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R

Hand gesture recognition is a popular research topic, especially in the field of
Human-Computer Interaction (HCI). This study focuses on developing a wearable hand
gesture recognition device for human-computer interaction, which can be used to give

commands to smart assistants through gestures or be utilized as an input interface for

VR/AR systems with entertainment purposes.

We aim to achieve several characteristics: comfort while wearing, usability anytime
and anywhere, privacy preservation, and low cost. However, existing projects do not fully
meet our requirements. Technologies based on computer vision and wireless signal
detection lack mobility, while current wearable gesture recognition wristbands are not
wearable enough. The closest existing work to our requirements is a wristband based on
capacitive sensing, capable of detecting changes in wrist contours to recognize gestures.
Nonetheless, this work has a drawback as the wristband is made from rigid silicone, leading
to discomfort during wear, and it has a complex structure, resulting in higher production

costs.

Therefore, this study aims to improve this wristband design by retaining the idea of
wrist contour recognition but using different types of sensors for recognition. After trying
various materials, we discovered a material called conductive rubber. Conductive rubber is
soft, elastic, and comfortable to wear, making it seemingly suitable for HCI devices.
However, few works have utilized this material due to the nonlinearity between resistance

change and elongation proportion.
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In this study, we first conducted extensive measurements on conductive rubber cord
to build a model for the resistance change of it. We found that resistance value exhibits
significant changes when subjected to small extensions. Based on this discovery, we
decided to use conductive rubber cord as a sensor on the wristband and employ a resistance
sensing approach for gesture recognition. We then created the wristband using conductive
rubber cords and denim fabric. By employing the previously developed resistance model
and a calibration algorithm for the collected data, we fed the calibrated data into a Random

Forest Classifier to recognize the gestures made by the user.

Keywords: human-computer interaction, hand gesture recognition, strain sensor, conductive

rubber
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max_depth None

min_samples_split | 2

min_samples_leaf |1

bootstrap False

FpE Y e £ FRE S A 0 TR i % S E 40 RandomForestClassifier
FEs s ket 11

£ 1L 8 # 7 fodf FleirL FrEa b

5 S R S
Train Val Test Train Val Test
B 4 By 1.0 0.746 0.457 1.0 0.762 0.457
IV 1.0 0.746 0.714 1.0 0.778 0.743
R R R 1.0 0.746 0.714 1.0 0.762 0.743
¥ g e random forest s B H I FER RSP ET L o B R ST LT
WyER Sk o H 3 A MOYTER S8 o A PR S random forest e i 2 B g iF A

iy o Al 2

59

BT EE SRR E T

o 1t

doi:10.6342/NTU202302388




6.1 24

s

\~\*-

Ep A

Fawr g pFo
FES T

K= s

A REEIRLDRE]

At

iz

LR

i EEhE RER Y AR %Y EE O ABE S L R

AP R Bk ﬁﬁﬂ’#%ii’aaﬁﬁaﬂ’%awﬁ

AR AN R R T RAAP AR RY FRARE 0 HBT

6.LLIFRX T ehT e

BRI E Y > APFREFHERAR  REIOTIEE FIFFTE o

B¢ Testingp|& Flerfa it AEE L &) 0 &Lt T =tepstretch” 2 fF » & — i H 7 #5%
P ARG AL TR A DT RARE L LA o R P i E 2 R kT %
< PR o
Testing Calibration Data
400 —— Sensor 0
Sensor 1
380 —— 5ensor 2
—— Sensor 3
360
£
2 340 A
g 1
£ 320
&
300
280
260
0 2 a 6 8 0 12 1
Sampling Sequence
46 T < e pe g § FFEG T 0F rE R
FAH - BRAELRD DT PAHAPORE D AR SRR
ek - i THFTH A fgqﬁ— e TR T ke b Bl o K

o
T ki

i

[F3

,:V
9

s]:, g

I

i
&

G PR G FRITEELFEET T O PG
BTl g o L RGpAPHFR > AR EEET > TILELEH

doi:10.6342/NTU202302388



FTH s s REAPRAESTIRBORI G NEFES > FETEA 0 E
Yo B~ ey PR 22 ) B R £ FUpE copE [ AR A {j’ﬁLéng 7

