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About this software

CetTrack was developed by Dr Michael Ddhne (German Ocean Museum and Federal Agency for Nature
Conservation) and Dr Mel Cosentino (Aarhus University) with financial support from the Danish
Environmental Protection Agency, and the Independent Research Fund of Denmark as well as the

Federal Agencya for Nature Conservation, Germany.
The programme can be used to track objects using footage collected with DJI drones.
It was developed in Matlab version 2023a, using the appdesigner environment.
Currently, CetTrack can be used with different drone types:

- Mini2

- Air2S

- Mavic 3 Classic.

We will work in the near future to incorporate Phantom 4 and Mini 3. If you have another DJI drone,

please get in touch with us and we will work to incorporate them.

This manual is for version 1.87

Acknowledgements

We are eternally thankful to everyone who helped us during the development of CetTrack (see
Collaborators). Many people have contributed by testing CetTrack at different stages providing
invaluable feedback. The feedback was used to find and correct errors, improve the look of CetTrack to

make it more user-friendly, add or remove functionalities, etc.



Installation

The software is compiled and includes all the necessary Matlab tools to install and use it. The executable

file can be downloaded on this page:

www.porpoiselady.org

Just run the installer on your computer and follow the instructions. The installation takes a while, as it

has to install the necessary Matlab tools to run properly. You will see a progress bar as it instals it.

Prepare your files

In order to start using CetTrack, two previous steps are needed:

- The flight logs generated by the drones are encrypted and so they cannot be directly read into
CetTrack, so they need to be decrypted first.
- Some drone types (e.g., Mini 2) do not generate independent subtitle files (SRT), but are

embedded in the videos, and so need to be extracted first.
Flight logs

The DJI drones generate one flight log per flight, storing key information at (mostly) regular intervals,

usually between 100 and 200 ms. These logs are saved as encrypted .dat files with names look like this:
EXPORT_FILE_2022-07-15_07-19-51.dat or D]IFlightRecord_2021-11-05_[11-55-56]

While DJI does not provide tools to decrypt the files, there are freely available options online, although
the outputs vary. For CetTrack, we use the outputs generated by Airdata UAV. To convert the .dat files

to .csv files using the Airdata UAV service, you need to create a free account here: Airdata UAV - Flight

Data Analysis for Drones. Once you have an account, you can upload your flight logs and download

them as .csv files.
NOTE
- Make sure you use metres not feet. The settings must be changed before you upload your files.

- While the name of the flight log has the local time, the time in the flight log itself is in UTC


http://www.porpoiselady.org/
https://app.airdata.com/main?a=home
https://app.airdata.com/main?a=home
https://app.airdata.com/main?a=home

The output file name looks like this:
Aug-28th-2022-08-566 AM-Flight-Airdata.csv

The output is a table with 52 columns, with information about the drone (e.g., gimbal, speed), the
battery (e.g., battery left), and the environment (e.g., height, coordinates). Only some of that

information is used in CetTrack. See Table 1 for examples of column names and how they are used.

Table 1. Examples of columns in the flight logs generated by Airdata UAV

Column name Description

As a cumulative number, starting at 0. This column is
time(millisecond) used to match the flight log and the video to the closest

possible frame.

datetime(utc) As text and in UTC, for example: 11/07/2022 11.21.11

In decimal degrees - input to estimate the real location of
latitude

the object in the video footage.

In decimal degrees - input to estimate the real location of
longitude

the object in the video footage.

For the drone, the take-off height is always 0. The height
height_above_takeoff(meters)
above take off is the measured height, above take off.

zSpeed(m/s) Height speed in metres per second

compass_heading(degrees) Direction (e.g., North) the drone is pointing to, in degrees

If a video is recorded, this column shows a 1 in all
isVideo
relevant rows, otherwise it shows a 0.

Direction (e.g., North) the camera is pointing to, in
gimbal_heading(degrees)
degrees

Direction (in the vertical direction) the camera is pointing
gimbal_pitch(degrees) to, in degrees. 90 degrees is all the way downwards, 0 is

towards the horizon




Videos subtitles (SRT files)

All DJI drone models have the option to generate subtitles (or captions). These can be embedded in the
video file (e.g., Mini 2 and Phantom 4), or also saved separately as .srt files (e.g., Air2S and Mini 3), in
which case they are generated for each video and have the same name. The subtitles consist of
information logged at (mostly) regular intervals, including latitude and longitude as well as information

about the camera settings, height, etc. (see image below).

00:00:00,016
>FrameCnt: 1, DiffTime: 16
: 11.558
370] [shutter: 1/100.8] [frum: 2.8] [ev: 8] [ct: 6417] [color_md : default] [focal_len: 24.88] [latitude: 55.45208] [longitude:
.67257] [rel_alt: 17.700 abs_alt: 94.808] </font>

DiffTime: 16

rameCnt:
28 89:55:11.565
] [shutter /100.0] [frum: 2.8] [ev: @] [ct: 6418] [color_md : default] [focal_len: 24.88] [latitude: 55.45208] [longitude:
[rel alt: 17.700 abs_alt: 94.800] </font>

00:00:00,032
2,

Not all subtitles consist of the same information and the format may also vary.

