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1. Drone preparation
1.1 First steps before work

DIJI Phantom 4 Pro Topodrone PPK — is a ready-to-fly geodetic survey solution based on DJI Phantom
4 Pro drone. It is strongly recommended to learn the DJI P4P manual first, you can find it on the official
web-site: https://www.dji.com/ru/phantom-4-pro/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 our company.

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 the drone has been in a public use. Always check your DJI Phantom 4
Pro Topodrone PPK before large orders and far business trips.

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

3. Exploring. Before moving to the working area, explore locality in
an on-line geo-service like DJI GEO, AirMap, and PilotHub, to
provide yourself with more knowledge about the 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 DJI Go 4' App set all parameters for comfort flying in a manual mode:

1. Distance limit — “turn off” value is recommended

2. Maximum Flight Altitude — 500 meters® value is recommended

3. Return to home altitude — 100 meters or higher value is recommended. Anyway, it can be
changed during the mission planning in other apps.

4. RC MODE settings — set the axes of your sticks, value 2 is strongly recommended

5. EXP tuning — allows you to control your drone more accurately, 0.10 value is recommended

6. RC signal lost — an action that drone will make in case of RC signal loss. Value “Return to
home” is recommended

7. Low battery warning — set at the minimum, 30% value is recommended?

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

NOTICE 2. In some countries the maximum allowed flight altitude for UAVs is 120 meters. Setting 500
meters value in maximum flight altitude menu makes your drone follow the terrain, flying higher than
120 meters with respect to the altitude of home point, but not to the terrain.

NOTICE 3. If the area of photographing is located far from you (more than 1 km), increase this value up
to 40%

NOTICE 4. Camera settings are described in the paragraph 1.3 of this manual.
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As the basic model, on DJI Phantom 4 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,
the accelerometer and the compass of your drone make two rotations in different axes. After that, the drone
makes an adjustment between the values of each sensor. To perform correct CC, follow the next steps:

1.

2.

(98]

10.

11

12.

CC is performed directly before the first flight at an open outdoor area. Making CC indoor is

useless.
Remove the gimbal holder.

Turn on the drone and the RC, insert the mobile device.
Make sure that there are no large metal constructions or
magnetic fields in 50 meters range.

Turn your 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 front left side of RC, rapidly move the slider to S
and T positions not less than 4 times.

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

Put the RC in the left arm and take the drone with your right

arm. Hold drone from the top under the battery or like on the

photo. Do not change the orientation of the drone!

. Rotate your drone to the left side (counter-clock wise) in 380

degrees (a bit more than 1 turn). Stop when the rear LEDs
will change their color from solid yellow to solid green.
Change the orientation of your drone, turning it in 90 degrees
in a longitudinal axis.

Rotate the drone to the left side (counter-clock wise) in 380
degrees (a bit more than 1 turn). Stop when the rear LEDs
will change their color from solid green to blinking green.

. After using the 5a way entering CC mode, turn the Flight

Mode slider to P (central position). This is especially
important!
Compass calibration now is complete.

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 notices that you have failed, the compass calibration (rear
LEDs blinking red rapidly) — recalibrate the compass at another place

nearby.

Notice 1: no magnetic or ferromagnetic objects on the pilot’s body
are allowed. For example: massive jewelry, metal inserts or magnets on
the back plate 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 increases flight stability of the drone during the flight. But compass error can appear
even after absolutely correct calibration. It is usually caused by different external interferences such as
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 the focus of your DJI Phantom 4
Pro PPK camera and set optimal image settings. It is recommended to use the next order.

1.

You should determine your 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 varies from 60 to 12 meters.

Set correct image ratio. Go to the image menu, tap the second
tab. Use the Image Ratio 3:2 value, it allows to use all surface [EE3
area of camera’s matrix. Do not use 16:9 Ratio! Check other
values of this menu — all defaults.

Image Ratio

Image Format

White Balance

Lift off the drone to the working altitude and move the gimbal to
90 degrees (nadir). Ensure that the focusing method now is in the
AF value. Then tap the center of the screen to let the camera K& None >
focus at the surface. After that change the focusing method in the
MF value - manual focus scale will appear. Do not touch it! Now your drone’s camera is focused
at the selected height value. It will not change in the future.

Style [ione)

Now it is time to set the best camera settings. All parameters are set auto as default. In this case,
your drone will change image brightness and smoothness during the flight. But this method is
bad for triangulation image processing: the 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 use mechanical shutter, so images will be distorted.

Also using values upper than 1/1600 will not let writing GNSS marks correctly!

Aperture

Shutter

Shutter
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1.4. IMU calibration and settings

IMU calibration is needed very rarely. However, -
some things can affect the sensor states: falls and ﬁ
bumps, temperature changes and long stand by time. .
Because of using the additional module upper the shell & ‘ =
of DJI Phantom 4 Pro PPK, the process of IMU a .
calibration is not the same as the default. To calibrate . (,n ,f
IMU you need to do next: ; ;
1. Remove the props from the motors if needed -"1— ;s _
2. Remove the gimbal holder and turn on the drone % __/"/
and the remote controller
3. Prepare two tables, standing close to each other,
or another flat surface with a hall: the horizon should be aligned with the bubble level
4. Start the IMU calibration process and make steps 1-5 as they are.
At the step 6 place the drone head over heels. Use the edge of two tables to make this step.
Place your drone like at the photo below

9]

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

GNSS module is located in front of the drone in a special plastic shell. The receiver body has three
holes in a row. The state of the receiver is shown by a single led. The signal led is located in the middle.

Iy

1. Dual frequency (L1/L2) antenna
2. Signal LED. Indicates power supply, GNSS state, Error.
3. Micro-SD slot.

LED State Description

Blinks green/red Satellite search mode

Solid green The signal from the satellites is received

Blinks green Flash card write mode (each interrupt means 4 KB of data is written)
Solid red Micro-SD card error

4. GNSS cable, it should be plugged, do not touch it.

Each time the receiver is turned on, a new .ubx file is created in the folder with the date of the DD-
mm-yy format and the name of the HH-mm-ss format. It is important that the time is recorded in UTC,
and the file is created only after the GNSS receives the satellite signal.

It is forbidden to insert or remove the memory card "on hot". This process should only be
performed when the power is turned off. It is allowed to use cards with a maximum capacity of 64 GB.

The standard configuration of the receiver is to record a UBX file with a frequency of 10 Hz and
receive GPS and GLONASS satellites at L1 and L2 frequencies.
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2. GNSS DATA POST PROCESSING AND IMAGES GEOTAGGING
2.1 Data preparation
e Remove the SD card with images from your drone and copy photos to your computer.

¢ Divide the whole image dataset into separate flights and store photos from each mission in separate
folders. For example, Flight 1, Flight 2 etc.

NOTICE. Do not delete any images.

