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Fig.1 Wearable sensor for monitoring human physiological signal and motion: (A) Schematic diagram of
flexible strain sensor monitoring Parkinson’ s tremor based on carbon nanorod array ( CNA )M
(B) Triboelectric full textile sensor array ( TATSA) that can collect respiration signals indirectly!®;

)12, (D) Schematic diagram

(C) Capacitive pressure sensor to monitor deep internal jugular vein pulse (JVP
of a new Doppler ultrasound sensor for long-term blood pressure monitoring'®!; (E) Photograph of PWS dry
electrode with good adhesion and electrocardiogram (ECG) signal in comparison with commercial Ag/AgCl gel

electrode!"’
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Fig.2 Wearable device for monitoring human skin temperature; ( A) NiO thermistor sensor captures tiny

]

temperature changes caused by human breathing™!; (B) Photograph of all-fiber self-powered voltage

temperature sensor skin array and voltage signal®”’; (C) A reversible thermochromic film for rapid detection of

body surface temperature"’
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Fig.3 Wearable sensor for human metabolite monitoring: (A) Battery-free sweat colorimetric and volume

48

analysis microfluidic platform'’; (B) Glasses-based sweat monitoring platform™®!; (C) Braces type saliva

sensort™!; (D) Sensor array for distinguish multiple volatile organic compounds (VOCs) gases"*”’
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Fl4  ZIReTFRAERGS : (A) L =R A2 g I RS W (L B 1 (B) f1 I/ 22 R AR
F/Ca™ ZURE A @A FLH ™ (C) ZIR@E MR Faa
Fig. 4  Multifunctional wearable sensor; ( A) Health diagnosis sensor patch equipped with three-axis

611, l66] ,
9

acceleration sensor ; (B) Graphene/silk fibroin/Ca*" multifunctional self-healing electronic tattoo

(C) Multifunctional ultra-thin electronic tattoo!®”’

3 BEE5RE

UTARSR  SEmy | B REMEIAT oK H 2 < fe it 1 R S AR IR A R PR A i b T o AR AR AR
NE R IIRERRZ B TR . OHTEHE TR B A 2RI RE A Sk al o A i Ok BE A
JERT: . AR SCUISCHER A BRAS PRGN A 228, RGE IR T AH I B9 vl o7 SR ISR ORI S IR 36 T
BRGNS AL . FRVEB RS St e Tl BoR B & R4 1AL AR A i &, 5
TG IEAR A LE BRI ) | AL A A% i ) AU AV R S, g SRR | RS | AN
HAT RAF AR 2 PR A AR TR A X IS ] 3, TR 36 S T 20 SR 1 B 1R 1A RSk AL =
JTAIRY E S SR, FRT AT o A I ) S PR T AR — S PR

()RR | o 7 52 LA R AN () 0 2 18] ) 1 RE — S50k 2 S vl 2 A% TR A AR A5 B R T, H
B J7 RS EAR XD



1682 o B Ak %50 &

(2) BARFZ AL R R B A 5 PR RE , (HLH 38 T2 % ML SE UM AL il 4, A R B
(L HE 0 S MEAL TR ] 25 07 12 , S B A il 2, 2 He T TSP o T A9 5B

(3) ZIIRER MR AN ] ZF OB T IR K R SR A5 B0 {5 5 Z TRl A AE SR A0 ), SE B AT
YUY 22 D AR S ] S A e P E A SR T 1

(4) TGS M I s T S5 o ) BEAE , DAL T A2 FEAR DIIAE A% TR e L B AT L ) vl DL A B 7 1%
WHA ZRHEEA L,

References
[1] TRUNG T Q, RAMASUNDARAM S, HWANG B U, LEE N E. Adv. Mater. , 2016, 28(3) : 502-509.
[2] STOPPA M, CHIOLERIO A. Sensors, 2014, 14(7): 11957-11992.
[3] LIU Feng, HAN lJing-Long, QI Ji, ZHANG Yu, YU Jia-Luo, LI Wen-Peng, LIN Dong, CHEN Ling-Xin,
LI Bo-Wei. Chin. J. Anal. Chem. , 2021, 49(2) . 159-171.
X, waUe, P8, KEL, TR, 005, MR, BB, B arikes, 2021, 49(2) : 159-171.

[4] PANG Y, YANG Z, YANG Y, REN T L. Small, 2019, 16(15) : 1901124.

[5] ZANG Y P, ZHANG FJ, DI C A, ZHU D B. Mater. Horizons, 2015, 2(2) . 140-156.

