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System requirements

* AniWellTracker has been developed with Microsoft Visual Basic. NET
(shortly, VB.NET) and therefore runs on a PC with Microsoft Windows

operating system (Windows 10 recommended).

e Users may have to install NET Framework 4.5.1 or higher versions.

https://dotnet.microsoft.com/en-us/download/dotnet-framework

* Recommended hardware specs:

PC with CPU of 1st generation Intel i3 or higher and RAM of 4GB or more



Preparing for image analysis

1. Record time-lapse images or videos while performing the experiments.
Users may want to use free PhenoCapture program to record time-lapse images or videos using a web
camera. Check out Appendix | and IL.

2. In case of videos, frame images can be extracted from the video file using the provided MATLAB code.
check out Appendix Ill.

3. The source image file name should be in the following format.
YYYY-MM-DD (hh-mm-ss-SSS).extension

YYYY: four-digit year %] 2019-08-07 (13-20-29-975).PNG
MM: two-digit month %1 2019-08-07 (13-20-30-757).PNG
DD: two-digit day %] 2019-08-07 (13-20-31-520).PNG
hh: two-digit hour %] 2019-08-07 (13-20-32-240).PNG
mm: two-digit minute %01 2019-08-07 (13-20-33-315).PNG
ss: two-digit second %] 2019-08-07 (13-20-34-053).PNG
SSS: three-digit millisecond %1 2019-08-07 (13-20-35-129).PNG
One space between 'DD' and '(hh' %1 2019-08-07 (13-20-36-194).PNG

Parentheses '(' and ')’ required
* The PhenoCapture and the MATLAB code generate image files with names compatible with

AniWellTracker.

4. The user must create a ROl file (ROl.csv) and locate the file in the folder containing the source images
to be analyzed. Check out Appendix IV.



User interface

@ AniWellTracker 1.0 (12/19/2022) M e n u tOOI ba r

File Edit Window About
I Tracking mode | §Z Review mode :'_l'ﬁme—series heatmap FED heatmap

o Tracker | 22 | O canvas - original 1t image of 2019-08-07 (13-20-29-975).PNG F=RE=E %"
Source image folder 43| @Q @ QG- 23 Animate Qriginal - | Binarized - Interval 500 S <
|D:\Ar1iWeIITracker images\Test set | |1_7 Set | r = I "

Analysis interval
@ Select
O Find th

Tracker window

Current time-]

Current |201 9-08-07 (13-20-29-975).PNG |

Next [2019-08-07 (13-20-30-757).PNG |

[1] Binarization | [2] Region extraction | [3] Processing

[] Pre-blurring Set adaptive threshold Test

,jie ellTracke geswlest se |S@|
File name Size (kb) ~
2019-08-07 (13-20-29-975).PNG 1880.5
2019-08-07 (13-20-30-757).PNG 19981.4
2019-08-0 3 19003
2019-08-0 . 3
2019.08.0 File manager |
2019-08-0 H H 1.3
aoee| (SOUrce image files) ke
2040 N0 N A i
Total 3653 files found File #: 1 |#] Refresh I




Tracking mode for image analysis

In Tracking mode, users can analyze images to
extract animal's centroid coordinate in each

@ AniWellTwacker 1.0 (12/19/2022)
| |
File Edit® Window About

£ Review mode s_l_'ﬁme—series heatmap FZD heatmap

. well.
$o Tracker [ 23 |} O canvas - Origirfl 15t image of 2019-08-07 (13
Source image folder L2 Qe @:' ‘d Animate  Original . .
o ek e = | [P i . L. Slick Tracking mode; button to show
: ‘Tracker' window.

Analysiginter\,ral : EEEEEEEEEEEEEEEEEEREDR
@ Select next image without regular time interval : .
ormiaasmarmae i N . 2;Set the source image folder to be analyzed.
Current ime-lapse images 3. Click 'Refresh' button to list image files in
Current |2019—08—0? (13-20-29-975).PNG ‘ EEEEm F]. mn .'T EEEEEEEEEEEEE d
Next |2019-08-07 (13-20-30-757).PNG | the File Manager window.
. . . . I 1
7 | i o | 1P 4. Click any image file in the 'File Manager' to
.+*" show the image in the 'Canvas' window.
[] Pre-blurring Set adaptive threshold Test =

5. If a ROI file (ROl.csv) is found in the folder,
red circular or rectangular ROl regions are
shown in the 'Canvas' window.

Manager: ..iWe ¥ set “
® *

File name e® *Jize (kb) ~
2019-08-07 (13-20-29-975).PNG ® .* 1990.5
2019-08-07 (13-20-30-757).PNG .® »* 1991.4
2019-08-07 (13-20-31-520).PNG  +* * 1990.3
2019-08-07 (13-20-32-240) PNG 1992 3
2019-08-07 (13-20-33-315).PNG 1988.1
2019-08-07 (13-20-34-053). PNG 1991.3
2019-08-07 (13-20-35-129). PNG 1990.8

2040 N0 AT (49 20 20 404N DA & rater] hd
Total 3653 files found File #: 1 |#] Refresh [

<




Tracking mode for image analysis

[ Step 1: Binarization ]

The first step in image analysis is to convert
the original image into a black and white
image. This is done in the 'Binarization' tab.