¥
FE ©
ERATIETHARE VAT UAZ B e Bt $- ATRERFE
Frjep-fer AR E B2 ARG T BA O RHBFER AT R - R
ERA# ™ 20~ 2 BV F Rk UG A T £ R TR
Ve Ho Bk EATRRE B B BRIFRRYE AT SR 0 3 L
- BRFefRAEE > 1L AR KB ok QPR PR S A R
FRELEF I 2 AORR %2 B2 2 ERBFDT R Rl S F5 LT
Nﬁ*%&@wi%*’?EU*%1 FARI O VA g f A Sk
FRgEANEpEai e REL
S iE B VAT EAF PRI > AL

R ﬁgwﬁ$—§o¥;@%%€ﬁ

o2
[N
N
|
=
=i
\\1(‘;?
3
=3
i=
o
ol
IR
b
C\‘\F\
i} /v\]- ‘1114\-

AEFET MR N AP p R ;I;Lc* R T P T R a B M
i M 2 R B UG BSOS ST AR R T
A

3 E\‘{;}i@;’ rﬂ],LL lﬁ— /f@.—é’—. ' Eb ﬁ’g}:lz— ’ l,(‘f l ﬂéé-‘g‘ﬁﬂ'”‘ o
6.1.2 & % &3¢

é@ﬁﬂﬁﬁﬁﬁ’{ﬁﬁiﬁﬁ*ﬁﬁiﬂﬁﬁ’ﬂw?ﬁii%%%%
115 =& “stretch” £ 4 ¢ fe 8 B~ T 395 17 B AR TRT o AR E TR
Wh NP PRIy R RRIFDLER LG I 23 %8 2w o AP RN
RIARGALE KA TR ERDRFRIF o A TE R EL A AT &
iﬁﬁﬂ“mT TIREFERE ~F 2 RLSRLF R TIEHRE %

o

BRR Ry ML AT BRIFOAREIE R ANTE A L

&3 & en¥ it o 14 Training 1 - Testing vt $& k35 > Sensor 1§+ Sensor 2 <1 [E B >

% Training 1 p=+t #+ > 2 §_Sensor 0 v Sensor 3 «17 FEiE > #r&_% Testing p 1t #iz
61

doi:10.6342/NTU202302388



L EHBBEAP ORI B A D PAPT R AHENLEET R 2
ﬁﬁ?ﬁ&#ﬁfﬁ? o VLN A AR @ e de T 4R ) ii%mé’—%_f kB R T}i 4

4R K SR A R GBI 2 AL ET SET R A LS

BEARe i T Rm FI Ry f FERABESNLR > rk T 2EEHT 0 F i
L é’f‘lﬁ'{%l’?f’ ”ﬁ #E L FENE R o it e, “HAANE 7 ff 7 gb)r'q\}};r )z

_ ,ﬁﬁf%’ﬁﬁ,‘f}i” T FREIRIE A R - X TR ki H U F

B

|~

A Vi hplRP gL > R R RRE D YL 0 @ B

BN FLS o SR A R %\g .__ij-‘ﬁ‘m{ﬁ"‘ BRI TR o
6.1.3 “Stretch” # 3 & £ %

FoE_ig % “stretch” i et F 4z o AP E EE N Crest” £ s
REZH om 2 “rest” THREPFFILNDFIEE > - STk 3 l5=%

e o @ AF‘,ZE T Radiancrest” L REI PR 2ApF > AR EDTRIEES B
heg Fluta il FIAAPRRALHREEEF > T gg LR FER T F D

ETHOCFEFMRA IR AL DPE ;zf;agﬁxﬁuﬂ:gTa;g:&m* TR o

F_‘-

T R F RSSO NPT UF R ARE 6 “stretch” £ 4 F & 24 “test”
FEL A PRI A chE A, Tl “stretch” £ F R L £ ks kEEE o B RE
Hitdhen— EF o LRY %P PR 4@ o Ustretch” £ 1 9rp| & ) eh T FEE 0 4R ¥

LR ARE LR s Fp ARl e ) “stretch” eh R F) 0 A H

FHDTIEEFR S < R E T FE Sstretch” 2 H 97 A hT IR E R R 0 @ Tk MR

e FaE R F]R AP AR “stretch” i R £ 2 BTG Vv B (&
i E PN AR ZRBRAGYETOER? AR EF S A RFT URID %