[6] VATANIM, LU Y, ENGEBERG E D, CHOI J W. Int. J. Precis. Eng. Man. , 2015, 16(7): 1375-1383.

[7] YANG Y N, SHIL J, CAO ZR, WANG R R, SUN J. Adv. Funct. Mater. , 2019, 29(14) . 1807882.

[8] CHAOM, HE L, GONG M, LIN, LI X, PENG L, SHI F, ZHANG L, WAN P. ACS Nano, 2021, 15(6) : 9746-

9758.

[9] CHENG W, WANG J, MA Z, YAN K, WANG Y, WANG H, LI S, LI Y, PAN L, SHI Y. IEEE Electron.
Device Lett. , 2018, 39(2) ; 288-291.

[10] NIUHS, GAOS, YUEW J, LI Y, ZHOU W J, LIU H. Small, 2020, 16(4) : 1904774.

[11] WANG X W, FU W, GAO G H, MEHAY M S, ZHENG L, WANG H, ZHAO W, LOH K P, ZHANG T,
HUANG W, LIU Z. npj Flexible Electron. , 2020, 4(1) : 8.

[12] YANG T, DENG W L, CHU X, WANG X, HU Y T, FAN X, SONG J, GAO Y Y, ZHANG B B, TIAN G,

XIONG D, ZHONG S, TANG L H, HU Y H, YANG W Q. ACS Nano, 2021, 15(7) : 11555-11563.

[13] DUAN L Y, D'HOOGE D R, CARDON L. Prog. Mater. Sci., 2020, 114 100617.

[14] HEFL, YOU XY, WANG W G, BAIT, XUE G F, YEM D. Small Methods, 2021, 5(3) : 2001041.

[15] MATHEW A A, CHANDRASEKHAR A, VIVEKANANDAN S. Nano Energy, 2021, 80 105566.

[16] DINH T, NGUYEN T, PHAN H P, NGUYEN N T, DAO D V, BELL J. Biosens. Bioelectron. , 2020, 166

112460.

[17] ZHONG I W, LIZY, TAKAKUWA M, INOUE D, HASHIZUME D, JIANG Z, SHI Y J, OU L X, NAYEEM M
O G, UMEZU S, FUKUDA K, SOMEYA T. Adv. Mater. , 2021 2107758.

[18] LUOY, PEI' Y C, FENG X M, ZHANG H, LU B H, WANG L. Mater. Lett. , 2020, 260. 126945.

[19] FAN W J, HE Q, MENG K Y, TAN X L, ZHOU Z H, ZHANG G Q, YANG J, WANG Z L. Sci. Adv. , 2020,
6(11) : eaay2840.

[20] CHU M, THAO N, PANDEY V, ZHOU Y X, PHAM H N, BAR-YOSEPH R, RADOM-AIZIK S, JAIN R,
COOPER D M, KHINE M. npj Digital Med. , 2019, 2. 8.

[21] ELGENDI M, FLETCHER R, LIANG Y B, HOWARD N, LOVELL N H, ABBOTT D, LIM K, WARD R. npj
Digital Med. , 2019, 2. 60.

[22] YANG T T, JIANG X, ZHONG Y J, ZHAO X L, LINS Y, LIJ, LIX M, XU JL, LI ZH, ZHU H W. ACS
Sens. , 2017, 2(7) : 967-974.

[23] PANG C, KOO J H, NGUYEN A, CAVES J M, KIM M G, CHORTOS A, KIM K, WANG P J, TOK J B H,
BAO Z N. Adv. Mater. , 2015, 27(4) ; 634-640.
CHIACO J M S C, PARIKH N I, FERGUSSON D J. Cleve. Clin. J. Med. , 2013, 80(10) : 638-644.
ZHOU K, ZHANG C, XIONG Z, CHENH Y, LIT, DING G L, YANG B D, LIAOQF, ZHOU Y, HAN S T.
Adv. Funct. Mater. , 2020, 30(38) : 2001296.



%11 ARFEEAE T M B W0 i T 27 AL S I St 1683

(28]

[37]

[45]
[46]

CHENG Y M, WANG K, XUH, LITG, JINQH, CUI D X. Anal. Bioanal. Chem. , 2021, 413(24) . 6037-6057.
FANG Y S, ZOU Y J, XU J, CHEN G R, ZHOU Y H, DENG W L, ZHAO X, ROUSTAEI M, HSIAI T K,
CHEN J. Adv. Mater. , 2021, 33(41) . 2104178.

WANG FL, JINP, FENGY L, FUJ, WANG P, LIU X, ZHANG Y C, MAYJ, YANG Y Y, YANG A M,
FENG X. Sci. Adv., 2021, 7(44) . eabi9283.

