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We introduce another approach to produce a resistive sensor from electro-conductive textile material. Two conductive textile strips, made
of stainless steel electro-conductive woven textile fabric, are used as parallel plates and a thin non-conductive woven cotton fabric (spacer)
strip is placed between them. We tested the influence of load on the prepared resistive sensor using 0 to 131.2g dead weights. The
increase in load resulted in a consistent logarithmic decrease in resistance starting from a cut-off value with no current. The developed
sensor is flexible; repeated bending does not affect its electrical property. Moreover, sensitivity was found to be the same after washing,
making it suitable to integrate in textile fabric.

Introduction

The use of textiles has been essential to daiydihce prehistoric times. Traditional
textiles are composed of natural or synthetic 8band filaments with certain
properties and limited functionalities. Lookingratitive and fitting comfortably are
the basic requirements of textiles dictated byitashRecently, textiles are expected to
exhibit additional functionalities besides makirngpple warm and comfortable in line
with the progression of electronics and digital cammication. This led to the
development of electronic textiles (E-textiles) smnart textiles. E-textiles consist of
fabric that provides advanced and special functioriee form of electronic features or
interconnections [1, 2].

E-textiles can be categorized into two types [34ssical and integrated, where the
electronic components are embedded into garmenitsliaectly integrated into textile
substrates respectively. E-textiles have receivaphifcant attention as a new
technology that can provide added value to the tiegiswearable applications,
including wearable sensors [4]. They have attraetiéeition in technical and socio-
economic fields because of their ability to sense @espond to environmental stimuli
[3, 1]. These textiles found ordinary, special anidical applications almost in every
sphere of human activities such as mechanicallitesm sensors, electronic skin,
flexible transistors, and energy-harvesting andragfe devices [1]. Stretchable
electronics are integrated in yarns, fabrics, angats and have attracted considerable
interest.
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A sensor is a device that acquires a physical gyaabd converts it into a signal
suitable for processing (mechanical, electricaljoa) to provide a usable output in
response to a specific stimulus [5]. As other Bies, the development of flexible and
soft pressure sensors is also gaining attentiortalaeplications in wearable electronic
devices, soft robotics, and human—machine intesfa¢@]. Their preliminary
applications have been explored for bio-monitorofgphysiological signals, textile
keyboards, and touch-pads, etc. Generally, suclBosgencan be used for medical
monitoring of physiological signals, including heeate, respiration rate and for
commercial applications including keyboard, musigatket with keypad etc. [7].
However, it has also been recognized that textidegsbe used for applications such as
drug delivery and fluid collection [8]. For E-tebets, pressure sensors are required to
be highly sensitive (especially in the low-pressuamge), flexible, comfortable,
lightweight, breathable and washable. Most of stdtart pressure-sensing devices are
rigid silicon-based strain sensors fabricated usimgro-electromechanical systems
techniques [9], which can hardly meet these requergs due to their stiffness and
rigid electronic components. Therefore, textiledzhdlexible pressure sensors, which
can be readily incorporated into a garment withoutch sacrifice of its softness,
design versatility, or convenience, are ideal foexdiles.

Textile-based sensors are always made of textildsdafine themselves through their
textile structure. Therefore, various textile-basedsor concepts that rely on physical,
chemical and thermal mechanisms of action are ldaitbor integration with textile
fabrics. Temperature sensors, Humidity SensorsairStand Pressure Sensors are
typical examples. Among the electronic sensorssehoesponding to mechanical
stimuli such as strain and pressure have beenyrmgilored.

