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We use plastic tubes, chicken egg cells, and aqueous solutions of varied viscosity to mimic seven

\

\.l\

different physiological conditions. By collecting data on changes in dimensions such as shape,
velocity, and profile of cross-sectional area of the eggs, we can construct a model of red blood cell
flow in blood vessels, which we hope can predict physiological outcomes. At the end of our study,
we use python compiler to code a program to assist us in tracking maximum instantaneous velocity
and automatically calculating the profile of cross-sectional area at that moment. We find that change
of flow rate causes relative deformation, which prevents rupture. At 0.03% alcohol in the simulated
micro vessels, flow velocity of the egg yolk increases. At 0.5% alcohol in the simulated arteriole,
flow velocity of the egg yolk approaches normal. In addition, if the flow of egg yolk is resisted,
specific surface area increases in the simulated tonically constricted micro vessels but decreases in
the simulated arteriole. During stimulation of tonically constricted micro vessels, as the viscosity of
the liquid in the tube increases, the location of the maximum instantaneous velocity of the egg yolk
moves farther from the heart.
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second_max_ elo ty_ 1dx ynlk_d'F:'\.’El:city_:m'].'lar‘gest[Q).i'dex:l: # I
second_max_velocity = yolk df['velocity_cm'].iloc[second_max_velocity_ idx]
second_max_velocity time = yolk_df["time'].iloc[second_max_velocity idx]

{second_max_velocity_time * fps)

ret, ;econd _max_ Fl ame = cap. |:nd() # &5
cap.release()

pl‘t FlgLII:.\flgSl_E (12, &))
plt.plot(yolk_df[ 'time'], yolk_df['velocity_cm'], label="velocity (cm/sec)', color="blue') # ES5EFEH
plt.title( Velocity Change Over Time')

plt.xlabel('Time {seconds)')
plt.ylabel('Velocity (cmisec)') # (E20EE
p _

line(x=max_velocity time, color='red', linestyle="--', label=f'Max Velocity: {max_velocity:.2f} cm/sec at {max_wvelocity time:.2f} seconds')

line(x=second_max_velocity time, color="green', linestyle='--', label=f'Second Max Velocity: {second_max velocity:.2f} cm/sec at {second max_velo
plt.legend()

plt.grid()

plt.show()

# FETE_ T REH
plt.figure(figsize=(8, Sj)
plt.imshow(cv2. cvtColor(second max_frame, cv2.COLOR _BGR2RGE))
plt.title(f'Frame at
plt.axis{'off') # E
plt.show()

cm

'cond Max Velocity: {second_max_welocity:.2f} cm/sec') # &

Velocity Change Over Time

I ]
! — Velocity {cm/sec)
: —-==- Max Velocity: 56.46 cm/sec at 16.65 seconds
: === Second Max Velocity: 48.25 cm/sec at 15.71 seconds
50 A t
Frame a.t Second Max Velocity: 48.25 cm/sec
I
~ 40 1 !
(v I
Q 1
@ [
£ 1
=z I l
é“' I |
8 30+ i i
v | |
> I I
| ]
I ]
I ]
I ]
I |
201 t }
I ]
I ]
I |
I 1
I 1
I ]
I ]
10 A N !

T T T T T T

15 16 17 18 19 20
Time (seconds)
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2. FHEBROITEARNE

#uu EIETH

R

select frame = second_max_frame

Yolk Outline at Second Max Velocity (Area: 13.20 cm?)

for contour in contours:
area = cv2.contourfrea(contour)
if min_area < area < max_area:

# WEGE (IME)

cv2.drawContours(select_frame, [contour], -1, (@, 255, @), 1)

# S E&EEE
yolk_area_px = area # F&

yolk_area_cm2 = yolk area_px / 64 # FE/EZ
print(f"EEHIHERS

{yolk_area_cm2:.2f}

plt. Flgure(flgslz
plt.imshow(cv2.cvtColor(select_frame, cv2.COLOR_BGR2RGB))
plt.title(f'Yolk Outline at Second Max Velocity (Area: {yolk_area_cm2:.2f} ecm2)') # (&
plt.axis('off') # &
plt.show()

CFL)PIE BT HSV {H
RN ERERRE AR (ZHHRERRETE) - #REIIEALUKIERTE A FEY
{ERG I - RAE S AR IAE B T & &R A C AR AT Ay SR -

import os + J

-

0+
H]
]

# HHIERTIFEER

print(os.getcwd())

# BRES
cap = cv2.VideoCapture(video_path)

# BIE—(EIZ
yolk data = [

# TEEZEM nsv BEEE
from matplotlib import pyplot as plt

image=max_frame
HSV=cv2.cvtColor(image,cv2.COLOR _BGR2HSV)
def getpos(event,x,y,flags,param):

if(event==cv2.EVENT_LBUTTONDOWN) :

print(HsV[y,x])

cv2.imshow("imageHSV" ,HSV)
cv2.imshow("image" ,image)
cv2.setMouseCallback("imageHSV",getpos)
cv2.waitKey(®)

LR E B b Mg N /o - St Bl g R ey HsV (2 (40 BHE ) -
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REPEENERSBEPEAEREATFEEE G
TEFE AV SIRRR TR - M ARV A f S A B E N R

2B IE BV max BIPE IEGERS - WIRTS AT - O A5 e —HERE - E2FHT]
A SR G - AHEN SRR E A G 2E R el ) - A 5t
BBV s 1E B BB - £ B B REUHEH I S LS AHE > R RSt — IRy

B R DN s AR AT REEE

b

(—) NE (RLBEEMHERINE ) EALEREK(TEEFNBERPRFRHENTR)

(=)

(=)

()

(&)

i =k Tk 1 2 3
IR RBRIF AR (om/s) 15.99+2.05 38.32+1.60 35.10+2.89
SEIGEERE (em?) 17.32+2.57 19.71+2.25 14.87+2.09
o~ |0 | | &
— |
NN E—_—— ——
RE (28 3.4%8HEK 8 /NHEMMEHIIE ) EALEREK
B RS 1 2 3
R RBRF R (cm/s) 36.83+4.26 34.87+2.04 36.60+1.33
SEIEER (cm?) 14.52+1.13 13.91+1.77 14.35+1.68
REEABIFRE 0.03% (BEEIERE )
B RR 1 2 3
SR RN A (cm/s) 24.62+3.35 32.76+1.21 29.50+1.99
I BEEEBERE (cm?) 15.03+1.21 14.80+1.17 1541+1.21
REEABIFRE 0.5% ( ARROEZHIEENHRAME)
i =X T 1 2 3
G ABERF A (cm/s) 17.74+0.38 37.73+1.82 22.99+0.68
S EREEERE (cm?) 13.73+0.89 14.57+1.56 14.39+1.26
NE EA CMC 1E#%El ( 16cP )
B R 1 2 3
SR R AR (cm/s) 21.40+3.76 26.99+3.10 25.30+0.88
EYEEEER (cm?) 13.34+0.81 13.39+0.99 12.81+0.53
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() REEA CMCEHE (16cP)

1% T 1 2 3 4
VIR RKBRRE R (cm/s) | 25.34+2.44 | 27.28+1.51 | 21.02+1.13 | 16.56+1.61
P EEBEE (cm?) 14.29+0.99 | 17.07+0.52 | 17.21+1.45 | 16.19+1.40
(£) REEAZRMIE 4cP
1%L Tk 1 2
S KRB 2R (cm/s) 39.55+3.12 41.09+3.34
SEHEEREREE (cm?) 13.06+2.16 12.75+1.92
(/\) REEAZRMIME 8cP
i 1 2 3 4
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