;}-54'_%}%%’\ L S E N
6.2 R+ ¥ 7L
6.2.1 R EE HARMA T R

62
doi:10.6342/NTU202302388



AT KD Rl - R AT L R K Y L ReanH T e
£

oyt 8o A T B R SR wAEAF F L PR AT A

AT AT RN > R EE AN R T TR A o A AR AR
BEFrE Z & wid 160 bytes 5 i > S ¥ - BaEREE

BN TR S A %\4 FRELABTFT Lehpe > HFLH a 0¥

)
bl
=
~F
o
)
w
|oE
-k
A=

ki VR T F R e ARE TG SR T DR RS B
o BARE Y G AR

VEASGAELE RIFES SR BB AR TR R ol LT B R o & (TfR4T

Bi0A o NP R USRS ;}F] S W eds (T 0 AP AL 1R A PR e BRI

%‘ﬁﬁﬁﬁ’ﬁﬁﬂﬁ&$ﬁl¢:E{ﬂ?%@ﬁ%i’ﬂﬁi%§%%£¢
THB 0 FIEBAA PE RT RSGURIEE - R T B S B

-

oo ed ANEFINLSBIAF LR AP IR m:*mg;}gig:]% TR T AL

—=

I RN L RPREREE G AP LR R PR AL A T R P
R VIS TR SRR DAk > S e b o - B A gy et A
il 0 FI AR EMG e AR TR C PV R RIBFEFRLF L AT
B ) KNS RFER iead WX E T o 208 4R gk A K3 +h Capband
e ko d N R PR ARV R R i eid § R OR > Bt R
FR AR .i%‘;i‘fﬁ?f}i% oo N2 fE e _Capband F & #-E R 5 R > wd 2

\_.
1\4
=
&
—=\
<l

B E AT SRR RILAR R 0 3RF R REE S R FINRITR m;‘e;”f‘ﬁ)i
BiZA 72 5 A Phihi l_VT g R P A FRE R ¥V EFILR e
RAPHIRL T TREGER 0 LB

p)
=
FEGHANT BRI IS N T BB

63
doi:10.6342/NTU202302388



panAXERATRIFE  EBFRBFDTRT R

Fo el * FIEN I REAT BAPREFLES R HE
Fodcyy o PV AT RRR AR SR DY IR o o8 AR

S

R B R H ) BB R S g

Ak
i
5
=
e
Im}
3\
S
5

-
(7

sl

LR HIRIBRARPF IR IHRELEL Y o

ﬂ*iipmmﬁﬁimhﬁ’ W£37kﬁﬁ§@ﬁ@@¢ga+,u

WAL R R L S B R G e B B RE N & g ait

\w

(o M E TR A D Pl AP E 2R 4 K £ IR PBORIE K e £ OROYIE i

=\
N

[T PRt B FRAPRLs A 24 o f AR ERTIw 3
¢ AP T3 T4 4 19 (factor analysis) e sk o R0 R T L H EHIRE A 2L
HELHEFLAR S PR REE R R AL ISR P p D p
FRIERR PR P09 %5 fell st 4 il 16 R NRED
P ~ F A BT BB ER RS SRR TR AR Ak

4}’ B crAp B PIEE 0 Bldo R R E T ac i i g
- AR %Y XY R T AR E AL

BT % kL u] o FHE T R RERI  RT FF AR RO Rl
- RAXFFE AL RIS AR S RG R ARG - B b 6
ot s » AP LS LT, 8 LT KRR R 76

Bl AR BFHOT IR T VR MREE G (BT o
631 KB Y

P ARt R R B A R TR SBA K KT

-~

Wit RER L P IR R o

6.3.1 Tk
64
doi:10.6342/NTU202302388



NPEEHET > KA OURTRHL > T URREER ISR

AMWm%?v3&&&?%?ﬁ%ﬁﬁﬂoaiiﬁﬁm%iiﬁﬁﬁ%i’7?

e ARBRIPHI TR ARBERF XL DT LNEE > 2 F5 ?%%ﬁé'ri’fr%%ﬁé
&%*?%%éi;%ﬁoﬁﬁﬁ$%*?“%?’%% FhREEOETELT
BTEETHAPE 4 TR A REER SRS ERT 2SR

55“14%5.‘ , ,éii%mg‘_ﬂma} &'\ it o

632 &R F ¥

EH G REEGRE BT E AR B R R B R
CE B LMEY 0 BRE D EATOT R B SRR A3 g -

B e o A NI AL B4 rﬂ?r}—' LR Y T I A A o {8 g
B BT B D aBdR SRS R T et Y EATHB LA c A KE SR Y
* S AR s A R B A B TR R R 0 S S BT

_‘1

SRS TR RS N R

£
F
Baoir AR E A BR4c R F o R 0 AMEVRA RIS LREEEY

6.3.3 8B FY

AP FHAFT T A % w]grs Kpl— i@ ﬁ?;&‘%b’ﬂ’«:%ﬁﬂﬁdfi v A
TSR EPARRL S o B2 BT B BHNE Y el > My H -