If your drone does not save the SRT files separately, you will have to generate them, as CetTrack uses
them to match the video frames with the corresponding line in the flight log. The SRT files should have

the same name as the video and have to be in the same folder.

There is a function in CetTrack specifically for this in the tab “Default values - Useful functions” (see

image below). Just select your video and generate the subtitles.

Uploads Flightiog SRT Ou Default values - useful functions

it hind the scenes Calibration Licences - Copyrights About - User Manual

Project folder Default inf, tion Drone names

Select project folder o Take off height (m) Drone Name Existing Names

) Offset to UTC in SRT File

Browse

- Add >>
=1 : g UTM Z 32

NOTE: if the file default_values.db exists in the project folder, 208 -

they will be uploaded automatically. Otherwise, they will be created

R B ok ot UTM Zone Hemisphere N Remove <<

Default reference locations



Generate subtitles (SRT Files) - for MP4

Select video(s) |

- The SRT files will not contain the date and time (as in the figure above) but the format will be
similar.

- These SRT files can only be generated if the subtitles are embedded in the videos.



Structure and functionalities of CetTrack

Main screen - Uploads

Drone name

rUpIoc:d calibration file |
generated with
Cetlrack

These parameters are
used to reduce errors in
location estimates

Take-off height -
different for each flight

Display reference positions
in the external figure

¥ Cetlrack

Uploads Flightle SRT Output Defd

values - useful functions ** | Behind the scenes

Re-open external
figure

Calibration ut - User Manual

— o X [
Licences - Copyrights
e stamp not included in SRT files)

STEPS (Forall D)l

pes) Y

Miniz (

3) Load Camera Parameters ) Take off height (m)

ﬁ Load Camera Calibration file | ¥ *

VIsURLISATION
* %
% Show default reference positions

ot |

Airzs and Mavic 3 Classic (Time Stamp included in the SRT files)

Offset (hr) to UTCin SRT File * ‘*

‘ Load all SAT Files for same flightlog

| |

Lozd correspanding fightlog ‘

*

| Compare SRT and flightlog

e —
P —

[ Flight log is plausible

SRT table

filenamesrt |s|arl,ﬁrslj|\e ‘end,lﬂsl,ﬁle |s|arl,d|ll

‘ end_diff

| rec_no_fl ‘ corr_start corr_end

Flightlog Overview

FilenameFL VideoNo

VideoEnds FL_row._start

# Tips displayed when hoovering aver it “ optionzl

Figure 1: Main display of CetTrack.

Here, you can upload your videos, the corresponding SRT files, and the flight log. Once these files are

uploaded and processed, an external figure will open, from where you can track your animals (See

External figure - Tracking screen).

Also, if you close the external figure by mistake, you can reopen it from here. Lastly, you can decide

whether to display reference positions or not.



Flightlog

When the flight log is loaded, it is displayed here.

