows to use all square of [
camera’s matrix. Do not use 16:9 Ratio! Check another values
of this menu — all defaults.

Lift off the drone to the working altitude and move gimbal to the 90 degrees (nadir). Ensure that
focusing method now is in the AF value. Then tap to the center of the screen to let the camera
focusing at the surface. After that change focusing method in the MF value - manual focus scale
will appear. Do not touch it! Now drone’s camera is focused at the selected height value. It will
not change in the future.

Now it’s time to set the best camera settings. All parameters are at auto as default. In this case,
drone will change image brightness, smoothness during the flight. But this way is bad for
triangulation image processing: key points at different images will be different. To get the best
image quality during the flight it is strongly recommended to set image params as follows:

ISO: from 100 to 200. Upper values increase image noise, and decrease ortophoto map quality
Aperture: from 2.8 to 4. Upper values decrease stream of light, so images will be darker
Shutter: from 1/1600 to 1/640. Upper values increase image motion blur, lower ones does not
allow the camera to get enough light, so images will be darker and more discolored.

Aperture

Shutter

Shutter

-3.0

Page 4 from 43



—' P —' Topodrone SA
P TOPODRONE CHE-354.723.874 TVA
4. AFFORDABLE ACCURACY Rue du Centre 39, 1637 Charmey, Switzerland
+41 797 910 713

info@topodrone.org

www.topodrone.org

1.4. IMU calibration and settings

IMU calibration needs very rarely. However some things can affect the sensor states: falls and
bumps, temperature changes and long stand by time. Because of use the additional module upper
the shell of DJI Mavic 2 PPK, the process of IMU calibration is
not the same as the default. To calibrate IMU you need to do
next:

1. Set up the props to motors

2. Fold the arms like at photo

3. Prepare your table or another flat surface: the horizon

should be aligned to the bubble level

4. Start the IMU calibration process and make steps 1-4 as

they are.

5. Atstep 5 you shoul place the drone head over heels. Use

the edge of table to make this step. Place your drone like
at the photo below

6. When the step 5 is complete, rotate drone and place it normally
7. IMU calibration now is complete
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1.5.GNSS settings

Appearance and description of elements:

Green LED. Indicate power supply module.
Blue LED. Indicate quality of receive GNSS signal.

State Description
No flash PDOP>10
Slow blink 3<PDOP<10
Fast blink 2<PDOP<3
Solid blue PDOP<2

+41 797 910 713
info@topodrone.org
www.topodrone.org

Orange LED. Indicate recording data to a flash card. When recording in progress, LED rapidly blink.

Each blink means that 4 kB data is recording.

Red LED. Indicate, if system have error. In case of error, check flash card. If change, or install/format

microSD card not solved a problem, contact support.

Plug in microSD card.
Dual frequency (L1/L2) antenna
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2. GNSS DATA POST PROCESSING AND IMAGES GEOTAGGING
2.1 Data preparation
Remove SD card with images from a drone and copy photos to your computer.
Divide a whole images dataset to separate flights and store photos from each mission in separate folders.

For example, Flight 1, Flight 2 etc.
NOTICE. Do not delete any images.

Remove SD card from GNSS receiver installed on the drone and copy ubx files to your computer to a folder
ROVER (for example).

Download GNSS static logs from a base station and convert them to Rinex format. Copy Rinex files to a
folder BASE (for example)

Mesure coordinates of ground control points (GCPs) and coordinates of the base station.

NOTICE. Coordinates of the base station should be in Latitude, Longitude, Ellipsoid high, WGS 84
coordinate system.

2.2 GNSS data post processing

Step 1. Run TOPOSETTER 2.0 application

= TopoSetter 2.0 - X
Logs: Open logfile
1. Path to the photos from the rover:
2_ Path to the ubx file from the rover:
3.Specify the path to the base station data file:
4. Base coordinates:
Degree d'm’s”
S i P
Elevation {meters) - I:I
5. Base antenna height - 0.000 5 meters
6. Rover antenna offset:
Height - 0.00 3| meters
Offset forward/backward - 0.00 |5 meters
Offset left/right - 0.00 |3 meters
7. Outpuit folder:
Processing steps:
1.
2.
3. Start
Advanced settings
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Step 2. Select folder with photos

= TopoSetter 2.0 - X
Logs: Open log file
1. Path to the photos from the rover: , : 26.11.2019 13:50:16: Read metadata from photos...
IE:\TUTORIAL\FLIGHT 1 l 26.11.2019 13:50:26: Done!
> Path to the ubx file from the rover: 26.11.2019 13:50:26: Found 397 photos
3.Specify the path to the base station data file:
4. Base coordinates:
l—Degree d'm’s” ]
S S—
ot [t
e T —
5. Base antenna height: 0.000 % meters
6. Rover antenna offset:
Height - 0.00 3| meters
Offset forward/backward - | 0.00 1% meters
Offset left /right - 0.00 5| meters
7. Outpuit folder:
E:‘-.TUTORIAL‘-.FLIGHT 1\Output
Processing steps:
1. Data conversion
2. GNSS data postprocessing
Start
3. Images matching and geotegging
| Advanced settings Stop
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= TopoSetter 2.0 - X
1. Path to the photos from the boge: Open log file
-Pathtot os from the rover- 26.11.2019 13:50:16: Read metadata from photos. .
IE:\TUTORIAL\FLIGHT 1 I 26.11.2019 13:50:26: Done!
2 Path to the ubx file from the rover- 26.11.2019 13:50:26: Found 397 photos
EA\TUTORIAL\ROVER\19-09-27\14-40-32 ubx @
3.Specify the path to the base station data file:
4. Base coordinates:
Degree d'm'’s” |
S m—
ot [ e
e T —
5. Base antenna height: 0.000 |3 meters
6. Rover antenna offset:
Height - 0.00 % meters
Offset forward/backward - 0.00 | meters
Offset left/ight - 000 = meters
7. Output folder:
Processing steps:
1. Data conversion
2. GNSS data postprocessing
) ) Start
3. Images matching and geotegging
: Advanced settings Stop
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™= TopoSetter 2.0 - X
1. Path to the photos from the Logs: Open log fie
olic iR o3 o thelovers . 26.11.2019 13:50:16: Read metadata from photos...
lE:\TUTORIAL\FLIGHT 1 | 26.11.2019 13:50:26: Done!
2 Path to the ubx file from the rover- 26.11.2019 13:50:26: Found 397 photos
|EATUTORIAL\ROVER\15-03-27\14-40-32.ubx | |
3.Specify the path to the base station data file:
[E:\TUTORIAL\BASE \raw_201909271437.ubx |
4. Base coordinates:
I Degree d'm’s’
S E—
e [ e
S —
5. Base antenna height: 0.000 % meters
6. Rover antenna offset:
Height = 0.00 -% meters
Offset forward/backward - 000 [ meters
Offset left/right - 0.00 5 meters
7. Outpuit folder:
E:\TUTORIAL\FLIGHT 1\Outpuit!
Processing steps:
1. Data conversion
2. GNSS data postprocessing
: Start
3. Images matching and geotegging
: Advanced settings Stop
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Step 5. Impute coordinates of the base station in WGS 84.

Define antenna offset for a drone.

= TopoSetter 2.0 - X
1. Pathto the ; he Logs: Open log file
- Path to the photos from the rover- 26.11.2019 13:50:16: Read metadata from photos. .
[EATUTORIAL\FLIGHT 1 | 26.11.2019 13:50:26: Done!
2_ Path to the ubx file from the rover- 26.11.2019 13:50:26: Found 397 photos
[E:\TUTORIAL\ROVER\19-09-27\14-40-32.ubx |
3.Specify the path to the base station data file:
|EATUTORIAL\BASE \raw_201903271437.ubx |
4. Base coordinates:
I Degree d'm’'s”
=|
Latitude - 36.523717043 | degree
Longttude - 4663284915 | degree
Elevation (meters) - 152.6403
)
5. Base antenna height: 0.000 5 meters
6. Rover antenna offset:
Height - 007 5 meters
Offset forward/backward - 002 |2 meters
Offset left /right - 0.00 12 meters
7. Outpuit folder:
EATUTORIALVFLIGHT 1\Output
Processing steps:
1. [)é‘d conversion
2. GNSS data postprocessing
3. Images matching and geotec =
Advanced settings Stop
NOTICE.

FOR DJI MAVIC 2 PRO PPK use the following parameters

Height: 0.07
Offset forward/backward: -0.02

FOR DJI PHANTOM 4 PRO PPK use the following parameters

Height: 0.17
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Step 6. Setup data processing setting. Click advanced setting. Advanced setting will appear.

To embed precise coordinates to photos EXIF tags check Burn exif check box. This option may lead

increasing of data processing time.

To save list of coordinates check Save text file check box.
Select format of text file Pix4D or Metashape

Click Save button.

Open log file

Logs:
LR e e 26.11.2019 13:50:16: Read metadata from photos...
IE:\TUTORIAL\FLIGHT 1 l 26.11.2019 13:50:26: Done!
2 Path to the ubx file from the rover- 26.11.2019 13:50:26: Found 397 photos
[EATUTORIAL\ROVER\18-09-27\14-40-32.ubx | i)
3.Specify the path to the base station data file:
[EATUTORIAL\BASE vraw_201909271437.ubx |
4. Base coordinates:
Degree d'm’'s”
Latitude - 36.523717043 | degree
Longitude - 4653284915 degreJ = TopoSetter 2.0: Advanced settings X
Elevation (meters) - 152.6403 [] Display utility windows GLONASS satelites
5. Base antenna height: 0.000 5 meters Bum exif Satelite mask angle: | 15 |3 degree
6. Rover antenna offset: Save text file Format text file:
Height - 007 2] meters @ PIX4D (O Metashape
Offset fi rd/backward - 02 |5
set forward/backwa 0.0 meters Save
Offset left/rght - 0.00 [ meters —_————————
7. Output folder:
[EATUTORIAL\FLIGHT 1\Output |
Processing steps:
1. Data conversion
2. GNSS data postprocessing
Start
3. Images matching and geotegging

NOTICE. To look at data processing performing switch on Display utility window option.

Click Start button
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After finishing of all steps of data processing (data conversion, GNSS data post processing, images
matching and geotagging) all results will be stored in Output folder.

File Coordinates.txt is stored in PIX4D or Metashape folder
Photos with updated EXIF tags are stored in UpdateTags folder
Files with .pos extension are results of GNSS data postrpocessing

B rixa0
l UpdateTags

B 14-40-32.pos
. 14-40-32.pos.stat
L. 14-40-32_events.pos

NOTICE. Coordinate system is WGS84.
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Step 7. Checking processing results.
After processing accomplishing, the following buttons will appear.

= TopoSetter 2.0 - X

5

gs: Open log file

.11.2019 13:50:16: Read metadata from photos...

1.2019 13:50:26: Done!