In resistive pressure sensors, change in the elalctesistance occurs between two
surfaces in accordance with the applied load duwketormation of the geometry of the
material [10]. Many resistive sensors consist ob tlayered substrates; the top
substrate is suspended over the bottom one and salokirate is an electrical
conductor. When load is applied on the top sulestiaindents it so that it partly
touches the bottom material area, resulting inraproved contact. These types of
pressure sensors are the most common types of rseresovariety of conductive
materials including carbon materials, carbonizetymper sheets, and metallic nano-
wires deposited on flexible polymer substrates used as the conductive layers for
textile based resistive sensors [10]. Polypyrraid REDOT:PSS are two of the most
explored conducting polymers because of their aaddép electrical conductivities and
piezo-resistive properties [2]. Single layer ragestsensors on the other hand are
mostly based on foams or nonwovens where the lodlddecrease the porosity,
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resulting in improved conductivity between the toj bottom of the single layer foam
[11].

Recently, resistive pressure sensors made of aomanlanotube (VACNT) forest
embedded in a polydimethylsiloxane (PDMS) matri]{opto-piezoresistive effect in
p-3C-SiC/p-Si by low pressure chemical vapor deposi(LPCVD) technique [13];
bimodal sensor based on metal-organic framework®KS8) derived porous carbon
(PC) and polydimethylsiloxane (PDMS) composite ]{bld nanoparticle membranes
for ambient pressure sensing [15] ultra-high pressensor combining a truncated-
cone structure and a silicon-on-insulator (SOl)zpresistive element for measuring
the pressure up to 1.6 GPa [16]; pressure-sensiavefiber woven fabric sensor by
weaving PVDF electrospun yarns of nanofibers coatigldl PEDOT [17] and flexible,
wide range and ultra-sensitive resistive pressamsa with a foam-like structure
based on laser-scribed graphene [18] have beentedpo

The common characteristic of these pressure seisstivat they are complex to make,
limit breathability and typical not readily washabBesides, the flexibility is often not
as required. These characteristics limit the pd#gilof using the sensors for textile-
based applications. Therefore, it is necessarate flexible, breathable, and washable
pressure sensors to be used in textile wearablécappn. Moreover, as clothing
production cost should be low, the complexity sddog limited. This article presents
the development and evaluation of a flexible resaspressure sensor from electro
conductive textile fabric. The sensor was evaluatedterms of linear range,
washability and flexibility. Finally, the productas used as a footwear pressure sensor
for demonstration.

Fabrication Process

We present the low-cost fabrication process ofréséstive pressure sensor. Two equal
sized 50 mm x 50 mm x 1 mm 100% woven stainless sflectro-conductive fabric
strips each having square resistance of 20.3 oldrO&86 GSM were prepared. A 50
mm X 50 mm x 0.2 mm non-conductive woven cottorritabtrip of 120 GSM was
also prepared to be used as a thin non-conduqgbi&ees material. Resistance of each
strip was measured using a two-point-probe mul@meand conductivity was
calculated using

1 L
G_E_E ()

wherec = conductivity,p = resistivity, A = cross-sectional area of therialf50mm x
1mm), R = 0.2 Ohm and L= 50mm. Accordingly, the aaxctivity of a single electro-
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conductive strip in warp direction was= 50 S/cm. The line resistance however over
50mm of fabric is 28 Ohm in weft direction and 4r@m warp direction.

The electro-conductive strips (considered as paErgllates for this work) were
connected to electric jumper wires in warp dirattior easy integration with Arduino
which was used as the measuring device. In praemaications conductive yarns can
be used instead. The non-conductive strip was putetween the two conductive
plates, so they are fully separated (no direct acihtwhen pressure is not applied
(Fig.1). This has the advantage that there is neepaise by the sensor when the
sensor is inactive. The total thickness of the ttaeged sensor is 2.2 mm.

The resistance of the constructed sensor was neshsiging Arduino at several
deadweights at surface contact area of 3.2 dim maintain fixed surface contact area
Euro coins were used by placing one over the tdhebther.

Va

Conductive Fabric

SpacerFabric |

Conductive Fabric

Fig.1. Construction of Pressure Sensor

The developed sensor was repetitively bent to ttestbending effect and was also
washed to test the effect of washing on sensitivitye same load and principle was
followed to evaluate the effect of pressure onstasice of the sensor after bending and
washing.

