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Abstract:In order to analyze the research status of smart sensing textiles, this paper introduces the research
on textile—based stress, temperature, humidity and chemical related sensors in the past five years and elaborates
the manufacturing methods of sensing textiles at the fiber, yarn and fabric level. The methods of fabricating a flexi-
ble sensor device using a textile structure, such as knitting, weaving, embroidery, etc., inserting conductive yarns
into the fabric in an orderly manner, and obtaining a sensing textile device by coating are mainly introduced. At
the same time, the sensing principles of different sensing textiles are analyzed, and the sensors of different princi-
ples are classified and compared. The application of sensing textiles in health monitoring and biomedicine is listed,
which provides a reference for the research of smart sensing textiles.

Key words:Smart Textiles; Sensor; Stress Sensing; Temperature Sensing; Humidity Sensing; Chemical Sen-

sing

BRE AU T E 40 BREMEEATTR  BRGEU RIRG U BOR O @ R A A

ity D) RE P fil O E 55 2R 8wl P 2t Eﬁﬂ@?@?@{ﬁr&%ﬁﬂﬁﬁﬁ e~ ZE S AL A K A5 T
FAAEAE B B S5 Um0 1 SRS E s, X T ALY WFFE R
WG AR EET 2000 i, Tu@ﬁiﬁ%%‘%%ﬁﬁ%mf ARICOETEH T 12 | iR R

DIRETLAE  Wnfe IO RE 5 SAb B FSMERM R QPRI RES 40 B Al A A I 2 2L A R AR
yhe K AT TIe s, nl LUE 1 5E Yo A Xt Z Ry BURIAL ~~ R0 S 21 25 210 A% S A 19 1l 45 7

4
7

MR BEGT AL R G, B PTLUR TR g flsa il 8 R AR RUR B R R RS
AR TRAAE S R8sl AR AR s i R S %

EEWH . HEELSHLIH (2018YFC2000900) ; F s GIHTEF L £ 4 (ITP/36/16TP) .
IR IEM ;55 R (2019 4F ) &AM S it R & I 75183

EE R AE2 (1991—) , & Wik, E R AL 4Lk ﬂﬁé,\u W,
WIAEE W (1957—), % PREHEZ T+, E-mail : xiao—ming.tao@polyu.edu.hk,

8



2019 45 7 ﬂfﬁ-“‘

—— AREK

1 S1fER

5B 25 25 2t Rt in A 7
TS BN AR T 7 A AR A 1%
FEPERT DU R ) 2 A SR R0 8
UL 1) 25 40 T 2 A TR AL 46 T ) 1%
TS RN AR IR 24 R B
A AR R A, X
T2 AL RGBT H T 2
SEAR A AT NET Yl b2k 2 3
NG ZE ISR ST
Hen] DUJE A B B S A PR Y 42
@2z | TR R G W AT AT
ALV ) 25 2o B R RE
MORHE A 13 8 R A4 Y ol
W2 7 20K S b R R B A 2
Rl g i E L
S HL LT Y N4 e B v S b
FHAR A 5-0 u AT B N T
LU BT AL 7= S 2 B T
WG R T 2R
A58 2R DU IS4, o5 —Fh
75 2 B 5 L 2D 4R B 25 44 A
oINS AR R LaEDeel
1.1 AR

55 HAIE 2CAH L H BH 20 A% %
AR R JHR A AT B T LB
W (AN = IE D ) 1L
B, 228 P 35 Hi BH g A4 k20 4 ) 42
fi L BEL 5 A% | 359 R] 5 | 0 s BEL AR
Ak % ik R BEL 28 19 1 ) B fh 14
SHRZ LB, ARAE Holm 3
YU WA a4y A ) ik Fl BEL AT
MR (D)Fm,

_p el
Ry 1.13 V nF (1)

AP R, 27 A 2 fish 49y A% 1) 4 i
HLBH ;0 1 H 23530 227 W A 1) Hi BEL
A JE (RBE P PR B AR
[ ) 5n 22 75 42 fih X 38 rp 422 fih 5
RO (76 2 WS R 32 fh 2 17 52
P b H VR 22 B B il s 2 A ) 5 F
FORNE Bl ) e R RS
.