1.2019 13:50:26: Found 397 photos

1.2019 14:07:06: Convert rover raw data log to RINEX....
1.2019 14:07:26: Cancel operation....

1.2019 14:07:26:

1. Path to the photos from the rover:
[EATUTORIAL\FLIGHT 1 |
2. Path to the ubx file from the rover:
[EATUTORIAL\ROVER\19-03-27\14-40-32.ubx |
3.Specify the path to the base station data file:
[EATUTORIAL\BASE vraw_201909271437.ubx |

4. Base coordinates:
Degree d'm’s”
Latitude - 36.523717043 | degree

Longttude - -4.663284915 | degree
Elevation (meters) - 152.6403

5. Base antenna height: 0.000 3 meters

1

Al

1

1

1

.11.2019 14:07:26: The work is completed!
.11.2019 14:07:26:
.11.2019 14:07:32: Convert rover raw data log to RINEX....

.11.2019 14:08:03: EA\TUTORIAL\ROVER\19-09-27\14-40-32.0bs
.11.2019 14:08:03: EATUTORIAL\ROVER\19-09-27\14-40-32 nav
.11.2019 14:08:03: Done!

.11.2019 14:08:03: Convert base raw data log to RINEX....

.11.2019 14:08:11: EATUTORIAL\BASE\raw_201909271437 obs
.11.2019 14:08:11: Done!

.11.2019 14:08:11: Calculate output position solutions....

.11.2019 14:16:25: EATUTORIAL\FLIGHT 1\Output\14-40-32_events pos
.11.2019 14:16:25: Done!
1
1
1
1
1
1
1
1
1
Al
1
1
1
1
1

00

EEPEEEEEEEEEERRRRREEEEEEEEEERE

1.2019 14:16:25: Parsing output position solutions....

1.2019 14:16:25: Output position solutions contains 337 rows

1.2019 14:16:25: Done!

1.2019 14:16:25: Compare the coordinates of events.pos with the photo...

1.2019 14:16:25: The number of photos matches the number of photos. We do not use time of,
1.2019 14:16:25: In the photo Exposure/SpeedX/SppedY tags are not complete, we do not ta
1.2019 14:16:25: The work is completed!

1.2019 14:16:25:

6. Rover antenna offset:

i 007 2] meters 1.2019 14:16:25: Done!
i =] 1.2019 14:16:25: Number of shots: 397 pc.
Riirctivan st 002 5 meters 1.2019 14:16:25: Number of coordinates: 397 pc.
i 000 & 1.2019 14:16:25: Successfully combined: 397 pc.
Offset left/right - : ~ | meters 1.2019 14:16:25: Generate a coordinate file in PIX4D format....
1.2019 14:16:25: File created: EATUTORIALVFLIGHT 1\Output\PIX4D\coordinates txt
7. Output folder: 1.2019 14:16:25: Done!
[EATUTORIAL\FLIGHT 1\Output |
Processing steps:
1
2
1. Start
Advanced settings Stop < >
| i ]
NOTICE.

Click & buttons in front of Rover or Base fields to open GNSS observation files to check the quality of
GNSS signal.

To check quality of GNSS data postprocessing click & button in front of output results.

Page 14 from 43



e TOPODRONE

4. AFFORDABLE ACCURACY

On the map you can see results of GNSS data postprocessing.
Green points of photos events — Fixed solution

Yellow points — Float solution

Red points — Single solution
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160

120

80

40

-40

-80

-160

-200 -160

2 EATUTORIAL\FLIGHT T\Output\14-40-32_events.pos
File Edit View Windows Help
w 1] (2] = |GndTrk v||ALL v H ~ T ® o

I8 T 11T

| IR E

[1]2019/09/27 14:51:12 GPST-09/27 15:08:09 GPST : N=397 B=0.0-0.2km Q=1:3397(100.0%)

NOTICE.

Lal L In=|

5

gs:

1. Path to the photos from the rover: [26.11.2019 13.50-16: Read me

[EATUTORIAL\FLIGHT 1 | 12019 13:50:26: Done!

2. Path to the ubx file from the rover: e P
[EATUTORIAL\ROVER\19-03-27\14-40-32.ubx [ = @ IO Cel
3_.Specify the path to the base station data file: 1.2019 14: The work
[EATUTORIAL\BASE \vaw_201909271437.ubx [ - |8 l; gg}g 4 o7 28 —

1.2019 14:08:03: EATUTO
1.2019 14:08:03: EATUTO
1.2019 14:08:03: Done!

1.2019 14:08:03: Convert b

4. Base coordinates:
Degree d'm’s”
Latitude - 36.523717043 | degree

Longitude - -4.663284915 | degree
Elevation (meters) - 152.6403

5. Base antenna height: 0.000 |5 meters

12019 14:16:25: Parsmg o
1.2019 14:16:25: Output pc
1.2019 14:16:25: Done!

1.2019 14:16:25: Compare
1.2019 14:16:25: The numt
1.2019 14:16:25: In the ph

6. Rover antenna offset: 12015141625 The work

Height - 0.07 meters

EEEEEEEEEEEEEEEEEEEEE R R

.1
.1
.1
.1
.1
.1
.1
.1
1
1
.1
.1
.11
.11
.11
.11
112019 14:
.1
.1
1
1
1
.1
.1
.11
.1
.1
.1
.1
.1
.1
1
1

< 12019 14: '25 Done!
Ofisetforward/backward - | 002 2] neters 1 e b
) 00 = 12019 14:16:25* Successt
Offset left/right - i ~| meters 1.2019 14:16:25: Generate
12013 14:16:25: File creat
1.2019 14:16:25: Done!
LErpTHEE e 12019 1416:25: Wite cal
[E:\TUTORIAL\FLIGHT T\Output
Processing steps:
1
2
5 Start
Advanced settings Stop <

If there are only red points on the map it means, that GNSS data from a drone and a base station were

not collected at the same time.

If there are only yellow points (float solution) you should check coordinates of a base station or quality of
the signal. To remove noisy GNSS signal try to increase satellite mask angle or exclude GLONASS

satellite in Advanced setting menu.
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3. PHOTOGRAMMETRY PROCESSING IN PIX4D MAPPER SOFTWARE
3.1 Creating pix4d mapper project

Run PIX4D mapper application.

[ PixdDmapper Preview
&0

O
Home
m ;
Mp View /
ira 1)
-ayCloud i i
E .
Volumes
- Pix4Dmapper
Mosaic
Egr - Help Demo Project
e
New Project... AL Open Project...

.',_] Follow the wizard to create a new 1] open an existing project.
project with your own dataset.

PIX4D.pad _ QATAR.pad
... ...

Last modified: Br #os 25 2019 Last modified: Bc nos 24 2019

test2.p4d o testl.pad
Ei 315 images i H 130 images

Last modified: Yr Hos 21 2019 Last modified: Gp nos 20 2019

Pix4D User Conference Did you know...
Q Howi to generate the Point Cloud
Classification?

[
=™|  ge partof it on Oct2-3 in Denver,
Colorado

Click New Project. Select a project folder location. Click next

| New Project

This wizard creates a new project.
Choose a name, a directory location and a type for your new project.

Name: lPIX4D

Create In: [E:/TUTORIAL

[:l Use As Default Project Location

Browse...

Project Type
(® New Project
O Project Merged from Existing Projects

< Back Next > Cancel

Help
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Select images to be processed from output\UpdateTags folder. Click next

———— =
[ New Project X

Select Images

° Enough images are selected: press Next to proceed.

205 image(s) selected. Add Images...‘ \Add Directories... | !Add Video... ‘ \Remove Seleched‘ \ Clear List

E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0386.JPG A
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0387.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0388.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0389.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0390.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0391.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0392.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0393.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_03%4.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0395.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0396.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0397.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0398.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0399.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0400.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0401.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0402.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0403.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0404.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0405.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0406.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0407.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0408.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0409.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0410.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0411.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0412.JPG v

Help < Back | | Next > H Cancel
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Software will read precise coordinates of images and accuracy setting automatically. Click Next.

| New Project X
Image Properties

Image Geolocation
Coordinate System

o @ Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
Geolocation and Orientation

° Geolocated Images: 203 out of 203 Clear From EXIF » From File... ’ To File...
Geolocation Accuracy: (O Standard (O Low (@) Custom
Selected Camera Model

© £ LiD-20c_10.3_5472x3648 (0K8TG740120251) (RGB) Edit...
Enabled Image Group ;.:S;Lrl:ee] L[c:irlggi:::]e Alt::l]de ﬁl%crtz"[arrcl)], lt/( :
DJI_0389.JPG groupl 36.52239990 -4.66220570 221.339 0.003 0.006
DJI_0390.JPG groupl 36.52251434 -4.66216040 221.160 0.003 0.006
DJI_0391.JPG groupl 36.52263260 -4.66211557 221.198 0.003 0.006
DJI_0392.JPG groupl 36.52274323 -4.66207075 221.162 0.003 0.006
DJI_0393.JPG groupl 36.52285767 -4.66202545 221.005 0.003 0.006
DJI_0394.JPG groupl 36.52297211 -4.66197968 220.971 0.003 0.006
DJI_0395.JPG groupl 36.52308655 -4.66193438 220.926 0.003 0.006
DJI_0396.JPG group1 36.52320099 -4.66189003 220.824 0.003 0.006
< > ’

Help < Back Next > Cancel

NOTICE. [t is possible to upload coordinates from txt file. Click From File button and select
coordinates.txt file

1t is recommended to check camera settings. Cilck Edit button and check if Linear rolling shutter camera
model is enabled in case if DJI MAVIC 2 PRO was used for survey.
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Select output coordinate system and click Next.

| New Project X
Select Output Coordinate System

Selected Coordinate System

Datum: World Geodetic System 1984
%7 Coordinate System: WGS 84 / UTM zone 30N

Output/GCP Coordinate System

Unit: 'm v

(O Arbitrary Coordinate System [m]

® Auto Detected:  WGS 84 / UTM zone 30N

(O Known Coordinate System [m]

Q

[] advanced Coordinate Options

Help < Back Next > Cancel
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Select type of data processing options. Click Finish.

e e

| Mew Project >
il

Processing Options Template

Standard 3D Models

3D Maps

D Medels Generate a 3D Model from any set of overlapping images.

Ag Multispectral

: Image Acquisition

Rapid

3D Maps - Rapid/Low Res || oblique flight  terrestrial

3D Models - Rapid/Low Res

Ag Modified Camera - Rapid/Low Res Outputs Quality/Reliability

Ag RGB - Rapid/Low Res [@] e
Advanced = v ke

Ag Modified Camera (2) Processing Speed

Ag RGE

Thermal Camera Slow Fast
ThermoMAP Camera

Input Image Recommendations

@ Any images with a high amount of overlap such as images taken
from the ground or oblique aerial images (free flight).