B CetTrack = O *
Uplnam Output Default values - useful functions ** | Behind the scenes Calibration Licences - Copyrights About - User Manual
Eitime_M. i datetime _jitc_ i latitude i longitu... |::height_above_takeoff_meter... |:iheight_above_ground_at_drone_location_met... |i: ground_elevation_al1
0| 2022-08-27 09:53:42 55.6192 10.5908 1.0000 1.0000 -
100| 2022-08-27 09:53:42 55.6192 10.5906 1.2000 1.2000
200 2022-08-27 09:53:42 55.6102 10.5906 1.4000 1.4100
300 2022-08-27 09:53:42 55.6192 10.5906 1.6000 1.6100
400| 2022-08-27 09:53:42 55.6192 10.5908 1.7000 1.7100
500( 2022-08-27 09:53:43 55.6192 10.5906 1.9000 1.9200
G600 2022-08-27 09:53:43 55.6102 10.5906 2.0000 2.0200
T00| 2022-08-27 09:53:43 55.6192 10.5906 2.1000 2.1200
SRT
When the subtitles file (.srt) is loaded, it is displayed here.
# CetTrack = O X
Uploads Flightlog SRT Output Default values - useful functions * Behind the scenes Calibration Licences - Copyrights About - User Manual
iColum... |iColumn 2 olumn 3 i Colum...
1| 00:00:00.000000( 00:00:01.000000 MaM (150 100 55 360.08 MaM [EV 0 MaM MaM MaM 55.6102 10.5906 | ~
2| 00:00:01.000000| 00:00:02.000000 NaN (150 100 55 437.59 NaN [EV 0 Nal NaMN NaMN 55.6192 10.5906
3| 00:00:02.000000| 00:00:03.000000 Mak (150 100 55 437.59 MalM [EV 0 Mal Mah Mahl 55.6192 10.5906
4| 00:00:03.000000| 00:00:04.000000 MaN (150 100 55 437.59 MNaN (EV 0 MNaN MNaN NaN 55.6192 10.5906
5| 00:00:04.000000| 00:00:05.000000 NaN (130 100 55 437.59 NaM [EV 0 NaN NaMN NaMN 55.6192 10.5908
6| 00:00:05.000000| 00:00:06.000000 MNaN (150 100 55 437.59 NaN (EV 0 MNaN MNaN NaN 55.6192 10.5906
7| 00:00:06.000000| 00:00:07.000000 NaN (130 100 55 410.06 NaM [EV 0 NaN NaMN NaMN 55.6192 10.5905
8| 00:00:07.000000| 00:00:08.000000 MNaN (150 100 55 319.64 NaN (EV 0 MNaN MNaN NaN 55.6192 10.5904
9| 00:00:05.000000| 00:00:09.000000 NaN [1S0 100 55 310.64 NaM [EV 0 NaN NaMN NaMN 55.6192 10.5904
Output
P CetTrack — (] X
Uploads Flightlog SRT ( Output }lau\t values - useful functions © | Behind the scenes Calibration Licences - Copyrights About - User Manual
. i Video_name i Flightlog_name iiDrone... |[iiDrone_T... |iiDate_time_num_... |iiDate_time_utc iiFrame_n... |[iiHeight_... [iix_img iy_img HE e
CiUsers\ochomiOne... |C:AUsers\ochom\One... |My_drone Mini 2 7.3876e+05 | 27-Aug-2022 09:57:18 6513 72.4800 2078 726
CAUsers\ochom\One... | C:\Users\ochom\One... |My_drone Mini 2 7.3876e+05 | 27-Aug-2022 09:57:20 6527 70.9800 2078 T35
CAUsers\ochom\One. . | C:\Users\ochom\One... |My_drone ini 2 7.3876e+05 | 27-Aug-2022 09:57:20 6541 59.6800 2075 738
CiUsers\ochomiOne... |C:AUsers\ochom\One... |My_drone Mini 2 7.3876e+05 | 27-Aug-2022 09:57:21 6565 58.1800 2075 T42
CAUsers\achomiOne. C\Users\ochom\Cne. My_drone Mini 2 7.3876e+05 | 27-Aug-2022 09:57:21 6569 B66.7800 2098 T438
CAUsers\ochom\One... | C:\Users\ochom\One... |My_drone Mini 2 7.3876e+05 | 27-Aug-2022 09:59:06 a712 43.5800 2292 828

This tab contains a table where the track data as it is stored as it is generated.

The output include: video name, flight log name, drone name, drone type, date and time (UTC) in
numeric and string format, frame number, corrected height of the drone, x and y selected in the image,

coordinates of the drone and the object in decimal degrees as well as in UTM coordinates, drone and



gimbal heading in degrees, gimbal pitch, ID of the object (assigned automatically), and other information

such as age class and behaviours.

Default values - Useful functions

When you open CetTrack, certain values will be defined by default and so before you start using the

programme you need to make sure the values are correct for your purposes.

’
Select the folder

where you have (or
want to have) the
default values file.
If the file does not
exist it will be
created, otherwise it
will be uploaded

. v

Default take-off
height if you
always flight from

the same spot

Time difference
between local time
and UTC time in hours

#® Cetlrack

Uploads Flightlog SRT Qutput

t values - useful functions

Behind the scenes

Cal

”
The UTIY zone and hemisphere
are key. I"lake sure the default
values are correct before you
start tracking

’

\ - g
-ation Licences - Copyrifhts About - User Manual

Project folder

ult information

Drone n:

Upload reference /’\

positions if you
have them in a csv
file - otherwise you
can add them
manually

es
Select project folder Take off haig®m) Drone fJame Existing Na
| C:\Users\ochom\CneDrive - Azrhus universitet|U-Drive\MeliappsiCetT \ ’—‘G et b0 UTCin SRT File My_drone
Browse L Your_drane
5 - | add=> |
NOTE: i the file default_values.db exis| oliect folder, UTh zane —
they will be uploaded aGtomatic erwise, they will be created — N [ Remave << |
and can be updated Izt FV cor P )
B etoult reference locations —
Name of the reference point N (Lo Longitude ‘
GE 55.6105 105894
B
W 35.6197 10.5883
e R -
Neo 55,6201 10,5892
Ngo 55.6204 10.5893
Upload csv with names and positions | % Nizo 56208 10.5895 .

The current default values are:

Update default values

Useful functions

Generate subtitles (SRT Files) - for MP4

Selectvideo(s) |

- Take off height (m): 0

Browse

[[] overwrite st file

- Offset to UTC in the SRT files: 0

- UTM zone: 32

- UTM hemisphere: “N” (north)

- Drone names: “None”

- No Reference points

’
If you work with more than
one drone, it is useful to
have different names for
them, which will be included
in the output data

These are reference
positions that can be
displayed in the
external figure. It will
allow you to check
the accuracy of the
estimates when you
track objects




CetTrack would work even if other default values are not defined (e.g.,, drone names, reference

positions).