FUY L, ZHAO JJ, DONG Y, WANG X H. Sensors, 2020, 20(13) . 3651.

CHUN S, KIM D W, BAIK S, LEE HJ, LEEJ H, BHANG S H, PANG C. Adv. Funct. Mater. , 2018, 28(52) :
1805224.

ZHANG L, KUMAR K S, HEH, CAICJ, HE X, GAOH X, YUESZ, LICS, SEETRC S, RENHL,
OUYANG J Y. Nat. Commun. , 2020, 11(1); 4683.

KIM J, LEE M, SHIM H J, GHAFFARI R, CHO H R, SON D, JUNG Y H, SOH M, CHOI C, JUNG S, CHU K,
JEON D, LEES T, KIMJ H, CHOI S H, HYEON T, KIM D H. Nat. Commun. , 2014, 5. 5747.
KALTENBRUNNER M, SEKITANI T, REEDER J, YOKOTA T, KURIBARA K, TOKUHARA T, DRACK M,
SCHWODIAUER R, GRAZ I, BAUER-GOGONEA S, BAUER S, SOMEYA T. Nature, 2013, 499(7459) ; 458-463.
SHIN J, JEONG B, KIM J, NAM V B, YOON Y, JUNG J, HONG S, LEE H, EOM H, YEO J, CHOI J, LEE D,
KO S H. Adv. Mater. , 2020, 32(2) : 1905527.

FENG R, TANG F, ZHANG N, WANG X H. ACS Appl. Mater. Interfaces, 2019, 11(42) . 38616-38624.

LIY X, WANGR R, WANGGE, FENGSY, SHIW G, CHENG Y, SHILJ, FUK Y, SUN J. ACS Nano,
2021, 16(1) ;. 473-484.

LI M, CHEN J, ZHONG W, LUO M, WANG W, QING X, LU Y, LIU Q, LIU K, WANG Y, WANG D. ACS
Sens. , 2020, 5(8) . 2545-2554.

LIURP,HEL, CAOMJ, SUNZC, ZHUR Q, LI Y. Front. Chem. , 2021, 9. 539678.

HE Y Y, LI W, HAN N, WANG J P, ZHANG X X. Appl. Energy, 2019, 247. 615-629.

CHEN J X, WEN H J, ZHANG G L, LEI F, FENG Q, LIU Y, CAO X D, DONG H. ACS Appl. Mater.
Interfaces, 2020, 12(6) : 7565-7574.

ROSE D P, RATTERMAN M E, GRIFFIN D K, HOU L, KELLEY-LOUGHNANE N, NAIK R R, HAGEN J A,
PAPAUTSKY I, HEIKENFELD J C. IEEE Trans. Biomed. Eng., 2015, 62(6) . 1457-1465.

CHOI J, GHAFFARI R, BAKER L B, ROGERS J A. Sci. Adv., 2018, 4(2) : eaar3921.

LI G L, WEN D. J. Mater. Chem. B, 2020, 8(16) ; 3423-3436.

SCHAZMANN B, MORRIS D, SLATER C, BEIRNE S, FAY C, REUVENY R, MOYNA N, DIAMOND D.
Anal. Methods, 2010, 2(4) ; 342-348.

LIS, MAZ, CAOZL, PANLJ, SHI Y. Small, 2020, 16(9) : 1903822.

SEMPIONATTO J R, MARTIN A, GARCIA-CARMONA L, BARFIDOKHT A, KURNIAWAN J F, MORETO J R,
TANG G D, SHIN A, LIU X F, ESCARPA A, WANG J. Electroanalysis, 2019, 31(2) ; 239-245.

CAO QP, LIANG B, TUTT, WELJ W, FANG L, YE X S. RSC Adv. , 2019, 9(10) : 5674-5681.
SEMPIONATTO J R, NAKAGAWA T, PAVINATTO A, MENSAH S T, IMANI S, MERCIER P, WANG J. Lab
Chip, 2017, 17(10) . 1834-1842.

BANDODKAR A J, GUTRUF P, CHOI J, LEE K, SEKINE Y, REEDER J T, JEANG W J, ARANYOSI A J,
LEE S P, MODEL J B, GHAFFARI R, SU C J, LESHOCK J P, RAY T, VERRILLO A, THOMAS K,
KRISHNAMURTHI V, HAN S, KIM J, KRISHNAN S, HANG T, ROGERS J A. Sci. Adv., 2019, 5(1):
eaav3294.

IQBAL S M A, MAHGOUB I, DU E, LEAVITT M A, ASGHAR W. npj Flexible Electron. , 2021, 10(17):
2100577.

