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Research review on pulse sensors for pulse diagnosis objectification
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Abstract ; Objectification of pulse diagnosis is a process of combining the quantitative principle in traditional Chinese medicine (TCM) to
objectively record pulse information, propose analysis methods, and serve for the disease and syndrome identification, by using advanced
instruments and equipment. Since the quality of pulse signal directly affects the method and result of pulse analysis, the important
content of objectification research of pulse diagnosis is the collection and processing of pulse information, and the key lies in the selection
of pulse sensor. Starting from the research progress of the objectification of pulse diagnosis at home and abroad, and the problems that
the objectification standards are not unified and can not be widely used in clinical practice, this paper lists and analyzes several typical
pulse sensors such as pressure type, photoelectric volumetric type and optical fiber type sensors, and their application status in pulse
monitoring system. This paper emphasizingly introduces the flexible and planar pressure sensors of pulse instrument, and its advantages
in the performance of multi-site pulse detection, and prospects the development direction and application fields of pulse sensor, which
provides a new idea for the further study of pulse sensor and objectification of traditional Chinese medicine.
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Table 1 Advantages of various pulse sensors and problems existing in their applications
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Examples of common pulse instruments
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(b) Flexible PP piezoelectric electret pulse sensor schematic diagram!'?!
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Fig.2 Examples of the piezoelectric pulse sensors
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Fig.3 Examples of piezoresistive and capacitive pulse sensors
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Table 2 Material selection and examples of flexible pressure sensor sensing structure layer
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Table 3 Examples and performance comparison of pulse sensors
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Fig. 6  Application of pulse sensors

T AR B L Bk R 5 4 A TR B9, 3 5 A I > A
0 LR B 5 RS Y 2L AP e A8 L B e BEER . AT,
— LN R E IR RO RS S AT N R0, i i
SAE T b O T A SR SR A A R, AT LA I B3 A
A9 BERFAE , TP B 073, SR, SEBLIX b FH ik 1) e R
WSk PR SR S 75 B JEL A8 A ) A T2 1 5 4% 4 [ 15 e B R
Wb,

F AT A R Z B 7E BT A e 2 MR ) £ Ja%
et KA SE g I B WS e 4G A A A R 5 2
BUERTT Bt N WK AL ES  RE A 2R , 8 3 552 I i )
NN SR EREAINIS TN

3 & i

JKAZ 2 v R i PR B B 4 B9 32 W7 55X, N AR A Jik
G AL A AR A B RO B L (L T K
BRI, FCACERE ™ | v B2 A2 DK A 32 0 22 S 1 R A
THESE AR IE, R, B R k2 & Wik A
AL B A B s I AR g B, B+ r
i PRAZTT L, BRI AR R AR S KA A v ) 2 22 20 1
Ry R ARUPK A5 LAY B AT X AR R
ZH,

AT, 3T Wk12 % WAL B bk 194 At 1y it — 20
WEFERT AT LA 5 T T 8 - 1) DR GAE 5 — AR Z R
BRGS0 MEIVE T, BRA2 A3 0 SR S 2 Ao 17 40 3% A []
A AR P AN TR KRR, L2 ool
A AR AE AR 2) gE—h R Ikis B AL 2 bR e, 52
e R ) FE LA 8 A Jk2 A3 St 0 53 T LUK o DL i
B RDAE Y BN REAL R RIS W 3)
T B PR S e s s DS A AR B RV A o, 32 T T
W XA IR RS B B2 SRR e M 1 4) R AS A IR, TR R
SREAS B RIESE IR PRI AN T 42 S 5635 5 5) s

Z2 B 2R KA AR B | BRI A
LA KGR EASE 224N J7 1 e B R 2S5 6) 52 B
R A shX B RE AL /AU A Y T R =Dk A SRR 1
T 3 NS B, 52 90 5 A SR A2 O 2 A% i 1 72
HRIIZST 57 ) 4 B A= X T BK G 10 2 LR 5 Dk 4% e

