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Particle tracking in digital video sequences
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General description

LabTrack is a program for tracking moving objects between successive video frames. LabTrack
can track hundreds of objects simultaneously, depending on the range of object velocities and the
resolution of the video sequences.

LabTrack works in grey scale. Color video is automatically converted. Objects are isolated from
the background using a grey-scale threshold value. Optional image analysis functions enhance
contrast and remove uneven lighting. The tracking procedure consists of

1. Starting LabTrack
2. Selecting a digital video file
3. Choosing the background threshold value
4. Setting the tracking parameter controls
5. Initiating the tracking procedure
6. Viewing the result
7. Saving tracks and related information for further processing
[0 s | =
k| Y
ol |
=] |
d : e
[360x288 1/1 8-bit image 168 (88,237) | [7200576:1/2 &bt image 0 (392.264) \
a) Palette §Ranbon step ) b) Palette. §Binary .
Iel
Ly
ol
ol
720:576 1/2 B-bit mage 0 (306,238 ‘ [720+576 2/1 Bbitimage 0 (396.103) ‘
C) Paletie §Enay | Sty d) Paette §Einay Stop )

The sequence above shows a) An imported movie (bacteria moving along a gradient). The movie
is displayed with a Rainbow color palette, b) A Threshold has been applied and the Edge Detector
turned on, which brings out faint particles and removes uneven lighting effects. The color palette is
switched to binary to highligt light particles against a black background, c) the result of tracking the
bacteria (tracks are always displayed with a binary palette), d) Close-up of tracks.

3 0of 18



B I 0 RAS LabTrack User Manual, page 4

Rapid Analysis Systems for Biology and Life Sciences

Installing LabTrack

The setup.exe program is a Windows Installer, which installs the program and other components.
If you have a previous version of LabTrack installed, the installer will uninstall the previous version
(run the setup.exe program again to install the new version).

LabTrack requires QuickTime to be installed. It can be downloaded free from www.apple.com.
QuickTime enables LabTrack to interpret virtually all digital video formats. LabTrack can interpret
all formats that the QuickTime Player can display and you can test if QuickTime is installed
properly by opening video in the QuickTime Player.

The first time LabTrack is run, you will be asked to enter a license key. The license key can be
acquired from info@bioras.com.
Two different keys are available:
e Time limited trial key (activates LabTrack with its full functionality for a time period of 1
month)
e Permanent license key, upon purchase of license. The trial license can be upgraded to a
permanent license.

Starting LabTrack

LabTrack opens with the Play and Processing tab, and without a video loaded:

i LabTrack 2.1 P ] B
La bTraCk LabTrack wersion 2.3
© Bioras 2007 ; ?
Flay and processing | Tracking | Expart | Allights reserved
—— Mawie contral Image [frame] processing ’ﬁ _AI

Open movie Irvert @J

Size Hal Thieshold ) 220 =]

#Fames 0| Edge ) smal

Every gD frarme(z] detection \

Movie player————— ] Tracking zetup

Play ] §|l1 Frame # 2

Fonward ] gD.DD Drelayz]
Full frame
J1 _>lJ
l |
Palette gﬂainbow St
On-line help

All controls have tip-strips associated with them. These are pop-up text strips that appear when
the cursor is moved over them. Right clicking on a control also offers a “Description and tip...”
dialog that describes the function of the control. Ctl + h opens a help window which shows the
documentation of the control under the cursor.
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Start and stop LabTrack
LabTrack starts in run mode.

To stop LabTrack, click the =88] hutton (lower right side of frame). This allows you to log the
panel if required.

To re-start LabTrack, click on the arrow IE at the upper left of the window or choose the
Operate -> Run command from the menus.

Reinitialize to default

Settings can be reinitialized to default by right clicking the value, and

choose “Reinitialize to default”. Eof Dt
' CopuData
[Haste [ata

Reinitialize to Default Y alue

Deseription and Tip...

In order to reinitialize all values to default, Stop LabTrack, open the
“ s 9 File Edit QIRCECE T il fal
Operate menu, and choose “Reinitialize to default”. —~ L —

. . o Bun Ctri+R
The menu will only appear when LabTrack is stopped!
Frint at Completion
Log at Completion
Data Loaging »

Reinitialize All to Default
Connect to Remote Panel...

