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Required Software

ImageJ ExcelVirtualDub
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Outline of analysis pipeline



Video Capture Apparatus

High Speed CCD

LPlan lens 20x

Inverted 
Microscope
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To capture 
heart and blood 
flow images



Video Recording using HiBestViewer App
(AZ Instrument, Taiwan)

• Resolution : measure used to describe the
sharpness and clarity of an image.

• Exposure time : length of time when the
digital sensor inside the camera
is exposed to light. The resolution &
exposure time supported by camera is
limited, so user is only allowed to select
appropriate one.

• Auto Shot Speed : how many photos the
unit can take within one second (fps)

• Record Frames: Set up the number of
images which want to be stored. User can
set up the value based on requirements,
but the maximum cannot be over the
former field (Max Frames), and the
minimum cannot be less than or equal to 0

5. After setting up, 
choose preview
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Preview Result (Daphnia  magna heart)

Perform Trigger to start 
video recording

Video is recorded 
@ 200 fps
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Preview Result

Video recording is finished

File → Save as
to save the video 

(mp4 format)
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Now we got slow motion video 
that can be used for cardiovascular 

function assessment



Convert to Uncompressed Format in VirtualDub

• Click Ctrl+O to select the video file

• Click F7 function key to convert the 

file format to uncompressed AVI

Virtual Dub will convert the original video (.mp4 format into .avi format)
ImageJ can only proceed file format (uncompressed AVI) from Virtual Dub
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Open the Video and Convert it into Grayscale

• Drag the video from Virtual 
Dub format to the ImageJ
and convert it into grayscale



Use MTrackJ plugin for blood flow calculation

• Select Plugins -> MTrackJ

MTrackJ is used for tracking 
of moving objects in image 
sequences and the 
measurement of track 
statistics.



MTrackJ Setup for single hemocyte tracking

• Select add, then choose
blood cell with highest
velocity (here we usually
select 5 positions for single
moving hemocyte)



Measure the Blood Flow Distance

• Select measure to get the raw data and copy it to Excel

• MTrackJ measurement is used to discover the x,y coordinates of each
blood cell, and we can further convert it into moving distance



Only X position is used here for linear velocity 
calculation (since blood cell moving from left to 
right direction in our recorded videos)

• Calculate the x by substrate the x+1 with x position  
• Choose five points from the same blood cell for locomotion tracking
• Choose at least 4 independent blood cells (with the highest velocity) for data duplicate 
• Pick the cell with highest number of x to measure the maximum blood flow distance 



Select Region of Interest (ROI)

• Choose the polygon
section and selections the
region that are going to be
analyzed (blood chamber)



Clear outside to simplify the analysis complexity

• Erase the area outside
the current image
selection ROI to ease the
analysis



Clear Outside Result



Invert the Selected Area

• Invert are used for
creating a reversed
image, similar to a
photographic
negative, of the entire
image or selection



Invert Result



Select Stack Differences

Plugins -> Stack Difference

• Stack Differences are
used to detect the
dynamic pixel changes
between different frames



Stack Difference Result

• Now the moving objects (blood cells) can
be highlighted and the non-moving
background can be ignored by using Stack
difference plugin

TrackMate can deal with 
single particles, or spot-like 
objects. They are bright 
objects over a dark 
background for which the 
object contour shape is not 
important, but for which the 
main information can be 
extracted from the X,Y,Z 
coordinates over time

Trackmate



Select Trackmate

Plugins -> Tracking -> Trackmate

Check Spatial and Temporal Calibration



Object Detector

• LoG Detector -> optimal for object 
sizes 5 to 20 pixels

• Difference of Gaussian particle (DoG) 
Detector -> optimal for object sizes 
below 5 pixels

• Downsample LoG Detector -> 
optimal for object sizes above 20 
pixels

In this study, we choose 
Downsample LoG detector



Adjusting Parameter
• Estimated blob diameter

Enter approximate object size based 
on the measurement

• Threshold
Helping dealing with gigantic 
number of spots

• Preview 
In this study, we choose 50 for estimated blob 

diameter, and 0.15 for threshold

each of the blood cell will be detected

Preview Result



Detection Process
2



Initial Object Filtering

• One of the filter that set by the 
segmenter and arbitrary measure, 
object with certain value will be 
discarded if not met the criteria

