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Inese ParkovaAleksandrs ValiSevsKisUgis Briedis, Ausma Vlumsoné, ** Riga Technical University

Abstract —To improve the comfort properties of nocturnal
enuresis alarm system, a modular humidity sensor shld be
replaced with a textile sensor. During research, ta-electrode
textile moisture sensor has been developed to studg electrical
properties. To define the optimal type of a sensoseveral sensor
samples have been made using different configuratis of sensor
electrodes, yarn type and distance between parallebeams.
Samples of sensor have been tested in terms of sfmletection
speed.
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. INTRODUCTION

Nocturnal enuresis or bedwetting is the involuntixgs of
urine that occurs at night. Statistic data shoves 1%5-25% of
children over the age of five wet the bed [1]. Tgveblem
remains for 1-3% of adolescents, as well. Differigpes of
incontinence affect more than 150 000 people irvikaf2],
which disturb quality of life and can have an impan
children’s personal development.

Enuresis may be prevented by regular use of meédlicat
but the effect will be just as long as the druguéed. It is

possible to have drug-free treatment — one of thastm

effective methods is nocturnal enuresis alarm [3|4] the
previous study [5], available nocturnal enuresisral systems
were discussed, analysing their strengths and vessks. It

time, a child learns to wake himself up, when Hedder is
full. Child’s involvement and desire to solve thesue are

important for this therapy. It is, therefore, imgaott that the
system is convenient; its use does not hinder ikl @and
does not constitute a psychological barrier. Alareatment is
more effective if strong support is given to a dtahd family,
and it makes treatment less uncomfortable. Sevdtalies
have shown higher results, when psychological ocational
training is used with the alarm therapy [6].
There are several types of enuresis alarm systeaisile:

e Pad-and-bell alarms;
e Wearable wired alarms;
e Wearable wireless alarms.

Pad-and-bell alarms are bed-based, with the clelepimg
on a pad or mat containing an electrical circuitbel rings if
urine contacts the electrical circuit. Usually bredt is made
out of waterproof plastic material, in which contive
(copper, foil etc.) material is embedded in a cdiké-manner
[7].

Wearable wired alarms are body-worn alarms, whbee t
small sensor is attached to the child’s pants, thedalarm is
worn on the pyjama top. In the wireless versionatfrm
system, a sensor communicates with the alarm bwdéo r

was found that when enuresis alarm system was usedsignal. In this case, the sensor is larger, sifiee gensor

medical therapy, child's
Therefore, it is essential that the system is corerg and does
not cause a psychological discomfort for the chikhe

existing enuresis alarm systems use wires thateminirousers
with pyjamas, which can cause aversion to ther&mgides,
the wires are located near the child's neck andboae certain
security risks if they get entangled during a tledbsleep.
Most of systems are rigid and inflexible, so tHadyt are not
comfortable, and it is awkward to use them. To onprthe

comfort properties of the system, a modular humidiénsor
should be replaced with a textile sensor, whicenidroidered
with conductive threads on fabric. Conductive tldeare a
preferable material for enuresis alarm sensors;esithey
blend with the textile structure of underwear ared Isheet,
inducing less stress on the treated person. Teassitability
of such threads for the application envisioneds ihecessary
todevelop a suitable sensor configuration and t& the

longevity and stability of the materials used.

[I. THE OPERATING PRINCIPLE OFENURESISALARM SYSTEM

The alarm awakens the child when bed-wetting sténts
child gets out of bed and finishes voiding in thédet. With
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involvement  was  importantsystem includes a transmitter and a battery. Caresely, the

sensor unit shall be completely isolated, which egivit
additional stiffness [8].

There are different types of wearable enuresisnalar
systems, but the operating principle of all sucktays is
similar; however, they differ in the arrangementetédments
and in their size, materials, connection technolegysor and
alarm unit communication and signalling type, cornievel
etc.

Textile moisture sensor can be designed based an tw
principles of operation:

< Change in reactive resistance. The sensor deiettess
by measuring the change in reactive resistance wiesheet
is wet. The moisture sensor is based on interdigiéave, and
the resistive signal is proportional to the actmlisture [9].
One of sensor configurations is shown in Fig. 1this case,
stability of electrical resistance is important cgnit is
necessary to establish the changes of impedantéuting on
the signal at a fixed value. As found in earliepexments
related to the studies of the electrical behaviotielectric
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yarns [10], the operation of thread as a conduzftetectricity To define the optimal type of a sensor, 12 senaarpdes
is unstable, so there is a relatively high probighiif an error.  have been made by combining different configuraticd
sensor electrodes, types of thread and distancerebat
parallel stitches. Variable factors of the expeninand their
variation levels are presented in Table 1.

Samples of moisture sensor have been embroiderdd wi
computerized embroidery machine on cotton fabrimg®
mm long straight lock-stitch seam. Size of sens®r80x90
mm, distance between axis of electrodes is 8 mrohifieal
drawings of sensors are shown in Fig. 3.