Play and Processing tab for opening, viewing, and cropping
QuickTime movies

B! LabTrack 2.1 M= B2
La bTraC k LabTrack wersion 2.3
© Bioras 2007
Flay and processing | Tracking | E port | i remeret
——Movie contral Image [frame] processing ’ﬁ =
Open maovie Iryvert @J
Size &Har Threshald 320 [=]
# Frames  [108 Edgs :) Small
Every gD frame(s] detection \
Maovie player—————————— Tracking setup
ey J §||1 Frame # 2 .
» L
Farward ] gD.DD Delay(z]
Full framme 5 O
- - b
4 | »

[360-288 1/1 bt image 168 (98,237 |

Palette g R ainbiove St
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Movie control: Open movie

Movie contral

Open movie

Size sHalf
# Framez  |108
Ewerny ﬁh_ frame(z]

Open movie: Opens a digital movie file,

Size: Movie frame size (resolution). Choose between Full, Half,
Quarter etc.

# Frames: The number of frames in the movie

(71}

Every “n” frame(s): Specify to use every n'th frame from the
movie sequence. This can speed up tracking for objects moving
slowly relative to the video frame rate,

Push the Open movie l— button and select a QuickTime movie file, a browser window will appear:

Look in: I ) Yideos

] € 5

Presigwm

@ DSCH2960 MOV

b= Filrn avi

Split ovobacter. avi
E}] Swimmingslgae. avi

| My Great Moviez iMoviePraoject
| My Great Movie.iMovieProject

File harme:

ISpIit ovobacter. avi

Correert I

Files of type: IMovies

[Efeate |

¥ Show Preview

j Cancel |

= The number of frames in the movie file will appear in the Frames indicator

# Frames §|| 197 |

3 ﬂl
= Select the resolution that you want to work with in the size popup menu Size !IM.

= View the movie by pushing the Play button

Play

= Movies will play back at different rates depending on the compression algorithm used.

= Type in a start frame number at any time in the Frame# control !I| | Frame #|
£l|
= Delay control: Inter-frame delay !Iﬂ, %L@)J_

Movie player

— dowie plaver

Py 1] ?11 | Frame f 2
- Fanaard j ﬂD.EIEI |Dela_l,l[s]

Full frame

Play the movie until the button is released. Crop frames with the
rectangle tool.
Frame#2: Current frame number

Direction forward or backward through video frames

Delay: Delay for playback display

Full frame: Restore to full frame after cropping.
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Image processing
The image processing settings determine the quality of the tracking analysis.

—Image [frame] pracessing—————————=—= Turn grey-scale inversion on or off. LabTrack tracks light
/ objects against a dark background. Use only if the digital
invert | OFF] video is of dark objects against a light background.
Thresheld 220 ST+« Set the grey scale threshold from white (255) down to the
Edge 4 Small given value. The objects to be tracked should be clearly
detection \ distinguishable from the background.
N= Turn edge detection by convolution on or off, and adjust

edge detection level (Small, Medium, Large). Edge
detection enhances object definition and counteracts
uneven lighting. Adjust until objects are clearly defined, and
background noise is removed.

The Image processing procedure works by selecting a range or grey scales (the entire range is O -
255) starting from the brightest (255). The lower range from O to the selection is considered
background and the selection to 255 is considered potential objects. If you have dark objects
against a bright background, depress the Invert button to invert the image.

If the Threshold “ OFF] button is off, the background is automatically taken to be grey level 0 and
everything else will be considered as potential objects. If you need to set a threshold to more
precisely isolate objects of interest against the background, then while playing the movie, depress
the button and adjust the threshold level until you see the objects you want to track.

Edge
If there are problems with contrast or uneven lighting, depress the detection button and re-
adjust the threshold until you see the objects appearing against the background. The Edge
Detection sensitivity control offers three levels, which are actually related to the size of a
convolution kernel for performing edge enhancement (Small = 3x3 pixels, Medium = 5x5 pixels,
Large = 9x9 pixels). Lower setting result in higher sensitivity of the analysis. Lower settings also
result in more noise sensitivity. A larger setting can be beneficial to limit fractionation of larger
particles.

Video display
The video display frame is visible in all tabs.