AniWellTracker uses an adaptive thresholding

F Adaptive thresholding

Size of processing box (Recommend bigger than objects of interest)

= | 9

(7] AniwellTrackd
File Edit W
1o Tracking mod

o e of 2019-08-07 €3-20- . N . .
]| EE e we_ogna + |, 3lgOrithm, Click 'Set adaptive threshold’.
D AnWell @ Black O White : 1. Set the size of the processing box.
o N = A slightly bigger number than the size of
Analysis inte Threshold level % (Recommend 86 as default) _/ - . .
® Select = animals is recommended.
O Find th = 2. Set the color of the objects to be detected.
A - Ifanimals are displayed in black, select black.
Current = 3. Set the threshold level.
Next = A number between 80 and 95 is
= recommended.
1 1 R .| [ S EEEEEEEEER | ] . . .
[ Barzaron JR RemmeRmAmY TH Proceg = 4. Click 'OK' button to display the result in the
EEEEEENRNE 1 1 .
] Pre-blurring Set adaptive threshold Test Ca nvas W|nd0W
Users can try the default values first and then
modify them to improve the binarization.
® B2 Original Binarized
File name Size (kb) ~ [2] festimenneiRl W2
2019-08-07 (13-20-29-975).PNG 1990.5 Ganta] P1WI10 (1] TeskGontal P1 W1
2019-08-07 (13-20-30-757).PNG 1991.4 S )
2019-08-07 (13-20-31-520).PNG 18903
2019-08-07 (13-20-32-240).PNG 19923
2019-08-07 (13-20-33-315).PNG 19881
2019-08-07 (13-20-34-053).PNG 18913
2019-08-07 (13-20-35-129).PNG 1990.8 o
Total 3653 files found File #: 1 #] Refresh




Tracking mode for image analysis

o Region Labeling y [ Step 2: Region (.axt.ractlon ] .
The second step in image analysis is to
Back d col . .
ackground color - [EHEER oK Cancel perform region(blob) extraction to detect
Previ Labeli Cent inSi 5 . .. . . .
— Zie Wseenoi animals. This is done in the 'Region extraction'
| 5 se screening condiion | 2 Update = tab. Click 'Set region extraction' to configure.
: ™ ..IIIIIIIIl...IIIIIIIII....IIIIIIII..
Area Min = Width(Height) Min Limit max objects per ROI - .
B Area Max = Width(Height) Max Sortby  Area v = = 1. Check 'Use screening condition’.
[ ] EEEEEEEEEER IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIII I.IIIIIIIIIIIIIIIIIIIIII IIIIII‘II‘II
e | . = Users must set values for minimum
$oTrad * Double click on Workspace window to find color SN . . area, maximum area, minimum
o # Aea O Ce?“"r Width Height Color X1 Y1 . : = width(and height), and maximum
Sou “-I riginal :  width values to filter out invalid
o 494CC5 138 = objects. Only objects within range
9 | 66 398 | 324 | 15 16 | 774C9E | 392 | 316 | 406 ot B .
el | 8T 557 | 206 | 10 | 18 | C30D97 | 552 | 289 | 561 = are detected as animals.
11 50 786 355 14 12 D3D296 780 349 793 .
16 23 328 496 8 6 191ACB 325 494 332 . . .
. 17 45 592 502 13 1 480B4B 587 497 599 . 2 The user can flnd the Optlmal
. 19 | 50 754 | 555 6 18 | F96646 | 751 | 544 | 756 | . parameters by checking the
urm L] AN AnA e alal An A M MAArmeT o AT A TN L Tatal n . . .
d < > = information of the detected objects.
n|  Number of regions 14 * Every region has different color | Test Cantrol P1W5 a
= ite | I ] . . .
For the best result, use black and white image!! : Blnarlzed Reglon extracted
fEEEEEEEENEEEEEEEEEEEN n
[1] Binarization I| [2] Region extraction § [3] Processing : 2] JestmommaiRl W2 [2] Test Control P11 W2

EEEEEEEARR
[] Pre-blurring I Set region extraction I Test

[/I Test Control P1 W7 [8] Test Control P1 W8




Tracking mode for image analysis

(Z) AniWellTracker 1.0 (12/19/2022) [ Step 3: Processing ]
File  Edit - Window  About After the user finishes optimizing the image

Tracki d 5] Revi de | ®Ti ies heat 2D heati . .
B Tracking mode | A Review mode | B e sers heatmap | i 20 heatmap analysis parameters in steps 1 and 2, the

do RS | O sl third step s to analyze all images in the
=3 QQQQ' <1 Animate  Orig . . '
'I-IIIIIIIIIIIIIIIIIIIIPr(I)ICIeISISIIrJ IEaI?;

1. If the user wants to process all subfolders,
check 'Process every subfolder'. This
option allows you to perform batch
processing and to process multiple folders.

2. If the user only wants to process a subset
of image files, check 'Confine source
images' and set the image numbers in the
blanks.

... Jlick Progcess’ button,

4. When the analysis is completed, multiple
output files are generated in the folder
analyzed.

D:\AniWellTracker images\Test set iy T iy

Current time-lapse images

Current |201 9-08-07 (13-20-29-975).PNG

Next |201 9-08-07 (13-20-30-757).PNG

[1] Binarization | [2] Region extraction §| [3] Processing
_

[] Confine source images

File # from 1 to 100

Tracking_AbsoluteLocation.csv
Tracking_CentralAngle.csv
Tracking_DistanceFromCenter.csv
Tracking_LocationHeatmap.csv
Tracking_RelativeLocation.csv
Tracking_RotationAngle.csv
Tracking_TravelDistance.csv
Tracking_TravelDistance_TimeBlock15min.csv
Tracking_TravelSpeed.csv
Tracking_TravelSpeed_TimeBlock15min.csv

' J File Manager: ..iWellTracker imagesWTest set @

File name Size (kb) ~
2019-08-07 (13-20-29-975).PNG 1990.5
2019-08-07 (13-20-30-757).PNG 1991.4
2019-08-07 (13-20-31-520).PNG 1990.3
2019-08-07 (13-20-32-240).PNG 1992.3
2019-08-07 (13-20-33-315).PNG 1988.1
2019-08-07 (13-20-34-053).PNG 1991.3
2019-08-07 (13-20-35-129).PNG 1990.8




Table. Analysis output files generated by AniWellTracker.