H (1) AT Ak e B 4
fil Sy F R fih SR 0 R, BE
LA n ST F BN 1
fh P, LS5 A 157 3t D/

2 i PR LS 97 20 A A% S 2w
(o S BEAL R DRIk e s i 25 21
T A R 235 g S A 3 F22 ik i 2 25 2R
AR BT OCHE , RIS EUM
fi e, BEL £ 72 A ] R £ 4 202k K 2R
Yy )2 i A Ao

TELTYERE b S AR iR T
3 iy B A A B N A
PRFNE F AL BE 15 2] BEAL I 73
A ) 455 | TE 2T 2 4 A IR 52 J) 40
Hh I S AT T A S P A A o i
SRR TS 2T 4EHLBE it
IR B FuR iy RPN LA R A S
WA 5 i 2T 2 3 T moHs 5 RS 1
AL HEN TR S YE S & W) TELT
HERLARFIR A S AR SRR T2
TF1) ) 422 fiph 22 A [] A6 ) A 5 | S 0
PR BEL A 22 A 1) 3 5 K5 R 47 4
JO7 78 22 [R] 4 5% 2 R ke E A% TR A 1Y
FAGE T2 A Y AT E A
RS h 1 4RI IR RE T g

LN b BT 204 By
P fuh i B | 30 A7 A 2T 2 5 21 4 2 ]
iEE L TN R R %2 2 € DA
Eh LR N R 2T ARG e R R 1] TR T
2 fiph FL IEL K it 5 422 ik 7 %) 38 Jon i
Wl )N | [N, £F 4 22 18] 9 (8] B s /]s
£T Yk 5 21 Y 2 fnk (4 B0 ALK S
X P AN PR 3R [ I A T 2b 21 8
LR,

TELU N b Bk T 212 B
e foh B B AN 2D 2 £ 4 5 2T 4R 2
[F) (4 42 i oL BELAT | i A7 A 20 26 5 2
Ll RS R S
Lh2 T YE Y SE PR B R Bl TR )
334 I E 2 ) S T8 A B 22
(14 2T A Ke e A 1) 44 il SR i, A
1T P AR 20 2 e fik 1) 6 HLRHL , S )9
U SR 77 RS TR] o3 A 1) 20 2%

Tk, I L AT O A 38 AN [ ) R
P 0 465, 122 F, 5 0 45 T LA S e 41
TRIRAR IR | BTSSR R 3 2 4
S Fa | i T A R A S
W15 1 | DRt s Ay o] 7 28 2 e 2
() H A ZR0s) ) R S s 2 A
-S4 ReAE 5t B M AR
FEE (R 500 IRPEFRHLA ) K
A5 (IR 200% ) N S Ik AS B
Xif 5 HL 20 G 812 7 SU 4L 1Y 2k
P, ELASE 780 K H, B D) 4% ) 2
1T WF5E,

TRASE Y S o 21t mT DA
FHAE Ha BH 2 AR R R 7
PR REATRGREY IR
AL B GOk A R IE H
A AN A 5 4E b A B2 45 (RGO)
il 325 SR N7 AR A SR 1) A% IR AL
HUE AWM AL SR 3 i
RGO 24K Fr (3% i A5k, AT 5 |
LU B AR Ak, BEE 2R
F—ERE RGO 9k LW I
(S PR AR, AL AT
0~30% M L7 A2 3 FE P9 2 AT 35 e R
gk,
12 AR

H 25 2 AL JR R 3 T L R 2 i
) 35 A B R PR AR X 1 F AR LA
KRR ] A LR AR, AR IR
LA ] i (2) Ak

e
C=¢g4t, J (2)