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

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

e Measure 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 - *
Logs: Open log file
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’
Elevation {meters) - I:I
5. Base antenna height: 0,000 5 meters
6. Rover antenna offset:
Height - 0.00 | meters
Offset forward /backward - 000 5| meters
Offset left /right - 0.00 5 meters
7. Outpuit folder:
Processing steps:
1.
2.
1 Start
Advanced settings
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Step 2. Select a folder with photos
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™ TopoSetter 2.0 - X

Logs:
1. Path to the photos from the rover: 26.11.2019 13.50:16: Read metadata from photos...

|E:\TUTOHI.P¢L\FLIGHT‘I | 26.11.2019 13:50:26: Done!
. Path 1o the ubx file from the rover 26.11.201% 13:50:26: Found 357 photos

3 Specify the path to the base station data file:

4. Base coordinates:
Latitude - I:I degree
Longitude - I:I dearee
Elevation (meters) - l:l

5. Base antenna height: 0.000 3 meters

Open log file

6. Rover antenna offset:

Height - 000 F meters
(ffset forward/backward - 000 = meters
Offset left/nght - 000 [+ meters
7. Output folder:
EMNTUTORIALNFLIGHT 1°Outy
Processing steps:
1 Data conversion
2. GNSS data postprocessing
) ) Start
3 Images matching and geotegging
Advanced settings Stop
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Step 3. Select a UBX file from a drone

= TopoSetter 2.0 — X
Logs: Open log file

1. Path to the photos from the rover-
° os from Ihe o 26.11.2019 13:50:16: Read metadata from photos...
[EATUTORIALVFLIGHT 1 = 26.11.2019 13:50:26: Done!

2 Path to the ubx file from the rover 26.11.2019 13:50:26: Found 357 photos

EATUTORIALNROVERY19-09-2714-40-32 ubx am
S T T T apB__—

3 Specify the path to the base station data file:

4. Base coordinates:
I Degree d'rn's'l
S —

o [ e
L R

5. Base antenna height - 0.000 = meters

6. Rover antenna offset:

Height - 0.00 3 meters
(Offset forward /backward - 000 & meters
Offset left fight - 000 5 meters

7. Output folder:

Processing steps:
1. Data conversicn
2. GNSS data postprocessing
) ) Start
3 Images matching and gectegging
Advanced settings Stop
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Step 4. Select a Rinex or UBX file from the base station

= TopoSetter 2.0 — X
1. Path to the photos from the Logs: Open log file
- Path to ti t T
° 0 from the fover- 26.11.2019 13.50-16: Read metadata from photos. .
[EATUTORIALVFLIGHT 1 |- 26.11.2013 13:50:26: Done!
2. Path to the ubx file from the rover 26.11.2015 13:50:26: Found 357 photos
[EATUTORIAL\ROVER\13-09-27\14-40-32.ubx || ||

3 Specify the path to the base station data file:
[EATUTORIAL\BASE \raw_201909271437 uibx |

4. Base coordinates:
lattude- [ | degree
Longitude - l:l e
Elevation {meters) - l:l

5. Base antenna height: 0.000 15| meters

6. Rover antenna offset -

Height - 000 |3 meters
Offset forward/backward - 000 | meters
Offset leftright - 0.00 | meters

7. Output folder:

EATUTORIALNFLIGHT 1\Output

Processing steps:
1. Data cenversien
2. GNSS data postprocessing
) ) Start
3 Images matching and geoctegging
Advanced settings Stop
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Step 5. Impute coordinates of the base station in WGS 84. Define antenna offset for the drone.

= TopoSetter 2.0

1. Path to the photos from the rover:

| EATUTORIALNWFLIGHT 1

2. Path to the ubx file from the rover:

| EATUTORIALNROVERY19-09-27414-40-32 ubx

3.5pecify the path to the base station data file:

| EATUTORIALNBASE raw_201505271437.ubx

4. Base coordinates:

Degree d'm’s”

Latitude - 36.523717043 | degree

Longitude - -4 663284915 degres
Blevation (meters) - 152.6403

5. Base antenna height: 0.000 15| meters

6. Rover antenna offset:

Height - 007 |4 meters
Cffset forward/backward - 002 |2 melers
Offset left/right - 000 [ meters
7. Output folder:
EATUTORIALAFLIGHT 1\Output
Processing steps:

Advanced settings

Start

- x
Logs: Open log file
26.11.2015 13:50:16: Read metadata from photos...
26.11.2019 13:50:26: Done!
26.11.2015 13:50:26: Found 357 photos

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 to
increasing of the data processing time. To save the list of coordinates check Save text file check box. Select
the format of the text file Pix4D or Metashape.

Click Save button.

Logs: Open log file

1. Path to the photos f the p
° 0s from the fover- 26.11.2019 13:50:16: Read metadata from photos ..
|E:\TUTOHIAL\FLIGHT 1 | 26.11.2019 13:50:26: Done!
2 Path to the ubx file from the rover 26.11.2015 13:50:26: Found 357 photos
[E\TUTORIAL\ROVER\15-03-27\14-40-32 ubx | it
3 Specify the path to the base station data file:
[E:\TUTORIAL\BASE raw_201305271437 b |
4. Base coordinates:
Degree  d'm's”
Latitude - 36523717043 | degree
Longitude - 2663284315 | degres = TopoSetter 2.0; Advanced settings X
Elevation (meters) - 152 6403 [] Display utility windows GLONASS satelites
5. Base antenna height - 0.000 [ meters Bum exif Satelite mask angle: 13 3| degree
6. Rover antenna offset - Save text file Format text file:
Height - 007 =] meters @ PI¥4D (O Metashape
(ffset forward/backward - 002 | meters Save
Offset left/right - 000 Bimeters I —————

7. Output folder-
EATUTORIALVFLIGHT 1°\Output

Processing steps:

Advanced settings

NOTICE. To look at data processing progress check Display utility windows option.

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

File Coordinates.txt is stored in the PIX4D or Metashape folder.
Photos with updated EXIF tags are stored in the UpdateTags folder.

Files with .pos extension are the results of the GNSS data postprocessing.

B riuo

l UpdateTags

I 12-40-32.pos
B 14-40-32.pos.stat
B 14-40-32_events.pos

NOTICE. The coordinate system is WGS84.
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After the processing finishes, the following buttons will appear.

= TepoSetter 20

1. Path to the photos from the rover:

| EANTUTORIALNVFLIGHT 1

2. Path to the ubx file frem the rever:

| EATUTORIALAROVERNW19-09-2714-40-32 ubx

3 Specify the path to the base station data file:

| EMNTUTORIALNBASE raw_20150:9271437 ubx

Degree d'm’s”

7. Output folder:

4. Base coordinates:

Latitude - 36.523717043 | degree
Longitude - -4663284915 | degree
Elevation (meters) - 152 6403
5. Base antenna height - 0.000 5| meters
6. Rover antenna offset:
Height - 0.07 15 meters
(Offset forward/backward - 002 | meters
Cffset left/right - 0.00 =] meters

| EMNTUTORIALNFLIGHT 17\Output

1
24
3.4

Advanced settings

NOTICE.

Click

To check the quality of GNSS data postprocessing click

Processing steps:

Start

— x

Logs: COpen log file

26.11.201%5 13:50:16: Read metadata from photos...
26.11.2019 13:50:26: Done!

26.11.2019 13:50:26: Found 397 photos

26.11.2015 14:07.06: Convert rover raw data logto RINEX....
26.11.2019 14:07.26: Cancel operation....

26.11.2019 14:07:26:
26.11.2015 14:07:26: The work is completed!
26.11.2019 14:07:26:
26.11.2015 14:07:32: Convert rover raw data logto RINEX ...

26.11.2019 14:08:03: EATUTORIALNROVERN19-09-2714-40-32 obs

26.11.2019 14:08:03: EATUTORIALNROVERN19-09-2714-40-32 nav

26.11.2019 14:08:03: Done!