To create your own default values that can be reused in the future. The file is an SQLite database (.db)
with 3 tables: drone_names, other_values, and reference_positions. If you have a project where there are

default values (e.g., take-off height, reference positions, etc, we recommend that you create this database.
Steps to create a default values file:

1) Select a folder where you want the default values file to be saved for future use
(default_values.db).
2) Update the default values with the values you want, for example adding a new drone name, then
press “Update default values”. You'll see a message that the default values have been updated.
® CetTrack = O X

Uploads Flightlog SRT Cutput Default values - useful functions Eehind the scenes Calibration Licences - Copyrights About - User Manual

Project folder Default information Drone names
Select project folder Take off height (m) Drone Name Existing Names
Cl\Users\ochom|CneDrive - Azrhus universitet|U-CrivelMelizppsiCetT | Offset to UTC in SRT File My_drone
UMz : Moby dick
NOTE: if the file default_values.db exists in the project folder, cone 3 ioby o
il 5 ically, A il = R [ —
they will be upI?aded automatically. Otherwise, they will be created UTM Zone Hemisphere N —
and can be updated later.
L= e X

Default reference locations

Name of the reference point | |

( The default values have been updated 7 A
|
L

tude Longitude
181595 10,5894
st x| o)
_-/’

55.6197 10.5883

Longitude (XXXX00XKX) l:l GMV 55.6196 10.5888

N30 55.6159 10.589

MNéo 55,6201 10,5892

MNgo 55.6204 10.5893

[ Upload csv with names and positions ] * MN1zo 55,6106 10,5895

Update default values

Uploading default values file:

Simply select the project folder where the default value file is saved and it will be uploaded

automatically.
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Behind the scenes

You will see information about what is happening in the background (e.g., when the video is being

processed). This is complemented with pop up messages.

Behind the scenes

'ﬁ’ CetTrack

Uploads Flightiog SRT Output Default values - useful functions Calibration Licences - Copyrights About - User Manual

27-0ct-2023 12:52:27 - Uploading DJI_0896 MP4 Please wait...

27-0ct-2023 12:52:29 - Processing C\Users\ochom\OneDrive - Aarhus universitet\U-Drive\Melprojects\calls_PAM\data\Fyns_Hoved_2022micha_min_2\20220827\DJ1_0396 MP4

You can clear the displayed information by clicking on “Clear”

Calibration

Here, you can calibrate your drone to reduce errors in estimates. See Camera calibration - steps.

Licences - Copyrights

'E? CetTrack
Uploads Flightlog SRT Output Default values - useful functions Behind the scenes Calibration Licences - Copyrights About - User Manual

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;

OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THECRY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NECLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation
andjor other materials provided with the distribution

* Neither the name of Univ Pontificia Comillas nor the names of its contributors may be used to endorse or promote products derived from this
software without spedific prior written permission.

EXTERNAL FUNCTIONS

degzutm, utmzdeg
Copyright (c) 2006, Rafael Palacios
Allrights reserved.

11



About - User Manual

? CetTrack

Uploads Flightlog SRT Output Default values - useful functions BEehind the scenes Calibration Licences - Copyrights

CetTrack version 1.7.5

The Software was developed under Matlab 2022-2023 app designer
by Mel Cosentino (Aarhus University) and Michael D3hne
in the project "PAL-CE"

The development was funded by
Bundesamt fiir Naturschutz
Danish Environmental Protection Agency
Independent Research Fund of Denmark

The development greatly benefited by contributions of

Tom Bar, Ann-Kristin Craul, Thaya Mirinda Dinkel, Ole Meyer-Klaeden,
Leon Rostock

We thank DJI and Mathworks for not supporting the project at all.

please contact
michael.daehne@gmx.com
melcos@ecos.au.dk
for expressions of gratitude or support

About - User Manual

Download User Manual
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External figure - Tracking screen

o s e

Litude UTH

e anss aes 0

....

. L
Synchronisation
tools

Figure 2: Display of the Porpoise tracking figure.

There are four panels in the pop up figure.

- Video:

Displays the video, with additional information including video name, date and time, and frame

number.
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Informaticon related to
the selected frame , .
Mark an objec
& Figure 1: Tracking cetacesns
[X.Y] (1657 177)
{R.G.B] [80 95 80}

- Height

The corrected height (take-off plus height from take-off, in metres) is plotted over time for the entire

flight log the video belongs to. When there is no log data the line is blue, otherwise it is red.

Ex -1
g \ a ‘
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&
=

between 20 and 80
are prefered for
tracking

- Information - animal ID and more

This is the panel you will be using to track the animals. See Tracking - basics for details.
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Animal ID

A = Adult (id from 1 to 10)

Add a comment C = Cadlf (id from 11 to 15)

J = Juvenile (id from 16 to 20)

Press after selecting a location on the
figure and identifying the behaviour
Lusing the buttons on the left

ay and pause Length and photo-ID &

Behaviours:
- Feeding

- Mating
-WTF?

