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Required Programs summarized

• ImageJ

• idTracker

• Microsoft Excel

• EOS Utility

• Matlab Compiler Runtime

• GraphPad Prism• Origin 9.1



Summary of analysis pipeline

Video recording for 5 min@50fps by a 
single camera (Canon 600D)

Output fish xyz position pixel data in 
excel format 

Establish 3D swimming trajectory by using 
Oringin9.1 software

Use idTracker to track fish movement

Convert xyz pixel data into cm by using 
ImageJ software

Perform statistic analysis by using 
GraphPad Prism software



Tips for Video Recording

• Frame rate per second (fps)
• ↑ : more accurate tracking, slower process
• ↓ : less accurate tracking, faster process

• Use a good contrast vessel for the fishes

• Using Black and White image setting is recommended because it can 
enhance the image contrast

• There must be free space in the disk of your computer because high 
resolution and high frame rate recording will generate a large amount 
of data

• Internal hard drive’s video usage is strongly recommended



Example video recorded by Canon 600D camera

1280x720; 50fps *original video is available upon request

Here we have six fish



Parameters adjustments for idTracker

Execute idTracker.exe

Select the file with the video

Load the video



1. Enter the number of individuals

2. Intensity threshold
• The system is going to considers that pixels with 

lower intensity than this threshold belong to the 
animals (vice versa if “invert contrast” is checked)

3. Minimum size
• The programs will reject blobs 

smaller than the minimum size 
entered



4. Choose resolution reduction
• If the sizes of the animals are bigger than 

2000 pixels, input a number higher than 1 
(the number of pixels will be divided by n2, 
where n is the number in the box)

5. Background removal option
• Check if you want to activate the 

background removal option

• To compute it before, click on the 
‘Compute Bckgrnd’ button



6. Choose an interval
• If you want to track only part of video, 

enter the interval that you want to track

7. Number of references frames
• Choose a lower number for increased 

speed, a higher number for increased 
accuracy



8. Select Region Of Interest (ROI) 
and/or exclude regions
• Click on button ‘Clear’ to clear all 

previously defined ROS’s or excluded 
regions

9. Segmentation only
• If this box is checked, idTracker will exit after 

the segmentation step, leaving the tracking 
unfinished.

• The data can be recovered later using button 
‘Load Previous Data’



10. Number of processors
• The number of this box indicates how 

many processors idTracker will use (‘Inf’ 
means that idTracker will use all 
available processors)

11. Start tracking
• Click the ‘Start’ button
• If ‘S&E’ (Save & Exit) button pressed, the 

programs ends, but the tracking does not start. 
All tracking parameters can be used later using 
‘Load Previous Data’ button 



Movement Tracking

• Separated tracking is better

• Advantages
• Reduce error occurrence

• Easy to match the fish with their number

• Disadvantages
• Tracking duration will take more time



Save side view and top view movement 
tracking separated

• Advantages

• Reduce error occurrence

• Easier to maintain the trajectories files

• Disadvantages

• Need more space to store the video

• Advantages

• Just one video needs to be saved

• Disadvantages

• Must backup the trajectories and video result file 
before continue to the 2nd tracking

• Error often occurred

√ X



Analysis results of idTracker

• The results are in a folder 
called ‘segm’ located in the 
same folder as the video

• Press ‘About the output files’ 
for more information about 
the results

• ‘See results’ button will play 
the result’s video



• There will be four output files
• Two of them are .mat files, to be 

loaded into Matlab

• The others two are .txt files to import 
the data into any data analysis 
software

• Both of the files contain identical 
information, which is the following
• X and Y coordinates of each individual 

in each frame

• Probability of correct assignment

Analysis result of idTracker



• Each row corresponds to one frame of the video
• Columns 1 and 2 are the x and y coordinates of individual 

1, respectively, and so forth

• There is an estimation of the probability of correct 
assignment for each frame and it is usually 
conservative
• The probabilities for individual 1 are in column 3, for 

individual 2 in column 6, and so on

Copy XY position information and paste to Excel



• XYZ Axis

Y Axis 
(idTracker)

X Axis (idTracker)

3D tracking by running idTracker twice



Y Axis 
(idTracker)

X Axis in idTracker = X axis in real image

Y Axis 
(idTracker)

X Axis in idTracker = Z axis in real image  

Both two images share the  similar Y axis position pattern

3D tracking by running idTracker twice



Merge two XY and YZ dataset by searching object 
in specific frame with the same Y position