Yo ke b FEFAL IR E S

—

&% ¥ B IE L PUF ] o e b AT

*mk-

sl

B KLY FE L T

FRESPLP IO RREAZI TR FRY FEDLE > AT
R 0 7Y e T Bede e ¥ 'Tﬁﬁﬂi“iiﬁﬁjﬁ?ﬁ)i RN ERHEIH LR B4R
frig 2 Hei PATHE R PR FF LT AARE o f ARETRAL DY L

65

doi:10.6342/NTU202302388



P s AR Bl S m R R PR FIFR Y XY R AR

Ltk FHAT o

66
doi:10.6342/NTU202302388



F-% 8%

APELRPI - AR NG IR IR R E T F AR N
FAESE T RS SRR R CEF AR WS AR .
3“']’“4’“’5;‘*“’]‘2‘%&?_& AETEF o RPIE Ak g F i D FpF g ‘&f%ﬂiﬂﬁ
AR A B R PR R iRy A REET T RF CET R
ETHDY S rETHBEL > APE L FTHBEARLIRBIEHAL -

IR ELAPFead TRt > LI TRERICRERZ Bl i &

+

FAES R o e AT R R o FIPAPRIE T 2 R REDET HBIE

EAREEERTORIEE  » PR ETHDIE LY ORI e
THEIHBERRAETIEZF AR GEE c APFRETHY LY EE Y
e T s TP E s 2R 7] i & & R TS FpE S hanphR o

Ak ¥ R % ArduinoUno B8 » P Bz e Bs > RIE R T He

BpsR > T UETFEL TR E S EDIETIEE > £ RYURECA R o A
PR IFSRANIR > LR A RPETH T RS o RSP RN

Lo B2 RAHERETHIGEAUS VA G T ERT > NRES N ASE
e koo Vi 2 R FER T ¢ 7 “down” ~ up” ~ “thumb” ~ little

finger” ~ stretch” ~ “fist” fo “rest” e~ B £ %t o
BAEFTR R A PFRD WETHP RS LY g 0 BT H S RE

AL i%%?ﬁ&i‘{?;{‘ B e B ﬁg SEREET BRI E -

2R BRAT APRE T A BRI B 3 B B R L as £

—N

5 18 o ‘]I%*L T = “stretch” = £ en@ reiE > s K %ﬁlﬁ  htsgpE e ‘?5"5
FORIE P eNT IRE /ﬁ\"i s zﬁ—g‘lﬁ' S ﬁ.’]‘i‘ﬁ >R P A AR
PR BRREPFOETHSEER L RE > BB R AR EEHE S L

h
L
B MM RGG EPTREA O BHRIEY o RIEANERRE{eRIE I OTIEE > Y

W
5\
bl
W
1%

POPEAHORIE N KR 0 A0 E R

67
doi:10.6342/NTU202302388



AP sk Jch - it Jﬁ P RIREA TR 0 R Bt B & training
data > # %3 105 % 4 -~ 2 % — % testing data > 7 35 ¥ + % > 12 random forest w2

LR EA 0 BtsE R enr % 0.743 o

68
doi:10.6342/NTU202302388



$ak AL TR

[1] H. Karasawa, R. Fukui, M. Watanabe and S. Warisawa, “Simultaneous Recognition of
Hand Shape and Two-Axis Wrist Bending Using Wearable Wrist Contour Measuring
Device,” 2019 IEEE/ASME International Conference on Advanced Intelligent
Mechatronics (AIM), Hong Kong, China, 2019, pp. 1550-1555.

[2] T. Mitani, S. Okishiba, N. Tateyama, K. Yamanojo, S. Warisawa and R. Fukui, “A
Wearable Multi-Joint Wrist Contour Measuring Device for Hand Shape Recognition,” in
IEEE Robotics and Automation Letters, vol. 7, no. 3, pp. 8331-8338, July 2022.

[3] “HC-05 Datasheet,”
https://components101.com/sites/default/files/component_datasheet/HC-
05%20Datasheet.pdf

[4] A. Kato, Y. Matsumoto, Y. Kobayashi, S. Sugano and M. G. Fujie, “Wrist joint angle
estimation by means of muscle bulge based on deformation of the forearm skin surface,”
2016 World Automation Congress (WAC), Rio Grande, PR, USA, 2016, pp. 1-6.