Output file name Description
Tracking_AbsoluteLocation.csv Animal’s centroid (x and y) in the image
Tracking_RelativeLocation.csv Animal’s centroid (x and y) within the ROI

Tracking_TravelDistance.csv Animal’s travel length between time-lapse images
Tracking_TravelSpeed.csv Animal’s travel speed between time-lapse images
Tracking_CentralAngle.csv Animal’s central angle between the center of the ROl and the |

ocation of the animal
Tracking_DistanceFromCenter.csv Distance between the center of the ROl and the centroid of the
animal

Tracking_RotationAngle.csv Change in the central angle of the animal between time-lapse i

mages
Tracking_TravelDistance_TimeBlockOOmin.c Average distance traveled in each time block of 00 min where O
Y 0 represents a number

Tracking_TravelSpeed_TimeBlockOOmin.csv Average speed traveled in each time block of 00 min where 00
represents a number
Tracking_LocationHeatmap.csv Heatmap for the number of places an animal was located in th
e ROI
Tracking_DistanceFromCenterHeatmap.csv Heatmap of the number of distances the animal was located fr
om the center of the ROI.

* AniWellTracker generates 'Tracking_AbsoluteLocation.csv' and then processes the
'Tracking_AbsoluteLocation.csv' to generate all other output files.



Example of "Tracking_AbsolutelLocation.csv'

A A | B | C | D | E | F | G H
1 |Filename Blank Experiment time (ms) Time lapse (ms) (n+1 - n) [X] Test||P1|W1]|2021-01-01 [Y] Test||P1|W1]|2021-01-01 [X] Test||P1|W2|2021-01-01 [¥] Test||P1|W2|2021-01-01 [
2 _2020—11—‘]8 (15-26-09-452).PNG 0 642 381 129 580 143
3 _2020—‘]‘]—‘]8 (15-26-10-094).PNG 642 966 380 130 590 143
4 _2020—‘]‘]—‘]8 (15-26-11-060).PNG 1608 988 381 130 590 142
5 _2020—‘]‘]—‘]8 (15-26-12-048).PNG 2596 1040 381 130 590 143
5_2020—‘]‘]—‘]8 (15-26-13-088).PNG 3636 1050 380 129 590 142
7 _2020—‘]‘]—‘]8 (15-26-14-138).PNG 4686 980 380 130 590 141
g [2020-11-18 (15-26-15-118).PNG 5666 1013 380 129 590 142

Image file Elapsed Time Centroid Centroid

name time from interval coordinates of coordinates of
analyzed the between the first well the second well
beginning two
consecutive

images



Review mode for reprocessing and charting

L]

AniWellTracker 1.0 (12/19/2022) w

File Edt Window About "
I\ Tracking mode _ !l_ Time-series heatmap FZD heatmap

In Review mode, users can reprocess
"‘Tracking_AbsolutelLocation.csv'file

B3

£l Reviewer

Source image folder

|D:\AniWeIITracker\mages\ZIarvaeﬁdetergentA = Set
]
-
Render option :
Obiject location [] Central angle -
-
-
Track Images Show location u
-
n
n

EEEEN

IImage | Reprocessing | Time series heatmap ‘ Location heatmap

Distance from center heatmap |

Well# 1

Crop margin
File # from
o

~

(@ Entire image
O Single well

Copy well image A

Copy well image B

Save every well

Start saving ¥ Open folder

generated in Tracking mode to create
other output files.

o =

e Manager: ..er images#Zlarvae_detergent4

File name Size (kb) ~
2019-08-07 (13-20-38-052). PNG 19951
2019-08-07 (13-20-39-161).PNG ans 4906sm = ® "
2018-08-07 (13-20-40-287)PNG |  mm=® mu® 1998.5
2019-08-07 (13-20-41-021).PNG 1995.7
2019-08-07 (13-20-42-114).PNG 1988.5
2019-08-07 (13-20-43-188). PNG 1990.6
2019-08-07 (13-20-44-316).PNG 1988.0

ANA0 N0 AT {42 20 AE AEDY DRIC —

Total 8400 files found File #: 12 [#] Refresh

| e % % __

1. Click 'Review mode' button to show

Reviewer' window.

2. Set the source image folder where

image analysis was completed.

3. Optionally, click 'Refresh' button to

list image files in the 'File Manager'
window.

4. Click any image file in the 'File

Manager' to show the image in the
'Canvas' window.

‘IIIIIIIIIII.

Processing completed!

|_| Batch processing completed ” Processing time: 1998 ms ||




Review mode for reprocessing and charting

() AniwellTracker 1.0 (12/19/2022) [ Image tab ]

Elle Edit Window About The first 'Image' tab has a function to
I Tracking mode | fZ Review mode E_l_ Time-series heatmap ‘ZD heatmap . .
. automatically save as a file by

L N | 22 | | [ canvas - Original image of 2019-08-07 (13-20-46-132 displaying the tracking path in the
) Ly @ ® & G- | 3 Animate Original - .. . .
e | original image so that the tracking
|D:\AniWeHTracI-(er images\Zlarvae_detergent4 & Set [T T ePRwaR

\ result can be reviewed.