FVRAE BN AR 5 455 07, il LUK $2 12 Wik

FFER T,

Sk

(1] B%F T, K3, BB, % TR —T

r e 24 P 5 — AR e A FRRG o T R 2 A R
MELT]. P25 516 R ,2019,35(4) :2-9.
ZHAO J N, ZHANG Y G, HU J Q, et al. Molecular
cure of disease: A prospective study of precision Chinese
medicine based on traditional Chinese medicine science
and new generation of technical equipment [ J ].
Pharmacology and Clinics of Traditional Chinese
Medicine ,2019,35(4) :2-9.

(2] BP0 s bkl & Bas st (1], =
Y2 1996,13(1) ¢ 55-57.

LIANG ZH Q. Development of radial artery wave sensor
with optical brake [ J]. Chinese Journal of Medical
Physics, 1996,13 (1) 55-57.

(3] XUMEC, A-AME, B, . AR IR R 2 0 R Aerh

BE kA By R[] E o E 2 L R HF
2021,19(5) :191-193.
LIUY Y, NIUP Y, SHEN T W, et al. Application of
sensor types and schemes in pulse detection of traditional
Chinese medicine [ J]. China Modern Distance Education
of Traditional Chinese Medicine, 2021,19(5) :191-193.

(4] INBEEB, 5k5, SCihwr, 4. TR BEKZ I NS
KNS T T]. AL, 2019, 60(24) :58-62.
SHAN Z Y, ZHANG X, DANG J J, et al. Research on
the coherence of man and heaven and Earth based on
intelligent pulse detector [ J]. Journal of Traditional
Chinese Medicine, 2019, 60(24) :58-62.

[5] CHEN Z F, WANG Z, LI X M, et al. Flexible
piezoelectric-induced ~ pressure  sensors  for  static

measurements based on

ACS Nano, 2017, 11 (5).

nanowires/ graphene
heterostructures [ J ].
4507-4513.

[6] JINC, XIA C, ZHANG S, et al. A wearable combined
wrist pulse measurement system using airbags for
pressurization[ J |. Sensors, 2019,19(2) :386-393.

[ 7] WRERFEIDIFEABE. —FIET PVDF JEHAL A
U Jk 0 3R B R 5 4 . CN201810159852. 3[ P .
2018-09-18.



10

fiC % 0 %

e Fa2k

[10]

[12]

[16]

Shenzhen Graduate School of Tsinghua University. A
pulse and heart rate detection device based on PVDF
piezoelectric CN201810159852.3 [ P ].

2018-09-18.
MOGHADAM B H, HASANZADEH M, SIMCHI A.

Sensor ;

Self-powered wearable piezoelectric sensors based on
polymer nanofiber-metal-organic framework nanoparticle
composites for arterial pulse monitoring[ J]. ACS Applied
Nano Materials, 2020, 3(9) :8742-8752.

DT A, TENG M, SY A, et al. Piezoelectric PVDF-based
sensors with high pressure sensitivity induced by chemical
modification of electrode surfaces [ J ]. Sensors and
Actuators A Physical, 2020, 316, DOI: 10. 1016/].
SNA. 2020. 112424.

DAGDEVIREN C, SU Y, JOE P, et al. Conformable
amplified lead zirconate titanate sensors with enhanced
piezoelectric  response  for  cutaneous  pressure
monitoring[ J ]. Nature Communications, 2014, 5:4496.
CHEN J, LIU H, WANG W, et al. High durable,
biocompatible, and flexible piezoelectric pulse sensor
using single-crystalline III-N thin film [ J]. Advanced
Functional Materials, 2019, 29 (37), DOI. 10. 1002/
adfm. 201903162.

JING N, MEINING J, YAO C, et al. Human pulses
reveal health conditions by a piezoelectret sensor via the
approximate entropy analysis [ J]. Nano Energy, 2019,
58.528-535.

