RERE: (L

2022 FF H52% F 11 HJ: 1913 ~ 1924

ChERE ) Atk

SCIENTIA SINICA Chimica

Wk EMEFMEISRMET

chemcn.scichina.com SCIENCE CHINA PRESS

CrossMark

& click for updates

etk vl o B AR S R BER A BRI S

1 ;1 1.2
wmAE" 276, %"

L R EAE 5000 T TR, K 300072
2. BIFRAH L, U 311202

EED

*@AHAE, E-mail: huangxian@tju.edu.cn

Wk 1 393: 2022-08-01; 43252 H #11: 2022-09-29; W28 fiz % 3% H #: 2022-10-08
K HRBL I SR AHIF BRI H (405 52121002) 1V LA BHTH LA B AR T H (95 2021C05007-2) % Bl

WE FUETFEERBMREARRIER, A2 EBS PP 5 BEEHINERD, TERRERE

M. BFHEE FEET. MREFTRAEEREA. ZFETFREREHFEATETREANE S, B4R
RTMNAEEHS S5 HETMNENHETRA. F. BEFFHARSRANRE. AXBLENBERETFEE
HENEET. WE¥EITMERGETERTLMH, NEGFeMERBEALESMBARFTEN BT ZUTFHE
trEANTERE SN EMHER, BT 2 TEUTEFRERRAENERRAKLKR, 2T FUTFREREH

REMAI A FMEAE R KL, RRFELFTEE I E S R, AA AR L ELESHTT RE.

KT

1 5%

DERETER. T TH. a0l #ae
gl AR e T &S ORI AT 5 B & AL IR 12
Wi G, BEEIAYT . ANLAE EAN B R 4540
AR T BN FESETE, 20194F, XA R
T AR B D 5001236 7, I 202344
FEM 10001276, S 1B AT E R H w5, ik
IR 3582 ] (T U= AN < AN = AN [ -2
i AR IR T, I S RESR R M SLIE AR A A, S T
XFNAAERRRIL . BEIRRAS . B ORISR 43S
(RIAA. X LR 5 B K 2 BAT WIE TS, 6 OR P
0 [ i FH A RIS, % 3 Y 5 SRR B R AN R4,

FHETEA, TFREM, AT, FEET, @REN, AFRHRE

TN JE R TS, 5 B AR AN S 25 . i
TR ERHIH W SRS e E, SRR
PRI 2 IR LA BRIk 5 7 SR AN RE
DRBE AT 27 B a6 5 B RAS = A A%, BRAR 1 AR
SRR ESYE. MM S, FREEAAWIER
EE R ISR AT 2 O T S AF T ERBE BDSE RlE 3h, W)
i BRI T S LS BRSO R A, AE
KA i R S b L T P S A A,
FUER TSR CALBORRE. LR LE. K
RUBH TS BB R . AR B S e 2 T
PSRN G W] DU A . XN R R 55T
S e 5 2 20 BB A S Al

T T EARR ISR EANE, RARE

10.1360/SSC-2022-0164

SIEMKR: WanC Wuz, Huang X. Research progress in flexible wearable sensing and intelligent recognition techniques. Sci Sin Chim, 2022, 52: 1913-1924, doi:

©2022 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2022-0164
http://www.scichina.com
http://chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2022-0164&amp;domain=pdf&amp;date_stamp=2022-09-29

M T 2 SRR o7 WAL S B RE IR BOR B FU ik F

AR A X R, ilid 5CMOS. BT
T KB AREMAW RS, EIEME. Ty
MRS RGER. BT AR RN
R, VAL K R AU M O IT S R PR A\ LR
5G. KIS RTHOR ORI R R, Febk i 7o
HENRE A e R R, RaE S A TSR A
W44, RRT T TR SNBSS S
HUEFS B IS, UL 3~44E IR, M R A
G NR B SR BESRRE S5 S
5L A TRT B0 AT S o AR A TR AR S R 22 0
ML B2 S R AT R S . SRR, Y
BRAEAERE RE T AT ARN E 2 o5 S
AESREL. ACBRARGIRIRE 7. MW AL RS 5 A
TAERERARMG & BACTE T KBMFFIF RS, |
—EE BN IR BT R L AR, fEEA
LA E M. AR g5 g
H 20 T 7] 5 AL R BSR4 R RE, AT 5
N T8 R 44 b 20125 R R AR R 1 ) S, %/ 1)
R FH AT 2Pk, B A SO N Z T
T RS MR R R, BT & RIS Ab 3 4y
W R T A BRI WA 5 N T4 o
(7R R, JRR e T M 5 A IR R M Y
WUREAR, 200 Ze i v 5 AL I 5 B R R B R E
PEAL SRR . B AL . AR AR N Sy THI I I £ £
PRk, N F AR RS S N TR AR RS
RIBIAES % I Kok R R a7 R 2.