> LabTrack 2.1

La bTraC k LabTrack version 2.3
© Bioras 2007
Al rights reserved

Play and processing ‘ Tracking | Expart |

Movie control———————————— —|mage [frame) processing

Open movie [Ruett:
Size dHar Threshold ;} 220 /

(sl€.4

Video display

W Frames  [108 Edge :,)Sma\l f
rame

Every g[l frame(s] detection

Mavie player Tracking setup

P ) 4T | Fameniz
Fomuard ) 50,00 | Delayis)

Ful frame

4 |L|J
[3804282 111 S-bit image 168 (88.237)
ette g_Rainhnw élﬂE |
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|»

(nl€i. 49
Ol ol

Y .
3 ]
X =
4« | »

[360x288 11 8-bitimage 168 (88,237) | [7204576 1/2 -bitimage 0 (392,264) |
Palette gt?.ambow St@ ’ Palette gBinary Sty

Left: A movie displayed with a Rainbow palette.

Right: A threshold has been applied (in this case 80) and the Edge Detector turned on (in this case
Medium), which brings out faint particles and removes uneven lighting effects. The color palette
has been changed to Binary, to highligt light particles against a dark background. The color palette
does not affect the analysis, only the display.

Image information
Image information is displayed below the video display:
[360x285 141 3-bitimage 168 [83.237)

= Movie Resolution (360x288 pixels),

= Size (1/1),

= 8-bit image,

= Cursors coordinate within the frame (88.237).
Palette

Change grey scale palette to false color spectrum to highlight objects. The color palette will ony
affect the video display, but NOT the video analysis,

Gray

3E0x23E  Binary
Gradient

T emperature

Set to Rainbow or Binary when using sensitive edge detection.

Tools for viewing and cropping

[ Magnifier tool
Pointer tool,

™| Hand tool, for moving the image.
O The rectangle tool, for selecting a rectangular part of the video.
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Zoom in and out

The display window can be enlarged using the magnifier tool Iﬁtool from the Tools Palette
(holding down the shift key shrinks the display window).

gopping the image

Q The image can be cropped using the rectangle tool and dragging.
Ij Full frame | Pushing the Full frame button can be restored the full frame size.

Color palettes

| Fyerr—

The Palette menu Pakette jm can attach color palettes to grey-scale values. The most
useful are the Rainbow (grey scale 0 is blue), and Binary (attaches a random color to each grey-
scale value, grey scale 0 is black).

Optimizing tracking performance

While the Play button is depressed, the threshold and image processing controls can be used to
optimize tracking performance. The button must be released in order to continue with the tracking
procedure.

Tracking

Tracking works optimally for objects moving 2 or 3 pixels (in the image) per frame. If they are
moving much slower than that it can be an advantage to track every second frame or some other
multiple of frames. This can be specified in the “Play and processing” tab, Movie control, change

4
the number in the frame control: Every| !IE MQJ

A number of parameters can be set for optimizing the tracking procedure. These are listed and
described below.
B! LabTrack 2.1 M= B2

La bTraCk LabTrack wersion 2.3
@ Bioraz 2007
Al rights reserved

— Tracking setting:
Track D i Start [frame) ’ﬁ
i 108 | End [frame] ﬁJ -
=13 Iin length (frames] ﬂ
# Tracks |0 5 4 Search radius [pixelz] g
# Particles W §—4 K SI_ZE [pn.-:els]
5 s For ¥/20 I ax size [pixels)
ame 050 | Min velacity [pisel/di]
2[108 | Compaction interval
Track digplay
Arimaie] H15 | Taillsngth [l Label

[260+228 11 Bbitimage 0 [5.167) |

Palette g R ainbiove St
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Tracking settings

— Tracking settings

Track. EI

# Tracks |0
# Particlzs 116
Frame # 101

Min length [frames)

I ax zize [pinels)

s TR

E 0 NN WK X W NN T WD

pury
]
oo

Skart [frame]/—
End [frame]
Search radius [pizels]

Min size [pirels]——0 |

Min velocity [piel/d]
Cornpaction intenﬁl

N\

LabTrack User Manual, page 10

The frame number to start tracking from

The frame number at which to stop tracking

The minimum number of tracks that a track must be in
order to be kept

The radius in pixels from the current track heads within
which searches are conducted for track continuation
The minimum area of particles in pixels which are
tracked

The maximum area of particles in pixes which are
tracked

The minimum average velocity in pixels/frame which
tracks must be in order to be kept

The number of frames between compaction operations
were terminated tracks are kept or disregarded.
Interval of erasion of “not to kept” tracks.