Choose 
Auto
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Selecting a View
• Hyperstack Displayer simply reuses 

ImageJ stack window and overlay 
the results non-destructively over 
image

• 3D viewer to calculate in 3D, in very 
complicated case
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In this study, we choose 
Hyperstack Displayer



Object Filtering

• One of the filter feature to 
distinguish the object from noise

• Uniform color: based on the object 
color

• Estimated diameter: based on the 
size of the object
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In this study, we choose 
Uniform color



• Linear Assignment Problem (LAP)

• Simple LAP tracker
-> Simplified version that has less 
settings, suitable for particle that 
did not merge nor divide

• Nearest neighbor search
-> Each object in the frame is 
linked to another frame 
regardless of another object, 
work only with the most optimum 
one

2

In this study, we choose 

simple LAP tracker



• Linking max distance
-> Maximum pixel of the object 
between two frames that allowed 
as the linking distance

• Gap-closing max frame gap
-> Object would be detected if 
distance in the first frame is not 
greater than the next frame

• Gap-closing max frame gap
-> Set maximal time interval 
between two objects to be 
detected

2

Filled with the 
max distance 

which measured 
by MTrackJ



Tracking Process Set Filter on Tracks

Filtering the object like 
previous step, but with 
the tracking feature

2

In this study, we 
choose Track Index



Select the Output Type

Choose export all
spots statistics to
get the raw data

2





Copy the Raw Data into Excel

A. Label
Show each detected tracking point ID

B. TrackID
Show each detected tracking point ID based 
on the same object 

C. X
Show X position of the object in pixel

D. Y
Show Y position of the object in pixel

E. Frame
Show each detected tracking point frame 
number
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Data Analysis

D. X2-X1-> subtraction of the next and previous time point of X axis

F. Y2-Y1 -> subtraction of the next and previous time point of Y axis

G. Distance (pixel) -> 𝑿𝟐 − 𝑿𝟏 𝟐+ 𝒀𝟐 − 𝒀𝟏 𝟐

I. Total Individual Distance (pixel) -> summary of each individual distance

J. Average Individual Distance (pixel) -> summary of each individual distance divided by detected track number

N. Average Individual Distance (µm) -> conversion from pixel into µm by scale

O. Average Speed (µm/sec) -> average individual distance (µm) multiply by recording speed (in this case 200fps)

2
Individual 
blood cell ID
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Open the Video File with ImageJ

• Click File + Open to Select Video File

• Select the VirtualDub converted video

• In AVI Reader of ImageJ, choose the frames selected 

and check Use Virtual Stack



Select Region of Interesting (ROI) in ImageJ

• Use *Oval* brush selection to 
choose ROI in specific heart area 

• The ROI can be specified in 
middle or the entire heart 
region to measure the beating 
rate 



Use Time Series Analyzer Plugin  

• Choose Time Series 
Analyzer V3 plugin 

• Click “Add” Button to 
choose ROI

• Click “Get Average” to 
get the peak and data

• Click “Save” in the 
peak window to keep 
the data for further 
analysis

• After this analysis, the 
dynamic pixel 
change data can be 
extracted into Excel

Dynamic  pixel change data



Input The Data Into Origin 9.1

• The data matrix is directly copy 
from Excel and paste to Origin 
9.1



Make Graphic by using Origin 9.1



Use Peak Analyzer to detect the peak interval

• After select graphic, in tool box, 
use Analysis -> Peaks and 
Baseline -> Peak Analyzer -> 
Open Dialog (for new setup) or 
Last used (for previous setup)



Setting up Peak Analyzer

• To obtain time and 
intensity of each peak, 
we use “Find Peaks” 
function 



Copy the Data for Further Analysis

• Minimize the graphic and open the 
sheet

• Change the window into 
Peak_Centers

• Copy X and Y data and paste into 
Excel.

