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VirtualDub Imagel] Excel

OR'G' N 91 A Prlsm Portable

Data Analysis and Graphing Software
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wwworiginlab.com Analyze, graph and present your scientific work.
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Video Capture Apparatus

Inverted
Microscope._

To capture

High Speed CCD/ | ../t and blood

flow iImages

e — ]




Video Recording using HiBestViewer App

(AZ Instrument, Taiwan)

o5 HiBestViewer - 1.0.6.1 - O X

P ——— * Resolution : measure used to describe the
Acquire View  Strip View Working View @ SharpneSS and Clarlty Of an Image
Fit 11 ,@ ,E) Camera Seﬂin?s . .
T vectorer 'T?gﬁllmm; * Exposure time : length of time when the

Exposure Time: 500U~ digital  sensor inside the camera
cain: [T Is exposed to light. The resolution &
Brutoshorspeed! 200 fs| exposure time supported by camera is
ondseies limited, SO _user is only allowed to select
[ Record st | 2o appropriate one.

o * Auto Shot Speed : how many photos the

v - unit can take within one second (fps)
T:rgeijg:e:::;g:sl o * Record Frames: Set up the number of
RO e images which want to be stored. User can
[ set up the value based on requirements,
Received Frame Number : 54660, Spent Time : 273.27 , Received Frame Rate : 200.02 but the maximum Cannot be over the
eSTEE bR S0 Spenine TR, By Teme e Bee <@ former field (Max Frames), and the
— s minimum cannot be less than or equal to 0

5. After setting up,
choose preview




Preview Result (Daphnia magna heart)

ol HiBestViewer - 1.0.6.1

File View Help
Acquire View Strip View Working View

Fit 11

|22

Received Frame Number : 24100, Spent Time : 120.50 , Received Frame Rate : 200.01

Processed Frame Number : 24100, Spent Time : 120.51, Display Frame Rate : 28.55

Ready

2

Camera Settings

Model Type: |HSU3-M1300P-E

Resolution: 1280 *1024

Exposure Time : | 500 us v

Gain: 1 v

Auto Shot Speed : 200 fps
(Set O fps to disable "Auto Shot Spee:

Record Settings

Max Frames :

Record Frames :

Record Time :
Trigger Settings
0 50
Trigger Percentage : 20| %
Pre-trigger frames : 400
Time: ~2.0| sec
Post-trigger frames : 1600
Time: ~80| sec
Preview Stop
A

s HiBestViewer - 1.0.6.1

File View Help
Acquire View  Strip View Working View

‘7 Fitj! 11 7}9! ,G)

Received Frame Number : 32020, Spent Time : 160.08 , Received Frame Rate : 200.02
Processed Frame Number : 32020, Spent Time : 160.10, Display Frame Rate : 28.55

Ready

Camera Settings

Model Type: |HSU3-M1300P-t

Resolution: 1280 * 1024

Exposure Time : | 500 us v

Gain: |1 v

Auto Shot Speed : 200, fps
(Set O fps to disable "Auto Shot Spee:

Record Settings

Max Frames : 47670
Record Frames : 2000

Record Time:: ~10.0| sec
Trigger Settings
0 50 100
Trigger Percentage : 20| %
Pre-trigger frames : 400
Time: ~2.0| sec
Post-trigger frames : 1600
Time : ~8.0| sec

Grabing video data please wait....

- -

Perform Trigger to start

video recording

3

[ Sop |

Preview S

Video is recorded
@ 200 fps




B HiBestViewer - 1.0.6.1

File View Help
Acquire View  Strip View Working View

JORND )

Fit 11

Message

Save video file to --> [
C\Bestlntech\HiBestViewer_V1.06.001'x64\VideoFile\2020-05-04-01-59-05.bsi
1. succeed.

e Video recording is finished

Received Frame Number : 33080, Spent Time: 165.39, Received Frame Rate : 200.01
Processed Frame Number : 33080, Spent Time : 165.40, Display Frame Rate : 28.56

Ready

Preview Result

|
|
x

! HiBestViewer - 1.06.1 5 - O X
File | View Help H
Liew v S File = Save as
i Save As... 1
Camera Setings | sovehs. | to save the video
Model Type: |HSU3-M1300P-t . Exit stvid\ler_V1.06.001\64\Vid X
Resoluon:  1280°1024 - mmmmmm __(Mp4 format) — 1
Exposure Time: |500 us i
Lenth :
2000
Gain: 1 ~ Frame Rate :
200 fps
Auto Shot Speed fps Image gize;
(Set O fps to disable "Auto Shot Spee 1280X1024 -400 -399 -398 -394 -393
Fazerd Settings -2.0000 -1.9950 -1.9900 -1.9850 -1.9800 -1.9750 -1.9700 -1.9650
Max Frames : < >
Record Frames : E
Record Time : ~10.0| sec
Trigger Settings
L — Now we got slow motion video
rigger Percentage : % .
Pre-trigger frames: | __ 400 that can be used for cardiovascular
Time : ~2.0| sec .
o , function assessment
ost-trigger frames : 1600
Time : ~8.0| sec
Preview Trigger Stop Ready




Convert to Uncompressed Format in VirtualDub

Virtual Dub will convert the original video (mp4 format into .avi format)
Image] can only proceed file format (uncompressed AVI) from Virtual Dub

@.i.:—i::"ﬁ-::. d 35491/release-AMD64) by Avery Lee - O X
File Edit View Go Video Audio Options Tools Help
@ Open video file X

Look in: | Heart Beat | (e W s darh g

o -
20200228 LPlan20x 20200228 LPlan20x 20200228 LPlan20x

Bl oo tmet T Temwss o e Click Ctrl+O to select the video file

* _ « Click F7 function key to convert the
- I E i: file format to uncompressed AVI

This PC
20200228 LPIan20x 20200228 LPlan20x 20200228 LPlan20x
Wy  LTemeddmet | Temp3s-dmpd  Temp3s-Smpd
Network

W

Files of type Alltypes (".avi,”.div.*.mpg.” mpeg.” mpv."miv.*.ds Cancel

File name: 20200228 LPlan20x-Temp 35 -3.mp4

[ ] Ask for extendad options after this dialog

Automat\cally load linked segments
W= TRt e & [ = [

Autoloaded 1 filter(s).
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Open the Video and Convert it into Grayscale

AV Reader X

* Drag the video from Virtual
Dub format to the Image)
and convert it into grayscale

First Frame: |1

Last Frame: [2000

...............................................