. C R H A A Fon iR
i d RN TRE ;) Fom A
I LR e, 7R B BT BT A
HLH R

X R A U AR T,
AR AR AT by FL AR I AR R AR (]
B XA R R O S B,
A% 1] B 85 o4 7 2 25 4 L 4 A% TR
(% LB

TERVA TR e s i, S b
2 e Al A D B T L )R

9



ﬂ‘z-“‘ 2019 44 7 4

VNS N AN (38 R 5P A
B R, — B A TR 4K
REW, LR RATRE2) oF
Yk w20 2 Y v 45 A% A B S5
{5 Al 2 RS SF R, IR Sl Y
TR A R S 38 Y —
RGBT A% A% S 0 R )
I, 2028 58 SRR e F B XTI T FR
R, AR T B B U /)N | i A 4 R0
ZAG IR R B = (0.21 kPa™) T
W HHE (2 40 ms) | 5t 15 A TR] T
(2910 ms), X325 T EI1E
TS IO T B 28 U AR RE 2
RERS 7E AN R 1 F A & AR TE | A
i AT AT 336 b A7 i AR e o, 20
2 U H, 5 A% St mT DU T A
e % A% S5 R 20 22 58 I A6 ) 12
7 it Hh 25 1 S 4 A B 5 1R
O JE M DL K nT H A AT R
oY

21y R0 L A A% IR AR DL 41
Yo, AT AR T
PSR A 22 [ A HL )R ) A AR
TNk R ol AL g T A% IR g R
U RR AR, PR AP A
LY JZ T AE Tl HA AR IR A L=
b AR SR RUE SRR )
LA IEAR ) T oA i R
WAFLERUAL 1% ) A B B A
FEH /NG R )T Al AR A
175 4R R At TR 4
AL ZEH A T A R
PR, AT E— AP iR T AR I
MR, R, b T E 2R
FEAERE AR ZS ) | 4 5 AU 1 2
B i AU s PR R B I i 825 ]
T Ak S8 e 907 A 0 S5 FL U 1 3R
T 22 [ JE J B, 28 S Bt o 1% 41
YAl AR T 5% A R AT
fw T REE

LU i A AL R T LT
i SRR, FAE A e s A N
A i 55 0 ) SR it L 0

10 -

FL 249 FRL AR AR T 48 22 8] 1 H
25 EHSUINE R LRI T L R A 1Y
PO | R B R T AT SR Y A
KA, FHEEY PEDOT,
PSS #E LI TP i 2 A0 1 FL
FRURAL AR, e N T 45
(1) L A% TR | 2K i 45 et 1T
R ] 2R AL R 55
1.3 R ARG

JE LAY g B0 A8 A% S Y
Ji PR L F R H UM, | Y AR )
ety i) L ESI DAREE R = W |
;e LT, R ER R P ) s AR A Rk
i LA R TR ey 7 A I R e R
AR SR T 8l ey 58 AR 1Y
M i R AR A e S s By
b XS BR AR SS R R R
FEAALEE (ZnO) KL AN 4 b1 R
e ERIR AT (PZT) B AR & 1 R
WRC IR TR R G
AR SR TCHLAE R £ G
N AN 3 T A S AR
B S A RS H
LA BH IR A YR B m et Jf
el B 25 e ;9 A8 /0N T FR
il TR

R AW R R e — 9
L5 (PVDF) LA B A MTEHLE
HLMORH B G MR B R AR R BL
B R F MR B 7E R 2 0 A
S RB7Ive vy i 1 % S R 7 B (/SN
AL Y 2215 3] 1) PVDF
AAgELRE TG ERTFE LA
DIE Ry iR s oo 2
2 REMER

A% 0 A TR 2 e DA 1 BT ke
EHNHEESHZ —, SR
JRES AT BB e b AR I
PRIF 35 vf N AR BE 7 3% 8200 et A1
fIAE

T A% IR AR BT T M R A
A F L A ) DA R R L 7 A
AR PO BELES A i A 2R

RBAR ——

R4 v T T R MR AR R
2R b LR T LUt A 95 210 kR
rh720 A R B st 2he AR r BHL AT
DAOR AP R H B 4 32 AL B I Ak 27
N7 7 R RE I 3% i A B 1 L
I Rl Ry 25~38 ., Wi 1o Hif [ Sy
0.01~0.35 s, FHLAE H P AR A [A] 11
LI, X PR R
I HL75 ZEAHXT & 2% 0 5 F o
.