Outputs Generated
3D Mesh Foint Cloud

|:| Start Processing Mow

Help | <Back [ Finish [ Cancel
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3.2 Initial aerial triangulation

As soon as images with precise coordinates were loaded to the project, we can start initial aerial
triangulation. Select initial processing checkbox and start processing.

[ Pix4Dmapper Preview - PIX4D2 - m] s
Process View Map View Help
G O @ @ @ /st v a0
Process View
78
rayCloud
Volumes
Mosaic
Editor
]
Index
Calaulator
cessing ¥ Processing
i 1. Initial Processing [ ] 2. Point Cloud and Mesh  [_] 3. DSM, Orthomosaic and Index
Log Output Current: 0%
'a' Total: 1. 08
Processing. o) o —_—
Options | OutpUt Status... st || Concel || Heb
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3.3. Camera calibration
In order to calibrate focal length of the camera you need at list one GCP.

Click GCP/MTP button.

@@ aoaelea

~ ¥ Create

0

vone |1 B0 | 1| S |B% |
m

Map View =

1 ¥ Layers

rayCloud [~ [ Cameras
Display Properties
Calibrated Cameras

[ Rays
|~ 4 Tie Points
B GCPs / MTPs
= i
Index B
Caladator |
|
E < D
Processing ¥ Processing o
& 1. Initial Processing [ ] 2. Point Cloud and Mesh  [] 3. DSM, Orthomasaic and Index
Log Output  Current: 0%
O ot 7, o
Processin 5
OptionsQupUt Stats... start cancel Help
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Select coordinate system of ground control points and import GCPs. Click OK.

I GCP/MTP Manager X
GCP Coordinate System
@5 Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
GCP/MTP Table
v Import GCPs...
Label T Latitude Longitude Altitude Accuracy Accuracy () =
ype [degree] [degree] [m] Horz [m] Vert [m] Export GCPs...
0 Base 3D GCP 36.52371704 -4.66328492 152.506 0.020 0.020
14 Point1 3D GCP 36.52372766 -4.66311001 148.133 0.020 0.020
0 Point2 3D GCP 36.52377147 -4.66264965 153.482 0.020 0.020
Add Point
0 Point3 3D GCP 36.52340747 -4.66240828 153.772 0.020 0.020
Remove Points
0 Point4 3D GCP 36.52320690 -4.66257781 149.481 0.020 0.020
0 Point5 3D GCP 36.52224430 -4.66288253 138.133 0.020 0.020
v
1/12 GCPs with enough image marks Import Marks... |ExportMarks...
GCP/MTP Editor
In order to compute the 3D position of a GCP/MTP, it needs to be marked on at least two images.
In order to take GCPs into account for georeferencing the project, at least 3 GCPs need to be marked.
Marking GCPs/MTPs after step 1. Initial Processing requires the user to run Process > Reoptimize.
The GCPs/MTP accuracy can be verified in the Quality Report or in the rayCloud Editor.
(Recommgpded) Use.thev rayCloud I;dihor after lii)si?foerzarzirfrﬁgigmsrh:;ufrlniﬁal Processing, or
?:? 1.ana| I_Droce‘:_,s;ng 1s‘gone. This allows a 2) when using non-geolocated images, or
S e 3) when using an arbitrary coordinate system.
rayCloud Editor... Basic Editor...
OK Cancel Help
Change GCPs type to Check point.
I GCP/MTP Manager X
GCP Coordinate System
dfh Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
GCP/MTP Table
< Import GCPs...
Label T Latitude Longitude Altitude Accuracy Accuracy 8 =
ype [degree] [degree] [m] Horz [m] Vert [m] Export GCPs...
0 Base Check Point 36.52371704 -4.66328492 152.506
14 Point1 Check Point 36.52372766 -4.66311001 148,133
0 Point2 Check Point 36.52377147 -4.66264965 153.482
Add Point
0 Point3 Check Point 36.52340747 -4.66240828 153.772
Remove Points
0 Point4 Check Point 36.52320690 -4.66257781 149.481
0 Point5 Check Point 36.52224430 -4.66288253 138.133
v
Import Marks... ExportMarks...
GCP/MTP Editor
In order to compute the 3D position of a GCP/MTP, it needs to be marked on at least two images.
In order to take GCPs into account for georeferencing the project, at least 3 GCPs need to be marked.
Marking GCPs/MTPs after step 1. Initial Processing requires the user to run Process > Reoptimize.
The GCPs/MTP accuracy can be verified in the Quality Report or in the rayCloud Editor.
(Recommended) Use the rayCloud Editor after l:)si?f;esarﬂ:rﬁgigt:g;ulerlniﬁal Processing, or
step 1.Initial Processing is done. This allows a 2) when using nongeolo.cated images, or "
fast and precise point marking. 3) when using an arbitrary coordinate system.
rayCloud Editor... Basic Editor...
OK Cancel Help
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All GCPs will be shown on the map.

PixdDmapper Preview - PIX4D1

Eaveleaanxsles o s n- D

)" Process View Navigation Clipping Point Cloud Editing
o
G
e [T [ 1 50 25
Map View &=
1 ¥ Layers
rayCloud | v ameras
g > Display Properties
= Calibrated Cameras
Volumes Uncalibrated Cameras
5| Disabled Cameras
S [ Rays

Mosaic

GCPs / MTPs
Automatic

Index
Calalator

o < >
ing ¥ Processing x

e 1, Initial Processing [] 2. Point Cloud and Mesh [ 3, DSM, Orthomosaic and Index
Log Output  Current:

o T, ¥ L 08

Processing

Options | OUipUt Status.... Start Cancel Help

Select one GCP, define position of ground control point at each image, change type of GCP to 3D and
setup horizontal accuracy to 50 meters.

[ PixdDmapper Preview - PIX4D1 - a X
Pl copoee aaix @@ & B - -k 71 hason o
/\_/\ ¥ (reate Properties 8 x
= I T
veme || ) [ 1| 0 %) 11 | 22
m - Point 1 (3D GCP)
Hap e == . [
E‘ ¥ Layers Type:  3DGCP i
rayCloud | v [/] Cameras Latitude [degree]: | 36,52372766
= > Display Properties
Longitude [d
B e P k ongitude [degrec]: | 466311001
Volumes Uncalibrated Cameras Altitude [m]: | 148.133

i Disabled Cameras
> [ Rays
i e Points
v GCPs / MTPs.
Display Properties

Horizontal Accuracy [m]: | 50,000

Mosaic Vertical Accuracy [ml: | 0.020

Number of Marked Images: 14
So? [pixell: 14729

i Point 1 (14)
Cadkioy B i e o Theoretical Error 5(X,Y,2) ml: 0.006, 0.006, 0.013
"~ Point3 (0} Maximal Orthogonal Ray Distance D{X,¥,Z) [m]: 0.014, 0.041, 0.011
" Paint4 (0) Error to GCP Initial Posiion []: 0,018, 0.023, -1.062
* Point 5 (0
e EO; Iniial Posifion [m]: - 351099.046, 4043326.425, 148.1:
" Paint7(0) Computed Position m]: 351099028, 4043326.403, 146, 1¢
'+ Point 8 (0)
 Point9 (0) Automatic Marking| | Acsly Cancel Help
" Point 10(0)
" Point 11 (0) —
" Base (1)
utomatic
Paint Clouds Zoom Level

Point Groups
Triangle Meshes
Objects

< >
ing ¥ Processing

N 1. Initiel Processing [ 2. Point Cloud and Mesh  [] 3. DSM, Orthomosaic and Index
Log Output  Current:

Total 1 08
&

Processing

OptonsOutput Stats... start Cancel Help
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Click Reoptimize button. Click Ok on warning messages.

@ ~ [ ~|Undessifed Assign

@ B B

Project

Point Cloud Editing

¥ Create
(8

o (8
m
e

rayCloud [ v ] Cameras
g Display Properties
Calibrated Cameras
Uncalibrated Cameras
Disabled Cameras
> [ Rays
pos Points
GCPs / MTPs
Display Properties
o Point 1 (14)
Point 2 (0)
Point 3 (0)
Point 4 (0)
Point 5 (0)
«

Index
Calcuiator

PixdDmapper

CHE-

Topodrone SA
354.723.874 TVA

Rue du Centre 39, 1637 Charmey, Switzerland

One GCP is not enough for
approximate location.

Warning wh068

 Point 11(0)
" Base (0)
> Autematic
Paint Clouds
Point Groups
Trizngle Meshes
Objects

Flc >

e ¥
srocessing ¥ Processng
1. Initial Processing [ ] 2. Point Cloud and Mesh [ ] 3. DSM, Orthomosaic and Index

)
_ogOutput  Current; e
O o * &4
,
TD‘JST;Z::Q Output Status... Start Cancel Help

it only

+41 797 910 713

info@topodrone.org
www.topodrone.org

&

Properties BX
™ Selection
Point 1 (3D GCP)
tobel: [portr |
Type: |3 GCP -
Latitude [degree]: | 36.52372765
Longitude [degree]: | 466311001
Alftude [ml: | 148.133
Horizontal Accuracy [m]: | 50.000
Vertical Accuracy m]: | 0,020
Number of Marked Images: 14
s ixell: 14729

Theoretical Error S(X,Y,2) [m]:

Maximal Orthogonal Ray Distance D(X,Y,2) [m]
Error to GCP Initial Positon [r]:

Initial Position [m]:

Computed Pasition [m]:

Automatic Marking Apply.

0.006, 0.006, 0.013
0.014, -0.041, 0.011
0.018, 0.023, -1.062
351095.046, 4043326425, 148.1°
351099.028, 4043326.403, 149, 1¢

Cancel Help

Zoom Level

After finishing of reoptimizing process click Image property editor button.

ade| L2 <

Process e Navigation
e ¥ Create
1
vome | TH | B || 1 |62 S0 | 11

+ ] ~|Uncassified

Cloud Editing

Assign

@ Geolocated Images: 203 out of 203

Clear

Geolocation Accuracy: (O Standard (O Low @ Custom

@ £ LiD-20c_10.3_5472x3648 (OKETGT40120251) (RGB)

From EXIF

@ @B Datum: world Geodetic System 1984; Coordinate System: WGS 84

From File... ToFile...