26.11.2019 14:08.03: Convert base raw data log to RINEX....

26.11.2015 14:08:11: EATUTORIAL\BASE \raw_201508271437.0bs

26.11.2019 14:08:11: Done!

26.11.2015 14:08:11: Calculate output position solutions....

26.11.2015 14:16:25: EATUTORIALVFLIGHT 1%0utput’14-40-32_events pos

26.11.2019 14:16:25: Done!

26112015 14:16:25: Parsing output posttion solutions....

2611 2015 14:16:25: Output posttion solutions contains 357 rows

26.11.2019 14:16:25: Done!

26.11.2019 14:16:25: Compare the coordinates of events pos with the photo...

26.11 2015 14:16:25: The number of photos matches the number of photos. We do not use time of
26.11.2015 14:16:25: In the photo Exposure//SpeedX/Spped'Y tags are not complete, we do not ta
26.11.2019 14:16:25: The work is completed!

26.11.2019 14:16:25:
26.11.2019 14:16:25: Done!

26112015 14:16:25: Number of shots: 357 pc.

26.11.2019 14:16:25: Number of coondinates: 397 pc.

26.11.2019 14:16:25: Successfully combined: 3597 pc.

26.11.2019 14:16:25: Generate a coordinate file in PIX4D format....

26.11.2019 14:16:25: File created: EANTUTORIALVFLIGHT 17\Output'\P1X4D0\coordinates tx
26.11.2019 14:16:25: Done!

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

button in front of output results.
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On the map you can see the results of the GNSS data postprocessing.
Green points of photos events stand for Fixed solution

Yellow points — Float solution
Red points — Single solution

¥ EATUTORIAL\FLIGHT 1\Output\14-40-32_events.pos

File Edit View Windows Help
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NOTICE.

1. Path to the photos from the rover:

26.11.2019 13:50:16: Read met

|E.\TUTOH\AL\FLIGHT 1

| 26112013 1350:26: Done!

2_Path to the ubx file from the rover:

26.11.2019 13:50:26: Found 39
26.11.2019 14:07:06: Convert n

| EATUTORIALNROVERN18-09-2714-40-32 ubx

26.11.2019 14:07:26: Cancel of

3.Specify the path to the base station data file:

26.11.2019 14:07:26:
26.11.2019 14:07:26: The work

| EATUTORIAL\BASE \vaw_201909271437.ubx

& 26.11.2019 14:07:26:
‘ 26.11.2019 14:07:32: Convert r

4_ Base coordinates:

Degree  d'm’s”

Latitude - 36.523717043 | degree
Longitude - -4 663284515 | degree
Elevation {meters) - 152.6403
5. Base antenna height: 0.000 |3 meters
6. Rover antenna offset:
Height - 007 |5 meters
Offset forward/backward - 002 3 meters
Offsetlef/ight - 000 meters

7. Output folder-

26.11.2019 14:08:03: EATUTO
26.11.2019 14:08:03: EATUTO
26.11.2019 14:08:03: Done!
26.11.2019 14:08:03: Conwert b
26.11.2019 14:08:11: EATUTO
26.11.2019 14:08:11: Done!
26.11.2019 14:08:11: Calculate
26.11.2019 14:16:25: EATUTO
26.11.2019 14:16:25: Done!
26.11.2019 14:16:25:

26.11.2019 14:18:25: The numt
26.11.2019 14:16:25: In the phe
26.11.2019 14:16:25: The work
26.11.2019 14:16:25;
26.11.2019 14:16:25: Done!

26.11.2019 14:16:25: Number o
26.11.2019 14:16:25: Number o
26.11.2019 14:16:25: Successf
26.11.2019 14:16:25: Generate
26.11.2019 14:16:25: File creats
26.11.2019 14:16:25: Done!

26.11.2019 14:16:25: White cale

| EATUTORIALVFLIGHT 1\Output

Processing steps:
1
2
3

Advanced settings

Start

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

were not collected at the same time.

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

GLONASS satellite system 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.

B PaiOmappes Preview
| 0
Hame
_ Help Demo Project
I—\ MNew Project... »  Open Project...
+_)  Follow the wizard to crecte a new ] oven on austing progect.
Projedt wath your own defaset.
PIX4D.pdd QATAR.p4d
427 magos 176 g
Last mockect: BY e 28 2010 Lt mocktied: B st 24 2017
test2.pdd . testl.pdd
ES..... 1. e
Last modifed: Wr uoa 21 2018 Last mogkted: p woa 20 2015
— Pix4D User Conference Did you know...
=% 5o port of i 0n Ot 23 in Demer, How o gernerate the Pont Clowd
Colorade. Cassficen?
s o

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

[ New Project X

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

Name:  [PDX4D

Create In: |E:,|’TUTORIAL Browse...

[] Use As Default Project Location

Project Type
@ Mew Project
(O) Project Merged from Existing Projects

Help < Back MNext = Cancel
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Select images to be processed from output\UpdateTags folder. Click next

E—— e | R S

Mew Project x

Select Images

o Enough images are selected: press Mext to proceed,

205 image(s) selected. Add Images... | |Add Directories...| | Add Video... | |Remove Selected Clear List

E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0386.JPG ~
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0387.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0388.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0380.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0380.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0391.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0392.IPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0393.JPG
E:/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0384.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0395.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0396.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_03597.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0393.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0399.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0400.PG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0401.JPG
E/TUTORIAL/FLIGHT 1/Qutput/UpdateTags/DJI_402IPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0403.PG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0404.0PG
E/TUTORIAL/FLIGHT 1/Qutput/UpdateTags/DJI_405.)PG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0406.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0407.JPG
E/TUTORIAL/FLIGHT 1/Qutput/UpdateTags/DJI_0408.JPG
E/TUTORIAL/FLIGHT 1/Cutput/UpdateTags/DJI_0409.JPG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/DJI_0410.PG
E/TUTORIAL/FLIGHT 1/Output/UpdateTags/TJI_0411.JPG
E/TUTORIAL/FLIGHT 1/0utput/UpdateTags/DJI_0412IPG v

Help < Back Mext = Cancel
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Software will read the precise coordinates of the images and the accuracy settings automatically.

Click Next.
——— e
Mew Project >
Image Properties

Image Geolocation
Coordinate System

o % 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... To File...
Geolocation Accuracy: () standard () Low (® Custom
Selected Camera Model

© # L1D-20c_10.3_5472x3648 (OKBTG740120251) (RGE) Edit...
crabled Image Group tude - Longitude - Altude Acuser A
DJ_0389.JPG group 36.52239930 -4.66220570 221.339 0.003 0.006
DJI_0390.JPG group1 36.52251434 -4.66216040 221.160 0.003 0.006
DJ_0391.JPG group] 36.52263260 -4.66211557 221.198 0.003 0.006
DJ_0392.JPG group 36.52274323 -4.66207075 221.162 0.003 0.006
DJ_0393.JPG group1 36.52285767 -4.66202545 221.005 0.003 0.006
DJ_0394.0PG group 36.52297211 -4.66197968 220,971 0.003 0.006
DJ_0395.JPG group] 36.52308655 -4.66193438 220.926 0.003 0.006
DJ_0396.JPG group] 36.52320099 -4.66189003 220.824 0.003 0.006
< > Y

Help < Back Mext = Cancel

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

coordinates.txt file

It is recommended to check the camera settings. Click Edit button and check if the Linear rolling shutter
camera model is enabled if you have used a DJI MAVIC 2 PRO for survey.
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Select an output coordinate system and click Next.