- Net

- Breathing

- Bottom
N )

I Ilark a reference position

Move forwards and
backwards in the
video

- Tracks

There are 2 axes: the bottom one shows the position of the animals that are being tracked. They will
appear in different shapes (according to age class) and colours (according to ID number) and the top one
shows the track of the drone and the area the camera is covering at any given time. The reference points

can be plotted in these axes (black dots).
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Move forwards and

61652 10" backwards in the
61652 10° video

6.1651 < 10°
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B1649:10%
B 1648 10%

<ig"
6164810 00100
Longituda UTM

Porpoise track

A

65160

Sync now

=2
S— gﬁi
Lt
§

4

A Locations of points

Longitude LTM selected in the
1606 current video
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Camera calibration - steps

1) Download the checkerboard

@] MainScreen .
Uploads Flightiog SRT  Output  Default values - useful functions ™ = Behind the scenes Calibration | Licences - Copyrights = About - User Manual
1) Dowload the checkerboard file to calibrate the camera. It is an svg.file and must be printed in an A4 Sh
without scaling, so that the checkerboard patches are exactly 25 mm in width and height. Download checkerboard pattern for Aq J
Itis advised to either laminate this print or to glue it onto a boyrd.
2) Use the drone in the setting that you are using for the field operations and make a video of that by moving the dr:
from the checkerboard in all directions while mainatining focus on the checkerboard but varying the angle and distances slowly for ~30 second.
3) Select choosen number of pictures you want to use for calibration purposes. ~ Number of pictures to use 14
4) Load the video and perform calibration. The calibration will extract the choosen number of'pxctures anq will .dnscard those Load video and Perform Calibration
that are not suitable for calibration purposes.
5) Save the calibration parameters { Save Camera parameters ]
6) Delete old calibration images l Clean up old Calibration pictures ]
, Montage 3 Reprojection Errors
09F 09
08| 08
07 07
06 06
>05F > 05
04f 04
03F 03
02 02
01 0.1
0 L 1 L L L L 1 L 1 5 0
0 0.1 0.2 03 04 05 0.6 07 08 0.9 1 0 02 04 0.6 08 1
X X

When pressing the button, you will be sent here: Calibration Checkerboard Collection | Mark
Hedley Jones. Select the A4 checkerboard with 11 by 8 25-mm squares as shown in the image

below:

Page size: AL v
Checkersize: [ 25 |mm
Page width: 297 | mm
Page height: 210 | 'mm

A4 - 25mm squares - 10x7 verticies, 11x8 squares

2) Print it on an A4 sheet, without figure margins, and unscaled(!!). Check with a ruler or measuring

tape that each square is actually 25 mm in height and width before moving to the next steps.
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https://markhedleyjones.com/projects/calibration-checkerboard-collection
https://markhedleyjones.com/projects/calibration-checkerboard-collection

3) Tape the board to a flat surface such as a closet door or a desk (preferred option) or laminate it
(makes it difficult with reflections)
4) Make the drone ready and put it into the same mode (video image size and frame rate) that you

used in the field

5) With rotators off - Hold the drone between 0.5 and 1.5 m from the checkerboard pointing towards
it, start the recording and move the drone in such a fashion that it gets recordings from different
angles as well as having the checkerboard in different parts of the screen (see images below). Do

it slowly and stop in between otherwise the images will be blurry and cannot be used for

calibration. The duration of the video should be between 30 and 90 seconds.

6) In CetTrack, go back to the tab named “Camera Calibration”, indicate the number of images you
would like to use for the calibration process (between 8 and 20 is preferred), and upload the video

you just created.
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Uploads Flightiog SRT Output Default values - useful functions * = Behind the scenes Calibration Licences - Copyrights About - User Manual

1) Dowload the checkerboard file to calibrate the camera. It is an svg.file and must be printed in an Ag Sheet
without scaling, so that the checkerboard patches are exactly 25 mm in width and height. Download checkerboard pattern for Aq J
It is advised to either laminate this print or to glue it onto a board.

2) Use the drone in the setting that you are using for the field operations and make a video of that by moving the drone roughly at a distance of 5o0cmto1m
from the checkerboard in all directions while mainatining focus on the checkerboard but varying the angle and distances slowly for ~30 second.

3) Select choosen number of pictures you want to use for calibration purposes. ~ Number of pictures to i

4) Load the video and perform calibration. The calibration will extract the choosen number of pictures and will discard thos
that are not suitable for calibration purpose:

5) Save the calibration parameters { Save Camera parameters J

6) Delete old calibration images { Clean up old Calibration pictures

; Montage Reprojection Errors

CetTrack will extract still images from the video (as much as you indicated) and perform the

calibration. It takes 5-15 minutes - you will see a progress bar and will see a pop-up message

when the calibration is ready.