Render option
Object location [] Central angle

[+] Track Images [] Show location

Not only for one well, but for the
entire image, the path of the specified
length (number of files) is displayed on
one original image, allowing quick
review to see if there are any tracking

IImage Reprocessing | Time series heatmap | Location heatmap

Uistance from center heatmap |

: issues. These functions are useful for
@ Entire image Well# |1 v Copy well image A .
O Single well data quality control.
Crop margin Copy well image B
File # from Save every well Check the 'Rendered' subfolder in the
o _ source image folder. Users can browse
Start saving == Open folder . . .
step generated images for quick review.
,ﬂ File Manager: ..er imageswZlarvae_detergent4 @

File name Size (kb) ~
2019-08-07 (13-20-41-021).PNG 19957
2019-08-07 (13-20-42-114) PNG 19885
2019-08-07 (13-20-43-189).PNG 19906




Review mode for reprocessing and charting

@ AniWellTracker 1.0 (12/19/2022)
File Edit Window About

I Tracking mode | fZ Review mode !l_ Time-series heatmap ‘ZD heatmap

&1 Reviewer

Source image folder

|D:\AniWeHTracI-(er images\Zlarvae_detergent4

Render option
Object location

[v] Track Images

[] Central angle

Reprocessing:

Image

Distance from center heatmap |

Show location

Time series heatmap | Location heatmap

Exd

=  Set

.
[ canvas - Original image of 2019-08-07 (13-20-46-132]

Ly @ 6L & G- | 2 Animate  Original

[ilE 1gests P23

-----------------

| |

]

Conduct reprocessing et "
s
“"
ve®
.
Time block duration (min) ®
,ﬂ File Manager: ..er imagesi¥Zlarvae_detergent4 @

File name Size (kb)
2019-08-07 (13-20-41-021).PNG 1995.7
2019-08-07 (13-20-42-114) PNG 1988 5
2019-08-07 (13-20-43-189).PNG 1990.6

[ Reprocessing tab ]

In the second 'Reprocessing' tab, the
user reprocesses the original files, and
especially if the user sets the duration
(min), the average speed and distance
are recalculated for each time interval
and saved in the output file.

1.

smmEm

ting

me S

2. Click 'Conduct reprocessing'




Review mode for reprocessing and charting

(B) AniwellTracker 1.0 (12/19/2022) [ Time-series heatmap tab ]
E2 [T Bl The third "Time Series Heatmap" tab
I Tracking mode | /2 Review mode E_I_'I'lme—serles heatmap EZD heatmap features 3 heatmap d|sp|ay Of raw data
& Reviewer EXH et for speed, distance traveled, and
Source image folder RAALAR s ol 1 average speed versus time
|D:‘¢\niWeIITracker images\Zlarvae_detergent4 5 Set L ] '

When the user presses buttons such as
“Travel speed (every data)” or “Travel
distance (every data)”, the analysis
result can be immediately displayed in
a heatmap chart.

Render option

Object location [] Central angle

[+] Track Images [] Show location

Image | Reprocessing ITime series heatmap; | Location heatmap

Distance from center heatmap |

[E=E IO =<

Travel speed Travel distance Central angle Delta rotation ;
[E] Test P1 w1 2021-§ 0 Image size of a single well
(Every data) (Every data) (Every data) (Every data) 1 Tost P w2 202 X [30

(G Test P1W3 202

[HI Test P1wa 202

_ 1 5
Distance from center ||n|n||m| T |||| T .
~ |2 v
(Every data) S s 1 11010111100 o
Value range
Average travel speed Total travel distance 0 ~ 133 ] Auto
(Each time block) (Each time block) I Test P1 w10 2021
l . -l Copy

Colorbar 1 (Color spectrum 1)

[] Fill white when blank data

{ih [ [ Show labels:
e - | | \I \ll\ 11 ||\|\|||| [

I‘ Set file
File name Size (kb) ~ 26] o Test 2 wa 2021 ‘ DA WellTracker images

2019-08-07 (13-20-41-021).PNG 19957 et @ \Zlarvae_detergent\Tracking_TravelS
- - [V Test P2 W5 2021-4

2019-08-07 (13-20-42-114).PNG 1988.5 ﬁ (21 Test P2 w7 2021 I

2019-08-07 (13-20-43-189).PNG 1990.6 j i

peed.csv
Draw now




Review mode for reprocessing and charting

Example of time-series heatmap

:I. Time-5Series Heatmap Viewer

[E] Test F1 w1 2021-iR00
[Fl Test P1Wz2 2021

[G] Test P1 w3 2021-

[H] Test P1 W 2021-§g01

[ Test P1 W5 2021-07:3

] Test P1 W6 2021-0fL0d
[KI Test P1 W7 2021-40

[L] Test P1 W8 2021-0015040
[M] Test P1wWo 2021-§ 1004
[M] Test P1 W10 2021 Hi
[0] Test P1 W11 2021]04-04
[Pl Test P1 W12 20210

[Q) Test P4 w13 2021]1-04
[R] Test P1 W14 2021401
[S]Test P1 W15 202 {10
[T Test P2 W1 2021

[Ul Test P2 W2 2021

V] Test P2 W3 2021-41001
[W] Test P2 W4 2021-

[X] Test P2 W5 2021

vl Test P2 W6 2021-0110
[Z] Test P2 W7 2021

[AA] Test P2 Wa 202104
[AB] Test P2 Wwo 2021[01-9
[AC] Test P2 W10 202020820
[AD] Test P2 W11 202[1(01 01
[AE] Test P2 W12 202[-01°

[AF] Test P2 W13 20250y

[AG] Test P2 W14 202 -0
Q

]
| AR I AR

[AH] Test P2 W15 202f

SRl =5

Image size of a single well
700 |x |30 |

1°
Time range
o |- 2 | Hour ~
Value range .
0 ~ 133 Auto
Colorbar 1 {Color spectrum 1)~

[ Fill white when blank data

Show labels
Set file

D\AniWellTracker images
Vlarvae_detergentd\Tracking_TravelS
peed.csv

Copy Draw now

[ Time-series heatmap tab ]

In the time series heatmap, the time
interval to be displayed on the
heatmap can be input in minutes or
*“hours, and the color corresponding to
the numerical value can be set by

inputting the range of numerical values.