Group
group1
group1
group1
group?

group1

Latitude
[degree]

36.52239990
36.52251434
36.52263260
36.52274323

36.52285767

Longitude Altitude
[degree] [m]

-4.66220570 221.339

-4.66216040 221.160
-4.66211557 221.198
-4.66207075 221.162

-4.66202545 221.005

| Map View =
ln ¥ Layers
Cameras
Rays Image P Ed
e BOTE mage Properties Editor
GCPs / MTPs
Automatic Image Geolocation
Mosaic Coordinate System
E
Triangle Meshes
Obj Geolocation and Orientation
Index
Caleulator
Selected Camera Model
Enabled Image
DJI_0389.0PG
DJI_0390JPG
DJI_0391.JPG
DJI_0392.PG
DJI_0393.JPG
o < >
|Processing ¥ Processing
i) 1. Initial Processing [] 2. Point Cloud and Mesh  [] 3. DSM, Orthomasaic and Index
Log Qutput  Current: 0%
Total 1 ofs
PrOcessing | o put staus. . start Cancel Help

Options
Dismiss
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Click Edit camera model buttons in Image Properties Editor window and in Edit Camera Model window

i C——Y— m
1 r p rties E X
I E : 1 E
‘ .
Image Geolocation
Coordinate System I
° d@» Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
Geolocation and Orientation
" o Geolocated Images: 203 out of 203 Clear From EXIF From File... ToFile...
Geolocation Accuracy: O Standard O Low (@ Custom
Selected Camera Model
° & L1D-20c_10.3_5472x3648 (0K8TG740120251) (RGE) Edit...
—
‘ Latitude Longitude Altitude ~
Enabled Image Group [degree] [degree] [m]
DJI_0389.JPG groupl 36.52239990 -4,66220570 221339 0
DJI_0390.JPG group1 36.52251434 -4.66216040 221.160 0
DJI_0391.JPG group1 36.52263260 -4.66211557 221,198 0
u DJI_0392.)PG group1 36.52274323 -4.66207075 221.162 0
DJI_0393.JPG group1 36.52285767 -4.66202545 221.005 0,
{ L >
i
OK Cancel Help
Crpanuuai
1
- = apQ)
. === TOPO CHRASATARL___

Camera Model
EXIF ID: L1D-20c_10.3_5472x3648 (0K8TG740120251)
Camera Model Name: | &7 L1D-20c_10.3_5472x3648 (OK8TG740120251) v
Remove Edit New
—
Camera Model Bands
Bands: |RGB o Edit...

Camera Model Parameters

Clear Estimate from EXIF  Load Optimized Parameters

Warning: Wrong parameters can cause failure in the reconstruction. Read the Help for more information.

Perspective Lens Fisheye Lens Shutter Model: | Linear Rolling Shutter s
Image Width [pixel]: 5472 Sensor Width [mm]: 12.825
Image Height [pixel]: 3648 Sensor Height [mm]: 8.55
Pixel Size [um]: 2.34375
Focal Length [pixel]: 4324.02 Focal Length [mm]: 10.1344
Principal Point x [pixel]: 2742.25 Principal Point x [mm]: 6.42715
Prindipal Point y [pixel]: 1812.8 Principal Point y [mm]: | 4.24875
Camera Model with Distortions: |5 v

Radial Distortion R1: Tangential Distortion T1: |-0.00176074

Radial Distortion R2: Tangential Distortion T2: |-0.000554806

Radial Distortion R3:

OK Cancel Help

Click Load Optimiezed parameters. Copy Focal Length value for future work.

NOTICE. It is possible to use the calibrated value of focal length for the processing If you don’t change

focus settings for future flights.
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E Edit Camera Model

Camera Model
EXIF ID:

Camera Model Name:

Camera Model Bands

L1D-20c_10.3_5472x3648 (0K8TG740120251)

& L1D-20c_10.3_5472x3648 (0K8TG740120251) v

| SavetoDB | | CancelEdit |

Bands: ‘ RGB

v|| Edt. |

Camera Model Parameters

lclear

| [Estimate from EXIF | Load Optimized Parameters

Warning: Wrong parameters can cause failure in the reconstruction. Read the Help for more information.

(® Perspective Lens O Fisheye Lens

7]

Shutter Model: \Linear Rolling Shutter

O Image Width [pixel]: 5472
Image Height [pixel]: 3648
Focal Length [pixel]: 4320.34
Principal Point x [pixel]: 2743.49
Principal Point y [pixel]: 1808.96

12.825

® Sensor Width [mm]:

Seror et
Pixel Size [um]: 2.34375

Focal Length [mm]: I 10.1258 l
Principal Point x [mm]:  |6.43005

Principal Point y [mm]:  |4.23974

Camera Model with Distortions: v

0.00102062
0.00651764
-0.0047835

1

Radial Distortion R1:
Radial Distortion R2:

Radial Distortion R3:

Tangential Distortion T1: |-0.00170976
Tangential Distortion T2: |-0.000448533
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3.4 Accuracy estimating
Load ground control points. Set up as check points.
Select position of all check points at images to check accuracy.

[ PixdDmapper Preview - PIX4D1

f'/ e e S I O B Wl 4 S o<t @ @ | & B - - [ndesied - Mssgn
= Project Process View Navigaten | Cliping Point Cloud Editing

¥ Create
il

vore | [ | 5] | 1 | G | %] 11
o |

il

Wap View =
T ¥ Layers

rayCloud Cameras
= > [ Rays
v & Tepoins
e GCPs / MTPs
5 > Display Properties
ey Point 1(14)
Editor Point 2 ()
Point 3 (12)
. Point4 (7)
cﬂ‘g;y . Point5 ()
" Point 6 (16)
“. Point7(8)
*. Point8(12)
* Point2(8)
*. Point 10 (4)
. Point11(12)
%, Base (0)
> [ Automatic
> [ Point Clouds
> Point Gro
> [ ] Triangle Meshes
> [ | Objects

o < >
, Processing

i 1. Initial Processing [ 2. Peint Cloud and Mesh [ ] 3. DSM, Orthomosaic and Index
Log Output  Current: 0%
o Total b i)
Pg;;::g Output Status. Start Cancel Help
Reoptimizin Dismiss

Properties 8 %
¥ Selection

Point 11 (Check Point)

Label: | Paint 11

Type: | Check Point )

Latitude [degree]: | 35.52423850

Longitude [degrez]: | -4.56332929

Altitude [m]: | 153.183

Horizontal Accuracy [m]: | n/a
Vertical Accuracy [m]: | n/a
Number of Marked Images: 12
5 [pixel]: 0.8302
Theoretical Error S(X,¥,2) [m]: 0.004, 0.004, 0.010
Maximal Orthogonal Ray Distance D(X,Y,2) [m]: -0.011, 0.035, 0.005
Error to GCP Initial Position [m]:  -0.006, -0.025, 0,04
Initial Position [m]:  351080,391, 4043383436, 153
Computed Position [m]: 351080.397, 4043383.461, 153

Automatic Marking Apply Cancel Help

Image Size  Zoom Level

flol sl g 2@ x
.
| DJL0504PG |
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Go to Processing option. Select None for Internal Parameters Optimization. Click Ok.
Click Reoptimize.
'L =
BaBeaanxs@es on s n - EE————— A0
b i Properties a
vore [T B0 =] o[B8 11 [0 ey
o Point 11 (Check Point)
Map View - £ Processing Options Label: | Point 11
. General  Matching  Calbraton Ty (E 2
rayCloud [ Cameras = . T » Lattude [degree]: | 36.52423350
Volumes v [ GCPs / MTTPs © i Altitude ml: | 153,183
S st %) Htemeet Ariracy ey b
4~ Paint2(8) O 2 o Clatel nd Mech Vertical Acaracy [l nja
[ " Peint3(12) Calbration Nurber of Marked Images: 12
=i l;ﬂf::‘:’, ®) Calbration Method | Standard S [oell: 0.8302
3 P::méziﬁj O ;S;M Qubomor i Camera Optimizaton Thearetical Error S(x,Y,Z) [m]: 0,004, 0.004, 0.010

Paint 7 (8)
4 “~ Point8(12)
A “v Point9(8)

- Paint 10 (4)
“ Paint 11 (12)
[ "~ Base (D)

Resources and Notifications

Current Options: No Template

Internal Parsmeters Optimization: [None ¥

Extemal Parameters Optmizaton: | all

Rematch
® Automatc
O custom

Rematch

Pre-Processing

Note: ths apbon & avaiable only with Pamot Bebop mages.
Automatic Sky Masking

Export

] Camera Tntemals and Extermals, AAT, BE4

] Undistorted Images

Load Terplate , | Save Template .| Manape Templates..

Madmal O thogonal Ray Distance DOX,Y,2) [r]:
Errar to GCP Initial Position [m]:

-0.011, 0.035, 0.005
-0.008, -0.025, -0.046

[ Advanced
< >

o
Processing ¥ Processing

& [ 1. Iniial Processing  [[] 2. Point Cloud and Mesh [ 3. 05M, Orthomosaic and Index
LogOutput  Current: 0%

O ol 1 o
Frocessing Start Cancel Help

Optons | QutputStatus...

Reoptimizin Dismiss

Irvtal Position fml:  351080.391, 4043383.436, 153
Computed Position [m]: 351080.397, 4043383,961, 153
Automatic Marking Apply Cancel Help
¥ Images
. ) ImageSa=  Zoom Level 1
& E]j’:"‘z,l l@.@?&
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After finishing optimization process go to Process Menu, click Generate quality report.

Data processing report will be generated. Go to Geolocation Details to estimate accuracy of the project.

" Quality Report - PIX4D1 X
/u\ Da @ : @ Online Support
[CE TE] [CE TR [CE TR E e e (R E e U Ce e I (R
Mean 0.120 0.128 0.004 0.016 0.008 0.005 0.004 0.005 0.010 -
Sigma 0.073 0.074 0.001 0.004 0.002 0.002 0.001 0.001 0.002
Geolocation Details (i
® Ground Control Points o
1 out of 12 check points have been labeled as inaccurate.
Check Point Name Accuracy XY/Z [m] Error X [m] ErrorY [m] Error Z [m] Projection Error [pixel] Verified/Marked
Point 1 -0.004 -0.031 -0.012 1.494 14/14
Point2 -0.004 -0.046 -0.005 1.091 8/8
Point 3 0.011 -0.044 -0.003 0.706 12712
Point 4 0.003 0.001 -0.025 0.777 717
Point5 0.015 0.040 -0.040 0.791 8/8
Point 6 0.031 0.079 -0.010 0.485 16/16
Point7 0.026 0.064 -0.037 1.135 8/8
Point 8 0.030 0.028 0.030 0.635 12/12
Point9 0.020 0.019 -0.037 0503 8/8
Point 10 0.020 -0.019 -0.084 0916 4/4
Point 11 -0.006 -0.027 -0.046 0.808 12/12
Mean [m] 0.012876 0.005672 -0.024386
Sigma [m] 0.013208 0.041314 0.028233
RMS Error [m] 0.018446 0.041701 0.037306

Localisation accuracy per GCP and mean errors in the three coordinate directions. The last column counts the number of calibrated images where the GCP has
been automatically verified vs. manually marked.

@ Absolute Geolocation Variance (i ]

Min Errar Iml Mav Errar Iml Ranlaratinn Errar ¥ 1041 Ranlaratinn Errar V 1041 Ranlaratinn Errar 7 1041

Display Automatically after Processing Close
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4. PHOTOGRAMMETRY PROCESSING IN AGISOFT METASHAPE SOFTWARE
4.1 Creating project, photos alignment

The following process should be performed in Agisoft Metashape. Add photos to the project

. Untited — Agisoft Metashape Profssions!
Model Bhoto Qtho Tocks Help
c@-A-S X H QA [EHN -0 - BRI - &

8 x| Mode  ortho

- 8 x

Save Chunks...
X Remove Chunks

Process

Export

Import & AddFrames...
Remove.