The measurement was conducted by connecting theidordNano with the computer,
Fig. 4. A 232Q resistor and a breadboard were used to estahkséléctronic circuit.
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Fig. 2. Resistance Measurement Using Arduino

Results

The pressure sensing capability of the developesssore sensor, Fig. 3, was
determined after construction.

Fig.3. Textile Resistive Pressure Sensor, Left: internal buildup, Right: with cover

In this experiment, resistance below 20 gram wass nuoticed, showing the non-
conductive character of the sensor at low pressiites result shows that the stability
of the resistance value at each load is stablevekty-replica average resistance was
obtained while loading and unloading and givenion B. The result showed detection
of weight starting only with weights around 20g.0Ae this, the resistance decreased
linearly up to around 100g. At high weights (>2 kilpe resistance is around 153 Ohm.
Thus, resistivity has negative linear relationshijph the load applied if length and
cross-sectional area are assumed constant as iexheriment.
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Fig. 6. Effect of Load on Resistance

A linear regression was done in the linear zonel gines for resistance R=-109 w
+13513, with w the weight in gram, w>20, with coei#nt of determination equal to
r’=0.94.

Discussion

This resistive pressure sensor is constructedanyathat a capacitive sensor is done; a
thin spacer fabric was used to keep the paralletiaotive plates away from contact.

When pressure is applied the protruding fibershensurface of the conductive woven

fabric pass through the pores of the space fabrit make a connection. The revers
occurs when the load is removed. The extent ofldbd determines the number of

protruding fibers to pass through the pores, thus ¢ontact area. The prepared
resistive pressure sensor can be used as elegaeadr switch and pressure sensor in
different applications such as footwear technology.

Conclusions

We successfully demonstrated the fabrication ofesistive pressure sensor from
electro-conductive textile fabric and non-conduetigbric as spacer. This technique of
fabrication is attractive as the sensor is verypsamo construct, highly flexible, and
washable, which makes it suitable and convenientirftegration with cloth. The
sensor showed stable pressure sensing capaldldeesding to a logarithmic law. The
resistance is found to decrease with pressure/leadher investigation is necessary to
develop pressure sensors with better stabilityfegrdnt small and heavy loads.

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx



Notes and references

1] V. Kaushik et al., “Textile-Based Electronic Components for Energy
pplications: Principles, Problems, and Perspe¢tianomaterials, vol. 5, no. 3,
f' 1493-1531, 2015. _ _
] W. Weng, P. Chen, S. He, X. Sun, and H. Per@mért electronic textiles,”
ngew. Chemie - Int. Ed., vol. 55, no. 21, pp. 6140-6169, 2016. )

[3]" K. Cherenack, C. Zysset, T. Kinkeldei, N. Mungeder, and G. Troster,
oven electronic fibers with sensing and displapdtions for smart textiles Adv.

Mater ., vol. 22, no. 45, Qg 5178-5182, 2010. .

[4] C. M. Choi, S. N. Kwon, and S. I. Na, “Condweti PEDOT:PSS-coated poly-

Earaphenylene terephthalamide thread for highhalder electronic textiles,J. Ind.
ng. Chem., vol. 50, pp. 155-161, 2017.

[% B. O. Eke, P. Harcourt, P. Harcourt, F. EgboRo Harcourt, and P. Harcourt,
esigning Internet of Th|r17gs System for Checkingti@ Rustling in Nigeria,” vol.

157, no. 7, pp. 27=35, 2017. . N N

6] 'O. Atalay, A. Atalay, J. Gafford, and C. Walsi Hltt:;igg/ Sensitive Capacitive-
ased Soft Pressure Sensor Based on a Conductivec Fend a Microporous

Dielectric Layer,”Adv. Mater. Technol., vol. 3, no. 1,£p. 1-8, 2018. ) .