Topodrone SA
CHE-354.723.874 TVA

Rue du Centre 39, 1637 Charmey, Switzerland
+41797 910 713

info@topodrone.org
www.topodrone.org

| MNew Project

Select Output Coordinate System

Selected Coordinate System

FF Datum: World Geodetic System 1984
w7 Coordinate System: WGS 84 / LUTM zone 300

Qutput/GCP Coordinate System

Unit: 'm =

() Arbitrary Coordinate System [m]

(@) Auto Detected:  WGS 84/ UTM zone 30N

() Known Coordinate System [m]

Q

[] advanced Coordinate Options

Help

< Back Mext = Cancel
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Select a type of data processing options. Click Finish.

Topodrone SA
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| Mew Project

Processing Options Template

Ag Multispectral

ThermoMAP Camera

Outputs Generated
3D Mesh

Standard 3D Models
3D Maps
3D Models Generate a 30 Model from any set of overlapping images.

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 [@
Advanced = v High
Ag Modified Camera () Processing Spe,ed
Ag RGE ﬂ CEEEEEE——
Thermal Camera Slow Fast

Input Image Recommendations

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

Foint Cloud

|:| Start Processing Now

Help

< Back Finish Cancel
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3.2 Initial aerial triangulation

Once the images with precise coordinates are loaded to the project, we can start the initial aerial
triangulation. Select the initial processing checkbox and start processing.

I Pix4Dmapper Preview - PIX4D2 — a *
Project Process Wiew MapView Help

E @ 4 B S 0 F @ O |t v &ﬁ

Project Process View

=28
rayCloud
Volumes

(58

Mosaic
Editor

Index
Caleulator

Lmu— ¥ Processing e

1. Initial Processing (] 2. Paint Cloud and Mesh [] 3. DSM, Orthomosaic and Index

=3
|
Log Output Current: 0%
0 Total: 1. o8
Processing
Options Output Status... Start Cancel Help
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3.3. Camera calibration
In order to calibrate the focal length of the camera you need at least one GCP.

Click GCP/MTP button.

@eooe aa:

¥ Create

e iEEEIEREE
m

Map View =
T Loyvers
rayCloud [+ [ Cameras
| Display Properties
Calibrated Cameras
|
|
posai |
B |
== |
Index
Calaulator
< e

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

.
o0

Log Output  Current: 0%
C} Total: 1 o8

o

E‘SE?;‘? Output Status. . Start Cancel Help

Page 22 from 42



% TOPODRONE

_Am. FFORDABLE ACCURACY

Topodrone SA

CHE-354.723.874 TVA
Rue du Centre 39, 1637 Charmey, Switzerland

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

Select the coordinate system of ground control points and import GCPs. Click OK.

GCP/MTP Manager x
GCP Coordinate System
dfF  Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
GCP/MTP Table
~ Import GCPs...
Label Tvpe Latitude Longitude Altitude Accuracy Accuracy K E
yp [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 148133 0.020 0.020
0 Point2 3D GCP 36.32377147 -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 Pointd 3D GCP 36.52320690 -4.66257781 149.481 0.020 0.020
0 Point3 3D GCP 36.52224430 -4.66288253 138133 0.020 0.020
]
1/12 GCPs with enough image marks Import Marks...  Export Marks...
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.
et ) | Ues ey B I (F e o %l‘l)sEb:;\;argarii;nl?:igmsgéﬂ?lerlniﬁaI Processing, or
2:?;ﬁldnlﬁ—aelgzr:c?i;?ﬁq;ggne' TEz i 2) when using non-geolocated images, or
P P 9. 3) when using an arbitrary coordinate system.
rayCloud Editor. .. Basic Editor...
oK Cancel Help
Change the GCP type to Check point.
GCP/MTP Manager e
GCP Coordinate System
dfF  Datum: World Geodetic System 1984; Coordinate System: WGS 84 Edit...
GCP/MTP Table
E Import GCPs...
Label Type Latitude Longitude Altitude Accuracy Accuracy 2 z
P [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 148133
0 Point2 Check Point 36.52377147 -4.66264963 133.482
Add Paoint
0 Point3 Check Point 36.52340747 -4.66240828 153.772
Remove Points
0 Pointd Check Point 36.52320690 -4.66257781 149.481
0 Point3 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.
(Recommgnded) Use_ihe_ rayCloud Edib}r after %lJ)SEb:;\frgariilgnﬁgigms;::éﬁfrlniﬁal Processing, or
2:?;,;Idnmraeluzr:c?ﬁﬁ;ﬁfne' TEz =D 2) when using non-geclocated images, or
P P 9. 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.

B PaaDmapper Preview - POGDT

{/ @ & [ O @ ) w4 | 1 y he Az
o ¥ Create

wme | )L &) 5

L

I ¥ tayen

raythoud [ Camenns

Display Properties
B Cabbrated Comeras

> [ Rays
v [2 Tie poiets

[ GCPe s MTRs
B Autormnate
index.
Lakuator

Rue du Centre 39,

Topodrone SA

CHE-354.723.874 TVA

1637 Charmey, Switzerland

+41 797910 713

info@topodrone.org
www.topodrone.org

Select one GCP, define the position of the ground control point at each image, change the type of

the selected(?) GCP to 3D and set the horizontal accuracy to 50 meters.

B PudDmapper Preview - FUGDT

!’, @ 4B 5 O -4 e (| ) [+ luncmentied e
o~ ¥ Create
vore || B - |G 5 M1 WD

raycloud ~ [5] Cameres
Dviplay Properues

B Calis

O rays
i v [ Te Points
B v b GORs 7 MRS
Diiplay Bropedio:
Bedex %
el E = r:unml
B - poinesm
F . peineam
A " Point 500
B o Peine & )
B *- Peine7 0
B - Poined
B % peinesm
B *~ point104m
[ v Pemt11im
B o Rawe i)
Autcmatic

@

< £
a
* Procesng
B B rmeereceseg [l
Logoutpen  Current:
Tatst

Frocessng &
Octene. OV SERA..,

Propertes
¥ Selection
FPaint 1 (30 GCF)
Label:
Trpe:
Lagtuds [degreel:
Lengitude [degree]:
alate fm]:

Meorizontal Acouracy fm]:

vertical Aezuracy fnl:

Mumber of Marikesd Images:

4 ol

Theeretial Bver S00Y.2) [

Ml Orthogenal Rty Cestance G023 s

Erver 1o GO frvsal Positir

sl Position frl:
Computed Position [m]:

Autormatc Merkrg Bedy

Pont 1
06
.53
6311001
148,133
50000
.0
=
1479

0,005, 0,006, 0.013

0,014, 0.041, 0.011

0,018, 0,023, -1.062

260059.0%, 4TI 415, 15012

353059.038, 4041026401, 14516
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Click Reoptimize button. Click Ok on all warning messages.

¥ Create

L ¥ Layens
raychod | v [ Camerss

Displey Propesties
£ Calibrated Camneras

O fa
~ [ Tie Points
i v [ BCPs / MTPs
=l Display Properties
Ll £ e Pl 1 (14)
Caloator & " Point
=]
k4 *-
(A .
=]
i ]
B o Pin s (D)
& * Peina 100
B *~ Point 1110}
=]
£ dun

PuxdDmapper

One GCP is not endugh for georeferencing. it only moves the project 1o the
L. spprvimate loction.