"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII




Review mode for reprocessing and charting

@ AniWellTracker 1.0 (12/19/2022)
File Edit Window About

I Tracking mode | ] Review mode !l_ Time-senes heatmap FZD heatmap

[ Location heatmap tab ]
In the “Location heatmap” tab, the

& Reviewer

Source image folder

|D:V\n|WeHTracI-(er images\Zlarvae_detergent4

= Set

Render option

Object location Il Central angle

[ ]
[] Track Images
| |

Show location

(2]

[ canvas - Original image of 2019-08-07 (13-20-46-132,

probability of the location where the
animal stays can be displayed as a

Image | Reprocessing | Time:series heatmap

I Location heatmap

Distance from center heatmap E

[] Confine source images

Fie# [1 |to
Grid size N

Contour

pmunt®
amuunst® 'ZTdol-or-s-pectrum 2)

Value range EI =

Filter size Lanums Ll

R

"R L L L
Re-processing

Draw heatmap on image

ILERT

J File Manager: ...er imagestZlarvae_detergent4

bd

File name
2019-08-07 (13-20-41-021) PNG
2019-08-07 (13-20-42-114) PNG

Size (kb)
19957
1988.5

L)

Ly @ G & G~ | 2 Animate Original -

heatmap.

1. If the user wants to confine a subset
of image files, check 'Confine source

images' and set the number values
for a range.

2. Set the Grid size N to create a N by N

location frea'lfe'ncy table.

3; Click Re;process, button to compute

location frequencies.

4. Click 'Draw heatmap on image' to

visualize the results.




Review mode for reprocessing and charting

Example of Tracking_LocationHeatmap.csv' Information of each well
e M A P HA

4 A B C D | E  F G s H | ) K L M N O |

1 IRO| ID 1 Total count 8001 Test||P‘I|W‘I|202‘I—D‘I—D‘II

2| o o o0 0 0 4 3 7 0 0 0 0 0 0

3l o o o 12 10 18 15 25 16 17 13 0 0 0

al o o 3 12 20 17 11 9 15 16 13 1 0 0

s| o 1 8 21 16 13 19 21 10 12 17 13 6 3 0

6 | 0 6 10 12 17 42 3 5 9 7 7 7 14 1 0 FrequenC|es

7 1 10 28 21 9 9 5 8 7 10 73 62 13 12 2| . :

8 | 1 14 50 8 1M 3 5 4 23 35 250 21 1 9 »| inthe first

ol 4 18 65 17 707 1 2 2024 1890 121 83 28 2| well for the

o] 6 9 17 67 2 7 131 5 0 2 15 48 33 15 1| heatmap

1m| 2 2 9 21 9 8 10 1 4 134 21 10 6 1

2] 0 6 20 14 13 8 10 2 2 155 63 5 8 1

3] o 2 23 22 18 76 13 31 14 60 118 11 11 1 0

“| 0o o 20 17 12 5 11 10 19 8 4 9 0 0

5] 0 o0 12 17 8 9 15 7 9 4 1 0 0

16 00 0 11 1 2 9 4 1 0 0 0 0

17

18 ROIID 2 Total count 8400  Test||P1|W2/2021-01-01

w9 0 0 0 0 00 0 0 0 0 0

20 | 0 0 0 0 0 0 0 0 0 0 0 0 0 Frequencies

21 0o 0 0 0 2 0 1 3 5 0 0 0 0 of .

2| o o o 2 1 27 35 92 99 437 37 0 1 0 of " the second

23| 0 0 0 4 10 33 93 126 311 955 239 37 0 0 o| well for the

4] 0 0 1 13 49 139 200 149 301 454 100 93 6 0 ol heatmap

5] 0 0 0 19 76 68 108 254 334 319 84 96 15 1 0




Review mode for reprocessing and charting

(%) AniWellTracker 1.0 (12/19/2022) [ Distance from center heatmap tab ]
:E:?racgl:ij:g mvg\g:dmré_ﬂ R‘:l\).r:]euvtv mode | ¥ Time-series heatmap ‘ZD heatmap In the ”DiStance from center heatmap”
: — . tab, the location of the radius where
= Reviewer MBI 1 Canvas - Original image of 2015-08-07 ( the animal stays from the center of the
Source image folder 3 @ ® @ @-| 1 Animate Original -

well can be displayed as a chart.

|D:\AniWeHTracI-(er images\Zlarvae_detergent4 ¥ Set aEsESEEEEEEEEEEEEEEE
| |
| |
| |
Render option :
Object location [] Central angle :
| |
. | |
Track Images Show location -
| |
| |
| |
| |

series heatmap | Location heatmap - -
E Distance from center heatmapér E@
Draw option

§ 9 10 11 12 13 14 15

[] Confine source images Color b \ .
olor bar Test|P1[W1[2021 1 Canvas size X
File # to 6 (MatLab default) v Test||P1[W22021- 801