The calibration consists of detecting the checkerboard in the pictures and place points onto the
image where the checkerboard patches meet. It then calculates the camera parameters

considering cushion-like distortion, and potentially misaligned axis of the camera and sensor.

When the calibration is ready, an image will open, where you can see the undistorted image. If
you put a ruler onto your screen all lines that are straight in reality should now be straight on the
picture as well. The image on the left (picture below) is the raw, distorted image, while the one

on the right is the corrected, undistorted one. Errors for each extracted image are provided on the
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graph on the right side of the image below. The errors are usually very small, ranging below 2

pixels.

DISToRTED

ASSUMINg that i1 1S @ NOMaAI™ and not a ish eye ense. it will take three coemcients
fitting, accounting for skew tangential distortion and will then, if successful save the

paramters to disc

25

Mean Error in Pixels

05

ONB\STORTED

7) Now you can save the parameters and use them in the future.

Mean Reprojection Error per Image

— = = Qverall Mean Error. 1.59 pixels

1090 P01 N 0 )
ALDAH040 900000

Images

8) If you would like to perform a new calibration, clean up the images first.
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Tracking - best practices

Steps for all drones

'i"" CetTrack
Uploads Flightlog SRET Cutput Default values - useful functions Behind the scer
STEPS (For all DJI drone types)
1) Drone name [ My_drone z) Drone type [ Mini 2 ¥

3) Load Camera Parameters

[ Load Camera Calibration file ]*

4) Take off height (m) 19,88

1) Drone name (optional): the default name is “None”

2) Drone type: There are currently three types of drones available: Mini 2, Mavic 3 Classic, and

Air2S. When you select the drone type, the relevant buttons will be enabled.

3) Calibration file (optional): if you have, upload the calibration file generated by CetTrack.

4) Take-off height: The take-off height is the height to the object that will be tracked. In the case of

small cetaceans, take-off height is the height difference to sea-level. If take-off does not take

place from the same height (e.g., a cliff), it should be measured every flight. The wrong height

leads to errors in estimates, especially when the drone is close to the object (below 20 m).

Mini 2 drones

SCEenes Calibration Licences - Copyrights

Video and SRT files

Miniz (Time stamp not included in SAT files)

w

Load video and corresponding SRT

Load flight log

[\ Make sure the SRT files are located in the same folder as
the video files, and that they have the same name as the

video it corresponds to.
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Air2s and Mavic 3 Classic Drones

SRT files

1) Offset to UTC in SRT file - sometimes the SRT files are saved as local time, not UTC, so this

may need to be corrected (an alert will appear if this is incorrect once the files have been

uploaded). If SRT files are already in UTC, this can be left as 0, otherwise correct to UTC (-2hrs

for instance = type in ‘2’).

Airas and Mavic 3 Classic (Time Stamp included in the SRT files)

* 0L
e { Load all SRT Files for same flightlog ] -

|:| { Load corresponding flightlog ]—-" 3

[ Compare SRT and flightlog ]* — L" _—
St (9
End 6 )

Flightlog is plausible

| filenamesrt

start_first_file

end_last_file

start_diff

end_diff

rec_no_fl |corr_start

| O\Tech_ECOS-Lyd\PAL_Fyns_Hoved\20231Air2S\2..

2023-07-10 11:45:07.846174

2023-07-10 11:48:21.585262

863.8260

-1.1027e+06

NaN

2023-07-10 11:4¢ =

Or\Tech_ECOS-Lyd\PAL_Fyns_Hoved\20231AIr25\2...

2023-07-10 11:48:21.661988

2023-07-10 11:51:35.577877

863.8260

-1.1027e+06

NaN

2023-07-10 11:4¢

0'\Tech_ECOS-Lyd\PAL_Fyns_Hoved\20231AIR2S\2. .

2023-07-10 11:51:35.644603

2023-07-10 11:54:49.560517

863.8260

-1.1027e+06

NaN

2023-07-10 11:5

0:\Tech_ECOS-Lyd\PAL_Fyns_Hoved\20231Ai2S12.

2023-07-10 12:02:24 552747

2023-07-10 12:05:38.301820

863.8260

-1.1027e+06

NaN

2023-07-10 12:0:

O\Tech_ECOS-Lyd\PAL_Fyns_Hoved\2023\Air2S\2....

2023-07-10 12:05:38.368548

2023-07-10 12:08:52.251138

863.8260

-1.1027e+06

NaN

2023-07-10 12:0¢

4

Flightlog Overview

*

FilenameFL

VideoNo

VideoStarts

VideoEnds

FL_row_start

Oi\Tech_ECOS-Lyd\PAL_Fyns Hovedlzo23\Air25\202307...

202307/10 11:45:08.710

2023/07/10 11:56:57.590

* Tips displayed when hoovering over it

2) Select all the SRT files corresponding to the flight log of the video you would like to track. Make
sure the SRT files are located in the same folder as the video files, and that they have the same
name as the video it corresponds to.Because there is a time difference between the time in the

SRT files and the flight log, it is necessary to upload all SRT files from the same flight log to

* Optional

Open video for selected srt file and flightlog:

identify the corresponding rows for accurately syncing the video and the flight log.