AH LT $A A H BH S AR R
RHL =X UL 2 1% Ja 5 HL A A X 5 v 1Y
FAE | I H AT LUSE R 25 4
J PR IR R A B R AR AR
REL 5 Yk 190 DI P R ) o VL 3
W 4 R AEAR R I B Y N R
IR S e 7 | B AR P e R
TR EDY (4 8 2 = Wi
PERR ] T HAEA RS Lk,
[ BRI TR AT Y8 RS
RGP RIS A i AL
TR i AU RN 2 80 T 2 AR B
L8

Br T 852) R L nT LAk B
FREURIR R EE M | H G L T
MR LG5 EL AT B A 1 o UM RN AT
T K e LI 28 1) =ik A
BEUGE A8 rh A 7 I R RN U 1Y
T AT AT B0 A 1 il AT R T
&2 95 L Ry 20~50 °C, HLBH TR
i 2k 2 ek e RBGE K
0.990~0.999 L [F P ,

3 REMER

BT 97 805 1 B A A R
BRETT ZEECE T 4 LA I R
By PR HAG T AR R R
SiE 15 IR 24 A A A2 1 O T LA T
FENLH

T B A AL ) A5 455 r BEL X A
L 282X, A BH 38 2o SR A el
745 S ) 17 Vi AR Ak i e 2 XU
Tk A L E B0 B R e O AR
AR A 2 r BHL Q0 B AR RS



2019 45 7 ﬂfﬁ-“‘

— BB

MR R YL (A
Webdk) FH RS Y (I PEDOT.
PSS) 1 HLBH 23 & A= AR A6 2 A% 58 5
22 10 3 ) &5 a5 E ) R 0 R
TR B TEG 2 15

T 95 415 118 B AL IR AR 1Y
ST R DR 8 0 O & AT R AR
1 AR 7 e Zb £k ™) T 5% M s A
T RE 5 il 3 H A 15 Y S R XT
Ko FEUERIE R B 22, — 4k
JE T A0 KA (SWCNT) 2 il 38 H A7
S HL 26 Y FRAERE ) T ER & 0
(PVA) & —Fh IR K U RV R AW,
WK, XEWE PVA 47 F
IR ¥ & s G BT T B
5 1Y 8 5 SWCNT PVA K 22 7]
TFI 0] 2E 25 40 0 A R
K22 ) L SWCONT W 2% Al 3 iof
WK 53 PVA 435 i ik ok
P R B R, TR AT
SWCNT PVA K 22 () B 1% 7] 3k ]
TR B A4S IZSWCNT  PVA K
22 7R (1) 2 4 B AR IR AR R A
15 PO AH X (60%~100%) T ik
s A R | I HAE AR X B
F14) ) JO7 B[] (40 ) PN FEL BEL 84 e 3
24 1,
4 FEmiTE

A BE SR TN AR 2 A T2 %
RN IR J e e T AR 3 Py i 40T
i () — I T AR AR, A b e Ik
T RE 14 25 245 845 AT LUK /N AL
2SR AR SRS A 4 A B A R
LIRS EH A R U R
YR 2 BN g5 4L B

H T 3 25 Uk A A I
i 9 PR SR A B E S RS
Wy, TSR N G R R R g 5360 3k S
FL R A5 0 1 i LK A 2 A 95 AR
G | 5 2% A 11 5 s B
Xof SN — SR Ak e AR 1 FL BH AR
b, SRS Y AT e A
SOV E G BN A R olGE

Ao 5% 5 ED R | 22 X B R 5 P R
U Gk v B a2 22 BOR DR
LiERAY L

BT FHEREY, A Sm WA
i e R A 2 AL AR T A PR
A TR A A AR T AR AR
AR A B E | A A
AR R A S A T A AT 7
JE BT (IR Y B AE ) IR A
AP EY), AR R A 2 N
M HBE K B2 RN Ao

TR RN IR V5 Y 5
5 EFRIE

e S AL R s S V|
ENGESER RGN R R e R e e
erde 2b2e 214 ] il it 25 241
TR Ot R G B2 4
DU T & AT BE | H 25 45 4% J%
R 97U I 1Y 7 U T L
AR AL BE b e 7w I H iy
FIUAIARFOUAR ZEK | i £ 2741
RIBREE— AR A
B DR AL s HAA AR IR B | [R]
BORA Y FEE T RER, 9
BUE AL T TR & T
IR AR et HE5ENW
1R Ge i X NP AR LE | 12 Sk g
FE M 5 i — 04, b, K
LA = A 77 AR DL RSB g
W — P, P T HORI &
& DA S A - oo F i /N L AR A
KRG G MR DM 1 2
BUGIREF I K SN

2% ik

[1WE 1 .58 1.2 A L) F A R 97 81
i [Cl/FE e 2 RBH = R T, H i BT
Y [E 52 ——2006 T ERHIME 2318 S5
(P ALaT.2006 1 EFRHMES 2006,
116-125.