Test||P1]W3[2021-C80]
5] | I s [T e
Grid size N |15 Test||P1|We[2021-GG Show labels [ (Calor spectram 1)~
= Test||P1]W7[2021

) i / Test|P1[W8[2021

Re-processing Draw heatmap on image /i Test|P1/W10[202
Test{[P1W11j202
Test]|P1]W12j202 File | Clipboard |
Test]|P1W13[202

Test||P1]W14|202 —
Test||P1|W15[202 D:\AniWellTracker images

. - Vlarvae_detergent4\Tracking_DistanceFr
ETERT S T 4 [T ey Test||P2[W1j2021 e -
- e Manager: ..er images#Zla vae_dete gent4 @ . Test}|P2|W2|2021 2 omCenterHeatmap.csv

Test||P2[W3[2021

File name Size (kb) ~ ESOP: Test||P2|W4[2021
Test|P2|W5[2021
2019-08-07 (13-20-41-021).PNG 19957 Test||P2|W6[2021

o Test||P2[W7[2021
2019-08-07 (13-20-42-114) PNG 19885 / Testupzlwalzozﬂ

2019-08-07 (13-20-43-189).PNG 1990.6 I ' Test||P2|W8[2021 q
Test||P2W10[202 Set file
Test|P2|W11[202

Test||P2|W15[202 Copy heatmap Close




Review mode for reprocessing and charting

Example of 'Tracking_DistanceFromCenterHeatmap.csv

A A , B, €|, D E F G H I  J K L M N O P,
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2_Test||P1|W1|2021—O1—01 2 15 25 160 4775 134 329 514 404 550 355 329 253 131 25
3 _Test||P1|W2|2021—01—01 36 116 522 1934 904 949 1281 1334 755 421 64 63 19 2 0
4_Test||P1|W3|2021—01—01 0 15 173 966 1994 1683 141 81 700 955 555 657 183 200 44
5 _Test||P1|W4|2021—O1—O1 128 455 684 179 877 1204 1083 685 561 397 237 115 68 50 17
6_Test||P1|W5|2021—O1—O1 328 874 836 816 662 428 466 287 288 418 827 645 712 392 105
7 _Test||P1|W6|2021—01—01 15 53 124 221 328 259 529 860 838 774 746 991 1086 1058 366
S_Test||P1|W7|2021—O1—O1 5 431 382 4279 470 259 286 411 241 128 120 318 218 507 161
9_Test||P1|W8|2021—O1—01 24 34 42 85 142 203 332 571 565 717 957 1201 1383 1192 673
10_ Test||P1|W9|2021-01-01 152 275 618 787 1002 1071 1063 990 638 499 369 334 288 199 97
11_Test||P1|W1 0|2021-01-01 34 129 238 3757 807 444 412 886 579 361 315 245 76 50 17
12: Test||P1|W11]2021-01-01 1 12 13 27 101 193 271 639 636 942 928 1105 1073 1050 585
J

\ J \

Each well

|

the frequency of the distance from the center of the

ROI (the center of the well) to the animal location




License information

LGPL v3.0

ANIWELLTRACKER IS DISTRIBUTED 'AS IS'. NO WARRANTY OF ANY KIND IS
EXPRESSED OR IMPLIED. YOU USE THE PROGRAM AT YOUR OWN RISK.

Alternative license terms are available upon request.

Source codes can be found at https://github.com/QuantSK/AniWellTracker. Additional
executable files, manual and MATLAB code (frame extraction from a video file) can be
found at https://vgd.hongik.ac.kr/Software/AniWellTracker.



Appendix I: Capturing time-lapse images

@

File Device Edit Image Color Processing Binary Analysis View Help

Users may want to use the free
PhenoCapture program to

™ Printtime stamp

| I

\)) & Ga Copy | Pastelf 53" Connect 3k Capture @R ® QG 104 - | {2 Profile Batch |&l DragDrop Box | 3 Quick animati . .
i ¥ = capture tlme—lapse Images.
Toolbox Drag-drop 'm=.=e box Workspace "2019-08-07 .IS—:IS—SS—SI 5).PNG" [1920x1080] 67%
= Acquire - . Rr——
3 Pan mode : 1. Launch PhenoCapture.
# Flip = 2. Connect to the web camera.
0 Rotate "smapmg EE NN NEEEEEEEEEEEEEEEEEEEEEEER
"4 Resize 3. Select 'Time-lapse image
e T p— capture' from the "Tool'
1l Gray scaling @ [Cam1] Time lapse image capture menu.
|8 Invert _ . .
& Color range LIS Camera Error Check ‘ 4. Set time interval and target
¥ Blur & Local webcam  Image URL  Set S % a:;%lmzimg 4 Start “"‘l lFardlelFllllllllllllllllllll
@ Dilate € Remote webcar identical images ‘O“ o . " .
® Erode ey ® .+ T4« 5.Click 'Start' button to start
'AdaptlvaBW “’ ‘.............'...........
= Multi step “t' ‘y_’ recordlng.
Canny Edge - Time interval I ¢ * Save now 4 :
K Manual BW Point co ® |mages per second |4 vl (" User defined schedule e - o For more detalls’ CheCk out the
H Region ext Red 184  Every second l—_,1 - 00-00-00-24:00-00(00-:01-00) o PhenoCa pture manual.
[E] Average gray Gm 191 . 04500500-04530500(00500507) ‘0
Fonocomer | gurgg | CEevme [ Sl R o
1] Point location Gry 189 " Every hour |‘| - I 22:00:00-22:30:00(00:00:01) 2 .%0 3
c d ] ¢ OpenLog . .
gL::;;m £ 102200 | Gonimuous capure ?—l‘ [ Captured images in the folder ]
&% Color quant INtO75| g [~ camera qu&r'EmaiI Notification %] 2019-08-07 (13-20-29-975).PNG
BSBFC] Image file format PNG - ’0‘. h E 2019-08-07 (‘] 3'20'30'?5?)PNG
o E 2019-08-07 (13-20-31-520).PNG
R
= Set | ‘.’ E 2019-08-07 (13-20-32-240).PNG
D:#My Temp %1 2019-08-07 (13-20-33-315).PNG