3)

Load the corresponding flight log.

4) Generate comparison - there should also be a mark next to “plausible’.

5)

log (may take a while to load).

Select the first SRT file and the flight log, then click Open the figure for this SRTfile and flight




Synchronising Data

Here you are matching the video footage with the recorded data to ensure that drone movements are

completely synchronised.

1.  Using the blue line in the top main graph, and the dotted blue line in the sync box (this is a
‘zoomed in” view of the main graph) to identify an approximate point with a distinct change in

camera pitch (like a tilt from 0 to 90 degrees).

2. Watching the footage, identify where in the footage this distinct point occurs (the frame where

it changes). This may be before or after the change in pitch.

3. Using the synch interactively box to work out how out of synch the flight log is. Count the number
of blue dots between the black vertical line (ie showing you where you are in the footage) and the

point of change in pitch, then multiply by 3 as each dot represents 3 frames.

4. Type this number into the synch interactively box, then click synch now. Note that if the video
footage is behind the flight log (i.e. the black line is to the right of the point of change on the blue

line), then this number must be preceded by -.

5. You can double check that the footage is now in sync by repeating the process. It’s also handy to

record the sync number in the protocol spreadsheet now, to save time if something goes wrong!
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Example

1. A pointin the
footage with a

sharp spikein
gl Sync interactively
movement like
0 \ Sync now
pacn 5 4. Type -9
= S in here, then
%' press synch
£ ot eeaans e
g e ‘ |
s -10f
Feght
-20
% - =30t
" 40}
-50
.60 L
70+ |
-80 ‘ -
39071 2. Point in the 3g0] 2 Pointinthe
; video where the
flightlog where !
camerabeging to
the camera
; move
heeing to mowe

3. There are 3 dots between the
two points of change. 3x3=9, so
it's vrobablv 9 frames out




Tracking - Basics

The external figure will open in the first frame when there is a good match between the information

obtained from the SRT files and the flight log.

Marking and giving ID

1)
2)

3)

Use the frames buttons to move through frames until you find your animal(s).

Make sure the background colour of the image is green when you track an animal. When the
background is red it means the pitch (angle of the camera) is too small and the estimates will be
wrong. The error will be smaller with orange but it is still not recommended.

Click on the animal(s) on the image, then select the relevant animal id (i.e. for 1st ind. select Al,

for 2nd ind. select A2 etc).

Use the same part of the body when marking an animal. We recommend using the beak (tip of
the head) whenever possible, otherwise the middle (e.g., the dorsal fin). Each animal must keep
the same ID number throughout the tracking period (and ideally throughout the entire flight log

to avoid confusion further down the line).

A message will appear showing X and Y values (pixels in the image) and RGB values (colour).

Depending on the species you are working with and what your goals are, you can move frame

by frame, or in periods of 0.5, 1 or 3 seconds.
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NOTE

ID buttons with an A represent adults (will appear as ID numbers from 1-10 in the output table),

with a C represent calves (IDs 11-15), and with ] represent juveniles (IDs 16-20).

4) To note the location of any reference points by clicking on the image, then selecting “Ref point”.

Info Animal
Allow Zoom Feeding Photo-id Al A2
Zoom reset Mating Length A3 Ad
Pan WTF?
AS AB
Net
Breathin AT A8
Bottom Add note AD A10
Move between frames Other
-1 fr +1 fr Select fram
-0.5s +0.5s
s i1s Current

5) Move onto the next frame you wish to analyse (depending on the behaviour of the animal
behaviour, you may skip more or less frames) and then repeat the process.

6) When you reach the end of the video, you must save this data before moving on to the next one.

Adding additional information
Additional information needs to be clicked before indicating the ID of the individual being tracked.

Photo-ID: Select to indicate whether the image could be used for photo-ID purposes. If pressed, a 1 will

appear in the corresponding column of the output data. The default is 0.

Length: Select to indicate you have clicked on the animal for measuring the length (tip of the head and
notch on the fluke). If pressed, a 1 will appear in the corresponding column of the output data. The

default is 0.
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Info Animal

Allow Zoom

Al AZ

Feeding Photo-id
oSt Mating Length A3 Ad
Pan WTF?
AS A5
Net
Breathing Ref point AT Ag
Batiom Add note AS 240
Move between frames —— Other —
-1 1r +1 fr Select fram
-0.5s +0.5s
s s Current

Behaviours: There are several behaviours available to select: Feeding, Mating, WTEF?, Net, Breathing,

and Bottom.

Animal
Photo-id Al A2
Length A3 Ad
AL A5
Ref point AT AR
Breathing il
Bottom Add note AS 240
Maove between frames Other —
-1 fr +1fr Select fran
-0.58 +0.55
Current
-1= +1s

Click on the one that corresponds. If pressed, a 1 will appear in the corresponding column of the output

data. The default is 0.