[5] Y. Chen, X. Liang, M. Assaad and H. Heidari, “Wearable Resistive-based Gesture-
Sensing Interface Bracelet,” 2019 UK/ China Emerging Technologies (UCET), Glasgow,
UK, 2019, pp. 1-4.

[6] H. Kaur and J. Rani, “A review: Study of various techniques of Hand gesture
recognition,” 2016 IEEE 1st International Conference on Power Electronics, Intelligent
Control and Energy Systems (ICPEICES), Delhi, India, 2016, pp. 1-5.

[7] M. Oudah, A. Al-Naji, and J. Chahl, “Hand Gesture Recognition Based on Computer
Vision: A Review of Techniques,” Journal of Imaging, vol. 6, no. 8, p. 73, Jul. 2020.

[8] W. Mao, Mei Legam Wang, W. Sun, L. Qiu, S. Pradhan, and Y.-C. Chen, “RNN-Based
Room Scale Hand Motion Tracking,” Oct. 2019.

[9] D. Li, J. Liu, S. I. Lee, and J. Xiong, “Room-Scale Hand Gesture Recognition Using
Smart Speakers,” Proceedings of the 20th ACM Conference on Embedded Networked
Sensor Systems, 2023, pp. 462—475.

69
doi:10.6342/NTU202302388



[10] “ADS1015 Datasheet,” https://www.ti.com/lit/ds/symlink/ads1015.pdf
[11] “ADS1X15,” https://github.com/RobTillaart/ ADS1X15

[12] Z. Chi et al., “EAR: Exploiting Uncontrollable Ambient RF Signals in Heterogeneous
Networks for Gesture Recognition,” Proceedings of the 16th ACM Conference on
Embedded Networked Sensor Systems, 2018, pp. 237-249.

[13] N. Yu, W. Wang, A. X. Liu, and L. Kong, “QGesture: Quantifying Gesture Distance
and Direction with WiFi Signals,” Proc. ACM Interact. Mob. Wearable Ubiquitous
Technol., vol. 2, no. 1, Mar. 2018.

[14] Y. Bai, Z. Wang, K. Zheng, X. Wang and J. Wang, “WiDrive: Adaptive WiFi-Based
Recognition of Driver Activity for Real-Time and Safe Takeover,” 2019 IEEE 39th
International Conference on Distributed Computing Systems (ICDCS), Dallas, TX, USA,
2019, pp. 901-911.

[15] D. Jiang, M. Li, and C. Xu, “WiGAN: A WiFi Based Gesture Recognition System
with GANSs,” Sensors, vol. 20, no. 17, p. 4757, Aug. 2020.

[16] H. Truong et al., “CapBand: Battery-Free Successive Capacitance Sensing Wristband
for Hand Gesture Recognition,” in Proceedings of the 16th ACM Conference on Embedded
Networked Sensor Systems, 2018, pp. 54-67.

[17] T. Grosse-Puppendahl et al., “Finding Common Ground: A Survey of Capacitive
Sensing in Human-Computer Interaction,” in Proceedings of the 2017 CHI Conference on

Human Factors in Computing Systems, 2017, pp. 3293-3315.

[18] W. K. Wong, F. H. Juwono and B. T. T. Khoo, “Multi-Features Capacitive Hand
Gesture Recognition Sensor: A Machine Learning Approach,” in IEEE Sensors Journal,
vol. 21, no. 6, pp. 8441-8450, 15 March15, 2021.

[19] “Arduino UNO R3 Datasheet,” https://docs.arduino.cc/resources/datasheets/A000066-
datasheet.pdf

[20] K. S. Abhishek, L. C. F. Qubeley and D. Ho, “Glove-based hand gesture recognition
sign language translator using capacitive touch sensor,” 2016 IEEE International

70
doi:10.6342/NTU202302388


https://github.com/RobTillaart/ADS1X15

Conference on Electron Devices and Solid-State Circuits (EDSSC), Hong Kong, China,
2016, pp. 334-337.

[21] H. Yang, X. Yao, L. Yuan, L. Gong, and Y. Liu, “Strain-sensitive electrical
conductivity of carbon nanotube-graphene-filled rubber composites under cyclic loading.,”
Nanoscale, vol. 11 2, pp. 578-586, 2019.

[22] Z. Yang et al., “Dynamic Gesture Recognition Using Surface EMG Signals Based on
Multi-Stream Residual Network,” Frontiers in Bioengineering and Biotechnology, vol. 9, p.
779353, Oct. 2021.