WU F, CHEN, XIN, et al. Progress in achieving high-
performance piezoresistive and capacitive flexible pressure
sensors; A review [ J]. Journal of Materials Science &
Technology, 2020, 43(8) :177-190.

FISCH  PRELSE , Wit g, 25, i e BH X g £ Jge i il
HERZETELAME TR TE [ 1] AR 5441, 2020,
41(6) :59-65.

YAN W J, CHEN H L., CHEN H M, et al. Research on
on-line compensation method for measurement error of
silicon piezoresistive pressure sensor [ J ]. Chinese
Journal of Scientific Instrument,2020,41(6) :59-65.
PANG Y, TIAN H, TAO L, et al. Flexible highly
sensitive and wearable pressure and strain sensors with
graphene porous network structure [ J ]. ACS Applied
Materials & Interfaces,2016,8:26458-26462.

QIN R, HU M, LI X, et al. A highly sensitive
piezoresistive sensor based on MXenes and polyvinyl
butyral with a wide detection limit and low power

consumption[ J]. Nanoscale, 2020, 10; 1622-1630.
JIANG X P, REN Z L, FU Y P, Highly

et al.

[19]

[20]

[21]

[22]

[24]

compressible and sensitive pressure sensor under large
strain based on 3D porous reduced graphene oxide fiber
fabrics in wide compression strains [ J]. ACS Applied
Materials And Interfaces, 2019, 11(40) :37051-37059.
HO H J, JOON S P, BUMKYOO C. Flexible
piezoresistive pulse sensor using biomimetic PDMS mold
replicated negatively from shark skin and PEDOT: PSS
thin film[ J]. Sensors and Actuators A Physical, 2019,
286.107-114.

AR SC, E A JE, X7 e, A5 T XU 2 B A g R
fih i % B An MLER AT 5 [ 0], AR {3 2 4l 2020,
41(2) :25-32.

ZHAO HW, WANG M F, LIU J X, et al. Mechanism
research of flexible tactile sensor based on dual-layer
L]
Instrument ,2020,41(2) :25-32.

MADUPU A, SHARMA A, ISHWARI P G, et al.

Analysis and enhancement of capacitive pressure sensor’s

capacitance Chinese Journal of Scientific

sensitivity through material engineering processes [ J |.
Materials Today: Proceedings, 2020, DOI; 10. 1016/].
MATPR. 2020. 10. 287.

BAI N, WANG L, WANG Q, et al. Graded intrafillable
architecture-based iontronic pressure sensor with ultra-
high L J ]
2020, 10. 1038/s41467-019-

broad-range sensitivity Nature

Communications , DOI.
14054-9

BOUTRY C M, BEKER L, KAIZAWAY, et al.
Biodegradable and flexible arterial-pulse sensor for the

wireless monitoring of blood flow[ J]. Nature Biomedical

Engineering, 2019, 3(1) .47-57.
YOSHIDA Y, YUDAE, YOKOYAMAK, et al
Evaluation of nocturnal heart rate variability for strenuous
exercise day using wearable photo electric pulse wave
sensor[ J |]. Exerc Rehabil, 2018,14(4) :633-637.
WRECIA, AR, A 57, 5. ik Tl g 28 BR300t 0y I
W RGeS (0], b B e B 2R K 2019,
36(5) :579-584.

CHEN ZH CH, SONG H, ZHU J M, et al. Respiratory
monitoring system based on photoelectric volumetric pulse
wave [ J]. Chinese Journal of Medical Physics, 2019,
36(5) : 579-584.

PRGN, S8, 4K, 5. FE Tl i 28 BRIk Bl I8 R A1
SR A SRR D[], A A 2 R
2021,35(3) : 11-17.