Warning w06

=

Topodrone SA

CHE-354.723.874 TVA

Rue du Centre 39, 1637 Charmey, Switzerland

+41 797910 713

info@topodrone.org

www.topodrone.org
e O
ropernes & x
¥ Selection
Point 1 (30 GCF)
Labats | Pt 1
Tioe: |06 -
38,5297
-4.66311001
148133
50,000
wertcal acaracy [l [0.000
Trrbe of Prked Bruges: 14
S i LATH

Theerescal Errer S0UY,Z)
Masimal O $usgenal Ray Distance DICY,T)

rmar 1o GEP bnveal Poson [

Computed Posisen [}

Auitormatc Markng

0,006, 0,006, 0.013
0,014, 0.041, 0.011
0,018, 0,023, -1.062
58059046, 4043206 425, 148,10
358099.028, H0ATI6.403, 149, K

Help

F B @ @ i ¥ 4@ a9 E ~ [ ~ undassified Assign
. view Navigation Clipping Paint Cloud Editing
~
O
Home I
Map View =
i, ¥ layers
rayCloud Cameras
S Rays
= - ﬂeypmm Image Properties Editor
Volumes GCPs / MTPs
8] Image Geolocation
Mosaic Coordinate System
Editor
Triangle I @ @B Datum: World Geodetic System 1984; Coordinate System: WGS 84
Lo Objects Geolocaton and Orientation
Calculator @ ceolocated Images: 203 out of 203 Clear From EXIF From File... To File.
Geolocation Accuracy: () Standard (O Low (@ Custom
Selected Camera Model
@ & L1D-20c_10.3_5472x3648 (OKBTG740120251) (RGB) Edit...
- Latitude Longitude Alitude
Enabled Image Group Tdegree] Tdegred] Tl
DJI_0389.JPG group1 36.52239990 -4,66220570 221.339
DJI_0390.JPG group1 36.52251434 -4,66216040 221,160
DJI_0391.JPG group1 36.52263260 -4.66211557 221.198
DJI_0392.JPG group1 36.52274323 -4.66207075 221162
DJI_0393.PG group1 36.52285767 -4.66202545 221.005
<
o < >
Processing ¥ Processing
i) 1. Initial Processing [ ] 2. Foint Cloud and Mesh  [] 3. DSM, Orthomosaic and Index
Log Cutput  Current: 0%
fe) Total! 1 o8
PShemn®  |output status... Start Cancel Help

Dismiss
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Click the Edit camera model buttons in the Image Properties Editor window and in the Edit

Camera Model window

j B mag X
Image Geolocation
Coordinate System
@ @ Datum: World Geodetic System 1984; Coordinate System: WGS 84 | EdE. |
Geolocation and Crientation
o Geolocated Images: 203 out of 203 Clear I From EXIF From File. .. | ‘ ToFile... |
Geolocation Accuracy: () Standard (O Low (@) Custom
Selected Camera Model
o &7 L1D-20c_10.3_5472%3648 (0KETG740120251) (RGE) Edit... |
—
N Latitude Longitude Altitude L
Enabled Image Group [degree] [degree] iml
DJI_0389JPG groupl 36.52239990 -4.66220570 221339 0
DJI_0380.JPG groupl 36.52251434 -4.66216040 221,160 0
=] DJI_0391JPG groupl 36.52263260 -4.66211557 221198 0
DJI_0382.JPG groupl 36.52274323 -4.66207075 221,162 0
DJI_0393JPG groupl 36.52285767 -4.66202545 221.005 0,
< >
e |
Crpaniual
1
< =Y TOPO

Camera Model

EXIF ID: L1D-20c_10.3_5472x3648 (0KSTG740120251)

Camera Model Name: | & L1D-20c_10.3_5472x3648 (OKETG740120251)

Edit New

| Remove | |
T
Camera Model Bands
Bands: RGE - _5 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 i
Image Width [pixel]: 5472 Sensor Width [mm]: 12.825
Image Height [pixel]: 3648 Sensor Height [mm]: 8.55

Pixel Size [pm]: 2.34375
Focal Length [pixel]: 4324,02 Focal Length [mm]: 10,1344
Principal Point x [pixel]: 2742.25 Principal Point x [mm]: 6.42715
Principal Point y [pixel]: 1812.8 Principal Point y [mm]: 4.24875
Camera Model with Distortions: |§
Radial Distortion R.1: -0.012488 Tangential Distortion T1: |-0,00176074
Radial Distortion R2: 0.033735 Tangential Distortion T2: |-0.000554806
Radial Distortion R3: -0.0366009

Cancel | Help
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Click Load Optimized parameters. Copy the Focal Length value for the future work.

| | Edit Carmnera Model x

Camera Model

EXIF ID: FCE510_8.8_5472x3648 (c24fceZed046c7do3 1071356a98b4570)
Camera Model Name: | B FCE510_8.8_5472x3648 ¥,

Save to DB Cancel Edit

Camera Model Bands

Bands: [RGB - 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: | Global Shutter or Fast Readout ~
O 1mage Width [pixell: 5472 ® Sensor Width [om]: | 12.8333 |
Image Height [pixel]: 3543 Sensor Height [mm]: |8. 55554 |
Pixel Size [um]: |2.34527 |

Focal Length [pixel]: 3689.45 Focal Length [mm]: 8.652?5 I
Principal Point x [pixel]: 2730.91 Principal Point x [mm]: 640471 |

Principal Paint y [pixel]: 1829.59 Principal Point y mm]:  |4.29111 |

Camera Model with Distortions:

Radial Distortion R 1: 0.00337736 Tangential Distortion T1: |D.DDDEEBS]4 |

5 -
Radial Distortion R.2: -0.0107165 Tangential Distortion T2: |D.DI.‘.ID'32I.‘.ID46 |
. Radial Distortion R.3: 0.0106237

QK Cancel Help

NOTICE. It will be possible to use the calibrated value of the focal length for the processing if you do not
change your focus settings for the future flights.
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3.4 Accuracy estimating

Load the ground control points. Set them up as check points. Select position of all check points at

images to check accuracy.

[ PixdBrmapper Preview - PLADT

- o x
E oo peoe aaxxaeflea * " indusates asson S0
¥ Create Propertes & x
- W selection
woe |10 || - &) &) M
| Pont 11 (Check Paint)
Mo iew - - Labek: [Point 11
[~ Loyers Type:  Chedk punt -
raylosd o [ Camerss Lastuds [degree]: | 3652423850
[
- En:l;mm Longitude [degree]: | 4.66302929
v [ GCPs/ MTPs Alutue [m]: | 153,183
Disphay Properties [y
= % Point 1014 el
L & - Point2 (@) vertal Acasacy [il: s
& B % Peint3(12) Mrber of Marked Images: 12
BA % Pointd(m 5o [pool]: 08302
. EA % Point 508
e & " Point6(16) Theoretcal Ece SO41.2) [l 0.004, 9,004, 0.010
BA % Poine 78 el Orthegnnal Ray Destance DOGY.Z) [ml: 0,001, 0035, 0.005
B4 " Peintd(12) Errer bo GEP Iitiod Position [m]: 0,006, 0,025, 0.046
5 ::: ?;ra,l-. Initel Positon [m]: - 351080.301, 4043343.436, 153
b v Point 11 z Computed Poston [m]:  J51080.097, 404130961, 153
B v Gase i) P ;
Ncrratic hutomatic Marking ey Cancel Help

S 78
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Go to the Processing options menu. Select None for Internal Parameters Optimization. Click Ok.