After these settings have been considered, tracking can be activated by pushing the Track button

The button can be released any time, which finishes the tracking session and saves the tracks
accumulated so far into the Tracks object. Otherwise, tracking will be terminated at the frame

specified in the End (frame) control.

Track display

B! LabTrack 2.1

— Tracking setting:
Track i Start [frame)
2108 | End (frame)
=13 Iin length (frames]
# Tracks |24 5 4 Search radius [pixelz]
# Particles W §—4 K SI_ZE [pn.-:els]
5 s Fog ¥/20 I ax size [pixels)
ame 050 | Min velacity [pisel/di]
2[108 | Compaction interval
Track digplay
215 | Taillength [ Label

La bTraCk LabTrack wersion 2.3
@ Bioraz 2007
Al rights reserved

M= ES

(sl€i.49

[360+228 11 S-bitimage 0 [355,103) |

Palette g R ainbiove St
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Track dizplay
rimate] 215 | Tailength [l Label
\
Animate tracks  Tail length control, in Draw all tracks with
until button is frames to use for unique colors
released track animation

Indicators shown while tracking:

= The Tracks indicator shows the number of tracks already terminated #Tracks |l682 |
= The Particles indicator shows the number of objects that are considered for tracking within

each video frame # Particles | Wl
= The Frame indicator shows what frame the tracking algorithm is working on

Frame # |57 |

You may wish to view tracks in at least two situations:
1) You have just finished a tracking session and want to see the results.
2) You have retrieved a previously logged tracking session (see below) and wish to see those
results.

In both cases, tracks can be displayed in a window by pushing the Label button Label Each
track is given a unique color.

Tracks can also be animated by pushing the Animate button M)
The tracks will be plotted with time (in units of video frames) and with a certain tail length specified
in the Tail length control 5’ [15

Tail length
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Export tab

LabTrack User Manual, page 12

= In the Export tab, stored tracks can be exported.
= Export of tracks is very easy, simply push the Save tracks button, and name the export file.

B! LabTrack 2.1

Play and processing| Tracking  Ewxport |

Track export
2 Averaging [frames)
00400 Time step
[1.00 Pixel zize

o L

Tracks

§S:| Xg@ygm‘ Sa\-'e tracks...

’*EUmments

La bTraCk LabTrack wersion 2.3
© Bioraz 2007
Al rights reserved

M= ES

(sl€i.49

[360+228 11 S-bitimage 0 [354,260) |

Palette g Rainbiove St

The Track export functions:
Track export
Ele Averaging [frames)
EW Time step
fw Pixel size

ggi‘ KﬁME yglﬂ_ ‘ Savetracks...

Click on the Save track button to save
the track data in tab separated text
format Save tracks...

A file dialog window will appear.
Name the document, and save.

The file can opened in spreadsheet
programs etc.

Averaging selects the frame velocity average,
Time step indicates the actual length of time
between frames taking skipped frames into
account (if only every n’'th frame is registered, as
specified in the Play tab, Movie control),

Pixel size: Size of a pixel in units of length, for
calibration of LabTrack, using an image of a ruler
or another object with known size,

Tracks: The track array object

Choose file to write. 2] x|

Save jn: I_}Videoclips j Q E e

File name: I j
=

Save as type: IAII Files [%.%]

ok I
Cancel /l
2k
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Frame velocity average

W2 |Averaging (frames) Select the frame velocity average with this control.

At each video frame, the velocity of a particle is calculated as the length of the vector over the
specified number of frames for averaging (projected forward in time), divided by the time that the
given number of frames represents. NOTE: The total length of tracks are truncated at the end by
the number of frames that are used to average the velocity. Averaging provides a smoothing effect
on all derived parameters from the track data.

Calibration of time between frames and pixel size

Parameters can be calibrated with the #0-0900 | Time step anq w[1.00 | Pixelsize settings.

Time step: Indicates the length of time between frames or multiples thereof taking skipped frames
into account (if only every n’'th frame is registered, as specified in the Play tab, Movie control).
Pixel size: The size of a pixel in units of length. The system can be calibrated using an image of a
ruler or another object with known size, see example below. NOTE: The coordinate system has its
origin at the top left of the video frame.