LIAO C Z, MAK C H, ZHANG M, CHAN HL W, YAN F. Adv. Mater. , 2015, 27(4): 676-681.

ARAKAWA T, KUROKI Y, NITTA H, CHOUHAN P, TOMA K, SAWADA S I, TAKEUCHI S, SEKITA T,
AKIYOSHI K, MINAKUCHI S. Biosens. Bioelectron. , 2016, 84 . 106-111.

ARAKAWA T, TOMOTO K, NITTA H, TOMA K, TAKEUCHI S, SEKITA T, MINAKUCHI S,
MITSUBAYASHI K. Anal. Chem. , 2020, 92(18) . 12201-12207.



1684 o B Ak %50 &

[54] BROZA Y Y, ZURI L, HAICK H. Sci. Rep. , 2014, 4. 4611.

[55] HAICK H, BROZA Y Y, MOCHALSKI P, RUZSANYI V, AMANN A. Chem. Soc. Rev., 2014, 43(5) . 1423-1449.

[56] WANG L L, JACKMAN J A, PARK J H, TAN E L, CHO N J. J. Mater. Chem. B, 2017, 5(22) ; 4019-4024.

[57] XU H, XIANG J X, LU Y F, ZHANG M K, LI J J, GAO B B, ZHAO Y J, GU Z Z. ACS Appl. Mater.
Interfaces, 2018, 10(14) . 11785-11793.

[58] HARADA S, HONDA W, ARIE T, AKITA S, TAKEI K. ACS Nano, 2014, 8(4) : 3921-3927.

[59] HODH, SUNQ, KIMSY, HANJ T, KIM D H, CHO J H. Adv. Mater. , 2016, 28(13) . 2601-2608.

[60] ZHANG FJ, ZANG Y P, HUANG D Z, DI C A, ZHU D B. Nat. Commun. , 2015, 6. 8356.

[61] YAMAMOTO Y, HARADA S, YAMAMOTO D, HONDA W, ARIE T, AKITA S, TAKEI K. Sci. Adv., 2016,

2(11) : el601473.

[62] HUAQL,SUNJL,LIUHT, BAORR, YURM, ZHAIJ Y, PAN C F, WANG Z L. Nat. Commun. , 2018,
9. 244.

[63] CHOIM K, YANG J, KANG K, KIM D C, CHOI C, PARKC, KIM S J, CHAES I, KIM T H, KIM J H. Nat.
Commun. , 2015, 6. 7149.
HAN S, KIM M K, WANG B, WIE D S, WANG S, LEE C H. Adv. Mater. , 2016, 28(46) : 10257-10265.
GONG S, SCHWALB W, WANG Y W, CHEN Y, TANG Y, SI J, SHIRINZADEH B, CHENG W L. Nat.
Commun. , 2014, 5. 3132.

[66] WANG Q, LING SJ, LIANG X P, WANG HM, LU HJ, ZHANG Y Y. Adv. Funct. Mater. , 2019, 29(16) .
1808695.

[67] GOGURLA N, KIM Y, CHO S, KIM J, KIM S. Adv. Mater. , 2021, 33(24) : 2008308.
WU H, YANG G G, ZHU K H, LIU S Y, GUO W, JIANG Z, LI Z. Adv. Sci., 2021, 8(2) . 2001938.

Research Progress of Wearable Sensors for Human Health Monitoring

ZHU Guo-Jian'*, CHEN Ai-Ying', WANG Ran-Ran ">’ SUN Jing’
'(School of Materials and Chemistry, University of Shanghai for
Science and Technology, Shanghai 200093, China)

*(The State Key Lab of High Performance Ceramics and Superfine Microstructure ,
Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)
*(School of Chemistry and Materials Science, Hangzhou Institute for Advanced Study ,
University of Chinese Academy of Sciences, Hangzhou 310024 , China)

Abstract Wearable electronic products have received more and more attention in the measurement and
quantification of human vital signs and physiological information due to their small size, comfortable
attachment, and convenient detection. They also have broad application prospects in the fields of disease
diagnosis, rehabilitation treatment and daily health assessment. As a key module for collecting information in
wearable electronic products, wearable sensors have received extensive attention from academia and industry,
and have achieved rapid development. This article mainly focused on the application of wearable sensors in the
field of health monitoring, focusing on the detection of key physiological and biochemical indicators,
systematically expounding the research status and cutting-edge hotspots of corresponding wearable sensors,
analyzing the advantages and disadvantages of various types of sensors, and discussing the future development
trend of wearable sensors.
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