Tracking

Master the ancient art



BioOptics

Facility

Tracking is for you

If you want to know about
the behavior of an object over time

Absolute position of an object

Relative position of objects

Speed of a travelling object

Direction an object is travelling in

Other information (e.g. spectral,shape) of an object
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Information needs to be
Trackable

Trackability is dependent on

= Whois tracking (human observer, software)
= Are the objects clearly visible (contrast, field of view, binary image)

= (Can the objects be identified throughout the frames (density of
objects, temporal sampling)

= The behaviour of the objects (movement patterns, spectral intensity)
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Manual Tracking

Task: Manual Tracking of Objects in ImageJ
Plugin:  MTrackJ

Action:

Open File Exercise _stack 1
Open Module MTrackJ

Find Objects and track by clicking

Synopsis:

What you can see is what you can track
Risk of human bias

Little Setup time

Potentially high expenditure of time
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Semi-Automatic Tracking

Task: Semi-automatic Tracking of Objects in ImageJ
Plugin:  MTrackJ

; ] 5 MTrack): Tracking [&r

Action:
Open Flle ExerCise_StaCk_l [+ | Move to next time index after adding point;
Open Module MTrackJ Time step size: I“Ii frames
Conﬁgure TraCk|ng OpthI‘lS I¥ Finish track after adding point at last time index
Find Objects and track by Clicking ¥ Resettime to last start index after finishing track

[+ Apply local cursor snapping during tracking
SynOpSiSZ Snap feature: |r.1inimumintens'rt5r ﬂ
Faster and more precise tracking - TS|
False placement of links is possible ok | cancel

- (0]
IMP —.IMBA GMl:z

v Aroienny of Spenes



BioOptics

Semi-Automatic Tracking

Task: Semi-automatic Tracking of Objects in ImageJ
Plugin:  MTrackJ

; ] 58 MTrack): Tracking I&w

Action:
Open Flle ExerCise_StaCk_z [+ Move to next time index after adding point
Open Module MTrackJ Time step size: I“Ii frames
Conﬁgure TraCk|ng OpthI‘lS I¥ Finish track after adding point at last time index
Find Objects and track by Clicking ¥ Resettime to last start index after finishing track

[+ Apply local cursor snapping during tracking
SynOpSiSZ Snap feature:
Chance of false link placement increases - TS|
as data clarity decreases ok | cancel
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Automated Tracking

Task: Automated Tracking in ImageJ
Plugin:  MTrack?2

i)' Object Tracker LJ&

Minimum Object Size (pixels): ﬂ
Maximum Object Size (pixels): |999999¢

Maximum Velocity: |150

ACtIon Minimum track length (frames) |3
Open File Exercise_stack 3 W -
Open M Od u Ie MTraC k2 480x480 pixels; 8-hit, 225K

Configure Parameters

Synopsis:
Very fast Tracking
Indirect control over tracking links
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Automated Tracking

Task: Automated Tracking in ImageJ
Plugin:  MTrack?2

Action:

Open File Exercise _stack 3
Open Module MTrack?2
Configure Parameters again

Synopsis:

Correct Parameters give correct results
Objects may be indinstinguishable by
Parameters

! Object Tracker l_J&

Minimum Object Size (pixels). |130
Maximum Object Size (pixels):  |140|

Maximum Velocity: |300

Minimum track length (frames) |3

.
W8 Paths —

480x4 80 pixels, 8-hit, 225K
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Automated Tracking

Task: Automated Tracking in ImageJ
Plugin:  MTrack?2

Action: "5 Object Tracker
Open File Exercise _stack 2
Open MOdUle MTrackZ Minimum Object Size (pixels): B

Maximum Object Size (pixels). |40
Error: Maximum Velocity: |20
Incorrect Data Input Minimum track length {frames) |10

; [ Save Results File
ACtIOﬂ: Iv Display Path Lengths
Adjust Image; Binary Data e
Image > Adjust > Threshold 165 W Show Positions
Iv Show Paths

Synopsis:

Ok | Cann::el|

Objects can be made trackable by
Sufficient Temporal Sampling
Correct Thresholding

Additional Image Processing
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Automated Tracking

Task: Automated Tracking in Metamorph
Application: Object Tracking

ACUOn : ] Track Objects |E| = |E| Search Options ‘

Open File Exercise_stack_2 Soucelorimages  Som vl lff e S Fobctnatond
. — e @ Stack ) _Search Options... < @) Select Position
Lau n C h O bJ eCt TraCkl n g - gi?;eﬁmlal Fles Thresholded Result calculates the intensity () Quit Object

certroid of the object above threshold and finds ©) Skip Frame

: I1]
Conflgure for ,,TreShOId ReSUIt Plane; 1 = the nearest centroid in the next frame:.
To: 50 = [ Use velocity for center of next search
Stack: Delay: 0 5 sec/object
raw-stack Display Statistics... . - )
Algorthm Specific Options: Thresholded Result
[ <MNo Joumnal> jieplay D Object size match requirement (s %) 40
SynopSIS Display Data...
4 __Select Joumal...
. . . Graph Data...
MM is similar to what we know Lo byrame
Edit Data...
[ Log empty lines
F rom l m ag e‘J [T] Log Only: No Data Display | Duplicate Overiay

Additional configuration Options Dete Log Not Open

[ Open Log

[ ConfigLog..
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Automated Tracking

Task: Automated Tracking in Metamorph
Application: Object Tracking

ACtI O n y B Track Objects |E| = |E| Search Options ‘ u

O pe n Fl I e Exe rc | se stac k 2 Source for images Algorithm: Template e 2 Fabect rct found
" — - @) Stack ) _Search Options... ] @) Select Postion
LaU n C h O bJ e Ct Tra.C kl n g - gi?;eﬁmlal Flles Template Matching uses an image convelution () Quit Object

. . to compare each object’s intensities with ©) Skip Frame
Configure for ,Template Match Prs: i i

= the values in the first or preceding image.
To: 50 = [ Use velocity for center of next search
Stack: Delay: 0 & sec/object
raw-stack Display Statistics. ..
Algorithm Specific Options: Template Matching

<No Joumal=

e Display Data. .. Update Template Each Frame
Synopsis: .
= = inimum % for match 50

i i i Graph Data... =
M M IS SI m I Iar to Wh at We kn OW [[] Log by frame Edit Data [ Use derivative of image frecommended for non DIC images)
[ Log empty lines =
F e m I i ag eJ . . . [ Loj Only: No Data Display | Duplicate Overay
Additional configuration Options Data Log Not Open
[ Open Log | [ Teck |
[ Corfig Log... ] ’ Close ]
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Automated Tracking

Automated Tracking in Metamorph

« Spot Tracking — similar to MTrackJ

* Object Tracking
—  Threshold Result — similar to binary Image Method
—  Template Match

» autoregressive search option

. Running a Journal for Data readout on the tracked object
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Automated Tracking

Advantages of Tracking in Imaris

Advanced Object Shaping
Autoregressive Motion (expert mode)
Connected Components

3D Rendering
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Automated Tracking
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Resources

 http://www.imagescience.org/meijering/software/mtrackj/
e http://valelab.ucsf.edu/~nico/lJplugins/MTrack2.html

 http://www.moleculardevices.com/products/software/meta-imaging-
series/metamorph.html

e http://www.bitplane.com/go/products/imaris

e  http://cellimagelibrary.org/
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