Click Reoptimize.

Propesties

¥ Selection

Point 11 (Check Point)
Label

Type:
Letitude [degree]:
Longitude [degree]:

Automate Marking Apply

Alttude fm]:

Point 11

Check Point d
3.52423850

-4.66332923

153,183

Horizontal Acaracy [m]:  n/a

Vertical Acaracy [m]: /s

Mumber of Marked Images:

55° [ooel]:

Thearetical Error S0K,¥,2) [m:

Mandmal Orthoganal Ray Distance DU, Y,Z) [m]:
Ermor to GCP Invtial Position [m:

Iritial Position [m]:

Computed Position [m]:

12
08302

0,004, 0,004, 0.010

-0.011, 0.035, 0.005

-0.006, -0.025, -0.046
351080.391, 4043383.436, 153
351080.357, 4043383.951, 153

cancel Help

B evie
E @& s e R aa s &bl | @ @ [# = [] = uncassifed - hssgn
Project Srocess View Navigation Clippiry Peint Cloud Edting
o T oste
vome |1 BT || | B8 | 11 | 10
m
Map Yiew _ [ Processing Options
¥ Layers
= Generd  Matchng  Calbrston
rayCloud Cameras
. Rays %) 1. Initial Processing Targeted Mumber of Keypoints
~ [ Tie Points ®) Automatic
jolumes
Mo v [ GCPs / MTPs O Custom
51| Display Properties e
Masaic o o 2. Point Cloud and Mesh Numbser of Keypoints: | 10000
Seitor e -
':'| [ “~ Point3(12) Caliration
o [ :"f"‘:g ® Calbration Method | Standard
~ Paint 3.D5M, Othomaosaic and
Caleator S In} V.. i Camera Cpinization
"~ Point 7 (8) Internal Parsmeters Optimization: |None =
= *- Point812) @ e—
& % Points (8 Extemal Parameters Optmizaton: | all -
" Paint 10 (4) .ﬁ Resources and Notifications
Point 11 (12) - Rematch
"~ Base (D) ® Automatic
> matic O Custom
Rematch
Pre-Frocessing
Note: 3 apbon & avsistie only with Parot Bebap imoges.
Automate Sey Masking
Export
7] Camera Intemals and Extemals, A4T, B84
] Undistorted Imapes
Current Optons: No Template
Load Temglate , | SeveTenplate | Manage Templates. .
[ Advanced
B« >

) R=
& 1 Initid Processing [] 2 Point @loud and Mesh [] 3, B8M, Orthomosaic and Index

Log Output  Current:

O ol L s

PrOCEssNg (o tput Status. . Start Cancel tieln
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After finishing the optimization process go to Process Menu, click Generate quality report.

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

Cuality Report - PIX4D1 *
i D@ @ : EJ Online Support
e T | e A | s I | e e L N LT e e L LD LT | e e L S|
Mean 0120 0.128 0.004 0.016 0.008 0.005 0.004 0.005 0.010 -
Sigma 0073 0.074 0.001 0.004 0.002 n.002 0.001 0.001 0.002
Geolocation Details o
@ Ground Control Points i ]
1 out of 12 check points have been labeled as inaccurate.
Check Foint Mame Accuracy XY/Z [m] Error X [m] Error [m] Error Z [m] Projection Error [pixel] Verified/Marked
Point 1 -0.004 -0.031 -0.012 1.494 14714
Foint 2 -0.004 -0.046 -0.005 1.091 8/8
Foint 3 0.01 -0.044 -0.003 0.706 12712
Foint 4 0.003 0.001 -0.025 0777 TI7
Point 5 0.015 0.040 -0.040 0.791 8/8
Foint & 0.031 0.079 -0.010 0.485 16716
Point 7 0.026 0.064 -0.037 1135 8/8
Foint 8 0.030 0.028 0.030 0.635 12712
Point 9 0.020 0.019 -0.037 0503 8/8
Point 10 0.020 -0.019 -0.084 0.916 414
Point 11 -0.006 -0.027 -0.046 0808 12712
Mean [m] 0.012876 0.005672 -0.024386
Sigma [m] 0.013208 0041314 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 o

Mim FError Tl Maw Errar Il Fanlncatinn Frear ¥ 1047 Fanlncatinn Frear W T840 Fanlnratinn Frear 7 10847

Display Automatically after Processing Close
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4. PHOTOGRAMMETRY PROCESSING IN AGISOFT METASHAPE SOFTWARE

4.1 Creating a project, photo alignment

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

project.

A Unties — Agptoht Metathape Pectesticnal

Ele [ Yew ffokfiow  Nedel Bhoto
Dl 9 [Bi-$-d-A-

arkapace

ETLIYTE

3 P(Iim:\cml
Ol op et pere

Prepesy
Chank 1
|Camerss
Aligrad

camarsa
Cocefinate tysem
Moeston sngies e

0 Dupbeme
ot Frames.
Enslsle Chunits.
Disable Chusks.

Save Chushs_
* Remeve Chanits

=]
9

Pracest
Expant

]

o
WS B4 [EPSG-A12E)
Fitch, o

Qe Joow g
PR T

[ Agaphetor.
3 Adafaider.
P Addntarker
) AddFamas.

-4 i - [EERE - .
L -]

Corrern Tk

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

kaf Uniited” — Agaoft Metashape Professonsl
e [ Yeew Modflow lodel Ehote Qrhe Jooh Hep

DEl 2 e |fi-B-e-A-

et

EiE RO OEER ®

[ EEEEODEHOanOn 2

rre=

Comtral scale —
Checkscale b

Latiteste

[ e ——

* 4 @ a e

axtudeim]  Acosnacy (m)
ounee 0000
fu000000 000000
£u000000 000000
1.200000 00080
116800000 2000000
110500000 000000
1.200000 00080
110500000 000000
110500000 000000
11,2000 sa0a080
111500000 2000000
110500000 000000
0300000 0000
110800000 712000000
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Romee (m)

- & i - G - s

BX o Obe

et 2]
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Select WGS 84 coordinate system, setup columns order 1,3,2,4, click Accuracy checkbox, select

field 5, click OK
% b Import CSV b4
% Coordinate System
] |wes 84 (EPsG::4326) v
] Rotation angles: |Yaw, Pitch, Roll =4 |
% [ 1gnore labels Threshold {m): 0.1
% Delimiter Columns
1 ®Tab Label: [+] Accuracy [] Rotation [ ] Accuracy
3 O Semicolon Longitude: |3 E| |5 E| Yaw: |5 = |8 =
O Comma
Latitude: [2 2] s H Pitch: & tlls :
() Space
Altitude: |4 5 Rol: 7 =L =
() Other: . | E“ | E” o
[] Combine consecutive delimiters [] Enabled flag: 10 =
Start import at row: Items:
First 20 lines preview:
Label Latitude Lengitude Altitude Location Accuracy &
Marme Latitude Lengitude Altitude Accuracy
DJ_0386JPG  36.523661137 -4,663068715 147.68380052100  0.010
DI_0387JPG  36.5221056845317 -4.66232114533...  221.010430292536 0.010
DJ_0388JPG  36.5222860844363 -4.66225057902.. 221.377707372442 0.010
DJI_0339JPG  36.3224010804326 -4.66220581366.. 221.241127832579 0.010
DJI_03%0JPG  36.5225160334709 -4.66216066346.. 221.062872597387 0.010
- DJ_0331.JPG  36.5226306035956 -4.66211540151.. 221.099830851059 0.010
DI_0392JPG  36.5227431767471 -4.66207006454.. 221.062823004092 0.010
DJ_0393JPG  36.5228566580435 -4.6620256512530 220.007277145259 0.010
DJI_03%4JPG  36.3229732876239 -4.60197034568.. 220.872190284377 0.010
DJI_0395JPG  36.523087691560 -4.66193455852.. 220.827558862932 0.010
D)l 03%6JPG  36.323202581560  -4.66180007052.. 220.726049222775 0.010 v
| oK | Cancel |