@ 2019-08-07 (13-20-34-053).PNG
@ 2019-08-07 (13-20-35-129).PNG
@ 2019-08-07 (13-20-36-194).PNG




Appendix II: Recording videos

[z e

FiIeEdlt Image Color Processing Binary Analysis Tool View Help
\)] =JEE] opﬂz'!&Pagte 1> Connect | Capture @ ®RQE 100 - |§# Profile |#% Batch | @) DragDrop Box | 3 Quick animation

I ".. ‘I'

RECORDING test recordlng a l[DDﬁQ 03 81 4}
= Acquire
J Pan mode

® Stop | Set FPS |15 - ||Keep recording - S. 1g g Vidany , - |FPS: 13 (50 frames)

(® Setting

M Rotate

1 Resize

Crop

| Brightness
[ Gray scaling
A Invert

& Color range
B Blur

@ Dilate

® FErode

F Adaptive BW
= Multi step
Canny Edge
Fi Manual BW
¥ Region ext
[E] Average gray
I_F‘J Plxal counter
3‘” Custom coor
“ Length

£ Color quant

Video Compression

Compressor: OK | .
*
| Microsoft RLE - Cancel o
Microsoft HLE A R
G *
*
Microsoft Wlnduws Media Vide o*

Lagarith Lossless Codec

IIIIIIII‘

x26dvfw - H 264/ MPEG-4 AVC

.

Users may want to use the
free PhenoCapture program
to record videos. The
PhenoCapture has been
developed by this author.

1. Launch PhenoCapture.
.. 2. Select 'Record HD video'

from the 'Device' menu.
. 3. Click 'Record' button.

4. Select a video

""" compressor.
5. One of the following

video codecs is

,+*" recommended:

Microsoft Windows
Media Video (WMV),
x264vfw or Lagarith
Lossless Codec (users
must install these codecs
first).

For more details, check out
the PhenoCapture manual.



Appendix lll: Extracting images from videos

#\ MATLAB R2021a - academic use Users can use MATLAB to
HOME 0TS EDITOR PUBLISH extract frame images from
-. =1 3 Find Al < Insert 1 v = video files.
du\j 3 H Ea e B e %ﬂl 5 [) @ [é] Run Section
New Open Save \) Compare ¥ 5 GoTo¥ Comment f’ R w Breakpoints Run  Runand 51 advance H
A v v = Print ¥ ({ Find ~ Indent 3| % i A ¥  Advance 1. Start MATLAB.
FILE MAVIGATE EDIT EREAKPOINTS RUN 2 Copy and paste the Code
oL At PN a » E » My Research » Publication » 2021 AniWellTracker » Supplement IR et Tl il pl -t
(OWNON FZ Editor - My ResearchWPublication#2021 AniWellTracker#Supplement#VideoExtractor.m .0. shown on the left into
) _'| VideoExtractor.m | + | o MATLAB.
Bv| 1 3. Set the video file name,
o- i 0 . . q --------.--.......-.-I--.--.....!........f..........
vidFile = 'D:\filename.avi'; sssssssassssn== destlnatlon Older and
3 B . IIIIIIIII.IIII.IIIIIIIIII
) extInterval = 0.1; %extraction interval (seconds) = extraction interval, and
5 OutFOlder = 'F:\target f01der'; EEEEEEEEEEEEEEEEEEEEEEEEEEENEEEER II: Savethecodeasafilein
3 id = VideoReader (vidFile) MATLAB.
vid = VideoReader (vidFile) ;
i : DR . 4. Run the MATLAB code.
g | vidDuration = vid.duration; .
s | [y,m,d] = ymd(datetime ('today')) ; 5. Users can view the
10 | curDate = datetime (y,m,d); frame images created in
11 | for t = 0: extInterval:vidDuration the target folder.
12 vid.CurrentTime = t;
E img = readFrame (vid) ; [ Generated frame images ]
15 curDateTime = curDate + seconds(t); %] 2022-12-20 (00-00-00-000).png
13 dt = datestr (curDateTime, 'yyyy-mm-dd (HH-MM-SS-FFF) ') ; %] 2022-12-20 (00-00-00-100).png
5 display (dt) ; %] 2022-12-20 (00-00-00-200).png
5 imwrite (img, [outFolder '\' dt '.png'l]l); %1 2022-12-20 (00-00-00-300).png
50 end 1 2022-12-20 (00-00-00-400).png
o1 %1 2022-12-20 (00-00-00-500).png
22 1 2022-12-20 (00-00-00-600).png




Appendix IV: ROl file generation

3 PhenoCapture 8.7 Build 960

File Device Edit Image Color Processing B

Binary Analysis Tool Help
&) (@) | & |52 Copy |2 Paste |5 Connect | Capture |G @ G @, 100 - |ia Profile |« Batch | @) DragDrop Box | 3 Quick animatiory

= Acquire

Z Pan mode
i+ Flip

€ Rotate

[} Resize

Crop

I | Brightness
[ Gray scaling
A Invert

& Color range
B Blur

@ Dilate

® Erode

F Adaptive BW
£ Multi step
Canny Edge
B Manual BW
¥ Region ext
[E] Average gray
5 Pixel counter
{# Point location
™ Custom coord
“' Length