• Use the video for 
confirmation

• SV : Side view

• TV : Top view

Fish 1               Fish 2             Fish 3             Fish 4             Fish 5               Fish 6

data matrix before merging 

Fish 2               Fish 4             Fish 3             Fish 5             Fish 1               Fish 6



Merge two XY and YZ dataset by searching object 
in specific frame with the same Y position

• Use the Y Axis 
from the Top 
View (TV) if the 
conversion that 
will be used is 
also TV 
conversion  

data matrix after merging 

Fish 1                                         Fish 2                                        Fish 3                          Fish 4                                        Fish 5                                         Fish 6

X Axis Y Axis Z Axis X Axis Y Axis Z Axis X Axis Y Axis Z Axis X Axis Y Axis Z Axis X Axis Y Axis Z Axis X Axis Y Axis Z Axis



• Convert the pixel dimension 
into the standard length 
dimension using ImageJ

Convert pixel to real distance by using ImageJ
(Top View Conversion)

Real Size measured by ruler

Top View Conversion from pixel to cm



• Use the Microsoft Excel’s formula 
to calculate the fish’s movement 
frame by frame

• Example : measure the fish’s rate 
of speed by dividing the 
calculation results with the time

Calculate fish movement by using Excel 



Some results we can get from this analysis

• Total distance traveled (cm)

Σ (X2−X1)
2+(Y2−Y1)

2+(Z2−Z1)
2

• Avg. swimming speed (cm/s)
𝐓𝐨𝐭𝐚𝐥 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 (𝐜𝐦)

𝐓𝐨𝐭𝐚𝐥 𝐓𝐢𝐦𝐞 (𝐬)

• Maximum speed (cm/s)

• Minimum speed (cm/s)

• Freezing Time (s)
(Total Time when speed less than 1cm/s)

• Swimming Time (s)
(Total Time when speed 1-10 cm/s)

• Rapid Movement Time (s) 
(Total Time when speed more than 10 cm/s)



Some results we can get from this analysis

• Turning Angle (⁰)
𝟏

𝒕𝒂𝒏(
∆𝒀
∆𝑿

) × 𝟏𝟖𝟎

𝝅

• Fast Type Latent Time (s)
(Total time when Angular velocity above 0.5⁰/ms)

• Slow Type Latent Time (s)
(Total time when Angular velocity below 0.5⁰/ms)

• Absolute Turn Angle
(Sum of all the Turning Angles without considering the sign of angular direction)

• Angular Velocity (⁰/ms)

𝐓𝐮𝐫𝐧𝐢𝐧𝐠 𝐀𝐧𝐠𝐥𝐞 × (
𝐕𝐢𝐝𝐞𝐨 𝐝𝐮𝐫𝐚𝐭𝐢𝐨𝐧 (𝐦𝐬)

𝐅𝐫𝐚𝐦𝐞 𝐩𝐞𝐫 𝐬𝐞𝐜𝐨𝐧𝐝
)



• Time spent in the top (%)
Total time spent in the top part of the novel tank

• Time spent in the bottom (%)
Total time spent in the bottom part of the novel tank

• Meandering (⁰/m)
(The degree of turning vs. travel distance)

(
Absolute turn angle (°)

Total distance (cm)
× 𝟏𝟎𝟎)

Some results we can get from this analysis



• Trajectories → Fish position (cm) on every frames

• X position

• (X(TV) – Blue)/TV conversion

• Y Position

• (Y(TV) – Red)/TV conversion

• Z Position

• (1280 – X(SV) – Yellow)/SV conversion

Calculation of fish trajectory by ImageJ
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1280X720 pixel



Plot fish 3D spatial trajectory by Origin 9.1



Plot fish 3D spatial trajectory by Origin 9.1



• Grouped the average speed (1 fish) for 
each frame into 3 different types of 
movement
• Freezing Time (Speed < 1cm/s)

• Swimming Time (1cm/s ≤ Speed ≤ 10cm/s)

• Rapid Movement Time (Speed > 10cm/s)

• Temporal Trajectories

Plot fish 3D temporal trajectory by Origin 9.1



• Copy the grouped speeds into 
Origin 9.1 (Y&Z column)

• Add the time in the X column

• Make the 3D temporal trajectories

• Temporal Trajectories

Freezing Rapid Movement 

Plot fish 3D temporal trajectory by Origin 9.1

Swimming



Plot fish 3D temporal trajectory by Origin 9.1



• ANOVA & t-test using GraphPad Prism

Perform statistic analysis by GraphPad Prism



Perform statistic analysis by GraphPad Prism



Perform statistic analysis by GraphPad Prism



Perform statistic analysis by GraphPad Prism