Notes: To add any comments or general remarks, you can use the notes button. Note: this must be
selected before selecting a point in the image. Remember to also press save after typing your notes into

the box that appears.
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Info Animal

Allow Zoom
Feeding Photo-id Al AZ
B I Mating Length A Ad
Pan WTF?
AS AR
Play Net
Ref point AT AR
Pause Breathing =
Bottom ‘ Add note :J AS 210
Move between frames Other
-1 fr + fr Select fram
-0.58 +0.58
Current
-1s +1s

Skipping to specific frames

If you know your animal will not appear until later in the video, you can calculate which frame they
approximately appear in and use the Actions box on the MainScreen to select this (type into the frame
box, then click reopen the figure). The total number of frames in this particular video is also shown.
Remember that the number of frames per second depends on the drone you used to record the footage.

Normally it is either 29.97 or 59.94 frames per second.

Mistakes
Sometimes you will mistakenly select the wrong ID or
add incorrect information for an individual, or other
tracking issues that would require you to delete rows
from the output data. In the Output tab, there is an
- option to do this. Just select the row to delete and click
Delete selected row Load Trach

“Delete selected row”. You will see it disappear from

the table.

More animals than buttons

You can track up to 20 animals at the same time, by indicating the ID of the animal using the buttons in

this panel. Two main issues can arise from this
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- More than 10 adults, 5 calves, or 5 juveniles. For example, you are tracking 12 adults but no other
age classes. You can use a calf or juvenile button but add a note the first time so you know the ID
corresponds to an adult.

- More than 20 animals overall. This would rarely happen but it can. We recommend tracking some
animals in one go, and other animals in another go. The other option would be to assign the same
ID to more than one animal (e.g., Al to animal 21) but this could create many issues when

analysing the outputs of not managed with care.
Saving the output

Return to the Main Screen and select the Output tab at the top of the screen. This is where you can view
all the points you have selected (animals and reference points) and the information that is associated

with each point.

You can either click on “Save Track data”, which will save the output in the same folder where the

videos are, or you can click “Save to...” that will allow you to select another destination.

The output is saved in the format of the flight log name, but adding the name of the video in front, e.g.

‘DJI_0011.MP4_Jul-10th-2023-01-45PM-Flight-Airdata.csv’.

Create settings file Save Track data | | Save to... |
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Output

The track data is saved as a csv, with the following columns

Table 2.

Column

Description

Video_name

Flightlog_name

Drone_ID

Drone_Type

Date_time_num_utc

Date and time in numerical format, in UTC

Date_time_utc

Date and time as text, in UTC time

Frame num

Frame number of the track

Height_corr

Corrected height of the drone (take off height provided by the
user + height from take-off provided in the flight log)

x_img

y_img

x_img_uncorrected

y_img_uncorrected

Drone_heading

Gimbal_heading
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Gimbal_pitch

x_utm_drone

Longitude (in UTM) of the drone

y_utm_drone

Latitude (in UTM) of the drone

Lat_drone Latitude (in decimal degrees) of the drone (from the flight
log)

Lon_drone Longitude (in decimal degrees) of the drone (from the flight
log)

Object_ID ID of the animal (the same as in the buttons used to mark the

animals)

x_utm_object

Estimated longitude (in UTM) of the object

y_utm_object

Estimated latitude (in UTM) of the object

Lat_object Estimated latitude (in decimal degrees) of the object

Lon_object Estimated longitude (in decimal degrees) of the object

Age_class Adult, Calf, or Juvenile, depending on which button was used
to track the animals: A, C, |

Breathing The animal is breathing at the surface

Bottom The animal is at the bottom of the sea. This is not when the
animal is simply moving underwater, but when it is bottom
grubbing (head towards the bottom).

Feeding The animal is clearly foraging or feeding

Mating There is a mating attempt

Net The animal is near a fishing net
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WTF

Who knows what the animal is doing?

Notes
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Terminology

SRT file: subtitles of the video files. For Air2S and Mavic 3 Classic, these are generated automatically

for each video, while for Mini 2 drones, they have to be generated independently.

UMT region: The Universal Transverse Mercator (UTM) is a map projection system for assigning
coordinates to locations on the surface of the Earth. It is a horizontal position representation and treats
the earth surface as a perfect ellipsoid. However, it differs from global latitude/longitude in that it
divides earth into 60 zones and projects each to the plane as a basis for its coordinates. You can find

your UTM zone here: DMAP: UTM Grid Zones of the World.

UTC time: The Coordinated Universal Time is the primary time standard by which the world regulates
clocks and time. It is the mean Greenwich time outside of the summer season, when the time is
changed. For example, if the local time in Denmark is 15.26 during the summer months, the UTC time

is 13.26 (two hours behind), while in winter, the time would be 14.26.
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https://www.dmap.co.uk/utmworld.htm
https://www.dmap.co.uk/utmworld.htm
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