CHEN J H, GUO Y Y, ZHENG Y, et al. Detection of
blood vessel elasticity based on photoelectric volumetric
[J].

pulse wave parameters Journal of Electronic



%83

W A T W KIS % UL B KRR AR BT e LA 11

[27]

(28]

[29]

[32]

[34]

Measurement and Instrumentation, 2021,35(3) :11-17.
HASHIMOTO M, THARA K, KAJITANI H,

make a flexible patch type photoelectric pulse wave sensor

et al. To
highly sensitivity [ J]. Proceedings of the International
Display Workshops, 2019, DOI; 10. 36463/IDW. 2019.
FLX6-4L.
jz? A6 IR IER. I T PPG MK B A5 5 R 4R K
WeFAbEL[ T ). AR SRS, 2020, 39(12) .
112-114,118.
PANG Y, JIANG W, ZHANG B ZH. Pulse wave signal
acquisition and noise processing based on PPG [ ]].
Transducer and Microsystem, 2020, 39(12).112-114,
118.
1S ARV 1 S R I W B S 5 o P W EA R % 5 N ]
2k 32 3 I A B 07 ik [0 ] AAR (R A 4l 2020,
41(9) :45-55.
ZHANG ZH L, HE N, HE B, et al. A new method for
structural force measurement based on distributed optical
fiber sensing technology [ J ]. Chinese Journal of
Scientific Instrument, 2020,41(9) :45-55.

FAN Q G, JIA ZH A, FENG D Q, et al. Highly
sensitive FBG  pressure sensor based on square
diaphragm[ J]. Optik, 2021, 225, DOI. 10. 1016/].

IJLEO. 2020. 165559.

TERIR. T ) 8 5 BT AL A% B R SC BRI AR K
WIFELD]. BRI, 2019.

WANG J Y. Research on key technology and application
of optical fiber sensor network for intelligent medical
treatment[ D ]. Wuhan; Huazhong University of Science
and Technology,2019.

R, SR EOCET AL R B AR A A (R I v Y
BEAI[D]. HPK B TR, 2020.

LI N. The sensing characteristics of different core fiber
and its application in life and health monitoring [ D].
Chongqing: Chongqing University of Technology,2020.
R BTt — 3CHE THOL LR LM o Jikcs D) e £ &
wr[J]. B TS, 2018(6) :226.

SONG D W. Design of a pulse measurement sensor based
on fiber grating [ J]. Digital World,2018(6) :226.
SONG P SH, MA ZH, MA ], et al. Recent progress of

miniature MEMS pressure sensors [ J ]. Micromachines,

2020, 11(1):56.

I MEMS B BB {4 BAS HAR BB R[]
HFHA, 2019, 56(1) :1-7.

ZHAO ZH P. New progress of MEMS smart sensor
technology [ J].
56(1):1-7.

(p&!

Micronanoelectronic Technology, 2019,

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

NGUYEN T V, MIZUKI Y, TSUKAGOSHI T, et al.
MEMS-based pulse wave sensor utilizing a piezoresistive
cantilever [ J ]. Sensors ( Basel, Switzerland ), 2020,
20(4) ,DOI:10. 3390/520041052.

SUN Y, DONG Y, GAO R, et al. Wearable pulse wave
monitoring system based on MEMS
2018, 9(2) :90.

ICHIKI M. MEMS-Based sensor for

sensors | J .
Micromachines ,

NGUYEN T V,
simultaneous measurement of pulse wave and respiration
rate[ J]. Sensors, 2019, 19(22) .4942.

SREW. T2 ARk KRR R G L7 % 5
FELD]. KA KR, 2014,

ZHANG Y M. Research on pulse detection system and
method based on composite probe [ D]. Tianjin: Tianjin
University ,2014.

JEIMGS, MR, SR, AR KRR T REAR AR AL 7 A 4 bk
SRMARGE M T[] A EEARFHHR, 2015(3)
374-380.