...............................................

Iv Convertto Grayscale
[ Flip Vertical

OK ‘ Canr:el‘




Use MTrack) plugin for blood flow calculation

[5° (Fiji Is Just) Image)
File Edit Image Process Analyze
Qoo 4[N Ala|o|C
Solor picker (208,208,208/0,0,0)

o |

Compile and Run...
Install... Ctrl+Shift+M
Install Plugin...

3D Viewer

Analyze
BigDataViewer
Bio-Formats

Cluster

Color Inspector 3D
Examples

Feature Extraction
HDF5

Image5D

Integral Image Filters
Janelia H265 Reader
LOCI

LSM Toolbox
Landmarks

MTrackJ

Multiview Reconstruction
Optic Flow
Process

v v v . 2

v v v v v

»

»

 Select Plugins -> MTrackl

MTrackl) is used for tracking

of moving objects in image
sequences and the
measurement of track
statistics.



MTrack]) Setup for single hemocyte tracking

| 2-LPlan 20x Blood Circulation.avi (V) (50%)
292/2000(9.73 s); 1280x1024 pixels; RGB; 9.8GB

- O
Clear Load
import Save
Add Cluster
Hide Color
Delete Move
Merge Spiit
Refer D
Measzure Movie
Tracking Displaying
Options Help

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



Measure the Blood Flow Distance

' MTrackl: Points - | x i | — ] >
File Edit Font ol Load
Nr [TID |PID |x[pixel] |y [piel] |t[sec] |I[val] |Len [pixel] |D2S [pixel] |D2R [pixel] |D2P [pixel] |v [pielsec] |a [d~ =ar oa
1T 1 738 660 0 120 O 0 A MA NA A, import Save
2 1 2 712 684 0O 92 26306 26306  NA 26306  NA 171
3 1 3 @90 682 O 90 48397 48042  NA 22091 NA A7 | Add Cluster
4 1 4 BED kB2 0 49 78.397 78.026 MA a0 A 180 Hid Col
5 1 5 628 680 O 115 110459 110 NA 32062  NA AT E paad
Delete Move
Merge Spiit
Refer D
. Measure |  Movie
Tracking ‘ Displaying
hd Options Help
< | l il

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

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




O 0 ~Nou b whN R

A B C D E F G H I ] K L M N O

Number TID PID X (pixel) Ax (pixel) y (pixel) 1t (sec) | (val) Len (pixel) D2S (pixel) D2R (pixel) D2P (pixel) v (pixel/sec) a(deg) Da (deg)
1 1 1 738 26 680 0 120 0 0 NA NA NA NA NA
2 1 2 712 22 684 0 92 26.306 26.306 NA 26.306 NA 171.254 NA
3 1 3 690 30 682 0 90 48.397 48.042 NA 22.091 NA -17481 13.941
4 1 4 660 32 682 0 99 78.397 78.026 NA 30 NA 180 -5.194
5 1 5 0 115 110.459 110 NA 32.062 NA -176.42 3.576

628 f 680

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 Ax 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 Ax to measure the maximum blood flow distance




Select Region of Interest (ROI)

¥ (Fiji Is Just) - O X

Fle Edi bmage Process Anhze Phigins Window Help * Choose the polygon
E@@Q"A‘ SN A |O|[ xjonfur 0] 4]0 7] » section and selections the
0 fps :

region that are going to be
analyzed (blood chamber)




Clear outside to simplify the analysis complexity

[958 15 (Fiji Is Just) Image)

Ctrl+X

Ctri+C
Copy to System
Paste Ctri+V
Paste Control...

Clear

Clear Outside

Fill Ctri+F
Draw Ctri+D
Invert Ctrl+Shift+|

Selection 4
Options 4

* Erase the area outside
the current Image
selection ROl to ease the
analysis



Clear Qutside Result

2-LPlan 20x Blood Circulation.avi (50%) e O X
81/2000 (2.70 s); 1280x1024 pixels; 8-bit: 2.4GB

- e .
s VIQ‘ "\4 .) \.". ‘.
s © -
-

L

- -t .
. - a -




Invert the Selected Area

| 14 (Fiji Is Just) Image)
8 File J[=¢08 Image Process Analyze Plugins Window Help

C1( undo onez || Ala|@|] ovjmlurf 0] 4] 8] 2] * Invert are used for
"Oval® Cut Ctrl+X fight click to switch) Creatlng a reversed
Copy Ctri+C : . .
A, Image, S|m_|lar to a
Paste Cirt+V photographic
cibiicieia negative, of the entire

Clear

Clear Outside

Fill Ctri+F
Draw Ctri+D

Invert Ctrl+Shift+|

Selection

Image or selection

Options




INnvert Result

2-LPlan 20x Blood Circulation.avi (50%) — O X
81/2000 (2.70 s); 1280x1024 pixels; 8-hit. 2.4GB
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Select Stack Differences

— s

(Fiji Is Just) Image) Feature Extraction » K
File Edit Image Process Analyze HDF5 >
|I|OJ& 0|~ £ 3% N A| 2| @0 imageso
(Fiji Is Just) ImageJ 2.0.0-rc-68/1.52i; Java 1.8.0_172 [64| |ntegral Image Filters > ° Stack D iffe rences are
et used to detect the
LSM Toolbox » dynamic pixel changes
randmarks ’ between different frames
MTrackJ
Multiview Reconstruction »
Optic Flow »
Process »
Registration »
SPIM Registration ’
W = Segmentation 4
B Sicieion r RS
Stacks > B
Stitching r
Time Lapse L
Time Series Analyzer V3

Tracking » |-

Plugins -> Stacl; Drifference



Stack Difference Result = Trackmate

TrackMate can deal with
single particles, or spot-like
objects. They are bright
objects over a dark
background for which the
object contour shape iIs not
important, but for which the
main information can be

* Now the moving objects (blood cells) can extracted from the X,Y,Z

be highlighted and the non-moving coordinates over time

background can be ignored by using Stack
difference plugin




Select Trackmate Check Spatial and Temporal Calibration

»
mage) Exanples | TrackMate v3.8.0 — O X
z Feature Extraction »
”age PFOCQSS Analyze [m Flease note that TrackMate is available through Fiji, and is
2|~ i:: | Ala | [ HDF5 4 based on a publication. If you use it successfully for your

research please be so kind to cite our work:

Tinevez, JY.; Perry, N. & Schindelin, J. et al. (2017),

Integral Image Filters » TrackMate: An open and extensible platform for
single-particle tracking. Methods 115: 80-80.

