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Fig. 1 Schematic diagram of a pressure sensor based on leather/CNTs-COOH for blood pressure monitoring. (a) Schematic

diagram of the preparation of leather/CNTs-COOH composite material; (b) Schematic diagram of pulse sensing mechanism;

(c) Schematic diagram of a system utilizing a leather/CNTs-COOH composite pressure sensor for blood pressure monitoring.
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Fig. 2 Characterization of leather/CNTs-COOH composite material. (a) Photograph of leather before and after suction filtration;
(b) SEM image of leather before suction filtration; (c) SEM image of leather after suction filtration; (d) Raman spectra of leather,
CNTs-COOH, and CNTs-modified leather; (e) FTIR spectra of leather, CNTs-COOH, and CNTs-modified leather; (f) Skin
appearance after wearing wristband for 6 h; Photographs of (g) water bottles sealed with leather, (h) CNTs-modified leather
and (i) plastic wrap; (j) Mass change curves of water bottles sealed with leather, CNTs-modified leather and plastic wrap.
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Fig. 3 Pressure sensing performance of pressure sensor of leather/CNTs-COOH composite material. (a) Square resistance

curve diagram of the loading capacity of carboxylated carbon nanotubes per unit area for three types; (b) Sensitivity curve of

the sensor with a CNT loading per unit area of 1.194 mg-cm~2; (¢) Cross-sectional optical microscope image of leather surface

and electrode without applied pressure; (d) Cross-sectional optical microscope image showing the complete contact of leather

surface with electrodes under high pressure; (€) Sensitivity curve of the sensor with a CNT loading per unit area of 0.895 mg-cm>;

(f) Sensitivity curve of the sensor with a CNT loading per unit area of 0.597 mg-cm™2; (g) Sensitivity curve of the sensor with

a CNT loading per unit area of 1.194 mg-cm™2 after 15 days; (h) Analysis of the sensor’s response and recovery time under a

pressure of 4 kPa, as well as the sensor’s response and recovery time under a pressure of 2 kPa after 15 days; (i) 1000 Cycles

test curve of the pressure sensor under 4 kPa.
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Fig. 4 Pressure sensing performance of pressure sensor of leather/CNTs-COOH composite material. (a) Dynamic response
curves of the pressure sensor under different pressures; (b) Response curves of the sensor under different frequency pressures
of 3 kPa; (c) Dynamic resistance variation in response to 40 Pa load, indicating the low detection limit; (d) Performance
comparison chart between the sensor in this work and previously reported pressure sensors.
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Fig. 5 Signal processing circuit and pulse analysis. (a) Photograph of pulse signal processing circuit; (b) Pulse signal curves

collected using pressure sensors made of leather/CNTs-COOH composite material on Day 0, Day 7, and Day 15; (c) Curve of

detailed pulse signals collected by pressure sensor of leather/CNTs-COOH composite material; (d) Photograph of a dried

wrist; (e) Photograph of a wet wrist; (f) Pulse signal curves of the radial artery collected from dry and wet wrists.

ARUERR TS, R IKIEAE 5 I E Mt
(SNR). &y G FE T EANEE SR NE
R 45 28 (ADC) 5 R EUL 4, P & O
5 EAIHLCIAN A THEAL) SEELE SR @A . %5 )
FERES 5 RAE R BIF TAE, AI7EsEs i
115 K R4 B m S e L k#8455 (B 5(b)),
B3k k45 5 B IR 825 . s H o i i i
BT, UE TS A AR e v
59 5 OMEESN R EAMIE, B S5(c)NEEIET
RS R AR I 20 ) BT, kA8 b T e 1K
I, S A = B KT 46 4T I I R ) 4T ait
b8 J5 I\ = B0 K AR T 1 RT3 ()8 0 Dy o WAL 4
MBS\ EBIBKRIBT B, B E Bk Ik 2]
5K T G BN K £ B o B2 B B K IR R
71, AEMCFE T3 7T R A s o A B K e 8 il
Jeis WK IR, HOVEERES, it
BB I AETT I, L OSFERR, ki
R R — AN A . R (U V4 oy P U
SETE EFRB A MBIk ) Rk BRI A
(P —NEAE, %8 ) BT 2 S ECE MBI IK T
DI R R AR R AR AR, AT 7= A A . ) i