[E LabTrack 2.1 oS3

LabTraCk LabTrack version 2.3
@ Bioras 2007
Play and processing | Tracking  Export | All rights reserved

Track export

E Averaging (frames)

— »
0400 Time step
E.CIO Pixel size O
Tracks
: mm

XD |yE0 Save tracks...

JE N N NN

i

Rectangle tool 1 23 L0 ¢
Comements Square drawn ] 1 7
g bl

4 1 3

7 N\
[400:203 1/1 &-bit image 19 (1,0)->(208,88) (297:¢8 )

) . . . / . )
Square size in pixels (length x height). The
size is be shown by right clicking on the sgare

Take a video sequence of a ruler or object with known size.

Use the Rectangle tool to draw a square. In this example the square was 5 cm long.

Read the length of the square in pixels by right clicking on the square (length = 297 pixels)
Calculation of pixel size: Square length (mm)/square length (pixels) = 50mm/297pixels =
0,168 mm/pixel

e Enter the pixel size in the Export tab

LabTrack

Play and processing | Tracking Export |

Track export
E Averaging (frames)
. -
W Pixel siz

rac

LN e

13 of 18



BIORAS LabTrack User Manual, page 14

Rapid Analysis Systems for Biology and Life Sciences

Array object

Tracks

Tracks are stored in an array object consisting of and x and y coordinate

1] u i
gui‘ ><§,'14E H,g— ‘ for each video frame.

The first index of the array is the track index and the second is the frame

Export file

number (both starting from 0).

The exported file contains 11 columns:

1. Track number The number of the track
2. Time Calibrated time
3. X Calibrated X coordinate (origin is top left)
4. Y Calibrated Y coordinate (origin is top left)
5. Vx Calculated and averaged velocity in x direction (left to right)
6. Vy Calibrated and averaged velocity in y direction (top to bottom)
7. V Length of the calibrated and averaged velocity vector
8. Angle Angle of the velocity vector
9. Ax Calibrated and averaged acceleration in the x direction
10. Ay Calibrated and averaged acceleration in the y direction
11. A Length of the calibrated and averaged acceleration vector
Microsoft Excel - Ovobacter.txt g@
@ Eile Edit View Insert Format Tools Data Window Help Acrobat . = ﬂ
0S8 Shy B 4BRT @ = A 2540 0B, B
B
Al j =| Track
A | B C D E E G H | J K =
1 [Track Time X Y Vx Wy Vi Angle Ax Ay A
2 7 0.04 86 12 50 25 559 153 1250 0 1250
3 1 0.08 94 12 0 25 25 90 0 312 312
4 1 0.12 82 14 0 375 375 90 625 1250 1400
5 1 0.16 84 14 -25 875 91 106 625 525 g84
3 1 0.2 82 17 0 625 625 90 0 1880 1880
T 1 0.24 82 21 0 125 125 -90 -312 -1660 1690
8 1 0.28 82 22 125 75 7B 995 0 25 625
g 1 0.32 82 20 125 -100 104 971 0 0 0
10 2 0.04 136 20 0 a0 a0 90 -312 -312 442
11 2 0.08 137 21 125 374 395 108 625 -625 884
12 2 0.12 136 24 12.5 12.5 17.7 45 0 0 0
13 2 0.16 136 24 125 12.5 17.7 45 25 938 1130
14 2 02 137 25 125 50 515 104 0 0 0
15 3 0.04 135 55 125 375 395 -108 312 312 442
16 3 0.08 134 53 0 -25 2 -90 312 0 312
17 3 0.12 134 £2 425 25 78 417 312 312 447
18 3 0.16 134 a1 -25 125 28 -163 32 0 312
19 3 0.2 133 50 125 125 17.7 135 0 0 0
20 4 0.04 210 g2 0 25 25 90 938 312 988
29 4 0.08 210 g4 375 12.5 395 15.4 25 0 625
22 4 0.12 210 94 12.5 12.6 17.7 45 -1880 -312 1900
23 4 0.16 213 95 625 0 62.5 130 312 0 312
24 4 0.2 211 g5 50 0 50 180 0 0 0
25 5 0.04 263 178 125 125 17.7 -135 312 -312 442
26 5 0.08 262 178 0 25 25 90 312 0 312
27 5 0.12 262 177 125 -25 28 117 0 312 312
25 5 0.16 262 176 25 125 17.7 135 0 0 0~
[4[ 4] » [ M} Ovobacter / |« :
Ready

Example of data imported into a spreadsheet
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Saving, retrieving and deleting data
The Menu bar appears when the program is stopped (Lower right Stop button).