[2]ZENG W, SHU L, LI Q, et al. Fiber—
based wearable electronics: a review of
materials, fabrication, devices, and ap-
plications [J].Advanced Materials,2014,
26(31):5310-5036

[3]WENG W, CHEN P, HE S, et al.
Smart electronic textiles [J].Angewandte
Chemie International Edition,2016,55
(21):6140-6169.

[4]SEYEDIN S, ZHANG P, NAEBE
M, et al. Textile strain sensors: a re-
view of the fabrication technologies,
performance evaluation and applications
[J].Materials Horizons,2019,6(2):219-
249.

[5]H BT, 20808, i, 55 97
kT AL AR N R [1]. 95 8
#¢,2018,39(5) : 170-176.

[6]JATALAY O, ATALAY A, GAFFO-
RD J, et al. A highly sensitive capaci-
tive-based soft pressure sensor based on
a conductive fabric and a microporous
dielectric layer [ J ].Advanced Materials
Technologies,2018,3(1) :1700237.
[7]JHUGHES -RILEY T, LUGODA P,
DIAS T, et al. A Study of thermistor
performance within a textile structure
[J].Sensors,2017,17(8):1804.
[8]ZHOU G, BYUN J H, OH Y, et al.
Highly sensitive wearable textile-based
humidity sensor made of high-strength,
single-walled carbon nanotube/poly (vinyl-
alcohol) filaments[J].ACS Applied Ma-
terials & Interfaces,2017,9(5).:4788-
4797.

(9 s T, FE T UG 45 5L TR
JRE W ) R 114 BB B AR [T,
T ,2019(5) . 58-62.

[I10]JWANG F, LIU S, SHU L, et al
Low —dimensional carbon based sensors
and sensing network for wearable health
and environmental monitoring [J ].Car-
bon,2017,121(1):353-367.
[11]JWANG X, TAO X, SOR CH, etal.
Monitoring elbow isometric contraction
by novel wearable fabric sensing device
[J].Smart Materials and Structures, 2016,
25(12):125022.

[12]CHEN S, LIU S, WANG P, et al.
Highly stretchable fiber —shaped e —tex-

tiles for strain/pressure sensing, full-

11



?’“3-"3&‘ 2019 44 7 4

range human motions detection, health
monitoring, and 2D force mapping [J].
2018, Journal of Materials Science,53
(4):2995-3005.

[13]CHENG Y, WANG R, SUN ], et al.
A stretchable and highly sensitive grap-
hene-based fiber for sensing tensile str-
ain, bending, and torsion[J].Advanced
materials , 2015 ,27(45) . 7365-7371.
[14]WU X D, HAN Y Y, ZHANG X
X, et al. Highly sensitive, stretchable,
and wash—durable strain sensor based on
ultrathin conductive layer® polyurethane
yarn for tiny motion monitoring [J].Acs
Applied Materials & Interfaces,2016,8
(15):9936-9945.

[15]CAT G, YANG M, XU Z, et al
Flexible and wearable strain sensing fab-
rics[J].Chemical Engineering Journal,
2017,325(2) :396-403.

[16 ]ZHANG H. Flexible textile —based
strain sensor induced by contacts [J].
Measurement Science and Technology,
2015,26(10):105102.

[17] HOLM R. Electric contacts: theory
and application[ M ].Berlin: Springer Sci-
ence & Business Media,2013.
[18JSEYEDIN S, MORADI S, SINGH
C, et al. Continuous production of stre-
tchable conductive multifilaments in
kilometer scale enables facile knitting of
wearable strain sensing textiles [J].App-
lied Materials Today,2018(11):255-263.
[19]WANG J, LONG H, SOLTANIAN
S, et al. Electro—mechanical properties
of knitted wearable sensors:part 2—para-
metric study and experimental verifica-
tion[ J |.Textile Research Journal 2014,
84(2):200-213.

[20]LEE J, KWON H, SEO J, et al.
Conductive fiber-based ultrasensitive tex-
tile pressure sensor for wearable electro -
nics [ J |.Advanced Materials , 2015 , 27
(15):2433-2439.

