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Mock Circulatory Robot with Artificial Aorta for
Reproduction of Blood Pressure Waveform
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Abstract: As the importance of cardiovascular health is highlighted, research on its correlation with
blood pressure, the most important indicator, is being actively conducted. Therefore, extensive clinical
data is essential, but the measurement of the central arterial blood pressure waveform must be
performed invasively within the artery, so the quantity and quality are limited. This study suggested a
mock circulatory robot and artificial aorta to reproduce the blood pressure waveform generated by the
overlap of forward and reflected waves. The artificial aorta was fabricated with biomimetic silicone to
mimic the physiological structure and vascular stiffness of the human. A pressurizing chamber was
implemented to prevent distortion of the blood pressure waveform due to the strain-softening of bio-
mimetic silicone. The reproduced central arterial blood pressure waveforms have similar magnitude,
shape, and propagation characteristics to humans. In addition, changes in blood pressure waveform due
to aging were also reproduced by replacing an artificial aorta with various stiffness. It can be expanded
to construct a biosignal database and health sensor testing platform, a core technology for cardi-

ovascular health-related research.
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[Fig. 1] Human circulatory system and a mock circulatory robot
that mimics it
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[Fig. 2] Overlapping of forward and backward waves of human
blood pressure wave
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[Fig. 3] PWV, stiffness and vascular age: (a) central blood
pressure waveform determined by PWV; (b) PWV in elastic
tube; (c) PWV-age curve, which is called vascular age; (d)
central blood pressure waveform according to ages
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[Fig. 4] Fabrication of artificial aorta and characteristics of
biomimetic silicone
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[Fig. 5] Fabricated artificial aortas with stiffness according to
the ages, and the measured vascular age of them
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[Table 1] Calculation of stiffness and mixing ratio of
biomimetic silicones for the reproduction of blood pressure
waveforms according to vascular, age and measured stiffness
values of fabricated artificial aorta

Vas E Vas.

Age E A e' Composition Ratio  |Fab. E Error Age

& [kpa) | **® [Wt%] [kPa] | . - | Error
[v] [%]

[yl

20 | 150 |20.62| Ecoflex 00-50,100% 146 |-2.67|-0.63

Ecoflex 00-50, 39.4%
30 225 30'57+SORTA-Clear12,6O.6% 210 1-6.67)-1.76

40 | 295 |37.73| SORTA-Clear 12, 100% | 303 | 3.39 | 0.90
50 | 470 |{50.52| SORTA-Clear 18, 100% | 434 |-7.66|-2.20

SORTA-Clear 18, 63.2%
60 | 700 |61.15 + SORTA-Clear 40, 36.8% 674 |-3.71 -0.96

SORTA-Clear 18, 22.7%
70 {1010 {69.40 + SORTA-Clear 40, 77.3% 996 |-1.38-0.27
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[Fig. 6] Schematics of the reservoir and pressurizing chamber of
the mock circulatory robot
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[Fig. 7] Design of mock circulatory robot with artificial aorta
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[Fig. 8] Reproduction of changes due to the propagation of
blood pressure waveform; (a) changes in blood pressure
waveform according to measurement location within the human
aorta; (b) changes in blood pressure waveform according to
location measured in the mock circulatory robot
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[Fig. 9] Reproduced central blood pressure waveforms
according to ages: (a) raw waveforms; (b) pulse pressure of
waveforms; (c) normalized pressure waveforms

wol W7 SIghe Ahehs AL 54
(IVP)2} 3 MEVP)Y] 2ol H
pressure)©] 2}aL 3P, 714k A o] &
e 435 olalels Ao,

[Fig. 10]- 3278004 AA1E 719t Aol A 28 A o] u}
o} et 18 o) sharS vehdt) 4] Bl Fof 1l3 o] A5
= AA (aortic arch, 91508, 2 WA/} 34 5= AB (aortic
bifurcation, &2 i7]) ol 4] ©] 98 2} TPl wh2 1 H3}E
=7g3I3itk [Fig. 10(a)] ¢ 29 S238] Q171abA] et
TP7}0 ol 45, W At wbAste] PWV7E fHastar
Aot 9ol of=ty= A4S A5 7 Utk [Fig. 10(b)]+=
Aok Uit AT Bk 9194 917kl TP7HO.OR 42

o= s} d& yiQt
HeNTP, transmural
4% = 002 THE0]

130 T
! ) — AA
— 120 = ---AB
) h
= R
g 110 oy
E P
— 1
g 100 \_y'\,\“\—\_#
= 1 { \
@2 NVZA] =S
g 90 a
o 20 I
I | PTT =0.18s
> - —
70 = *
0 02 04 06 08 10 02 04 06 08 10 02 04 06 08 1
Time, [s] Time, [s] Time, [s]
3 EVP AA: Aortic Arch
AB: Aortic Bifurcation
= - >0
TP=IVP-EVP>0: |, .. — TP = mmHg
— TP =+10 mmHg MAP =93 mmHg
T = TP =+20 mmHg
()
—AA
180 § - AB T EVP
160 \//\a.\\j
— 1 ~
20140 g TP=IVP-EVP=0: »
£
£ 120 —a>
= , D
g 100 T <
3 g0 4 IS — IVP=EVP=40 mmHg
3 / N X — IVP=EVP=60 mmHg
& 60 L Ry — IVP=EVP=80 mmHg TP = 0 mmHg
40 / == [VP=EVP=100 mmHg
- = [VP=EVP=120 mmHg

0 02 04 06 0.8 1
Time, [s]|
(b)

[Fig. 10] Test accuracy according to transfer learning parameters
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