BT A% AR R AR 1N A I KAAS 5 B STl i
RRAE fAL, XSS AE S5 I KA i FE A
ek . MBS 5 A R B 19 MEFIES B E R4
W2 AN AL 2, BARFRESHOL R 1 AKFE L
HRFENIRANKE A B4 RS 0 A% JK
PERE, FTABKIEAE 5 IR E S IRIESEL, M
S SRR X 28 FRIR 52 A S L RS HE TR BEE T
RS PR e A

TERKFE USRS, B R A SR AN P G 2 H 30
R332 1 B SR ok 48 % TR AR AR W PR B N R %
TREFRIRGES) . ik, FRATT AT T8 liksesh
JI FHEEE 0 2 AR VARSEAEL HH 3 PR 3 T gt A 2 ik k4l
(K 5(d) 1 5(e)). 45 R BREAAEIEIAE R, Bk
FESIERELL FRE, ORI R, E147
|H LA B2 B AR AR (B 5(D). XA T R $
G2 RIERZ L850, FNEA R 25 B
REMELE R IE RO R A M NI, e B A
B TE B 55 P B R A g oK A 4 D ik R Bk BN
ORI, AR BRI S R, R
AR 7K AR T AR ME AR KR P A I P T e e
YUERE A, HUREMEB YK E 5 IR 5



WO T o

Table 1 The name of different features and the corresponding definition.

Feature name

Definition

UT The time from aortic valve open to percussion wave peak
UT10 UT with an amplitude greater than 10% of the percussion wave peak
uUT25 UT with an amplitude greater than 25% of the percussion wave peak
UT33 UT with an amplitude greater than 33% of the percussion wave peak
UTS50 UT with an amplitude greater than 50% of the percussion wave peak
UT66 UT with an amplitude greater than 66% of the percussion wave peak
UT75 UT with an amplitude greater than 75% of the percussion wave peak

DT The time from percussion wave peak to next aortic valve open
DT10 DT with an amplitude greater than 10% of the percussion wave peak
DT25 DT with an amplitude greater than 25% of the percussion wave peak
DT33 DT with an amplitude greater than 33% of the percussion wave peak
DT50 DT with an amplitude greater than 50% of the percussion wave peak
DT66 DT with an amplitude greater than 66% of the percussion wave peak
DT75 DT with an amplitude greater than 75% of the percussion wave peak

T Total time

DWNT The time from aortic valve opening to dicrotic notch
DWTT The time from aortic valve opening to dicrotic wave peak
H P/H D Peak ratio of percussion wave peak and dicrotic wave peak
Area_UT/Area DT Area ratio of UT and DT
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Fig. 6 Analysis of blood pressure estimation results. (a) Scatter plot of SBP estimation results from our blood pressure
estimation system versus SBP measurements from cuff sphygmomanometer; (b) Scatter plot of DBP estimation results from
our blood pressure estimation system versus DBP measurements from cuff sphygmomanometer; (c, d) Bland-Altman plots of
SBP and DBP estimation results from our BP estimation system, respectively; (e) Photograph of the blood estimation system;

(f) Blood pressure estimation system interface.
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Research Article

Porous Leather/Carboxylated Carbon Nanotube Composites:
Pressure Sensing and Blood Pressure Monitoring Applications

Yu-jiang Pan, Di-jie Yao, Yi-bing Luo, Jin Wu"

(State Key Laboratory of Optoelectronic Material and Technologies, School of Electronics and Information Technology,

Sun Yat-sen University, Guangzhou 510275)

Abstract The development of flexible electronic technology drives the application of flexible sensors in the

fields of human health monitoring and remote diagnosis and treatment of diseases. In this study, a pressure sensor

was fabricated by taking advantage of the inherent multi-scale pore structure in leather, a polymeric material. The

sensor was then combined with a microcontroller and a neural network algorithm to construct a real-time,

comfortable and breathable blood pressure monitoring system. The pressure sensor based on the leather/carboxylated

carbon nanotube composite exhibited high sensitivity (14.83 kPa™!), fast response (160 ms), short recovery time
(60 ms) and a low detection limit (40 Pa). In addition, this sensor inherited the intrinsic flexibility and breathability

* Corresponding author: Jin Wu, E-mail: wujin8@mail.sysu.edu.cn
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of leather, which enabled it to ensure wearing comfort while achieving high-quality sensing performance, making
it particularly suitable for pulse detection scenarios. The intelligent monitoring system constructed by integrating
this sensor with a microprocessor and a neural network could process human pulse signals and realize high-accuracy
real-time blood pressure prediction. It breaks through the bottlenecks of traditional blood pressure measurement
methods and demonstrates great application potential in the fields of human health monitoring and early diagnosis

of diseases.
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