7] J. Edmison, M. Jones, Z. Nakad, and T. Martigsing piezoelectric materials

for wearable electronic textilesProc. - Int. Symp. Wearable Comput. ISWC, vol.

2002—Janua, pp. 41-48, 2002. o

8] D. Morris et al., “Wearable sensors for monlt_orln%_sports perforoeaand

_ngbnéng,” 2008 5th Int. Summer Sch. Symp. Med. Devices Biosens., pp. 121-124,

9] M. Liu et al., “Large-Area All-Textile Pressure Sensors for Moring Human
Motion and Physiological Signalsfdv. Mater., vol. 29, no. 41, pp. 1-9,
[10] S. Scheengas and O. Anfiimart Textiles. 2017. .
11] Y. Panget al., “Flexible, Highly Sensitive, and Wearable Pressand Strain
Sensors with Graphene Porous Network Structure,6pp0, 2016. o
12] K. Kim, S. K. Hong, N. Jan'_gr, S. Ha, H. W. Lead J. Kim, “Wearable Resistive
Pressure _Sensor Based on Hi h_I/y Flexible Carbon gosite Conductors with
Irregular Surface Morp_holo%y,” 17. ) o
13J'A. R. XInZhao Foisal, A. Qamar, H. Phan, andDinh, “Pushing the Limits of
Piezoresistive E ff ect by Optomechanical Couplim@C-SiC/Si Heterostructure,”
_alp. 39921-39925, 2017. _ _

41 X. Zhaoet al., “Multifunctional Sensor Based on Porous Carbomi\e from
Metal — Organic Frameworks for Real Time Health Mamng,” 2018.
[15] H. Schlicke, M. Rebber, S. Kunze, and T. Vosgar, “Nanoscale membranes of
gold nanoparticles T,” pp. 183-186, 2016. i
16] G. Zhang, Y. Zhao, Y. Zhao, X. Wang, and X.W®&esearch of a Novel Ultra-
High Pressure Sensor with,” 2018, ) _
_19] Y. Zhou et al., “Highly sensitive , self-powered and wearablec&lenic skin
aased90n28r1e733ure-sen5|tlve nanofiber woven fabnsor,”Sci. Rep., no. September,

pp. 1— .
l].IOSé I—2|.OIié5met al., “A Graphene-Based Resistive Pressure Wide Pressainge,” pp.

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7



Proceedings of “The Second
International Forum on Textiles

Jfor Graduate Students’ (IFIGS)

2R E 3D EY 20
X4

8 Sep, 2018
2018% 94 8a

€|.. s 3 -.ﬂ?ﬂ?_ciﬁ:“‘ﬂ—_*y:-\n'lﬂh _!?="-;-; =k




58

"}SQIUL
9[QEIAPISUOD PajoeI)Ie AR pUE SJUdULIES I0 ‘SOLIQR] ‘SWIeA Ul PIIBIZIIUI o188 SOIUOIII[D
s[qeyatonsg [1] soo1aop oFeiols pue 3unsoAIRy-ASIOUS pueR ‘SIOISISUBI} J[qIXI[J
‘UD{S JIUOJIDI[d ‘SIOSUSS JANISUIS A[[BOIUBYOIW SB Yons sanianoe uewny jo d1ayds
AxaA3 ul jsouwrfe suonesijdde [eono pue [eroads ‘Areulplo punoj s3[nxal asay], ‘[1 ‘¢]
I[[NWNS [EJUSWUOIIAUS 0] puodsar pue asuas 0] AJI[Iqe JISY) JO 3sneddq SP[oL] JIWOoU0I?
-01J0S PUB [BJIUYDJ) UI Uonjuape pajoenje dAey AayJ, [¢] siosusas sjqeream Furpnjour
‘suonjeorjdde ojqeieam SJunsixa 2y} 03 onjea pappe spiaoid ueo eyl AIojouyds)
MIU B Se uonuale JuediuSiS POAISdAI 2ABY SI[IX-H A[PAnoadsar sajensqns
9[1IX2} OJUI PIjeIT2IUI A[IO2IIP PUB SJUAWLIES OJUL PAPPIqUId a1k SJUsUOdWOd JIU0III[D
) aroym ‘pajerdojur pue [edisse[d ‘[¢] sadA)l om) ojul paZLIOSIIBD 3 UBD SI[NIXI-T