Janelia H265 Reader

on PubMed (PMID 27713081}

Image5D > |

r press space bar and drag)

LOCI 4
LSM Toobox g Target 20181115
i "1 Calibration settings:
Multiview Reconstruction  * . . _
Pixel width: 1.000 pixel
Optic Flow »
P Pixel height: 1.000 pixel
rocess 4
Registration > Voxel depth: 1.000 pixel
SPIM Registration » Time interval: 1.000 frame
Segmentation »
Skeleton > Crop settings (in pixels, 0-based):
MTrack2 StackDifference X 0 to 1021
Manual Tracking Stacks » Y 0 to 147
ToAST Stitching 4 Fa 0 to 0
- TrackMate || Time Lapse » y ; “ 75
Load a TrackMate file Time Series Analyzer V3
Manual tracking with TrackMate ERIETE 5 Refrash souroe

(4= Save l;s)

Plugins -> Tracking -> Trackmate



¥ TrackMate v3.8.0 — ] X

Select a detector

Downsample LoG detector b

Block LoG detector
DoG detector

Downsample LoG detector

LoG detector

Manual annotation

Thig detector applies a LoG (Laplacian of Gaussian) filter to
the image, with a sigma suited fo the blob estimated size.
Calculations are made in the Fourier space. The maxima in
the filtered image are zearched for, and maxima too cloze
from each other are suppreszed. A quadratic fitting scheme
allows to do sub-pixel localization.

|__E| Save @ & = = Next

Object Detector

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

* Difference of Gaussian particle (DoG)
Detector -> optimal for object sizes

pelow 5 pixels

* Downsample LoG Detector ->
optimal for object sizes above 20

pixels

In this study, we choose
Downsample LoG detector




TrackMate v3.8.0 — O x

Settings for detector

Downsample LoG detector

This detecfor iz basically identical fo the LoG detfecior,
except that images are downsampled before filtering, giving
it @ good kick in zpeed, parficularly for large spot zizes. it iz
the fazfest for large zpot zizes (= ~20 pixelz), af the cosf of
precision in localization.

Estimated blob diameter 50.000 pixel
Threshold: 0.150

Downsampling factor:

Found 11 spots.

Adjusting Parameter

* Estimated blqb diame_ter |
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

Preview Result

each of the blood cell will be detected




4 TrackMate v3.8.0 — ] X

- Track location provides: X, Y, Z. A
- Velocity provides: Mean V, Max V, Min V, Median V, V std.
- TRACK_SPOT_QUALITY provides: Mean Q, Max Q, Min Q
Median Q, Q std.
Computing spot features.
Computation done in 15 ms.
Computing edge features:
- Edge target in 15 ms.
- Edge mean location in 18 ms.
- Edge velocity in 0 ms.
Computation dene in 0 ms.
Computing track features:
- Branching analyzer in 0 ms.
- Track duration in 0 ms.
- Track index in 0 ms.
- Track location in 18 ms.
- Velocity in 0 ms.
- TRACK_SPOT_QUALITY in 0 ms.
Computation done in 0 ms.
Starting detection using Downsample LoG detector
with settings:
- target channel: 1
- downsample factor: 4
- threshold: 0.0
- radius: 25.0
Starting detection process using 12 threads.
Detection processes 12 frames simultaneously and allocates -
thread per frame.
Found 4440 spots.
Detection done in 0.2 5.

< >

Detection Process

TrackMate takes advantage of multi-core computers, which seems to be
the standard nowadays. It will segment one time-frame per core available.
On computers with many cores, the progress bar will seems to move in a
bulky way: if you have 16 cores, 16 time-points will be segmented at
once, and it is likely that they will be finished approximately on the same
time. So don't be worried if the progress bar does not move in the

beginning for large images.



4 TrackMate v3.8.0 — L] X

Initial thresholding

Initial Object Filtering

Set here a threshold on the quality feature fo restrict the
number of spots before calculating other features and

o * One of the filter that set by the
Waming: the spot filtered here will be discarded. they will .
not be Geved and cannat be rekteved by any ofher means segmenter and arbitrary measure,

than re-doing the detection step.

object with certain value will be
discarded If not met the criteria

Choose
Auto

Above Below

Selected spots: 3868 out of 4440




¥ TrackMate v3.8.0 = U] X

Select a view

HyperStack Displayer v

HyperStack Displayer
3D Viewer

This displayer overlays the spots and fracks on the cument

imageJ hyperstack window.

Thiz displayer allows manual editing of spots, thanks fo the

spot edit tool that appear in ImageJ toolbar.

Doubie-clicking in a spot toggles the editing mode: The spot
can be moved around in a XY plane by mouse dragging. To

move it in Z or in time, simply change the cument plane and

time-point by using the hyperstack sliders. To change its

radiug, hold the a1t key down and rotate the mouse-wheel.

Holding the shift key on top changes it faster.

Altematively, keyboard can be used to edit spots:

- A creates a new spot under the mousze.

- D deletes the spot under the mouse.

- @Q and E decreases and increases the radius of the spoi
under the mousze (shift to go faster).

- Space + mouse drag moves the spot under the mouse.

To toggle links between two spots, select two spots
(Shift+Click), then press L.

Shift+L toggle the suto-linking mode on/off. Iif on, every spot
created will be automatically linked with the spot cumently
selected, if they are in subsequent frames.

LEI Save @ o = = Next

Selecting a View

* Hyperstack Displayer simply reuses
Imagel] stack window and overlay
the results non-destructively over
Image

* 3D viewer to calculate in 3D, in very
complicated case

In this study, we choose
Hyperstack Displayer




v TrackMate v3.8.0 — L] X

Set filters on spots

Total intensity ~
Standard deviation
Estimated diameter
Contrast
Signal/Moise ratio
Default

- Uniform color
Q @ Manual color v

Set color by Uniform color W

|_l | Save '.Q,) E = =» Next

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

In this study, we choose
Uniform color




V TrackMate v3.8.0 — Ol X

Select a tracker

Simple LAF tracker A4

Manual tracking
Linear motion LAP tracker

LAP Tracker

Mearest neighbor search
Old LAP Tracker

Cld Simple LAP tracker

Simple LAP tracker

This tracker iz identical to the sparse LAP tracker present in
this trackmate, except that it proposes fewer tuning options.
Namely, only gap closing iz allowed, based solely on a
distance and time condition. Track splitting and merging are
not allowed, resulting in having non-branching tracks.