ZHOU P, GAO X F, ZHANG Y M, Pulse

et al.

detection system and method based on electret

LIl
2015(3) :374-380.
YUDANINGTYAS E, DJURIATNO W, KHABIB A,

microphone Journal of Sensor Technology,

et al. Electret condenser microphone as a traditional
Chinese medicine arterial pulse sensor[ J]. MATEC Web
of Conferences, 2018, 197.11024.

UK SO, 208 AR R A Ak AR R i
FEHERE[J]. BT OLAFE S AR, 2020,39(8) 1 1-12.

LI H B, HAN W J, JIANG Y F,
progress of flexible self-powered sensor [ J].
Components and Materials, 2020, 39(8) ;1-12.
SUNGJUN P, SOO W H, WONRYUNG L,

et al. Research

Electronic
et al. Self-

ultra-flexible electronics via nano-grating-

2018,

powered

patterned organic photovoltaics [ J ]. Nature,

561(7724) :516-521.

YANG J, WANG ZH L, LIN ZH M, et al. Triboelectric

nanogenerator enabled body sensor network for self-

powered human heart-rate monitoring [ J ]. Acs Nano,

2017:7b02975.

PEASIR. SUW)HEANET 2 S 1 UK [ ) A2 S ) il 6 S
HAE RIS S FIE AR = Uk P R (D], B

i RAER 7, 2020.

LOU M N. Fabrication of self-actuated pressure sensors

based on fabric and fiber and its application in the field of

[D].

human motion and pulse signal monitoring

Shanghai; Donghua University ,2020.
B, T, NIRRT L



12 i & % M Ha2%k
o kR[] T Ps 2 W) # 2 AR i HU L L, WANG L, LI Y Y, et al. New progress and
2020(10). thinking of multi-point pulse sensor research [ J].
ZHANG H Q, AN M M, BU ZH H, et al. Pulse wave Review of Traditional Chinese Medicine, 2019, 025(2) .
extraction based on ultrasonic echo signal [ J]. Chinese 46-48.

Journal of Medical Physics, 2020( 10) :1306-1311. [53] RAN X, WANG C, XIAO Y, et al. A portable sitting

[46] ALMOHIMEED I, ONO Y. Flexible and wearable posture monitoring system based on a pressure sensor
ultrasonic sensor for assessment of skeletal muscle array and machine learning[ J]. Sensors and Actuators
contractile properties [ C ]. 2019 IEEE International A. Physical, 2021, 331, DOI. 10.1016/]J. SNA.
Conference on Flexible and Printable Sensors and Systems 2021. 112900.

(FLEPS). IEEE, 2019. 1-3, DOI: 10. 1109/FLEPS. [54] ®¥i=, B &, 5% A8 ¥R T BLAC K2 A By WF 5% 3k
2019. 8792301. JELJ]. Wi B, 2018, 34(4) :202-204.

[47] SEMPIONATTO J R, LIN M, YIN L, et al. An YANG P Y, TENG J, QI X H. A brief analysis of the
epidermal patch for the simultaneous monitoring of research progress of modern pulse diagnostic device [J].
haemodynamic and metabolic biomarkers. [ J]. Nature Hunan Journal of Chinese Medicine, 2018, 34 (4):
Biomedical Engineering, 2021, DOI; 10. 1038/541551- 202-204.

021-00685-1. [55] GKWFy FhEF, i, A (]2 S0 BE i 4 K A

[48] HUANG A, YOSHIDA M, ONO Y, et al. Continuous e N AR AL RAR PR RERF ST (1] N T AR 22 47,
measurement of arterial diameter using wearable and 2020,49(5) :854-860.
flexible ultrasonic sensor[ C]. 2017 IEEE International ZHANG Y L, SUN Y P, SHANG Y Y. Study on the
Ultrasonics Symposium (IUS). IEEE, 2017. 1-4. performance of flexible strain sensor with different layer

[49] BB, R8T, 18 %5 Ii2 & S B2 7 AUHER numbers of single-walled carbon nanotubes [ J]. Journal
AN MRS LT ], e BE 2y 2Rk, of Artificial Crystals, 2020, 49(5) :854-860.
2019,34(4) :1419-1422. [56] XUL L, LIU Z K, ZHAI H, et al. Moisture-resilient
GAO L J, NIU J L, LU Y, et al. Comprehensive graphene-dyed wool fabric for strain sensing[J]. ACS
analysis of data gained by four diagnostic devices in Applied Materials & Interfaces, 2020, 12 ( 11 ).
quantifying human qi and blood state [ J ]. Chinese 13265-13274.