2 T AR R SRR

L SRR BRI IN . KSHEDS T @ah B BEAA
WUAR B4 U8R 45 4 BB IAE . AAE fg RE B U AA
HELS T, R TSR KERNNMA. eflg
WAL TR AR . OREWIES, R,
HUR RS E S EOE. LR FRGES. K
AL MEEL . SRR T AR, TIRENR—
55 RO 2 B M AN S S5t N Y AR
MBS N0 52 3 7 1) R AR . SRk R T
wFFEZ IhRE . EERA . HEMML. ERVEH
N BRI R 35 SR S SRR S 0 B0l b PR AR LAY
B KBS, WY 75N TR BERORS & 1
IRVE.

1914

21 RTHYEE SRR T FEAS

T ] R T A s EEE R AR . FE
i R BEBNDEEE S ST Ao m. Il
NI <N 3 )/ QR 1 N 7 & B 1 (1A e/ B == 1 0
. oAk & 24 45 5 WioC H (Electrocardiogram,
ECG). [ Hi(Electroencephalogram, EEG). HJLHL(Elec-
tromyogram, EMG). HRHL. #HZ B gEAT M2 etk
T RN, e A, FFEESE
WA R e ot & AR A 5 I AR A, R T 2 A
PR AT RVEHENEE, W KERS BT A TR s
ZRIATHE. FERARPERRIR SR BT AL E AR L2y
CATRBL T KRBT AR (B ). i, Wang2 g
N T EH R A A 3 5 ) IR W R e S e (Polydi-
methylsiloxane, PDMS )i J5 A1 4 412K /2 ¥4 B i+ FE AR,
A DU S YO R B AR B2 IR b — ), IR T(E
MLk IA34 dBI R RO A S E. 3 T — MR
E . B T RH A AN T 5. Zhang
20N o VR B B (3,4- 20 — AR Y ) B O 2 I T IR 2
[Poly(3,4-ethylene dioxythiophene):poly(styrene sulfo-
nate), PEDOT:PSS]. 7KVEEZ e A1 D- 1L B0 B ) &
T HEABMMERREY S ET RN, ERKTR. W
WA GO T HRER T m i EECGE 5, iL#E
RS 2] 10 b3 B AN IO O R, AR DRI S A
MAAANPTRE e b 24k 7 ULRVES B, fEBRAF
EREOL T RER T iEWMEEGE 5 (Kl3a). XF A
B FHAE SURRARE . BRI A YA 2P
Tt T H W A E TP KT . RE
EIFMANLIZE E. YangZ: ! i@ 12 CO, MO In T4 A
T ZMROEE S A S E/PDMS HLM, f# B SN E
FSC ) T 5 K FEL AR R B 5 B 26 4H R ) 22 R I Lo HLA

£y,
N \'ﬁ&%m H??ﬂ/¥ //gﬂ
SRR By

B 1 TS S AL AR R b BRI Z8HEORZ )
Figure 1 Properties and strategies of the electrodes for physical signal
sensing (color online).
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Figure 2 Typical applications and principles of chemical signal
sensing [22] (color online).
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Figure 3  Applications of flexible wearable devices in physical signal,
chemical signal, and image signal sensing. (a) ECG, EMG, and EEG
sensors based on self-adhesive electrodes [10]; (b) physiological
electrical measurement system containing a flexible magnetoelectric
composite interface [12]; (c) a saliva glucose content monitoring system
[20]; (d) a flexible blood oxygen and heart rate monitoring system [21];
(e) a smart mask with a CO, monitoring function [22]; (f) a large-area
heterojunction organic photodiode array for palmprint and fingerprint
imaging [29]; (g) a flexible ultrasound probe for imaging on complex
surfaces [33] (color online).
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Table 1 Examples of the combination of circuit hardware and artificial intelligence
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Table 2 Examples of the combination of wearable sensing devices and artificial intelligence
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Abstract: Flexible wearable sensors can be stably integrated with the human body to continuously measure multiple
physiological and motion parameters. They may play important roles in health monitoring, sports monitoring, precision
medicine, human-computer interaction, and so on. The combination of flexible wearable sensors and artificial
intelligence technology demonstrates the advantages of using continuous dynamic multi-parameter signal measurement
to determine and identify diseases, actions, and speech. This paper introduces the applications of flexible wearable
devices in physical signal, chemical signal, and image signal sensing, and reviews the methods and progress in
combining flexible wearable devices and artificial intelligence from the aspects of hardware platforms, processing
techniques, and analysis approaches. The intelligent recognition techniques based on flexible wearable sensing systems
have been presented, and the challenges that include device integration, data transmission, energy supply, and so on have
also been analyzed, followed by our perspectives of the future trends of flexible wearable electronics.

Keywords: flexible electronics, wearable device, artificial intelligence, precision medicine, health monitoring, research
progress
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