L] Save (1] o = = Next

* 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

Image
sequence

l

Detection

Step 0

Vi

|

Particle properties

such as positions a
intensities) per frame

|

Frame-to-frame
particle linking

Step 1

l

/ Track segments /

l

In this study, we choose
simple LAP tracker

Gap closing,

merging and splitting

Step 2

|

/ Complete tracks /




TrackMate v3.8.0 — ] X

Settings for tracker:

* Linking max distance

-> Maximum pixel of the object
This tracker is identical to the sparse LAP tracker present in between tWO fra mes that d | |O\Ned
Shis treolmals, except that r'r'pr;poges fewer funing aptions. as the ||n k| ﬂg d IStance

Namely, only gap closing iz allowed, based solely on a

Simple LAP tracker

et lourert ety e g reee e S * Gap-closing max frame gap
-> Object would be detected If
o — Fillod with the distance In the first frame 1s not
> max distance greater than the next frame
Gap-closing max distance: 2000 |pixel WhtI)Cth_}_ergle:;ed ¢ Gap_C|OS|ng maX fra me gap
Y -> Set maximal time interval
Gap-olosing max Same gap: 2 between two objects to be

detected

Save (1) = = Next

==




Tracking Process  Set Filter on Tracks

4 TrackMate v3.8.0 — ] X

TR T e

Starting detection process using 12 threads. A
Detection processes 12 frames simultaneously and allocates *

thread per frame.
Found 4440 spots.
Detection done in 0.2 s.
Computing spot quality histogram...
Histogram calculated in 0.0 s.
Initial thresholding with a quality threshold above 2.7 ...
Starting initial filtering process.
Retained 38688 spots out of 4440.
Calculating spot features...
Computing spot features.
Computation dene in 515 ms.
Calculating features done in 0.5 s.
Performing spot filtering on the following features:
Mo feature threshold set, kept the 2868 spots.
Starting tracking using Simple LAP tracker
with settings:
Linking conditions:
- max distance: 200.0
- no feature penalties
Gap-closing conditions:
- max distance: 200.0
- max frame gap: 2
- no feature penalties
Track splitting not allowed.
Track merging not allowed.
Starting tracking process.
Found 107 tracks.
Tracking done in 0.0 s.

< >

] Save (1) P = =5 Next

4 TrackMate v3.8.0 — [] X

Set filters on tracks

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

In this study, we
choose Track Index

Track ID
X Location (mean)

Y Location {(mean)
Z Location (mean)
Mean velocity
Maximal velocity

@ @ Minimal velocity v

Set color by Track index A

o 106

] Save (@) P = = Next




Select the Output Type

¥ TrackMate v3.8.0 — ] X ¥ TrackMate v3.8.0 — O X
Links .
© so= § &’1 Tracks Select a action
I.a Capture overlay v
IR Piot features

= Close gaps by infroducing new spots

Goov overlav fo._ < Choose export all

Feature for X axis: [= Exeort s spos satistics spots statistics to
| 421 Export tracks to XML file
s — » - get the raw data

4 Extract track stack

L Export to ISBI challenge format
@ Export tracks to Icy v

Features for Y axis:

Source spot 1D v }) Execule

Exporting all spots statistics. A
Done.

Capturing TrackMate overlay from frame 1 to 180.
done.

Performing capture... done.

Capturing TrackMate overlay from frame 1 to 180.
done.

Performing capture... done.

Capturing TrackMate overlay from frame 1 to 180.
done.

QS Performing capture... done.

©
!

) Save “% Next ) Save (@) o = = Next




All Spots statistics

File Edit Font

TR»‘-‘-CI« _ID |QUALITY |POSITION_X [POSITION_Y [POSITION_Z |POSITION_T |FRAME |RADIUS [VISIBILITY |MANUAL_COLOR |MEAN_INTENSITY |MEDIAN_INTENSITY

D112 12 3.185 0 1 -10921639 115.399 119
D104 104 1 3.291 532 40 0 0 0 25 1 -10921639 108.836 111
ID106 106 MNone 2.657 196 44 0 0 0 28 1 -10921639 98.600 99

D107 107 2 3.914 448 el 0 0 0 28 1 -10921639 114.424 123
ID108 108 3 3.037 664 44 0 0 0 25 1 -10921639 117477 119
D109 1098 g 3.606 412 48 0 0 0 28 1 -109216359 117.248 123
D111 111 ] 3.605 96 92 0 0 0 25 1 -10921639 104 .836 107
D232 232 1 3.196 536 44 0 1 1 25 1 -10921639 114.559 111
ID233 233 3 2.957 872 44 0 1 1 28 1 -10921639 117175 118
ID236 236 i 3.660 424 48 0 1 1 23 1 -10921633 1168.972 124
D238 238 7] 3.494 100 52 0 1 1 25 1 -10921639 104622 107
D231 231 2 3.404 472 A 0 1 1 28 1 -10921639 114.766 121
ID239 239 0 3.045 332 92 0 1 1 25 1 -10921639 114 2866 118
ID81 g1 3 3.193 876 40 0 2 2 25 1 -10921639 116.542 118
D82 82 6 2.684 224 44 0 2 2 25 1 -10921639 101.080 104
1083 a3 2 3.836 428 <l 0 2 2 28 1 -10921639 114.506 124
ID34 84 7 2737 176 48 0 2 2 25 1 -10921639 101.690 103
1083 89 0 2737 280 48 0 2 2 25 1 -10921639 107.893 110
D588 88 9] 3.622 104 52 0 2 2 25 1 -10821639 105.211 106
D89 a9 4 3.176 340 92 0 2 2 28 1 -10921638 115724 119
ID79 79 1 3.298 548 40 0 2 2 25 1 -10921639 110.760 112
D324 324 1 3.263 556 40 0 3 3 25 1 -10921639 112418 113
ID326 326 3 3.226 884 40 0 3 3 25 1 -10921639 117.547 119
D327 327 2 3.957 436 dd 0 3 3 25 1 -10921639 116.138 125
D329 329 7 2.873 176 43 0 3 3 25 1 -10921639 102.541 103
1D330 330 6 2,791 240 48 0 3 3 28 1 -10921639 105401 107
ID331 331 0 2.755 2684 48 0 3 3 25 1 -10921639 108.595 111
ID332 332 4 3.185 336 48 0 3 3 28 1 -10921639 110.217 117




Copy the Raw Data Into Excel

A B C D E F A Label

R R Show each detected tracking point ID

3 |ID269972 0 540 76 1

4 |1D269929 0 556 80 2 B TraCkID

- [ Show each detected tracking point ID based
Biozrooss] o s e on the same object

Slowoss| o m C. X B -

Bozioes, 0 e 84 9 Show X position of the object in pixel

13 1D269988 1 32 120 1 D Y

14 11D269935 1 40 120 2 . . ] ) .