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

d Urititied” — Agrich Metsshape Professiensd

B fde Yiew Workow Medel Phots Orthe ook  Mep
De@d 2 Bi-B-e-A-¢ ¥ a4 [BEEH-¢-5
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EEEE/sRUGEEN |
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O onpase  -Leenes 2861 TR0 Q010000
O onosr -asezn I 210M430 001000
OB onpses -sgeczst L2000 2T 0019000
B oo -wseae 52401 wanE w010000
B = onomo -ases IIISNE 221062873 0012000
B onow -ashzns s2m 210958 2019000
B onome  -wssaom sy 21082 an18000
B onoss -aesene sz ZHTTT 0018000
EIEE onosse -ssaso IRAISTY bl el 0019000
B onoms s L] T 2018000
b [ onosse -aesizo MR 20726 0018000
B onosT aeaiaes preet 20 440004 0010000
B onomse s WM 2085148 010000
B onoaw  -aesi7se T mesnn 0018000
EEE onosto -sesim LT T 018000
B onpan  —ssneer WA 0T 010000
B onpar  -sesien pt ] nnana 0018000
B oo sesism 524005 e 0018000
EIEE onpane -sasnsn M bk th] Q010000
B onpacs —ssnans W oI 010000
B onpas  -sesiasn pt ] BaE 0018000
B ooy sesims e 205 0018000
EIEE onpate  -sesran 880 20 8a886 Q010000
B E onpss -seera 824330 o 2010000
B onpmn sssms UMD 2 an10000
BE o aesise0 M0 2158850 B019000
B onparz tsa1ses WAUTE 2445080 0010000
B onpany —wsties BA2I et 010000
B onpu sesiee pthi e 0018000
P e P P s
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Go to Tools, click Camera calibration and input the calibrated parameter for focal length 10.4777,

select fixed F parameter

aad Camera Calibration

BE

L1D-20c (10.26mm)
= 397 images, 3472x

O X
Camera type: ‘Frame b |
Pixel size {mm): [0.00241071 | x [0.00241071 |
Focal length {mm): ‘ 10,4777 |
[ Enable raling shutter compensation ] Film camera with fiducial marks
Initial Adjusted Bands GPS/INS Offset
Type: Auto -
o [o
£ [4346.30519 |ev: [o
ki: o |p: [
k2: |0 | p2: |0
kG o |bi: [0
ka: [0 |b2: [
Fixed parameters: None | Select... |
Image-variant parameters: Mone | Select... |
wd Fixed Parameters X b
ength Date & time Q
Parameters 2019:08:27 16:50:54
[ check al 2019:09:27 16:52:09
2019:09:27 16:52:12
ooy 2019:09:27 16:52:14
Ok Op1 2019:09:27 16:52:16
k2 ez 201:00:27 16:52:18
2019:09:27 16:52:20
Llis Lb1 2019:09:27 16:52:22
Ok Obz 2019:08:27 16:52:24
2019:00:27 16:52:26
[ o | wigsT e,
Lo ol

Go to Workflow and click Align Photos for aerial triangulations

e Unistied” — Agaasht Mstzchape Prolmmicnsl
B D3¢ Yww Bodliow fodd Prots Deho  Joch g
D= 2 8 s X aad g

Accusney m]

Actusscy m)

Emer(m)

rer——

[seaie i
TotadErrar
Cortralvese
Check seate b

sl - I -

Bx e e

el &

Wi Hsfwecs
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After finishing the aerial triangulation go to the Reference, click "Optimize Camera Alignment"
and click on Fit additional corrections check box. Click OK.

had Linsitied” — Agisalt Metashape Peofessicnal o X
File  [dr Mw Weddlow Meddl Phote Qaha  Jecle  Help
Cea2c [Bi~B-¢-A-@ X Q& [BEH-6-B-

EEE CEEL %
Carmeres amenss s ARtds () Agewnegyim]  Emorim) %
015 ooses 406309 st 147683801 0.016000
O3 onossr ~4ss2sn 3652106 im0 0.016000 B36004
O onose -4eazs Pt anarmer 0010000 [
B onows -weezios sz s 018000 Lo
B oo seane 3522516 frt ] 018000 LISHTH
=3 oot sy 3820 2105an 0.018000 [EE
= onowe seeom BT sem 0018000 [
=3 onown  -dsaens BeszET BosmT 0018000 aemsr
& onpied -dsstsen BIINTI 20aTHE0 B.818000 LEUL-
A & onoass  -Lsstss 36529080 20T 0010000 TR
A & onpiws  -4sstin SN0 20TIEHE 0010000 TR0
A & onoaer  -dsstss ®SHNT 20550034 0010000 0581
A ] onpse -4s6rs00 BITHI pe T 0010000 LEHL
BF ] onpiw  -4s61736 ST 2060130 0010000 e
B9 ] onpan  -4s61710 523663 205166 0010000 oz
7 =] o s 4s60667 IR 20517 0010000 01948
=] onpse  asare2 36523380 AT 0010000 05548
=] onpas 4s60577 36524006 220452367 0010000 oTERO
2] oo pens asar3 3524120 23N 0010000 wTER
(=R ] R 38 0010000 0003448
[ZRCRTE R 2041348 0010000 0006550
= e ] 36500484 0518588 0010000 0038555
A 2 oo pam Lesnan R 254555 0.010000 AR
T ] 26501520 TR 0010000 o108
2 oo ssgzns samm L 0010000 nossrr
2 ooann esias 3830080 221 5450 0010000 0042088
T ] 38300176 221 4030 0010000 oo
B onns sedrssn 385200 221 4T 0010000 [HET]
B o 4senses 36525880 221 4m8T 0010000 nassen
[ e e
Maarkers Rongtude Latrude ARtude(m)  Accunsyiml  Lorim)
Tatal Lrror

Commol puiots

Chack poirt
|2
Seale Bars Dimanceml  Accurseriml Enorm)
Total Error

Control scale

Check seate b

b Optimize Camera Alignment >

General

Fit f Fit o, oy
Fitk1 Fitpl
Fitk2 Fit p2
Fitk3 [ ]Fitb1l
[ ] Fitks [ ]Fitb2

. Fit additional corrections
Advanced

] Adaptive camera model fitting
[] Estimate tie point covariance

. ok || Cancel
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4.2 Accuracy estimating