• X as the peak time and Y as peak 
intensity



Insert New Column in Excel

• Insert new column between 
time and peak to calculate 
time interval 

• In time interval column, use formula: =(A3-A2) 
or two time point that want to be analysed

• Drag down the formula and delete the last 
calculation as it will show false result



Calculate Time Interval and Beat per Minute

• Calculate average time interval 
by using the formula: 
=AVERAGE(B2:B12) or the 
average of selected time interval

• Calculate the average heart rate 
(bpm) by using the formula: 
=60/average time interval



Perform Short-time Fourier transform (STFT) to get 
heart beat frequency over time changes



Perform STFT by using Origin 9.1 software

• Click Analysis -> Signal Processing -> 
STFT -> Open Dialog (for new setup) 
or <Last used> for previous setup

Time (sec)



• Change the setup based on the 
need

• On this experiment, no need to 
change the parameter (we use 
the default setting)

Perform STFT by using Origin 9.1 software



Change Scale in STFT Result

• When the scale range is too wide, it 
can be adjusted

• To change the X and Y scale double 
click on the graphic result



Changed Scale STFT Result

The Daphnia heart beat Frequency 
= 6.8 – 7.0 Hz = 408-420 bpm



Perform Poincare Plot by using 
Origin 9.1 software

• Poincare Plot, is a scatter graph that visualize 
the heart rate variability (HRV)

• Poincare Plot plugin can be downloaded from 
https://www.originlab.com/fileExchange/detail
s.aspx?fid=404

• After download, then the File need to be drag 
and drop into the Origin Workspace , 
therefore the icon can be seen on the right 
side

https://www.originlab.com/fileExchange/details.aspx?fid=404


• Copy all the data into 
Origin 9.1

• Choose 1 column of 
data and perform 
Poincare Plot

Perform Poincare Plot by using 
Origin 9.1 software



• After performing Poincare plot, it 
will open a new dialog → make 
sure the “Data Column” is correct 
→ Press OK

Perform Poincare Plot by using 
Origin 9.1 software



High speed Video 
recording

Blood flow velocity 
calculation

Heartbeat 
calculation

Cardiac function 
assessment

SFFT

Poincare plot

Heartbeat rate 
(HR)

Cardiac output 
(CO)

Fractional 
Shortening (FS)

Stroke volume
(SV)

Ejection Fraction
(EF)



CARDIOVASCULAR FUNCTION MEASUREMENT
To measure other parameter of cardiovascular function, we first calculate the 
diameter of the heart at diastolic and systolic stage, where DL refers to the length 
of the long diagonal axis and DS refers to the length of the short diagonal axis

DL

DS

DL

DS

“Straight” line plugin in ImageJ was used to measure 
the diameter of the heart



STROKE VOLUME & CARDIAC OUTPUT MEASUREMENT

Stroke volume (SV), the volume ejected in each heartbeat was calculated by
subtract the heart end diastolic volume (EDV) and end systolic volume (ESV).
(Equation 1). Daphnids was considered to have heart with ellipsoid shape,
therefore the heart volume can be measured by using Equation (2)

ESV

EDV

SV = EDV – ESV 

(Equation 1)

Volume = 
𝟏

𝟔
𝐱 𝝅 x DL x DS

2

(Equation 2)

Ds

DL

Cardiac output (CO) is the amount 
of blood the heart pumps in 1 
minute. It is determined by 
multiplying the heart rate by the 
stroke volume

CO = SV x HR



FRACTIONAL SHORTENING & EJECTION FRACTION MEASUREMENT

Fractional shortening (FS) is calculated by measuring the percentage change
in heart diameter during diastolic and systolic phase (Equation 3), where DSD
refers to the length of the short diagonal axis at diastolic phase and DSS refers
to the length of the short diagonal axis at systolic phase.

Ejection Fraction (EF) is the percentage change in end diastolic volume and
was calculated by Equation 4

DSD

DSS

𝐅𝐒 =
DSD− DSS

Dss
x 100%

(Equation 3)

EF = 
𝐒𝐕

𝐄𝐃𝐕
x 100 %

(Equation 4)