Bovolsy 1 4 10 3 Show Y position of the object in pixel
T R E. Frame | |

191269968 1o 147 Show each detected tracking point frame
20 |ID270196 1 80 124 8

21/1D270169 1 144 124 9 number

22 [ID270227 1 140 124 10

Sheet1 | Sheet2 | Sheet3 ©)




Individual

blood cell ID Data Analysis

E G H | L M P Q
1 Distance ( 0 Total Indiv Average Ir 0 Average Ir Average I§ Average S|MIN MAX
2 0 7 0 8 8 0 0 1 nan 10.14367 312.6473 §130.82192 1439.09
3 0 7 41116.49242| 24.49242 0 0 2 nan 7.11608 219.3312
4 0 8 0 161 40.49242 0 0 3 nan 3.763939 116.0118
5 0 8 0 121 52.49242 0 0 4 nan 6.004427 187.8419
6 0 8 0 81 60.49242 0 0 5 nan 9.670738 298.0707
7 0 8 0 4164.49242 0 0 6 nan 8 246.5753
8 0 8 418.944272| 73.43669 0 0 7 nan 8.912316 274.6947
9 0 8 0 8 81.43669 0 0 8 nan 9.129362 281.3844
10 0 8 0 20{101.4367 0 0 9 nan 12.17984 375.4059
11 0 8 nan 0 101.4367 10.14367 0 10.14367 6.157379 189.7822
12 ID269909 1 120 0 4 4 0 0 1 nan 9.029157 278.2959

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. -> /(X2 — X1)2 + (Y2 — Y1)2

|. 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 (um) -> conversion from pixel into um by scale

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




High speed Video
recording

\ 4

Blood flow velocity
calculation

\ 4

Heartbeat
calculation

A 4

Cardiac function
assessment

Heartbeat rate SFFT

(HR) Poincare plot

Stroke volume Fractional
(SV) Shortening (FS)

Cardiac output Ejection Fraction
(CO) (EF)




I (Fiji Is Just) Image)
Edit Image Process A

New

Open... Ctrl+O
Open Next Ctrl+Shift+O
Open Samples

Open Recent ’
Import

Close Ctrl+W
Close All Ctrl+Shift+W
Save Ctrl+S
Save As ’
Revert Ctri+R

Page Setup...

Export ’
Quit

Fix Funny Filenames

Make Screencast

Libraries 3 u

Open the Video File with Imagel

* Click File + Open to Select Video File
* Select the VirtualDub converted video

* In AVI Reader of Imagel, choose the frames selected

and check Use Virtual Stack

@ Open video file

Look in: | Heart Beat V‘ o~ Er

20200228 LPlan20x 20200228 LPlan20x 20200228 LPlan20x
- -Temp 30 - 10.mp4 -Temp 35 -1.mp4 -Temp 35 -2.mp4
Desktop

This PC
20200228 LPlan20x 20200228 LPlan20x 20200228 LPlan20x
ﬁ  -Temp 35 -3.mp4 -Temp 35 -4mp4 -Temp 35 -5.mp4
Network
File name: 20200228 LPlan20x-Temp 35 -3.mp4 V‘ Ope
Files oftype Alltypes (*.avi* dive.* mpg.* mpeg." mpv." mlv.*ds ~ Ca

I:‘Ask for extended options after this dialog
[#] Automatically load linked segments

' AVI Reader e

First Frame: |1

LastFrame: |2000]

v Use Virtual Stack

[~ Convertto Grayscale
[ Flip Vertical

oK | Cancell




I
ﬁ Select Region of Interesting (ROI) in Image)

I (Fiji Is Just) Image) — O X
File Edit Image Process Analyze Plugins Window Help
OQ]x|o|~|« )5 N Ala @) ~fsejurs|s]a] |»
(Fiji Is Just) ImageJ 2.0.0-rc-61/1.51s; Java 1.8.0_66 [64-bit];

'P"'.g.
++

[1}' 20200403 LPlan20x -T. 30 - 17.avi (V) (75%) — O X ° Use *Oval* erSh SeleCtlon to
G [ e e oSS, | 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

T. — ] et

0001-0333-0413 |~ Add [t]

Auto ROI Properties

N | Recenter Update
Delete

(Fiji Is Just) Image)

Examples C Recenter Parameters

File Edit Image Process Analyze | Choose Tlme SeHeS
Of8 c|o|~| 4[5\ |A|a|@|[ Featwebracion et Arerage SR Analyzer V3 plugin

HDF5 , Get Total Intensity Measure
' Deselect :
mageSD ' — | — Click “Add” Button to

Translate ROi's Properties...

Integral Image Filters ’ — Add On Click Flatten [F] Ch OOSe RO'

Vand (tracing) tool

Janelia H265 Reader  Persist More »
e — . 13 1
Loc | Newthread or measuring ™ Show Al * Click “Get Average” to
LSM Toolb » | Labels
B e _ - «| getthe peak and data
Landmarks gl P File Edit Font
Muttiview Reconstruction  » 345.82x5 85 (6133355)'I8-kl-|t; ?13I< — ‘?221;2‘355-0434 I?;;r?g: |Err [ i ° Cl ICk “Save” In the
- o 128.134 128134 0 .
opte Flow | S N Lo LR peak window to keep
Process » & lz27315 127815 0
¢ §127 599 127599 0
Registra[ion 4 EWU 197 268 197268 0 the data for fu rther
. . 2 27.285 127285 0 .
SPIM Registration ' - . [t :2?43? 127437 0 a na |ySIS
Segmentation ! [ ]2 200 27203 0 - -
Skeleton b | i 127560 0 o After this anaIyS|s, the
StackDifference Yiog 113 128.113 D 1 1
s | . dynamic pixel
aCKs 29 469 129469 0O
- ot et change data can be
Stitching d 130.067 130.067 O .
Time Lapse . s s o extracted into Excel
mmm— 50 559 130559 0O =
. = ] [»
Dynamic pixel change data