Set Primary Channel...

) Project Current Tosk Status Progress

Viorkspace  Reference Photos | Consdle | Jobs
Load additional photos

Import positions from file coordinates.txt. Go to Reference. Click Import button, select coordinates.txt
file from folder with photos

A Unfitied” — Agisoft Metashape Professional
Fle Edit View Worflow Model Photo Orho Tools Help

DB 9 (Bo-B-a-A-2 (X7 QQ & [ERH -0 ¢ BiEE - =
e - - - & X Mededl  Ortho
E R 0EEEH %

€ Import Reference jgitude Latitude Alttude (m)  Accuracy (m)  Eror (m) Yaw (A
][] 010386 0.000000 0.000000 0000000 10.000000 O 1e
[ [] 010387 0.000000 0000000 0000000 10000000 Oz
1) ps0see  0.000000 0000000 0000000 10000000 O e
B [ pioses -ass2102 36522441 111.000000 10.000000 O
21 [ pioaso -ag62146 36522557 110.800000 10.000000 O e
71 [E] Dio3o1 -ag62103 26522667 110900000 10000000 [mRH
71 [E] piossz  -4.662057 36522783 111.000000 10000000 [mRH
71 [E] pi039s -as62012 36522897 110:900000 10.000000 [mRH
21 [ piosss -ags1366 36523013 110900000 10000000 [mRH
1 [E piosss -ass1s21 36523120 111.000000 10000000 [aR]
2 [E] pio3o6  -461876 3652324 111.000000 10.000000 [NRH
71 [£] Di0207 -ags1831 36523360 110:900000 10.000000 [NRH
71 [E) piosse  -a661789 36523469 110.900000 10.000000 [mRH
i~ ] D) 0399 -4661741 36523591 110.800000 10000000 My
Markers Longitue Latitude Alttude (m)  Accuracy (m)  Error (m) Projecti
Total Error

Control points
Check points

< >

Scale Bars Distance (m) ~ Accuracy (m)  Error (m)
Total Error

Control scale

Check scaleb,

H

OR IR K"

Project Current Task Status Progress

"

Workspace | Reference Photos | Console  Jobs
Import reference data from file
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Select WGS 84 coordinate system, setup columns order 1,3,2,4, click Accuracy checkbox, select field 5,

click OK
% A Import CSV X
% Coordinate System
] WGS 84 (EPSG::4326) v
] Rotation angles: ’Yaw, Pitch, Roll v I
é'l [ 1anore labels Threshold (m): 0.1
% Delimiter Columns
] @Tab Label: [ Accuracy [] Rotation [] Accuracy
g | O Semicolon Longitude: |3 @I |5 @I Yaw: 5 s 9 e
r Comma
O Latitude: |2 (s B Pitch: 6 ] [s :
O space
O oter: Attude: [+ [2][s E Roll: 7 s =
[[] combine consecutive delimiters L] Enabled flag: 10 hd
Startimport at row: Items:
First 20 lines preview:
Label Latitude Longitude Altitude Location Accuracy ()
Name Latitude Longitude Altitude Accuracy
DJI_0386.PG  36.523661137 -4.663068715 147.68380052109 0.010
DJI_0387.JPG  36.5221056845317 -4.66232114533... 221.010430292536 0.010
DJI_0388.JPG  36.5222860844363 -4.66225057902... 221.377707372442 0.010
DJI_0389.JPG  36.5224010804326 -4.66220581866... 221.241127832579 0.010
DJI_0390.JPG  36.5225160334709 -4.66216066346... 221.062872597887 0.010
] DJI_0391.JPG  36.5226306035956 -4.66211540151... 221.099880851059 0.010
DJI_0392.JPG  36.5227431767471 -4.66207096454... 221.062823904092 0.010
DJI_0393.JPG  36.5228566580435 -4.6620256512539 220.907277145259 0.010
DJI_0394.JPG  36.5229732876239 -4.66197984568... 220.872190284877 0.010
DJI_0395.JPG  36.523087691569 -4.66193455852... 220.827558862932 0.010
DJI 0396.JPG _36.523202581569 -4.66189007052... 220.726049222775 0.010 N

Accurate X,Y,Z coordinates and accuracy values will appear in Reference window

Ad Untitled* — Agisoft Metashape Professional

File

Edit View Workiow Model Photo Ortho Tools

iEeEcli-Boe-A-2lxaAq ¢IERI-4 -

Reference

L oK

| Cancel |

B0 &®

Comeras Longitude Latitude Atitude(m)  Accuracy (m)  Error (m)
[ [ piosss -4663069 36523661 147.683801 0010000
O pioser -4662321 36522106 221010430 0010000
[ piosss -4662251 36522286 221377707 0010000
21 [ piosss -4662206 36522401 221241128 0010000
[ & piosso -4662161 36522516 221062673 0010000
HE oo -ag62115 36.522631 221099881 0010000
FI & prosee -46620m 36.522743 2210602824 0010000
(3 Doz 4662026 36522857 220807277 0010000
[ (3 piosea 4661960 36522073 220672120 0010000
[ [5 piosos 4661935 36523088 220827559 0010000
[ [5 i 0306 4661300 36523203 220726040 0010000
I [3 0397 661845 36523317 220660024 0010000
[ (5 oioass 4661201 36523420 220651363 0010000
2 & b0 -4661756 36523547 220630120 0.010000
2 [ piosoo -4661710 36.523663 220616684 0.010000
2 & piosor -4661667 36523774 220.541786 0.010000
4 & piosoz -4661622 36.523880 220482374 0.010000
4 [ pios3 -4661577 36.524006 220452367 0.010000
4 [ piosos -2661531 36524121 220363231 0.010000
4 [ Di.0d05  -4.661485 36524237 220383164 0.010000
4 (& D)0406  -4.661440 36524348 220413248 0.010000
4 [ Dioso7  -4661395 36.524464 220518589 0.010000
4 & Diioss -4.661411 36.524540 220.546595 0.010000
1 [ piosws -a661743 36524520 221.079240 0010000
& & piosio -2661815 36524342 21433613 0010000
& piosn -4661860 36524230 221.548504 0010000
[ piosiz -4661905 36524116 221.649030 0010000
[ pioais 4661951 36523999 221.649187 0010000
1 [ piosia -4661996 36523886 221783187 0010000
TS e e i Ep o
Markers Longitude Latitude Atitude(m)  Accuracy (m)  Error (m)
Total Error
Control point:
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.Go to Tools, click Camera calibration and input calibrated parameter for focal length 10.4777, select
fixed F parameter

N Camera Calibration

i&

O X
L1D-20c (10.26mm) | Camer type: (Frame 7]
397 images, 5472x3648 pive size (mm): [0.00241071 | x [0.00241071 |
Focal length (mm): |10.4777 I
[] Enable rolling shutter compensation [ Film camera with fiducial marks
Inital  Adjusted  Bands  GPS/INS Offset
-
ox: |0 |
£ [4396.30519 | ev: [o |
ki: [o | pr: [0 |
k2: |0 | p2: |0 |
k3: [0 | b1: [0 |
ka: [0 | b2: [0 |
Fixed parameters: None ‘ Select... ‘
Image-variant parameters: None ‘ Select... ‘
W Fixed Parameters X
ngth Date & time A
Farameters 2019:09:27 16:50:54
[ checkall 2019:09:27 16:52:09
2019:00:27 16:52:12
Oovey 2019:09:27 16:52:14
Okt Op1 2019:09:27 16:52:16
mie u: meosz7 16500
Uis Ub1 2019:09:27 16:52:22
Ok Ob2 2019:09:27 16:52:24
2019:00:27 16:52:26
' Lok 0100027165228,

[ o || concel |

Go to Workflow and click Align Photos for aerial triangulations

\d Untitled* — Agisoft Metashape Professional

File Edit View Workflow Model Photo Ortho Tools Help

,QE,H, ) @ Add Photos...

Reference

5 Add Folder...

B /R

L BuildDense Cloud.

o Xt @& ¢ B

Cameras Altitude (m) Accuracy (m)  Error (m)  ~
O 01038 - pyidesh 147683801 0.010000
OFonee -+ p e 221010430 0.010000
O onoses - 21377707 0.010000
O Dnosgg . EuldTiedModel 21241128 0010000
F & onoeo -+ BuidDEM 221062873 0.010000
M@ 01091+ Build Orthomosaic. 221009881 0.010000
DIO3R 221062824 0.010000
@ E onoes 4 Align Chunk.. 20007277 0.010000
FE o109 ~  MegeChunks, 220872190 0.010000
& & onoses - 220827559 0.010000
o [ Dnosss 4 Batch Process. 220726049 0.010000
2 & onoss7 -45661845 36523317 220660024 0.010000
1 & pnosse -4s61601 36.523429 220651363 0010000
[ & pnosse -4661756 36.523547 220630120 0010000
[ [E onoao 461710 36523662 220516684 0.010000
[ [ onoaor 461667 36523774 220541786 0.010000
2[5 onose 4661622 36502888 220482374 0.010000
B [E piows 1661577 36.524006 220452367 0.010000
o & pnosoa 4861531 36524121 220363231 0.010000
1[5 piow0s 4661485 36.524237 220383164 0.010000
B [E piows -4661440 36.524348 220413248 0.010000
1[5 Dios07 4561395 36.524464 220518589 0.010000
4 & pnoss 4561411 36.524540 220.546595 0.010000
A & Dn.oa0s -45661743 36524520 221079240 0.010000
& pnosi0 -4561815 36524342 221433813 0.010000
4 & oot -4661860 36524230 221548594 0.010000
& onosiz -4661905 36524116 221649030 0.010000
M [E] puoss 4661951 36523999 221649187 0010000
DS ouona -asewes  eszws  anmne 00 g
et 2 Lo S R
Markers Longitude Latitude Altitude (m)  Accuracy (m)  Error (m)
Total Error
Contral points
Check points
< >
Scale Bars Distance (m)  Accuracy (m)  Error (m) Photos 8 x
Total Error @O X |2 /% &[0 -
Control scale ...
Check scaleb...
Workspace  Reference Photos  Console Jobs
Align cameras. 1K=
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After finishing aerial triangulation go to Reference, click "Optimize Camera Alignment" and click on Fit

additional corrections check box. Click OK

A4 Untitled® — Agisoft Metashape Professional
File Edit View Workflow Model Photo Ortho Tools Help
EeE 9 [Fl-B-#-A-2 (X7 QQ & [5BHE-©- & - EPNE -2