File Edit ma Project Windows Help

Run #R
Stop 3.

Print at Completion
Log at Completion
Data Logging Md Log..

Suspend when Called Retrieve...

Make Current Yalues Default Purge Data..._ o
Reinitialize All To Default Cle Lo FLE I

Clear Log File Binding
Change to Run Mode M T
The data-logging menu

Data is saved and retrieved through a procedure called data logging. This means that a snapshot
of the panel (including all objects containing data) is saved in a log file. This feature can be used
both for saving different configurations for a panel as well as for saving data that resides on a
panel.

The panel is logged for the first time by first activating its window (click somewhere on it with the
mouse), and then selecting the menu option Operate-> Data logging -> Log.... If the menu option
Operate -> Data logging -> Change log file binding.... is faded, then you will be asked to create a
new log file and the program will subsequently log the panel in that file. If the menu option Operate
-> Data logging -> Change log file binding.... is not faded it means that a file name is associated
with the panel for logging. If a log file of that name does not exist, the program will create a new
one and log the panel there. If a log file does exist, the program will append a log entry for the
panel after the entries that already exist.

When logging multiple times, you can choose to log several entries in the same log file or you can
create a new log file (each containing one entry) for each entry. An advantage with the first
approach is that utility programs can more easily access the entries for automatic processing of
the data.

The facility Operate -> Data logging -> Change log file binding... allows you to either switch the
destination for logging to an already existing log file or to specify the name of a new log file for
subsequent logging.

The facility Operate -> Data logging -> Clear log file binding... allows you to make sure that no
logging can occur to an existing log file before a specific file is specified before subsequent

logging.

Example: If you have a panel that you would like to log in a new log file you can do one of
two things.

1) Choose Operate -> Data logging -> Clear log file binding... (if a file is currently

associated, otherwise this option will be faded) followed by Operate -> Data logging ->
Log.... You will then be prompted for a file name and your panel will be logged there.
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2) Choose Operate -> Data logging -> Change log file binding... You will be prompted for
a new or existing file. Choose Operate -> Data logging -> Log.... and your panel will be
logged in the file you specified.

|7Comments
A comment can be written in the comment box before logging for
documentation purposes.

The data for a panel that resides in a log file can be retrieved by selecting the panel in question
followed by choosing Operate -> Data logging -> Retrieve.... If Retrieve is faded it means that no
log file is currently associated with the panel. You can specify an existing file with the command
Operate -> Data logging -> Change log file binding....

In Retrieve mode you can view the entries, each representing a snap shot of the panel at the time
of logging, including data. You can either type in the index of a particular entry or you can

sequentially move through them with the small arrow controls Ijl . Push the button to
install the current selection and to leave Retrieve mode.

In Retrieve mode delete an entry by selecting its index at the top of the window, press enter, and

press the trash icon . . You will be prompted for a confirmation that you want to delete the
selected entries upon exiting Retrieve mode.
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Tips
4 . .
« Make sure that the wls__| search radius (pixels) | control is set to a large enough value.
g

8 . .
« If you do not care about large objects being tracked, set the !IL, Max size (pixels) | control to
a large value.

4 . . .
+ Make sure the 919-50__| Min velocity (pixelidt) | ool is not set too high.
18
« If you have few and large objects, consider decreasing the resolution Size| !IM,; this
reduces “noise” both from the original video signal and from small particles etc. It also results in

less complex objects that might have a tendency to fragment, especially if the edge detector
Edge  |ON
detection is turned on.

4
« If your objects are moving very slowly, increase the Every| !IE, frame(s) | value so that they
begin to move at least 1 pixel per frame.

Troubleshooting

Please check Frequently Asked Questions on www.bioras.com

If you cannot find an answer to your questions on the FAQ page, please do not hesitate to contact
us (info@bioras.com).
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