LY



ORIGIN 91 Input The Data Into Origin 9.1

Data Analysis and Graphing Software

E] Book1 * E=NEER X"
e AX) BY) | cn | b | Em | FM |~
Long Name
Units
Comments Time 1 2 3 4 5
Fx)=
1 0.03333 95.418 113.231 123.853 125.36 116.915
2 0.06667 895.735 113.382 123.466 124.81 116.997
o 0.1 86.001 113.11 123.612 12533 117.797
4 0.13333 86.015 112.853 124.09 125.395 118.947
5 0.16667 96.391 113.139 124.024 125.278 120.078
6 02 86.132 112.628 124.068 124.999 120.606
7 0.23333 96.674 111.905 124.087 125.542 121.759 . . '
8 0.26667 96.913 112.209 124.482 124.459 122121 ¢ The data matrlx IS dlrectly Copy

[i=]

03 97 11 112159 124262 123188 121898 ..
10| 0.33333 96.765 111.423 124 758 123228 121.858 from Excel and paSte to Or|g|n
11 0.36667 97316, 111112 125099 122619 122268

12 04 9732 111157 124541 121767 121.987 9 1

13| 043333 97.187 110714 125023 121955 122143 .
14|  0.4B667 97137 111152 1252328 121923 122448

15 0.5 97.279 112.046 125277 121.473 120.55
16 0.53333 97.037 112.248 124.549 121.576 119.36
17 0.56667 97.424 111.935 125.328 122.063 118.898
18 08 97.412 112.768 125534 121.897 118.055

19 0.83333 87.508 113.159 125341 123.013 117.333
20 0.86667 87.227 113377 125.407 124.342 116.872
21 0r 97.682 113.282 125.597 124.545 116.705
22 0.73333 97.595 113.859 125.282 124.982 116.042
23 0.76667 97.546 113.963 125615 125.496 116.383
24 08 97.313 114.404 125539 12571 116.585
25 0.83333 897.714 114.552 125677 125.345 117.444
26 0.86667 87.319 114457 125233 125559 117.753
27 09 87.573 113.977 125721 126.398 119.093
28 0.93333 87.806 114.677 125721 126.427 120.709
29 0.96667 897.819 114.875 125.041 126.949 121.684
30 1 97.428 114.845 125.3 127.211 122.484 2

[« [+ Jysheet1 / [ < |




ORIGIN 9]

Data Analysis and Graphing Software

G E=m
S AX) | BM_I _cm DM e | Em |~
Long Name Plot » Line
Units . Copy » Symbol
Commentf Time e e e Line + Symbal
Fx)= Column/Bar/Pie
1 0.03333 Delete
2| 0.06667 Multi-Y
3 0.1 Set As 4 Y-offset/Waterfall
4 0.13333 Set As Categorical Multi-Panel
g 0 166[5; § Set Column Values... Ctrl+Q 3D XYY
7 0.23333 Mask » 3D Surface
8| 0.26667
5 03 Sort Worksheet » 3D Symbol/Bar/Vector
10| 023332 Hide/Unhide Columns p| | Statistics
11|  0.36667 Area
12 0.4 ik Contour/Heat Map
13 Properties... Profile
15 e, ¥ e . Specialized
16 112.248 124549 12157  Stock
17 111935 126328 12206  Bridge Chart
18 112.768 125534 12189
19 113159 125341 12301  SystemTemplates..
20 113.377 125407  124.34|  User Templates
21 113282 125507 12454 .
22 113.859 125282  124.98
23 113963 125615 1254y 2 Double-¥
24 114.404 125539 1257 32D Kernel Density..
25 114552 125677 12534 4 Spline
= - T
: : : 6 3¥s Y-YY
28 114677 125721 12642 :
29 114875 125041 12694 7 3YsY-YVY
30 114.845 1253 12721  8Line + Symbol
L[> [\Sheet1, < 9 Line Series

10 Area

-

. A . . . .

/" Line

o+ Horizontal Step
" Vertical Step

1/ | Spline Connected

Average Pixel Intensity

92

91

90 ~

89 H

88

87

86

85

84

Make Graphic by using Origin 9.1

83



o

"l

ORIGIN 91 Use Peak Analyzer to detect the peak interval

Data Analysis and Graphing Software

Average Pixel Intensity

92

91

90

89

Data Manipulation
Fitting

Signal Processing
Peaks and Baseline

1 STFT: <Last used>...
2 Smooth: <Last usedz>...

3 Peak Analyzer: <Last used>...
4 Nonlinear Curve Fit: <Last use

5 STFT: <default>...

6 STFT: <Last used>

T Peak Analyzer: <default>...
8 Smooth: <default>...

9 Nonlinear Curve Fit: <default>...

10 Subtract Straight Line..

d>..

»

»
»
}
»
»

MY Asiind== I Rl e
Multiple Peak Fit...
Peak Analyzer 3 1 <Last used>
Batch Peak Analysis Using Theme... 2 QuickPeaks (System)
Open Dialog...

88 -
87 -
6 -
5 -

84 -

83

|

10

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



@3 ORIGIN 9] Setting up Peak Analyzer

Data Analysis and Graphing Software

! Peak Analyzer = x g2 -  To obtain time and
Dialog Theme  * , i . .
| Intensity of each peak,

_ 91
Goal - Find Peaks
W 1
- we use “Find Peaks
e et a 90 ] .
5 function
O 894
Pres Mexdt Finish | | Cancel : £ .
‘O 88+ )
|pa_goa| X | D
Select spectrum data and Goal o b § ; :
(D 87 ] ) : D )
Goal (O Integrate Peaks " % ] ) © © : ) ' 1 ’ )
() Create Baseline ) 86 ; : . D : -
(1 Subtract Baseline é | ! ]
(® Find Peaks 85 s g
() Fit Peaks (Pro) ;
] D
Graph1]111"B" :
Input [Graph] . 84 - b
< > T
83 T T T T T T T T T T T
0 2 4 6 8 10