Reference B8 % Model  oOrtho

EETE P YE %
Cameras f iptimize Cameras pde Altitude (m) Accuracy (m) Error (m) "
D DJI_0386  -4.663060 36.523661 147.683801 0.010000
D DNI_0387 -4.662321 36.522106 221.010430 0.010000 0.569024
(] DJI_0388  -4.662251 36522286 21.377707 0.010000 0399187
=} DJI0389  -4.662206 36.522401 221241128 0.010000 0.186210
=} DJI_0390 -4.662161 36522516 221.062873 0.010000 0.164876
DN_0391  -4.662115 36.522631 221.099881 0.010000 0.166503
%} DNI_0392  -4.662071 36.522743 221.062824 0.010000 0.192130
%} DN_0393  -4.662026 36.522857 220907277 0.010000 0207152
%} DJI03%4  -4.661980 36.522973 220872190 0.010000 0.181908
DN0395 -4.661935 36.523088 220827559 0.010000 0176223
B | DN_0396 -4.661890 36.523203 220,726049 0.010000 0178380
E : DNI0397  -4.661845 36323317 220.660024 0.010000 0164861
E E DJI03%8 -4.661801 36.323429 220651363 0.010000 0151996
DJI03%9 -4.661756 36.523547 220.630120 0.010000 0121709
DJI_0400 -4.661710 36.523663 220.616684 0.010000 0110712
DJI_0401  -4.661667 36.523774 220541786 0.010000 0.109408
DJI0402 -4.661622 36.523889 220482374 0.010000 0.085244
DJI0403  -4.661577 36.524006 220452367 0.010000 0.078990
DJI_0404  -4.661531 36.52121 220363231 0.010000 0.079932
DJI0405 -4.661485 36.524237 220383164 0.010000 0103448
DJI0406  -4.661440 36.524348 220413248 0.010000 0.106550
DJI0407  -4.661395 36.524464 220.518589 0.010000 0.095995
DJI_0408 -4.661411 36.524540 220.546595 0.010000 0125446
DII0409 -4.661743 36.524520 221.079240 0.010000 0.081089
DIO410  -4.661815 36.524342 221433813 0.010000 0055707
DIO411  -4.661860 36.524230 221.548394 0.010000 0.044055
-4.661905 36.524116 221.649030 0.010000 0118924

4661951 36523989 221640187 0.010000 0112539
4661996 2836

Markers Longitude Latitude Altitude (m) Aceuracy (m)  Error (m)

Control points
Check points

< >
Scale Bars Distance (m)  Accuracy (m)  Error (m) Photos. 8 x
Total Error @O X2/t BT -
Control scale ...
Check scale b,
Workspace  Reference Photos  Console Jobs
Optimize camera alignment 1K=

b Optimize Camera Alignment

General

Fit f M Fitex, cy
[ Fitk1 ] Fitp1
] Fitk2 M Fitp2
[ Fitk3 [JFitb1
[ Fitks [JFitb2

El Fit additional corrections

Advanced

[] adaptive camera model fitting
[] Estimate tie point covariance

. ok || Cancel
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4.2 Accuracy estimating
After finishing aerial triangulation go to Reference, click "Import" and load GCP.txt file

Use the following settings and click OK

A Untitled® — Agisoft al
File Edit View Workflow Model Photo Ortho Tools Help

Bl 9 [BE-B-é-A~-@ X QQ |88+ - € - & - BB E &

pe Profe:

Reference 8 X Model  Ortho

=] 0 EEBH K

Cameras Longitude Latitude Altitude (m) ~ Accuracy (m)  Error (m) A

[ [ D1 0386 -4.663069 36.523661 147.683801 0.010000

[ (%] pin_o387 -4.662321 36522106 221010430 0.010000 0.164313

[ =] pino3es -4.662251 36.522286 221377707 0.010000 0.062559

[ [2] D1_0389 -4.662206 36,522401 221241128 0.010000 0.060017 \d Import CSV

[ [E] D1 o390 -4.662161 36522516 221.062873 0.010000 0.043913

1 [E] pi0391 -a662115 36522631 221099881 0.010000 0033234 Coordnate System

[ [®] Din0392 -4.662071 36522743 221.062824 0.010000 0.045026

& [=] pn_0393 -4.662026 36.522857 220907277 0.010000 0037136 |wes 84 (EpsG::4326)

[ [E] D1 0394 -2.661980 36522073 220872190 0.010000 0042318 Rotation angles: Yaw, Pitch, Roll

[ [E] D1_0395 -4.661935 36,523088 220827559 0.010000 0.034353

o [E 010396 -4661890 36523203 220726049 0010000 0.038136 D tgnore abels Threshold (m):

[ [2] 010397 -a.661845 36523317 220,660024 0.010000 0041734 T e —

[ [E] D1 0398 -4.661801 36523429 220651363 0.010000 0.046186

[ [E] D1_0399 -4.661756 36523547 220630120 0.010000 0.056318 OTab

[ [®] Di_o400 -4.661710 36.523663 220616684 0.010000 0.048853 @® Semicolon

[ [2] Din_0401 -4.661667 36523774 220541786 0.010000 0.036907 @

1[5 b0z -a661622 36.523889 220482374 0.010000 0.031036

[ [E] Di_0403 -4.661577 36.524006 220452367 0.010000 0.035799 ®czn

[ [2] D404 -4.661531 36524121 220363231 0.010000 0.036229 O other:

[ [2] D1_0405 -4.661485 36,524237 220383164 0.010000 0.047895 [ e

[ [E] D1i_0406 -4.661440 36.524348 220413248 0.010000 0.039974

[ [E] Di_0407 -2.661395 36.524464 220518589 0.010000 0.056265 Startimport at row:

[ [2] D408 -4.661411 36.524540 220.546595 0.010000 0.107954 )

& [E] D10409 -4.661743 36.524520 221.079240 0.010000 0.047091 e P e

M [ onoa10 -2661815 36524342 221433813 0.010000 0024034 Label Longitude Latitude Altitude

[ [E] pi_o411 -4.661860 36,524230 221548504 0.010000 0.024499 name longitude latitude elevation

[ [#] D412 -4.661905 36524116 221649030 0.010000 0.014767 Point 1 -4.663110006  36.52372766 1481333512

o [2] D413 -4.661951 36523999 221649187 0.010000 0.022033 Point 2 -4.662649647 3652377147 153.4818

M [ onons -466199 36.523886 221743187 0.010000 0020826 Point 3 -4.662408277  36.52340747 1537719672

2 Auneee L rnas - Faamn SSpves ~ nennnn PO ¢ Point 4 4662577812 365232069 149.4809714

< Point 5 4662882520 365222443 138.1332341

Markers Longitude Latitude Altitude (m) Accuracy (m)  Error (m) Point& -4663660449 3652234334 1238044143

Total Error Point 7 -4.663964677  36.52287468 140.5192487

Control points Point 8 4664343052 3652318291 1327402509

p ;

Check points Point 9 -4663987151 365241323 144.5694333
Point 10 -4.663450245  36.5244935 157.8480623
Point 11 -4.663329295 365242385 1531832755

OK Cancel
< >

Click «Yes to All» button. GCPs will be shown at Model window.

w4 Agisoft Metashape

Can't find match for 'BASE' entry. Create new marker?

[ Yes | YestoAl || No || NotoAl |

Select locations of each GCP on photos and look at accuracy report
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File Edit View Workflow Model Photo Ortho Tools Help

DEE 9 Bi-B-¢-A-2 XH Q4+ [E

BrRuEEEH &

Hg - & - & - EFRRE - &

B X Model Ortho D073

long.ew(m)  Lat.er (m) Al err (m) Accuracy (m)  Error(m) A
E 0.010000
[ D067 -0041647 0141913 0071578 0.010000 0164313
[ oiosss 0.003762 0034277 0052197 0.010000 0062559
& oioses -00213%8 -0.009866 0055198 0.010000 0060017
DIL03%0  -0.007101 -0.004299 0043121 0.010000 0043913
[ oioze1 000731 0004527 0032103 0.010000 0033234
[ oiossz -o0nase 0018870 0039130 0.010000 0045026
[ o303 0010790 0011093 -0.033757 0.010000 0037136
DI 0304 -0.003366 0011403 -0.030885 0.010000 0042318
DII030S 0013154 0.006048 0031154 0.010000 0034353
DI 0306 -0.024837 0013695 -0.025493 0.010000 0038136
DI 0307 0022538 0028106 -0.021066 0.010000 0074
DI 0308 -0.021571 0036727 -0.017859 0.010000 0045186
DIL0309  -0.010481 0046275 -0.031257 0.010000 0056818
DI040 -0.008525 0035707 0032233 0.010000 0048853
DILO40T  -0.012964 0007915 -0.03363 0.010000 0036907
DILO402 0013503 0017014 -0.022168 0.010000 0031036
0003292 0015113 0032285 0.010000 0035790 ¥
>
ers long.em(m)  Lat.er (m) Al err (m) Accuracy (m)  Error m)
0005000
0020751 0009341 -0.002620 0005000 0022907
0.002236 -0.006212 -0.002281 0005000 0006986
-0.004677 0017604 -0.025207 0005000 0031099
0.002501 0008115 -0.008682 0005000 0010805
0001971 0013253 -0.027664 0005000 0030738
0033238 0012153 0016319 0005000 0038071
-0.026095 -0.009947 0017565 0005000 0032001
-0013a13 0028366 0010123 0.005000 0033401
-0.008357 0016478 -0.015122 0.005000 0023914
0014143 0005331 0008472 0.005000 0017327
0.004201 -0.007407 0019909 0.005000 0021653
nts 0.015727 0013856 0016049 0026399
< >
cal Distance err (m)  Accuracy(m)  Error (m)

Photos.
@OX A M0 EE-
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Workspace  Reference

Markersn

M % Base
M % point 1
% point 2
% point 3
M % point4
M % point 5
% point 6
% point 7
M % point 8
M % point 9
% point 10
% point 11
Total Error
Control points
Check points

Long. err (m)

-0.020751
0.002236
-0.004677
0.002501
0.001971
-0.033238
-0.026095
-0.013413
-0.008357
-0.014143
0.004201

0.015727

Ph

Lat. err (m)

0.009341
-0.006212
0.017604
0.008115
0.013253
0.012153
-0.009947
0.028866
-0.016478
0.005331
-0.007407

0.013856

Alt. err (m)

-0.002620
-0.002281
-0.025207
-0.006682
-0.027664
-0.016319
0.017565
0.010123
-0.015182
0.008472
0.019909

0.016049

o 8%
ot Console  Jobs
s

Accuracy (m) Error (m)

0.005000

0.005000 0.022907
0.005000 0.006986
0.005000 0.031099
0.005000 0.010805
0.005000 0.030738
0.005000 0.038971
0.005000 0.032991
0.005000 0.033401
0.005000 0.023914
0.005000 0.017327
0.005000 0.021653

0.026399
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4.3. Camera calibration