Journal of Traditional Chinese Medicine, 2019,34(4) . [57] WU Q, QIAO Y, GUO R, et al. Triode-mimicking
1419-1422. graphene pressure sensor with positive resistance variation

[50] W ARWiE, #roy, 4. 3T 5 BEnt BB oR my for physiology and motion monitoring [ J]. ACS Nano,
PR 52 M0k B g i P 52 bk B = k2 e S B 2020,14(8) :10104-10114.

T[T AP RO B A5 A AR A R, 2020, 18 (6) [58] ZHU B, LING Y, YAP L W, et al. Hierarchically
575-578. structured vertical gold nanowire arrays based wearable
XIAO H SH, REN Y J, XU F, et al. The energy study pressure sensors for wireless health monitoring[ J]. ACS
of three pulse diagnosis of physiological chord and Applied Materials & Interfaces, 2019, DOI. 10. 1021/
hypertensive chord based on ultrasonic transient wave acsami. 9b06260.

intensity technique [ J ]. Chinese Journal of Integrated [59] LU Y, QU X, ZHAO W, et al. Highly stretchable,
Traditional and Western Medicine Imaging,2020,18(6) ; elastic, and sensitive mxene-based hydrogel for flexible
575-578. strain and pressure sensors[ J]. Research, 2020 (11);

[51] JH, i B OZE S EORTERUK IS 20k 1-13.

R N R (0], B AT R (5 B SCHE, 2020, [60] WANG Y, ZHU L, DU C. Flexible difunctional

20(80) ;246-248. (pressure and light) sensors based on ZnO nanowires/

ZHOU X, TENG J. Application of color doppler graphene heterostructures [ J ].  Advanced Materials

ultrasonography in objectification of modern pulse Interfaces, 2020:1901932.

diagnosis [J]. World Latest Medical Information Digest, [61] CUIJ, TU L P, ZHANG J F, et al. Analysis of pulse

2020,20( 80) :246-248. signals based on array pulse volume[J]. Chinese Journal
[52] Wz, L7, ZIRIE, 55 28Uk SR BER T 52 3 of Integrative Medicine; English Edition, 2019, 25(2):

HERERIEHE[T]. HEEZG TR, 2019, 25(2) :46-48.

103-107.



%83

W A T W KIS % UL B KRR AR BT e LA 13

[62]

[66]

HAO Z, WANG D. Arterial pulse signal amplification by

adding a uniform PDMS layer to a pyrex-based
microfluidic tactile sensor [ J]. IEEE Sensors Journal,

2020, 20(4) :2164-2172.

KWANGSUN S, JUHO K, SUNGBUM C, et al.
Flexible-device injector with a microflap array for
subcutaneously implanting flexible medical

electronics[ J]. Advanced Healthcare Materials, 2018;
1800419.

LUO N, ZHANG J, DING X, et al.
highly flexible
cardiovascular monitoring [ J ].
Technologies, 2017, 3(1) :1700222.

LIU M, PU X, JIANG C, et al. Large-area all-textile

pressure sensors for monitoring human motion and

Textile-enabled

reproducible pressure  sensors for

Advanced Materials

physiological signals [ J]. Advanced Materials, 2017,
29(41) :1703700. 1-1703700. 9
LUO C, CHUNG C. health

measurements using pulse diagnosis: II. exploring TCM

Non-invasive holistic
clinical holistic diagnosis using an ingestion test [ J].
European Journal of Integrative Medicine, 2016 ( 8) :
926-931.