Data Analysis and Graphing Software

@5 ORIGIN 91

4| r \Sr;‘e:eﬂ ,{ Baseline_Datal I)\Peak_Centerﬂ I,." | <

B Booki * F=n
EH AX) i) B(Y) @]
Long Name Peak Centers Peak Centers
Units
Comments | Peak Centers of "Smoothed Y1" Peak Centers of "Smoothed Y1"
F{x)=
1 0.76667 85.676 1
2 1.56667 8558291
3 2 36667 8567822 2
4 313333 8553258
5 393333 86.20045 3
6 473333 84.86963
7 5 56667 83.73886 4
8 633333 84 66687 5
9 713333 8538191
10 79 86.25433 6
11 8.66667 86.22774
12 9 46667 85.2433 ?
13
14 o
15
16 9
17
19
o 11
21 12
22
e 13
24
3 14
26
= 15
28
29
30

Copy the Data for Further Analysis

A
Time

0.76667
1.56667
2.36667
3.13333
3.93333
473333
5.56667
6.33333
7.13333

7.9
8.66667
9.46667

B
Peak Intensity

85.676
85.58291
85.57822
85.53258
86.20045
84.86963
83.73886
84.66687
85.38191
86.25433
86.22774
85.2433

C

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 between

00 = (2 (LF] [P |EAd [T |

Insert New Column in Excel

time and peak to calculate

time interval

A
Time

0.76667
1.56667
2.36667
3.13333
3.93333
473333
5.56667
6.33333
7.13333

79
8.66667
9.46667

B - A2 - X | =A3-A2
——— % Cut
Peak Ir
85, f2 Copy A - -
§ 1 |Time Time Interval Peak Intensity
85.58 "y Paste Options: 2 [__[ljﬁﬁﬁj._ﬁg_ﬁﬂ 85 676
85.57 = 3 | 156667] 85.58291
85.53 4 | 2.36667 85.57822
86.20 Paste Special... 5 | 3.13333 85.53258
8486  ncort 6 | 3.93333 86.20045
8373 7 | 473333 84.86963
grpg  Delete 8 | 5.56667 83.73886
gc 38 Clear Contents » 9 | 6.33333 84.66687
e 10 | 7.13333 85.38191
T [Z Format Cells.. 11 7.9 86.25433
- Column Width.. 12 | 8.66667 86.22774
85.2 13 | 9.46667 85.2433
Hide 14
Unhide 15

= | | | | [P (=

8
9
10
11
12
13
14

- -

A
Time

0.76667
1.56667
2.36667
3.13333
3.93333
473333
5.56667
6.33333
7.13333

7.9
8.66667
9.46667

* 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

B

Time Interval

0.8
0.8
0.76666
0.8
0.8
0.83334
0.76666
0.8
0.76667

0.76667
08

-9.46667

X&

C

Peak Intensity

s

85.676
65.56291
85.57822
65.53258
66.20045
64.86963
83.738866
64.66667
65.36191
66.25433
86.22774

65.2433



0O~ O N B W M=

= e i e =
00 =] @ A I 0 (B = O

X&

A B C
Time _Time Interval _Peak Intensity

0.76667 0.8 85.676
1.56667 0.8 85.58291
2.36667 0.76666 85.57822
3.13333 0.8 85.53258
3.93333 0.8 86.20045
4.73333 0.83334 84.86963
5.56667 0.76666 83.73886
6.33333 0.8 84.66687
7.13333 0.76667 85.38191

7.9 0.76667 86.25433
8.666671 0.81 86.22774
9.46667 85.2433

=average(B/.B17

AVERAGE(number1, [number?], .

0O = @ |1 = D M=

(SRR T I PR oy
R =

[
=]

A
Time

0.76667
1.56667
2.36667
3.13333
3.93333
473333
5.56667
6.33333
7.13333

7.9
8.66667
9.46667

B C
Time Interval Peak Intensity

0.8 85.676
0.8 85.58291
0.76666 85.57827
0.8 85.53258
0.8 86.20045
0.83334 84.86963
0.76666 83.73886
0.8 84.66687
0.76667 85.38191
0.76667 86.25433
0.8 86.22774
85.2433

i 0.7909090911

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:
=060/average time interval



Perform Short-time Fourier transform (STFT) to get
@ ORIGII}I 9.1 heart beat frequency over time changes

. window

(4 b
ge Short -,
= L
= . =
0 Time v
Z | o
Fourier E
LL

i
. Transform
Time

Time




ORIGIN 9.1 Perform STFT by using Origin 9.1 software

Data Analysis and Graphing Software

B -BRERE SEEHB £ 0% - GERE BESE- & aBERe 8B A Yy alilhdh VRS X

View Graph Data

a3y a3, B
EB i1+ HBH

Analysis | Gadgets Tools Format Window Help

Average Pixel Intensity

92

91

90

89

Statistics » . -0 | %~ _ M e | @ _
Mathematics

Data Manipulation

Fitting

v v vy v w

88 -
87—-
86—-
85—-

84

83

Signal Processing Smooth »
Peaks and Baseline FFT Filters...
1 Smooth: <Last used=... TR e
2 Peak Analyzer: <Last used>... SA0Ar 4 [Riastusedzy
3 Nonlinear Curve Fit: <Last used>... RAr ’ Open Dialog...
4 STFT: <Last used=... avelet
5 STFT: <default>... Convolution...
6 STFT: <Last used:> 2D Correlation...
7 Peak Analyzer: <default=.. Coherence..
8 Smooth: <default>... Correlation...
9 Nonlinear Curve Fit: <default>...
10 Subtract Straight Line... L= Wi I
Envelope...
Decimation...