To calibrate camera focal length, load images, import accurate coordinates of photos, perform phots
alignment (don’t fix F parameter) and import GCPs. Define position of markers on each photo. Select 2-3
markers

A4 Untitled* — Agisoft Metashape Professional -
File Edit View Workflow Model Phote Orthe Tools Help
DR FE-B-e-A-g X 1@aQ ¢ [BHE- e & @

B X| mMode Ortho  DI_073 [

A0 BEEH R

Long.er(m)  Lat. err (m) Al e (m) Accuracy(m)  Emor(m) A
0010000
DIL03ET  -0026491 -0.140581 0067730 0010000 0158278
DIL03B8 0.004914 -0.033859 0051734 0010000 0062075
DIL0369 -0.020821 -0.009848 0054605 0010000 0059299
DILO390 0006955 -0.004222 0042359 0010000 0043134
DIL039T 0007343 0004620 0031484 0010000 0032658
DIL032 0012016 0018252 0038520 0.010000 0042541
DIL0203 -0011020 0010964 0032949 0.010000 0036132
DI04 0008586 0011218 0039016 0010000 0041522
DIL039S 0013250 0.006064 0030248 0010000 0033614
DIIL0396 -0025063 0013915 0024486 0010000 0037704
DIL039T 0022734 0026284 -0020028 0010000 0041448
DIL039E 0021778 0036670 0016831 0010000 0045851
DIL0399 0010628 0046132 0030221 0010000 0056164
DI040 0008658 0035641 0031218 0010000 0.048164
DIL0201 0013010 0007934 0032576 0010000 0035964
DIL0A02 0013483 0016306 0021124 0010000 0030230
DIl 02030003212 0014908 0031224 0.010000 003749 ¥
>
Markers Long.er(m)  Lat. err (m) Al e (m) Accuracy (m)  Emror (m)
[ P Base 0.005000
O P point 1 -0022903 0010367 0103338 0005000 0.106354
O P point2  0.002971 -0.007214 0093960 0005000 009283
[ P point3  -0.003%05 0019446 0050995 0005000 0054717

0008536
0007855

[ % point 6 0001130
O % point & o015 00a2508 0144289 0005000 0148702
O % points  -0.008162 -0.018195 0088839 0005000 0091145
O P point 10 -0015743 0005856 0107375 0005000 0108681
O point 11 0004024 -0.007899 0138764 0005000 0139048
Total Error

Control points  0.026438 0005612 0037476 004784

Check points  0.014883 0015784 011173 0113818

< >

Scale Bars Distance err (m)  Accuracy (m)  Error (m) [Phatos. 8%
ol QOX AL BEEHE-

Check scaleb. e

Reference Phows | Console  Jobs
(1]
Click Optimize camera Alignment, use the following settings and click OK
= X

N Untitled’ isoft Metashape Professional
File Edit View Workflow Model Photo Ortho Tools Help
DA e [Hi-B-e-A-2 XH QQ -+ EEE- -6 - EERE- &

8 X model  ortho  DI_0739

EEE &
Long. e (m)  Lat.err (m) Al e (m) Accuracy (m)  Emor(m) A
O & oioses 0.010000
O [ onose7 -0026491 -0.140581 0067730 0.010000 0158278
] -0033859 0051734 0010000 0062075 M8 S camem Aloment
%] -0.003848 -0.034605 0.010000 0059299 —
] 0004222 0042359 0.010000 0043134
0.004620 -0.031434 0.010000 0032658 B Aten oy
= 0018862 -0.038520 0.010000 0.044541 MFitp1
& 0010964 032949 0010000 0036432 Hrep2
=] 0011318 039016 0.010000 o152
0.006054 030248 0010000 0033614 M e
5} 0013915 0024436 0.010000 0037704 [ ritke [reb2
= 0.028284 0020028 0.010000 0041248 i e
= 0036670 0016631 0.010000 0045851
0046122 0030221 0.010000 0056164 Advanced
=] 0035641 0031218 0.010000 0048164 T Aot cones s i ey
= L 0007634 0032576 0.010000 0035964
21 [E Dioa2 -0013483 0016906 0021124 0.010000 0030230 [ ks e poti s
1 [ Dyl 0403 0003212 0014908 0031224 0.010000 0034749 ¥ s =
< : > [ ] o |
Markers Long. e (m) Lt err (m) Al e (m) Accuracy (m)  Error (m)
O ¥ Base 0.005000
0022903 0010387 0103338 0.005000 0106354
0.002971 -0007214 0093960 0.005000 0094283
0003905 0019445 0050995 0005000 0054717
0.00319 0:008586 0093348 0.005000 0093796
0000117 0.007855 0035598 0.005000 0036454
0040231 0001130 0039265 0.005000 0056228
0029160 0012084 0148456 0005000 0151775
0015369 0032506 0144289 0005000 0148702
-0009162 0018185 0028839 0005000 0091145
0015743 0005856 0107375 0005000 0.108681
0.004044 0007299 0136764 0.005000 0139048
Control points 0028448 0.005612 0037476 0047384
Check points 0014323 0015784 0111733 0113819
< >
Scale Bars Distanceer (m)  Accuracy (m)  Error (m) Photas 8 x
Toasd Force; @0 X2 4t | 8D e~
Control scale =
Check scale b,
Workspace | Reference Photos  Console  Jobs
0=
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After finishing aerial triangulation, go to Tools, click Camera calibration. Select adjusted and Save

button.

vl o o ess
File Edit View Workflow Model Photo Ortho Tools Help
B R B-e-A-Q X 7IQQ G [EBHE - &~ - EFRINE S
Reference 8 X Model oOrtho D073
BEEE B270BEEE &
Camerss Long.err(m)  Lat. err (m) Al ere (m) Aecuracy (m)  Error (m)
O [ on_oes 0.010000
0[5 onozs7 0026505 -0.140283 0086733 0.010000 0157607
0006341 ~0.033470 -0.050343 0.010000 0060789 ) Camoe St oo
002072 -0.009451 0053487 0.010000 0056012
-0.006401 -0.003874 0041446 0.010000 0042116 i L1D-20¢ (1026mm) | Camera type: Frame &
-0.006811 0004988 -0.030563 0.010000 0031707 397 images, S472x3649 iy size )z [0.00241071 ] x [0.00231071 ]
0011404 0010239 0037700 0.010000 0043003 i = ]
0010335 0011506 0032347 0.010000 0035912
-0.008105 0011240 -0.038541 0.010000 0041125 (] Enable roling shutter compensation (] Film camera with fiducial marks
0012897 0006532 -0.029356 0.010000 0033181 Iital | Adisted | Bands | GPS/IN Offet
0024502 0014297 -0.024207 0.010000 0037358
0022382 0026755 0019827 0.010000 0041434
0021487 0037230 -0.016666 0.010000 0046103
0010432 0046749 0030112 0.010000 0056578 o
-0.008479 0036138 0031126 0.010000 0048443 £ [43.0217 | o [.726% |
0012891 0008200 0032521 0.010000 0035954 i o | v |
0013419 0017208 0021069 0.010000 0030384
1 [E] it 0403 -0.003172 0015319 -0.021180 0.010000 0034385 ¥ 2 [0.0s55217 | »2: [o.000s08ss5 |
= = k3: [0.0803235 Jbx: [o |
Markers Long.err(m)  Lat.err (m) Al ere (m) Accuracy (m)  Error (m) ] iz b ]
O Base 0.005000
O point1  -0021857 0010099 0034887 0.005000 0042379
O poit2 0004134 -0.007261 0030923 0.005000 0032032 P
O point3  -0002417 0019413 -0011290 0.005000 0022587 2
O point4 0004907 0008365 0027014 0.005000 0028702
I Point5 0004228 0010356 -0003440 0005000 0011739 Resolution Camera model  Focal length S
[% point6  -0.032634 0005783 0.003553 0005000 0033322 S i 50 o
O M Point7  -0.027690 -0.014250 0071740 0.005000 0078207 Sa723848 11D-20¢ 1026
O points  -0.015019 0030468 0059761 0.005000 0068740 SaT2x3648 L1D-20c 1026
) |p1i Point9  -0.008976 -0.018374 0016590 0.005000 0026332 723648 11D-20¢ 1026
O point 10 -0.015201 0.006065 0048050 0.005000 0050788 4723648 11D-20¢ 1026
O Point 11 0.004604 -0.007862 0075111 0.005000 0075667 SaT2x3648 L1D-20¢ 1026
Hotal Error 5472x3648 L1D-20c 1026
Control points 0023313 0008387 0.003497 0025021 s T 30 Tie
Check points 0014347 0015525 0047110 0051635 Sy L5 30 a5t
473648 L1D-20c 1026
“ = 4723648 L1D-20c 1026 M100027 165228,
< > Concel
Scale Bars Distance err (m)  Accuracy (m)  Error (m) os
Total Error PIEVA: G b
Control scale ... 5
Check scale b, ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ

Workspace | Reference Photos  Console  Jobs

Select Info Camera Calibration format and save

Data (D SPAIN > ATYGES

+ R

Ynopagounts ¥

_PROJECT

Hogas nanka

.sync Wma

I CKpyHLLOTE! . calibration.txt
M 3707 komnbroTEp B coordinates.txt
Bugeo
E JokymeHTbI
3arpyskun
B Vizo6paxenua
Mysbika
f Ob6bemHbie 06w
) Pabouwnii cton
#= Windows
= Data (|
= Data 2 (E:)

Wma daiina: | calibration.txt

Tun ¢aiina: | Inpho Camera Calibration (*.txt)

A Ckpoim

file.

IMAGES

[ata nsmeHeHna

12,01

2.01

202

2020
.2020

Output

010:1

9:25

Metashape

Tun

-

3 TexcToBbIN A0KY

TexcToBbIi AOKYM...

CoxpaHuTe
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Open txt file and copy focal length value

$CAMERA
$TYPE : L1D-20c_(10.26mm)
$DATE : 11:09:31 12/01/2020
$BRAND : Custom
$KIND : CCDFrame
$CCD_INTERIOR_ORIENTATION :

412.893 -0 2580.68
0.0000000000 -414.547 1817.54

$CCD_COLUMNS : 5472
$CCD_ROWS : 3648
$PIXEL_REFERENCE : CenterToplLeft
$FOCAL_LENGTH : 10.4717

$PRINCIPAL_POINT_PPA : ©.000000 0.000000
$DISTORTION_TYPE : Polynomial
$RADIAL_COEFFS :
0 -1.53934e-05
-7.31114e-10 2}
$DECENTRE_COEFFS :
-0.00140953
$GPS_ANTENNA_OFFSET : ©.000000 0.000000
$CAMERA_MOUNT_ROTATION : ©.000000

2.44127e-05

-2.12222e-06

2}

Topodrone SA

CHE-354.723.874 TVA

Rue du Centre 39, 1637 Charmey, Switzerland
+41 797 910 713

info@topodrone.org

www.topodrone.org

8.19425e-08

NOTICE. It is possible to use the calibrated value of focal length for the processing If you don’t change

focus settings for future flights.
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4.4. Aerial triangulation accuracy improvement. Tie points filtering

In order to increase an accuracy of your model, we would suggest to filter tie points using Gradual
Selection tool. Open Model menu, click Gradual Selection.