[23] S. -O. Shin, D. Kim and Y. -H. Seo, “Controlling Mobile Robot Using IMU and EMG
Sensor-Based Gesture Recognition,” 2014 Ninth International Conference on Broadband
and Wireless Computing, Communication and Applications, Guangdong, China, 2014, pp.
554-557.

[24] W. Geng, Y. Du, W. Jin, W. Wei, Y. Hu, and J. Li, “Gesture recognition by
instantaneous surface EMG images,” Scientific Reports, vol. 6, p. 36571, Nov. 2016.

[25] W.-C. Chuang, W.-J. Hwang, T.-M. Tai, D.-R. Huang, and Y .-J. Jhang, “Continuous
Finger Gesture Recognition Based on Flex Sensors,” Sensors, vol. 19, no. 18, p. 3986, Sep.
2019.

[26] C. Tan et al., “A high performance wearable strain sensor with advanced thermal

management for motion monitoring,” Nature Communications, vol. 11, Jul. 2020.

[27] H. Yang, L. H. Gong, Z. Zheng, and X. F. Yao, “Highly stretchable and sensitive
conductive rubber composites with tunable piezoresistivity for motion detection and
flexible electrodes,” Carbon, vol. 158, pp. 893-903, 2020.

[28] X. Chu, J. Liu, and S. Shimamoto, “A sensor-based hand gesture recognition system
for Japanese sign language,” in LifeTech 2021 - 2021 IEEE 3rd Global Conference on Life
Sciences and Technologies, Mar. 2021, pp. 311-312.

71
doi:10.6342/NTU202302388



[29] S. Jiang et al., “Feasibility of Wrist-Worn, Real-Time Hand, and Surface Gesture
Recognition via SEMG and IMU Sensing,” in IEEE Transactions on Industrial Informatics,
vol. 14, no. 8, pp. 3376-3385, Aug. 2018.

[30] M. Kim, J. Cho, S. Lee, and Y. Jung, “IMU Sensor-Based Hand Gesture Recognition
for Human-Machine Interfaces,” Sensors, vol. 19, no. 18, p. 3827, Sep. 20109.

[31] N. Mohamed, M. B. Mustafa and N. Jomhari, “A Review of the Hand Gesture
Recognition System: Current Progress and Future Directions,” in IEEE Access, vol. 9, pp.
157422-157436, 2021.

[32] B. Oldfrey, R. Jackson, P. Smitham, and M. Miodownik, “A Deep Learning Approach
to Non-linearity in Wearable Stretch Sensors,” Frontiers in Robotics and Al, vol. 6, 2019.

[33] A. Kiaghadi, M. Baima, J. Gummeson, T. Andrew, and D. Ganesan, “Fabric as a
Sensor: Towards Unobtrusive Sensing of Human Behavior with Triboelectric Textiles,” in
Proceedings of the 16th ACM Conference on Embedded Networked Sensor Systems, 2018,
pp. 199-210.

[34] L. Nikiel, W. Wampler, J. Neilsen and N. Hershberger, “How carbon black affects
electrical properties,” Rubber & Plastics News, 2009, pp. 12-18.

[35] M. Weigel, T. Lu, G. Bailly, A. Oulasvirta, C. Majidi, and J. Steimle, “ISkin: Flexible,
Stretchable and Visually Customizable On-Body Touch Sensors for Mobile Computing,” in
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing
Systems, 2015, pp. 2991-3000.

[36] M. Amjadi, K.-U. Kyung, I. Park, and M. Sitti, “Stretchable, Skin-Mountable, and
Wearable Strain Sensors and Their Potential Applications: A Review,” Advanced
Functional Materials, vol. 26, no. 11, pp. 1678-1698, 2016.

[37] H. Souri et al., “Wearable and Stretchable Strain Sensors: Materials, Sensing
Mechanisms, and Applications,” Advanced Intelligent Systems, vol. 2, no. 8, p. 2000039,
2020.

72
doi:10.6342/NTU202302388



[38] P. Bifulco et al., “A stretchable, conductive rubber sensor to detect muscle contraction
for prosthetic hand control,” 2017 E-Health and Bioengineering Conference (EHB), Sinaia,
Romania, 2017, pp. 173-176.

[39] T. Tamai, “Electrical Properties of Conductive Elastomer as Electrical Contact
Material,” in IEEE Transactions on Components, Hybrids, and Manufacturing Technology,
vol. 5, no. 1, pp. 56-61, March 1982.

73
doi:10.6342/NTU202302388