[21]CHOI C, LEE J M, KIM S H, et al.

Twistable and stretchable sandwich struc-

12

tured fiber for wearable sensors and su-
percapacitors [ ] ].Nano Letters,2016,16
(12):7677-7684.

[22]JFRUTIGER A, MUTH J T, VOGT
D M, et al. Capacitive soft strain sen-
sors via multicore-shell fiber printing[J ].
Advanced Materials,2015,27(15):2440-
2446.

[23JATALAY O, ATALAY A, GAFFO-
RD J, et al. A highly sensitive capaci-
tive-based soft pressure sensor based on
a conductive fabric and a microporous
dielectric layer [ J ].Advanced Materials
Technologies,2018,3(1) :1700237.

[24 ]TAKAMATSU S, LONJARET T,
ISMAILOVA E, et al. Wearable key-
board using conducting polymer elec-
trodes on textiles [J ].Advanced Mater-
ials,2016,28(22) :4485-4488.
[25]LIAO X, LIAO Q, ZHANG Z, et al.
A highly stretchable zno® fiber —based
multifunctional nanosensor for strain/tem-
perature/uv detection[J].Advanced Func-
tional Materials,2016,26(18):3074-3081.
[26 ]TRUNG T Q, LEE N E. Flexible
and stretchable physical sensor integra-
ted platforms for wearable human-acti-
vity monitoringand personal healthcare
[J].Advanced Materials,2016,28(22):
4338-4372.

[27 JAKERFELDT M, LUND A, WAL-
KENSTR M P. Textile sensing glove with
piezoelectric PVDF fibers and printed
electrodes of PEDOT :PSS|[J ].Textile Re-
search Journal ,2015,85(17):1789-1799.
[28]LIQ, ZHANG LN, TAO X M, et al.
Review of flexible temperature sensing
networks for wearable physiological mo-
nitoring [ J ].Advanced Healthcare Mate-
rials,2017,6(12) :1601371.
[29]LUGODA P, HUGHES-RILEY T,
MORRIS R, et al. A wearable textile
thermograph [ J ].Sensors, 2018, 18 (7) :
2369.

[30]LI Q, CHEN H, RAN Z Y, et al.

Full fabric sensing network with large

RBAR ——

deformation for continuous detection of
skin temperature [ J].Smart Materials and
Structures,2018,27(10) :105017.
[31JHUSAIN M D, KENNON R, DIAS
T. Design and fabrication of temperature
sensing fabric [ J ].Journal of Industrial
Textiles,2014,44(3) :398-417.
[32]CASTANO L. M, FLATAU A B.
Smart fabric sensors and e-textile tech-
nologies:a review[J ].Smart Materials and
Structures, 2014 ,23(5):053001
[33]MECNIKA V, HOERR M, JOCK-
EHOEFEL S, et al. Preliminary study
on textile humidity sensors [C]//Smart
SysTech 2015 European Conference on
Smart Objects, Systems and Technolo-
gies. Aachen:VDE,2015:1-9.

[34 ]TESSAROLO M, GUALANDI T,
FRABONI B. Recent progress in wear-
able fully textile chemical sensors [J].
Advanced Materials Technologies, 2018,
3(10):1700310.

[35]WANG Y, QING X, ZHOU Q, et al.
The woven fiber organic electrochemical
transistors based on polypyrrole nanowi-
res/reduced graphene oxide composites
for glucose sensing[J].Biosensors and
Bioelectronics,2017,95(1) :138-145.
[36]ZHAO J, WU G, HU Y, et al. A
wearable and highly sensitive CO sensor
with a macroscopic polyaniline nanofiber
membrane[]J]. Journal of Materials Chemi-
stry A,2015,3(48):24333-24337.
[37JPARRILLA M, CANOVAS R,
JEEPAPAN 1, et al. A textile-based
stretchable multion potentiometric Sensor
[J].Advanced Healthcare Materials,2016 ,
5(9):996-1001.

[38]SINGH E, MEYYAPPAN M, NA-
LWA H S. Flexible graphene-based wear-
able gas and chemical sensors [J].ACS
Applied Materials & Interfaces,2017,9
(40) :34544-34586.

Wi EE 2019F5H10H