U

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



Data Analysis and Graphing Software

B ! Signal Processing: stft

Dialog Theme  *

> Preview
Description Perform Short Time Fourier Transform )
Recalculate Auto v
B Input [Book1]Sheet1!B =l
Irmaginary “ ‘1 E
Specify By Irteryal b
Sampling Interval 0.03448 [v] Auto
FFT Length 256 v
window length 256 Auto
Overlap 128 Auto
Window Type Hanning 2
Option Amplitude in dB bd
Swap Time and Frequency |_|
Output Matrix “[e:new>]<new>! &1L
Create Image Plot |v]
[ ]| Output Worksheet
Auto Preview Preview OK Cancel «

ORIGIN 9.1 Perform STFT by using Origin 9.1 software

* Change the setup based on the
need

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



& ORIGIN 91 Change Scale in STFT Result

: ‘_ Data Analysis and Graphing Software
1 fuis Dilog - Layer | * * | * When the scale range Is too wide, It
Feea Oher ) can be adjusted
iy e :o| : * To change the X and Y scale double
T o e - click on the graphic result
Til::(:ght Rescale |Aut0 e |
Grids

H Line and Ticks Rescale Margin{%:) | 3 |
Special Ticks Reverse ]
Aporli?:SOthers = Major Ticks

Type |I33,«r Counts b |
Count | & |
First Tick | |

= Minor Ticks

Type |E:‘-3,-r Counts s |

Count | 1 |

OK Cancel Apply




ORIGIN 91 Changed Scale STFT Result

Data Analysis and Graphing Software

S

8

12

©

Frequency
(o))

Frequency
N

(o)}

0 0
Time Time

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



Poincare Map of Control

¢ ORIGIN 91

Data Analysis and Graphing Software

-
(=]
1

Heart Beat n+1

o
[4)]
1

]
W
i
£
i
sd1 0o
sd2 &
1
1.0 e

Heart Beat n

Poincare Plot
v1.00

Create Poincaré plot with a confidence ellipse

Perform Poincare Plot by using
Origin 9.1 software

| E‘[IHEEEH P 2 NI

* Poincare Plot, Is a scatter graph that visualize
the heart rate variability (HRV)
bors -«x ¢ Poincare Plot plugin can be downloaded from
: F.) https://www.originlab.com/fileExchange/detall
E . s.aspx?fid=404
2 seniGap * After download, then the File need to be drag
& and drop into the Origin Workspace ,
oo therefore the icon can be seen on the right
1 side

=)
g Poincare Plot

—



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

Perform Poincare Plot by using
ORlGlN 7. Origin 9.1 software

File Edit View Plot Column Worksheet Analysis Statistics Image Tools Format Window Help

B RS Gy RGBS Z il 5h- 05 - -0 -\ AN
EI % ARQ B(Y) c(Y) | D(Y) ~ "'.4-; Ohbject Manager
Long Name .
N— : * Copy all the data Into
+ Comn;?:;f Time 2 3 v ) g
. 1 0.03333 83.01 136.309 34 O r‘ n 9 1
} 2|  0.06667 82.211 136.783 I g I .
- 3 01 82369  138.956 =
Y 4| 013333 83.934  137.027 2
5| 016667 8392 135942 mm | W4 AN Fitting °
. - - oose 1 column o
o 7| 0.23333 81.002  137.792 =T ’_o K lwﬂ )e-;)
8| 0.26667 81778 135942 L nd o )
A ) 0.3 87 862 135.037 E Add Apps  Send Graphs Send Graphs  Simple Fit |Poincare Plot d a ta a n d e rfo rm
e 10| 0.33333 82506  136.469 to PowerPo..  to Word p
- 11 0.36667 82.015 136.16 ’ Poincare Plot .
m 12 0.4 82382 133509 O v1.00 P P |
fE) = 13 0.43333 81.792 134.091 I Create Poincaré plot with a confidence ellipse O I n Ca re Ot
B- 14| 046667 79916 135034 w
o 15 05 79.048 132772 "
16| 053333 80.723  131.403 A
g 17| 056667 8214 134542 .
I 18 06 83.055 134.95 3
19| 063333 82.007  131.944 iz}
@ 20| 0.66667 81.371 131.868 m
] 21 0.7 82655  133.655
5 22| 073333 82636  132.562 &
s 23| 0.76667 83327 131.901 o
A 24 0.8 82797  133.704 -
€3 25| 083333 82.001 135.05 3
i) 26| 0.86667 82462 132.971 Ha
2| 27 09 83.381 131.103 oflo
0 28| 093333 83126 134183 =
29| 0.96667 83272 134716 {]'J
30 1 83468  132.765
Y 1.03333 83709 132742 &
32|  1.06667 82.51 134.007 0
33 1.1 82193 132.004 o
34| 1.13333 83.057  131.308
35|  1.16667 82084  132.793 |5
36 1.2 83.121 134711 ~ |1
IEI\Sheeﬂ. Baseline_Datal A Peak_Centers1 A Baseline| r( > |r =




Te Perform Poincare Plot by using
i‘!’M . .
= ORIGIN 4 Origin 9.1 software

Apps: Plot_Poincare ? >

} * After performing Poincare plot, it
P reate Poincare Plo WI” Open a neW dlalog 9 make

sure the “Data Column” Is correct
Data Column | [Book1)sheet1!8 BIE I 9 PreSS OK

Input needs to be time series data such as RR

Recalculate Auto b

Confidence Level for Plotting Ellipse (0,1) | 0.95 |

- — |




High speed Video
recording

\ 4

Blood flow velocity
calculation

\ 4

Heartbeat
calculation

A 4

Cardiac function
assessment

Heartbeat rate SFFT

(HR) Poincare plot

Stroke volume Fractional
(SV) Shortening (FS)

Cardiac output Ejection Fraction
(CO) (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 D, refers to the length
of the long diagonal axis and Dg refers to the length of the short diagonal axis

Yv (Fiji Is Just) Image) — 0 %
File Edt Ima rocess Analyze Plugins Window Help

“Straight” line plugin in Imagel) was used to measure

mifeljej Al ||| oo, \ﬁ\i\&\f’\» -

_ ‘ : the diameter of the heart

*Straight®, segmente0r freehand lines, or arrows (right click to switch)  Click here to searc

[} 20200408 LPlan20x -Control - 16.avi (V) — O X [5}' 20200408 LPIan20x -Control - 16.avi (V) — O X

45/300 (1.50 s); 720x480 pixels; RGB; 396MB

108/300 (3.60 s); 720x480 pixels; RGB; 396MB




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)

(Equation 1) (Equation 2)
SV = EDV — ESV Volume = 1x 7t x D. x D.2 Cardiac output (CO) is the amount
6 L™ =S :
of blood the heart pumps in 1
EDV 3 minute. It is determined by
. Ds multiplying the heart rate by the
— o / stroke volume

CO =SV xHR



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 D¢p
refers to the length of the short diagonal axis at diastolic phase and Dgs 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

(Equation 3) (Equation 4)
D,— D -5V Q
FS = _Sl]))?S_SX]_OO% EF—EDVX].OO )0