After finishing the aerial triangulation go to the Reference, click "Import" and load the GCP.txt
file. Use the following settings and click OK

had Urtitle by 7 3
Bl Edit Maew Workllow BModel Phote Odhe  Jeoh  Help

B~ E-B-d-A-@ XY A QpEREE-€-& - INEENE-S

Reference %
HigE =2 0 FEHEE %
| Caras, Longiude Latitude Altude fm) Accurecy fm) Erar (m) ~
O [ onosss -sseies 36523661 47683801 0010000
|0 [= onpssr -aeezsn 3652106 e 0.010000 (A
|0 [ pn_ozea ass2s ELE SR marrT 0010000 0082558
|2 2] onowe -asa2ie 3852240 M 0010000 ans01T
|2 12 oooweo -aserEn 8522516 106287 0.010000 a4
ig |2 pnomsr -assns 38522631 221 006881 0010000 [TEEREN)
|4 5 oocase -4ss20m 5274 21062024 0.010000 0045026
(SR T 38522057 20507277 0.010000 003716
4 5] oo -ss1se0 I5226M 20572150 0.010000 0042318
|4 5] owoass  -ass1935 36523000 220827555 0.010000 0034353
|2 & onpise -aesrem0 65220 07269 OTO000 s
|2 X pnoswr  asnss wsBNT 205602 0.010000 T
A [ onoswe -sse1e0 6528 FrOT T WOT0000 LI Y
B [E onome -asme swsanr P2 0.010000 0OETE
4 2] b oo 4881710 16.523663 2061664 0010000 0042353 (@) Semicskn
& 2] oo -4ss188T 85T 20541788 0.010000 a7 Y o
= 2] pn_oe 481822 6523880 20420374 0.010000 LT
= 2] oo oson 4881577 36524006 200452367 0.010000 003575 O space
1 [5] oo oans 481531 38524120 20383231 0.010000 0036229 ) Other:
1 (X onoa0s 4881438 38524237 220383164 0.010000 0047855 Oless demrers
1 [E] oioans 481440 36524340 20413248 0.010000 0035674
A [ om0 -ass13ss 65264 518589 0.010000 O2ES caripatetrwilz 161
A [E] onows -ase1an 36.524590 IS5 0.010000 I o
A [ onoios -ase1ma3 6524520 0T 0.010000 apame Pt 2 hoes previews
(=] DI040 4881315 36524342 nann3 0.010000 0024034 Label Lengitude Latitude Akitude
= 2] e -ass1280 18524230 221548504 0.010000 nn4e name langitisde latituele elevation
= 2] ooz 4881008 18524116 22640030 0.010000 am4Ter ot 1 SAGI0E  ESITIIG HE1333512
2 2] ooy -ass1ss1 16523099 E4mET 0.010000 a0 Point 2 38520747 1534818
1 [ pnoans 4881996 36523006 2174307 0.010000 0020826 Point 3 3632340747 153715672
2 1 o ses  eseanie as Py s Pt P Peint 4 ; 16.5232069 1454309714
L] 2 Pt 5 5220403 EESEERET]
Markers [r——— Latitude Alkitue () Accuracy ) Eevar [m] Peint & 1633234304 1235544143
Tatad Error Point 7 3652207460 1405152407
Conrel points Point & 4S9 AT 1327400509
Check paints Pont § GRS ES132 56333
Paint 10 GGG 365244035 157.3480623
Poine 11 -4 663325255 5405 1331832735,
Cancel
< »

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

b Agisoft Metashape

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

[ Ves | VestoAl | No | NotoAl
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Select the locations of each GCP on photos and look at accuracy report

At Unititled” — Agiselt Metashape Professionsl
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0020751 a3 0000620
0008236 2006212 0002281
0004677 4 0025207
L1 g f0esa
noman LRIER LT
LIEEE s DI
026095 0000847 s
01313 s amons
008387 0018478 1A
014128 Q08 osaz
(1) -Gt [Tt
s QmsTT LR LI
Digtance arr () Aecwrsey () Freos (o)

- - - R - &

B K wodd  oete  oiovm D

Aeowsey () Eeor {m) -~
0010000

010000 AT
010000 006255
010000 0060017
010000 QNG
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10000 00N
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0010000 Q4E1ES
0010000 Q08
0010000 0453
0010000 Q38T
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0010000 e
»
heowsey el Frvor i)
D050
0005000 0027
0005000 0006385
0005000 003105
D005000 0
D005000 3078
D005000 3T
D005000 nn3s
D.005000 n3zs
D.005000 L
005000 o
Q005000 0021653
2N

Workmpace oo

Markers

% pase
% point 1
B point 2
B point 3
% point 4
% point 5
B point 6
B point 7
% point 8
% points
B point 10
¥ point 11
Total Error

Long. err (rn)

-0,020751
0.002236
-0.004677
0.002501
0.001971
-0.033238
-0.026095
-0.013413
-0.008357
-0.014143
0.004201

Control points  0.015727

Check points

Lat. err (m)

0.009341
-0.006212
0.017604
0.008115
0.013253
0.012133
-0.009947
0.028366
-0.016472
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

Accuracy (m)
0.005000
0.005000
0.003000
0.003000
0.005000
0.005000
0.003000
0.003000
0.005000
0.005000
0.003000
0.005000

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

Error (m)

0.022907
0.006936
0.031099
0.010805
0.030738
0.038971
0.032991
0.033401
0.023914
0.017327
0.021653

0.026399
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4.3. Camera calibration

To calibrate your camera focal length, load the images, import accurate coordinates of photos,
perform the photo alignment (do not fix F parameter) and import the GCPs. Define the position of every
marker on each photo. Select 2-3 markers.
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After finishing the aerial triangulation, go to Tools, click Camera calibration. Select adjusted and
Save button.
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Open txt file and copy the focal length value

$CAMERA

$TYPE : FC6510_(8.8mm)
$DATE : 08:38:57 86/11/2019
$BRAND : Custom
$KIND : CCDFrame
$CCD_INTERIOR_ORIENTATION :

414,545 -0 2723.86

8.6080000000 -414,545 1821.52

$CCD_COLUMNS : 5472
$CCD_ROWS : 3648
$PIXEL REFERENCE : CenterTopleft
$FOCAL_LENGTH : 8,.81713
$PRINCIPAL_POINT_PPA : 8.800000 8.600000
$DISTORTION TYPE : Polynomial
$RADIAL_COEFFS :

B 5.32889e-885

-6.46663e-812 8
$DECENTRE_COEFFS :

-5.63946e-805 5.98996e-088
$GPS_ANTENMNA_OFFSET : @.0e0080 @.oe0eee
$CAMERA_MOUNT_ROTATION : 8. 00080

Topodrone SA

CHE-354.723.874 TVA

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

info@topodrone.org

www.topodrone.org

-1.38922e-886 1.72296e-808
a 8

NOTICE. It will be possible to use the calibrated value of your camera’s focal length for the processing in

future, if you do not change your focus settings.

NOTICE. It is possible to use the calibrated value of your camera’s focal length for the processing if you

do not change focus settings for future flights.
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4.4. Aerial triangulation accuracy improvement. Tie points filtering

In order to increase the accuracy of your model, we suggest filtering tie points with the Gradual
Selection tool. Open Model menu, click Gradual Selection.
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Select Gradual selection and input 0.35 value

bl Gradual Selection >

Criterion: |REprnjecﬁon errar b |

Level; |D.35 |
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ok || Cancel |
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Go to Edit menu and delete the selected points
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Click "Optimize Camera Alignment"
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Check the accuracy and repeat the steps described above until the Reprojection error reaches 0.65-
0.35 value.
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