PENG J Y, LU S C. A Flexible capacitive tactile sensor
array with CMOS readout circuit for pulse diagnosis| ] ].
IEEE Sensor Journal, 2015, 15(2) . 1170-1177.
BIEF-. MEMS B REfL AR SRR BTHE (1], Tem
HFH A, 2019, 56(1) :1-7.

ZHAO ZH P. New progress of MEMS smart sensor
technology [ J].
56(1):1-7.

AN Y J, KIM B H. Flexible non-constrained RF wrist

pulse detection sensor based on array resonators [ J ].

Micronanoelectronic Technology, 2019,

IEEE Transactions on Biomedical Circuits and Systems,
2016, 10(2) : 300-308.

FHE, AWML, RBERE SE 3D FTENEARTERR R =
fiillne s SIS S N T RPN T AR
e B2 2%k, 2020, 35(1) :378-381.

WANG CH H, SI F, ZHU X X, et al. Application of 3D
printing technology in finger pressure three-part pulse
collection and research on pulse element analysis
algorithm [ J]. Chinese Journal of Traditional Chinese
Medicine, 2020, 35(1) :378-381.

FH], B, BRI, SE. O R KR K IR AR
Tt R ()], Wiin R BE AR, 2019, 54(2) .
154-155.

XIN L, LU Y P, CHEN T,

correlation between pulse pattern and pulse pattern in

et al. Study on the

patients with coronary heart disease [ J]. Journal of

[72]

(73]

[74]

[75]

(78]

Traditional Chinese Medicine, 2019, 54(2) :154-155.
MOGTE, FROAGN. T i 00 AR I 52 85 452 A6 7 A i 1
EAY AR AR G (], Hf [ BT 4 i 2 A, 2019,
43(1):33-35,51.

YE G L, GUO B N. An integrated system for monitoring
vital signs in patients with sleep apnea [ J]. China
Journal of Medical Devices, 2019, 43(1) :33-35,51.
B, HRA R, RS, &L IR FEE N B0
HESRIERGBIT[)]. LRSS MARS, 2019,
38(5) :99-102.

LIAO Y, ZHANG M X, LIU W H, et al. Design of
portable multi-lead ECG signal acquisition system with
I
Microsystem, 2019, 38(5) :99-102.
iR, A2 BSR R I R ge it [ D], K
% RESGE R, 2019.

SHI J. Portable multi-physiological parameters real-time

low power consumption Transducer  and

monitoring system design [ D]. Dalian; Dalian Jiaotong
University, 2019.

BOEC X, MBI 2 AL R RIS A RS
W 5 A e [ 0], AR A 3R 27 i, 2019, 40 (3)
62-73.

DAIT F, LIU M, YE Y Y, et al. Application and
shared control robot

development of man-machine

system [ J]. Chinese Journal of Scientific Instrument,
2019,40(3) :62-73.
I, B, Sk, 5F AT STM32 M AN H
LRI T]. AR SRR, 2020, 445(2)
109-113.
ZHAL'Y ZH, ZHAI B R, MA Q, et al. Design of

human-computer  interaction  terminal  based  on
STM32[ J]. Instrument Technique and Sensor, 2020,
445(2) :109-113.

XA, R5E, kM, 5. B BET I AIBEA 51 R
IR B M 47 e A R PSS E R [ 7). T S B MR 2 o 2
A, 2020, 50(2) :192-194.

LIUM J, WU M, LI ZH N, et al. Research progress of
intelligent bracelet development and clinical application
[J]. World Journal of Sleep
Medicine, 2020, 50(2) :192-194.

AR, 250, T, S5 DR A% I g N B BIF Y ik
JELT]. 4S5 M2 I 5 3R 97 2k 8, 2019, 33 (3)
306-309.