A4 tutorial pex — Agisoft Metashape Professional - X
File Edit View Workilow Model Photo Ottho Tools Help
EEE 9« Navigation B @ Q o {8815 - @ ~ B - | 180 - [ROI | - &
e Rectangle Selection 8% Model  ortho
B su @ Circle Selection
Camerss Longitude - _Free-Form Selection ) Accuacy(m)  Eror(m) i
B fron 11]
[ [ Dn03gs -4663069 Gradual Selection.. 0.010000 o
O E onose7 466321 o popoiny 0.010000 0223383
s 0.010000 0007273
4g62206 | 7 DrawPoline 0.010000 0053564
[ onosso -ase2is1  (F DrawPolygon 0.010000 0039861
[ pnoso1 4662115 & Ruler 0.010000 0026507
4 (& pnossz  -4662071 0.010000 0034955
[ 00393 4662026 i O 0.010000 0027755
0394 -4661960 TansformRegion > 0.010000 0035786
0395 4661935 0.010000 0031605
= 10 -4.661890 ‘Show/Hide itemns 17 0.010000 0.027855
& [ ono307 -s661845 View Mode » 0.010000 0.030068
1[5 ooz ass1801 Diedieed Vias i 0.010000 0026758
1 %) D1 0390 4661756 e 0.010000 0030630 ¥
% avigation Mode ¥ 5
Markers Longitude Latitude Aitude (m)  Accuracy(m)  Emor(m) A
OB Base  -a563285 36523717 152.506339 0.005000
OB point1  -4563110 36523728 148133351 0.005000 0.156675
O point2  -4562650 36523771 153481800 0.005000 07124139
OB point3  -4s62408 36.523407 153771967 0.005000 01233%
O point4  -4g62578 36.523207 149480971 0.005000 0124691
[0 points 4662883 36522244 138133234 0.005000 0131905
O points 4663660 36522344 123804414 0.005000 0168450
O M point7  -4566395 36522875 140519249 0.005000 0.180046 Photos. B
O points  -4564341 36523183 132740251 0.005000 0184113 @9 X%/ 8B
O Point9  -45663987 36524132 144560433 0.005000 0158314 ~
O point 10 -4663459 36.524403 157.848062 0.005000 0144611
O point 11 -4.663320 36524239 153183276 0.005000 0200531
Total Error
Control ooints i
< >
Scale Bars Distance (m)  Accuracy (m)  Error (m) D11 0386 D11 0387 D11 0388 D11 0389 0110390 0110391 010392 0110393 0110394 0110395 DIL03%6
Total Error
Control scale ...
Checkscaleb..
D11 0297 D11 0208 D11 0209 D11 0200 0110401 010402 DI10403 DIL0404 0110405 DI10406 0110407
D11 0208 D11 0209 Di1_0210 o021 010412 D1L0413 DIL0414 DIL0415 DIL0416 DIL0417 DIL0418
v
Workspace  Reference Photos  Console Jobs
Select faces/points based on specified criterion 1)

w4 Gradual Selection

Criterion: ’ Reprojection error

Level: |0.35

3.5

0.0

|

Cancel }
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Go to Edit menu and delete selected points

A4 tutorial.psx” — Agisoft Metashape Professional =
Eile | Edit  View Workflow Model Photo Ortho Tools Help

B9 undo az [@-A~@ (X H(QQ o |[EEH - @~ 5|
Refere @ Redo. cuty | 8% Model  ortho
Invert Selection ®
Camd  Grow Selection igma Al sigma Accuracy (m)  Error (m) .
OE Shrink Selection 0.010000 o)
O e 1220 0001459 0.010000 0223383
OE w03 0001330 0.010000 0097273
MEX  Delete Selection 426 0001217 0.010000 0055564
B 4 Crop Selection 426 0001222 0.010000 0039861
b 390 0001138 0.010000 0026507
2 & onossz 0002515 0002379 0001162 0.010000 0034955
[ [ pnosss 0002456 0002340 0001082 0010000 0027755
1 [ onosea 0002459 0002334 0001070 0.010000 0035786
[ [E pnosss 0002445 0002307 0001045 0.010000 0031605
[ [E ono3s6 0002402 0002281 0001028 0.010000 0027655
1[5 pio3o7 0002384 0002251 0.001007 0.010000 0030068
1[5 onose 0o027s 0002206 0.000973 0.010000 0026758
1 %] Dji 0399 0.002408 0002136 0.000949 0.010000 0030830 ¥
< 5
Markers Long.sigma  Lat.sigma Al sigma Accuracy (m)  Error (m) A
O Base 0.005000
O point1 0000715 0000702 0003982 0.005000 0156675
O R point2 0.000803 0000771 0004010 0.005000 0124139
O point3 0000817 0000761 0.003816 0.005000 0123390
O point4 0000800 0000774 0.003994 0.005000 0124801
O points 0001106 0001218 0.002672 0.005000 0131905
O Points 0001261 0001464 0005556 0.005000 0168460
O Point7 0000811 0000335 0002451 0.005000 0180045 e L
O points 0001081 0000918 0004829 0.005000 0184113 @OX %/ BT
O point9 0000870 0000228 0004207 0.005000 0158314 ~
O M point 10 0000740 0000200 0003524 0.005000 0144611 N
O ¥ Point 11 0000758 0000776 0003831 0.005000 0200531 - e
Total Error
Control ooints 2
< >
Seale Bars Distance sigma (r Accuracy (m)  Error (m) DII_0386 DII_0387 Dil_0388 Dil_0380 DIL0390 Dao3o1 DIL0392 010393 010304 010395 0110396
Total Error
Control scale ...
Check scaleb.
D11 0397 D11 0398 D11 0390 D11_0300 0110401 010402 0110403 DI10404 0110405 DI10406 0310407
D11 0208 110209 110210 o021 10412 10413 Du 0414 010415 010416 ou 0417 Da 0418
.
Workspace  Reference Photos  Console Jobs
Delete selected faces/points 1)

Click "Optimize Camera Alignment"

A tutorial.psx” — Agisoft Metashape Professional = X
File Edt View Workflow Model Bhoto Ortho Tools Help

EoE9c [[i-B-o-A-9 X7 QA & [EFH-©- B~ DIEE - =

Reference 8 X Moddl  ortho
EEE BEEELEE

Cameras Long.sigma  Lat.sigma Alt.sigma Accuracy (m)  Erior (m) <
O [ o086 0.010000 o
[ & ono3e7 0005188 0004220 0001458 0.010000 0223383
O E 01038 000459 0004403 0001330 0.010000 0097273 W8 Opimies Camera A ey
4 [ pioses 0002511 0002426 0001217 0.010000 0055564 —
[ onoso0 ooo2s40 0002426 0001222 0.010000 0039861
1 & pnosor ooo2s40 0002390 0001188 0.010000 0026507 M Ftex o
M & ooz 0002515 0002379 0001162 0.010000 0034955 M ftpr
[ [E pnoss3 o256 0002340 0001082 0.010000 0027755 e
[ [E pnosss 0002450 0002334 0001070 0.010000 0035736
& & onoss 0002445 0002307 0.001045 0.010000 0.031605 Oriter
[ [ D136 0.002402 0002281 0001028 0.010000 0027655 O Fitb2
o [E pio3o7 0002384 0002251 0001007 0.010000 0030068
1[5 onosss 0002375 0002206 0.000973 0.010000 0026758
1 [E] D) 0399 0.002408 0002136 0.000949 0.010000 0030630 Advanced
= = [ Adaptive camera model fitting
Markers Long.sigma  Lat.sigma Al sigma Accuracy (m)  Error (m] A W ey
m] II: Base 0.005000
OB point1 0000715 0000702 0.003982 0.005000 0156675 Cancel
O B point2 0000803 0000771 0.002010 0.005000 0124139 =
O point3 0000817 0000761 0003816 0.005000 0123390
O [ point4 0000800 0000774 0.003904 0.005000 0124601
O M point5 0001106 oom318 0004672 0.005000 0131905
O Points 0001261 0001464 0005556 0.005000 0168460 1
O point7 0000811 0000335 0002451 0.005000 0180045 e L
O points 0001081 0000918 0004829 0.005000 0184113
O B points 0000870 0000828 0004207 0.005000 0158314 oy
O B roint 10 0.000740 0000800 0003524 0.005000 0144611
OB point 11 0.000758 0000776 0003831 0.005000 0200531
Total Error

Control points i
< >
Scale Bars Distance sigma (r Accuracy (m) Error (m) DJI_0336 DJI_0387 DJI_0388 DJI_0329 DJI_0390 DJI_0391 DJI_0302 DJI_0303 DJI_03%4 DJI_0395 DJI_0396
Total Error

Control scale ...

Check scaleb.

D11 0397 D11 0398 110399 D11_0300 0110401 010402 DI10403 DIL0404 DI10405 010406 0310407
D11 0408 D11_0409 oil_0410 oil_0a11 oI_0412 DIL0413 DI 0414 DI 0415 DIL0416 DIL0417 DIL0418 N

Workspace | Reference Photos | Comsole  Jobs

Check accuracy and repeat described above steps until Reprojection error reach 0.65-0.35 value.
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If photos acquisition was made with a low shutter speed or high flight speed we would suggest to remove

rolling shutter distortion.

Open Tools, Camera Calibration

A MAVIC psx™ — Agisaft Metashape Professional - x
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Setup camera calibration parameters. E-]

Enable rolling shutter compensation. Reoptimize cameras. Check accuracy.

W Camera Calibration

L1D-20c (10.26mm) | Camera type:
309 images, 5472« Pixel size (mm):

Focal length (mm):

[V Enable roling shutter compensation
—_—

a X
[Frame -]
[0.00241071 | x [0.00241071 |
[10.5008 |

[] Film camera with fiducial marks

Initial

Type:

Adjusted

Bands

GPS/INS Offset

£ [4355.80444

ki: [o

k2: IO

k3: lO

ka: [0

Fixed parameters: f ‘ Select... ‘

Image-variant parameters: None ‘ Select... ‘

Camera label Resolution Camera model  Focal length Date & time Shutt: A
DJI_0001 3472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.032
DJI_0002 5472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.052
DJI_0003 5472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.018
DJI_0004 3472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.037
DJI_0006 5472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.015
DJI_0007 5472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.033
DJI_0008 3472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.038
DJI_0009 5472x3648 L1D-20c 10.26 2019:11:05 14:41... -0.021
DJI_0010 5472x3648 L1D-20c 10.26 -0.023

DJI_0011 5472x3648 L1D-20c 10.26
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