% Color quant

<

(738,366)

|

Red 192
Grn 197
Blu 203
Gry 196
Hue 212
Sat0.10
Int 0.77

COC5CB

ponv /8

S5 Multiple ROIs

@Pastetable -.jCopylab\e . e ' o™

=
+ I < | v =1
6 circle 693 | 266 819 392 "
circlo 319 | 446 | 445 572 o
ﬂ ul
cirdle 690 | 453 | 816 =
10 circle 314 633 440 759 [ ]
1 circle 503 | 636 | 629 | 760 u .
12 circle 689 | 640 | 814 | 764 .
circle 314 | 819 | 439 | 043 - .
mEEEN
] Clear m Oy Insert | ADelete | & up | '] Down |

(505,451)-(631,577) Box size=[127x127] | Lapse 20 ms

To easily generate ROI files for AniWellTracker,
users can use the free PhenoCapture program
developed by the author of AniWellTracker.
(www.phenocapture.com)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

1. Launch PhenoCapture.

2. Load one of the source images.

3. Select 'Multiple ROI' from the 'View' menu
to open the 'Multiple ROI' window.

4. Select the circle or rectangle icon from the

'Shape' tool menu.
5. Drag the cursor to make a circular or
sl on
... Click the 'Add’ button to insert the current
selection into the table.
7. Move or recreate the circular or rectangular
selection.
8. Click the 'Add' button again to add the
current selection into the table.
9. Repeat steps 7 and 8 to select all wells.
10. Click the 'Copy table' to export the

contents of the table to the clipboard.



Appendix IV: ROl file generation

Users can use Excel program to create a ROI

‘ A | B | C | D . E | F | G | H | | | J | ]

1 Conditionl Condition2 Date __Plate# Well# Shape X1 Y1 X2 Y2 file manually.

2 |Test Control Aug-19 1 1 circle 318 70 444 196

3 |rest Control Sep-19 1 2 circle 506 74 632 200 1. Create 10 columns from A to J as shown.

4: Test Control Oct-19 1 3 circle 695 76 821 202 2. Enter a t|t|e for each Column. That is'

5 JTest Control Nov-19 1 4 circle 319 259 445 385 'Conditionl', 'COHditiOI’]Z', 'Date', 'Plate#',

6 |Test - i) 1 5 circle 507 264 633 390 , C L At toat o i

7 |Test Additional 1 6 circle 693 266 819 392 Well#, ‘Shape’, 'X1', 'Y1', 'X2', and 'Y2".

8 |Tes| information that 1 7I pasted from clipboard [2 Users can change the number of wglls.

9 |tes|  users may enter 1 8 7 3. Paste the table contents to a specific

10 | Test 1 9 circle 690 453 816 579 location in the Excel worksheet. ROls are

11: Test Control 2019-17 1 10 circle 314 633 440 759 designated as 'Shape" 'X]_" Yl" 'X2' and 'Y2'.
12 Test Control 2019-18 1 11 circle 503 636 629 760 4. Enter text in the cell indicated by the blue

13 | Test Control 2019-19 1 12 circle 689 640 814 764 . .

14 | Test Control 2019-20 1 13 circle 314 819 439 943 box. A” of this text does not affect Image

15 | Test Control  2019-21 1| 14 circle 500 821 625 945 analysis.

16 | Test Control  2019-22 1| 15crde 686 823 811 947 5. Save as 'ROl.csv' in the folder containing the
- — source images.

(CSV: comma-separated text file format)
6. All done!



Appendix IV: ROl file generation

() AniwelTracker 10 (12/18/2022) Set the source image folder in AniWellTracker
TR bt . or click the 'Refresh' button in the File

1o Tracking mode | & Review mode !l'ﬁme—ser\esheatmap F:Dheamiaillllllllllllllllllllllllllllll EEEEEEEEEEEEEEEEEEEEEEEEEENER

e Tracker E [j:_\ [[] canvas - Original 1st image of 2019-08-07 (13-20-29-975).| Manager wi ndOW. Users seea .r.e.d. B.O.I. E?gl.?r.];
Source image folder - 52 |® @ @ @ - <1 Animate  Original - | Bil .
|Di\.'\mWeIITracker images\Test set lm r R

Analysis interval [ WE” Iabel deSCFIption ]

Plate#t
ROI| # Conditionl Well#

Condition2 /

@ Select next image without regular time interval

(O Find the next image at a specified time interval

Current time-lapse images

Current |201 9-08-07 (13-20-29-975) PNG |

Next |201 9-08-07 (13-20-30-757).PNG | Fomg, .} \ x L J /
[1] Binarization | [2] Region extraction | [3] Processing b (7 0 ]

L
L
[ Pre-blurring Set adaptive threshold Test L
L
L
L

L !

. |
L

: EEEERE

J:e anager: ellTracker imagesWTest se @ |

File name Size (kb) “ul ‘

2019-08-07 (13-20-29-975).PNG 1990.5 : ‘
2019-08-07 (13-20-30-757).PNG 1991.4 u
2019-08-07 (13-20-31-520).PNG 1990.3 :
2019-08-07 (13-20-32-240).PNG 19923 =
2019-08-07 (13-20-33-315). PNG 19881 u
2019-08-07 (13-20-34-053) PNG 19913 :
2019-08-07 (13-20-35-129) PNG 1990.8 u

040 N0 NTF {49 90 28 404N DRI 4000 A *J |

Total 3653 files found File #: 1 [zl Refresh "

<
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