ZHU Y B, LI ZH Q, DING N, et al. Progress in pulse

in sleep monitoring

sensor application [ J]. Journal of Chinese Practical

Diagnosis and Therapy,2019,33(3) :306-309.



14 U #H £ ¥ W

F42 8k

[79] ikZte WU TR, % ST IR SRS
PR M T 32 [0 ). H - I i 5 2 4, 2020,
34(10) :163-171.

ZHANG Al H, CHANG T T, QI Y SH, et al. Heart rate
signal  fusion

monitoring method based on pulse

analysis [J]. Journal of Electronic Measurement and
Instrumentation, 2020, 34(10) :163-171.

[80] MEREWE, JAIEE, A A, A W T KA B VT A i B
SR SR D) RE S A G R R [T ]. 218
WFFT 5 EE2E R ,2020,4(18) : 112-114
YES T, ZHOU T, MENG L C, et al. Evaluation of
cervical vascular elastic function by pulse wave method in
healthy adults [ J].
Applications, 2020, 4(18) .112-11

[81] fEHk, ¥Fxfe. o B IER REALi2 Wi 5 7 2wt 5T ik
JELI]. RS S A%, 2019, 39(6) :763-768.
SHI' Y L, XU J T. Research progress in intelligent

Imaging Research and Medical

diagnosis and classification of TCM diseases and
syndologies[ J]. Chinese Journal of Integrated Traditional
and Western Medicine, 2019, 39(6) :763-768
EEE T
TEEER CHA51EA) , 2009 45 T H LR
SRR, 2014 4T HEENEERTE K
SEPAFE A, B B TR S
TORBEFEBER REDL &8 AWFFEBE 5 4RIF5E R,
( FEBESET 1 A B AL
RER G

E-mail ; luojingjing@ fudan. edu. cn

Luo Jingjing ( Corresponding author) received her B. Sc.
degree in 2009 from Zhejiang University and Ph. D. degree from
the University of Sheffield, UK in 2014. She is currently a young
researcher at Institute of Intelligent Robotics, ACADEMY for
Engineering & Technology, Fudan University. Her main research
interest includes health informatics, human-computer interaction

and intelligent system design.

R, 2017 AF T RIEBE TR AT
A0, 2020 AR T RAREPAFM A4,
B A SIS BRGNS A, AT T 1w
NI IS EOE LT Bt
E-mail : zuojj@ jihualab. com

Zuo Jingjing received her B. Sc. degree in
2017 from Dalian University of Technology, received her M. Sc.
degree in 2020 from Tianjin University. Now, she is a junior
researcher in JiHua Laboratory. Her main research interest
includes pressure sensor, hardware circuit design and interface
debugging.

PRIE S, 2020 4F T AR A B 25 K iy
BEop i, FETTE) Mo B 24 0 ki
B 27 e RIS 1 J5 AR, SRR 1)
NP S AN TR RER S B0 HTA

‘ E-mail; chenqiliang@ gzucm. edu. cn
Chen Qiliang received his M. D. degree
from Fujian University of Tradition Chinese Medicine in 2020. At
present, he is working as a postdoctoral for teaching in School of
Basic Medicine, Guangzhou University of Chinese Medicine. His
main research interests are TCM diagnosis and artificial
intelligence equipment design and development.

JEIBS , 2007 45 F R HER 4R AT 1+
6, BN KRR A A B A W e TR
i, B, B R AL, B REE 5 A TH
RERIFSE 0 AT, 05T 5 0] S pf 22 T
e BRE R,

E-mail ; zpzp@ tju. edu. cn

Zhou Peng received his Ph.D. from Tianjin University in
2007. Currently, he is an associate professor and vice dean of
Department of Biomedical Engineering, School of Precision
Instrument, Tianjin University, and the director of the Research
Center for Big Data and Artificial Intelligence in Traditional
Chinese Medicine. His main research interest is neural

engineering and intelligent traditional Chinese medicine.