‘[z €1] suonosuuosI1Ul
10 $21NJe3J JIUOI}II[d JO ULIOJ dY} Ul suonounj [eroads pue pasueApe sapiaoid jey) ouqe]
JO 1SISUOD S2[NIX9)-7 'SI[NIXA) MeWS IO (Sa[11Xa1-J) SI[NXS} OIU0LI3[3 JO Justdo[ossp
ay] 0] Ppo[ SIY] ‘UOHEIIUNIUWOD [BIIIP PUB SOIUOINDII[S JO uolssaigord oyl yum
aul] ul 9[qenoJuwod pue uuem 3jdoad Juryew sspIsaq sanI[eUONIOUN] [BUONIPPE JIQIYX2
0] pa1oadxa aIe sa1IXe] ‘A[JuU203y ‘uoryse] Aq pajeldlp SI[1I1X3) JO sjuswanbar oiseq ay1
a1e K[qenojwiod Sumyy pue aAndeme Suroo ‘saneuonouny paywi] pue sanradord
UIBLIOO UM SJUSWE[L] pue SIaqlj ON2YJuks 1o [einjeu Jo pasodwioo aI1e SI[1IXa)

[euoniipes] -sawn ouI0istyald 2ours 31 A[Iep O} [BIIUSSSD UI3qQ Sy S9[11X3] JO asn 3y ], i

uoiPnNpoU|

"311qey B13X3} Ul 33e4333U1 0 3jgenns 1 Supjew ‘Sulysem Ja1je Swes syl aq 01 punoy sem AYAINSUSS ‘Jancalo Auadoud |BILIIB|E S) 1I8HE
10u sa0p Suipuaq pajeadal 3|gixa)y 1 Josuas padojEasp 3YL "JUSLIND DU UM BNjeA JO-1NJ B WoJll Suile)s 3JUR)SISa) Ul 3seaIdap Jeaul] Jualsisuod
B Ul paynsa: peo| ul aseanul ay] syyFiem peap Fuisn Josuas SasIsa) pasedald Byl uo peo| JO BDUBNUL 3y} PRIS3Y M “WBY) usamiaq padejd
si diys (120eds) DGR} UOII0D USAOM SAIIDNPUOI-UOU Uy} B pue sajejd [2fjeled se pasn aie Juge) 3[1IX} USAOM BAIDNPUOI-0123|3 3215 SS3|UIRlS
Jo 3pew ‘sduls 3|IIX21 SAIDNPUOT OM] ‘[ELISJEW 3|1IX8] SAIJINPUOI-0J1I3[8 WOIS JOSUIS BAIISISal B adnpoid o0} yoeosdde Jayloue 3onpoijul 3

*

erdony ‘el ayeq ‘AUSIDAUN Je] nyeg

ABojouysa], uoIyse ] pue 3Uxa ] jo amnsu] uerdoigig
‘Buusauiduy [uxa ] jo wawedacg,
Dol . - T qrewy
wnid[ag uagn “AUSIAAIUN WIYD
MDY pue SuLdauSug jo Anoe

‘SuuauiSug [ealmay) pue sANXA ] ‘s[euaep Jo wauniedac,

dA0quadue] uep T @SSnSIN g 'V ‘JOIBUS[BIN g ‘- 1BYS3sL 'd ‘D
JLI(R] 9[1}X3)} IANINPUOI-0.1}II[9
WOIJ SA0SUIS aanssaad 9AISISA JO uonenjeA9 pue 1[1811]({0'8,&9(1