Fig.1. Configuration of sensor type: change in tigacesistance j

« Two-electrode sensor. Liquid presence is sigdalehen
there is an electrical connection between the tlectedes
induced by the contact with a conductive liquidv&al types
of possible sensor configurations are shown in Eig.

T ~ 7 T
B b
L ¢

Fig.2. Circuit of two-electrode sensor
b

The second method is chosen for sensor designitvgp— . , .
. . . ; Fig.3. Technical drawings of two-electrode sensars:spiral type; b — comb
electrode sensor, which is more precise than thedne —the e
method of change in reactive resistance, especiading
conductive yarns. Cotton fabric substrate and polgla
silver-coated conductive yarns are used for maestensor
designing. Electrical circuit of sensor is showrig. 2.

TABLE |
VARIABLE FACTORS OF THE EXPERIMENT AND THEIR VALUES
Variable factors Values
N1 (Elitex 110/34 dtex| N2 (Shieldex 235/34 dtex N3 (Shieldex 110/34 dtex
1 Type of thread, no.
2ply) 4ply) 2ply)
2 Configuration of sensor, no. A (spiral type) B rfdotype)

0 2

=

3 Displacement of parallel stitch, m
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TABLE ||
BEHAVIOR OF CONDUCTIVE YARNS IN DIFFERENT SEAMS OF ELECTR®&3
Configuration of sensor
AO A2 BO B2
Yarn No.
E1l E2 E1l E2 E1l E2 E1l E2

Electrical resistanc@hms
6.65 7.31 16.59 15.52 2.49 3.08 25.89 24.37
N1 V=1.8% V=0.4% V=0.9% V=1.8% V=2.8% V=1.3% V=0.4% V=0.5%
8.92 9.16 8.83 9.02 3.96 4.14 31.26 31.5
N2 V=1.1% V=0.7% V=1.1% V=1.5% V=4.8% V=1.2% V=0.3% V=0.4%
21.06 22.07 112.4 500 9.65 4.38 193.2 127
N3 V=2.9% V=0.8% V=4.4% - V=6.2% V=2.9% V=29.4% V=3.2%

As Table 2 shows, the behaviour of conductive yams
different seams depends on the type of yarn aruiligteof its
electrical properties. In Table 2, electrical risise
measurements of both electrodes (E1 — the firstrelde, E2 —
the second electrode) are summarized.

As results show, electrical resistance measurenadhtise
two electrodes differ; however, in this case itslaet have an
impact on sensor functionality. It is necessarytdke into
consideration its stability over time. Differenae électrical
resistance between two electrodes for yarns N1 MN&dis
rather low; on the other hand, yarn N3 shows quitstable
resistance, it has been difficult to get a signalseveral
samples (for example, A2 E2). Therefore, yarn N8 baen
discarded for further experiments.

IV. SIGNAL DETECTIONSPEED

Samples of sensors have been subjected to sigtetioa
speed test. Urine has greater conductivity tharemsd that
for this experiment salt water solution has beapared.
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Fig.4. Measurements of signal detection speed
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Saline solution has been dripped from drip funnelsensor
holding funnel at distance of 5 cm from the horiabisurface
of sensor. Salt (NaCl) is an electrolyte, and wheris
dissolved in water to form salt water, it turnisbdium ions
(Na+) and chlorine ions (Cl-), each is a partitiattconducts
electricity. The more Na+ and CI- in water, the mor
electricity is carried, and the higher the conduittiis [11].
For the experiment, 0.2 moles of salt per 1 litfewater
solution have been used, because its conductigitiesponds
to the average conductivity of urine [12]. Speedrexction
has been measured with the oscilloscope measuoitage in
the sensor circuit. Liquid detection speed (0.4% sm
average) is similar for all sensors, speed of feads related
to funnel opening moment and speed of water regchin
surface. Measurements of two sensors are showrigindk
similar results have been acquired for other sasnple
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TABLE Il
ELECTRICAL RESISTANCE OF BED SHEET SENSOR BETWEEN THEEETRODES CONNECTED BY LIQUID
Distilled water
Time sec 9 18 33 45 67 95 138 168 194
Resistance, & 9610 119 157 160 22p 263 281 300 312
Salt water
Time sec 15 3( 40 50 60 10 30 100 140
Resistance, @ 77 40 19 21 24 30 3B 32 34

At distance of 8 mm between electrodes, the sigaalbeen
detected very fast (0.45 sec on average). Thisartist
between electrodes can be used for a sensor thaegrated
into crotch of underwear. For bed sheet sensordidatecting
area is larger, so it is preferable to use larggadce between
electrodes to decrease consumption of conductive gad to
avoid making bed sheet rough with stitches.

The sample of bed sheet sensor has been madesistso
of four connected 19.8 x 22 cm spiral-type sensgdistance
between electrodes is 2.2 cm. Total sensor area
46.5 x 47.5 cm. Embroidered bed sheet sensor isrshoFig.
5.

Fig.5. Embroidered bed sheet sensor

This type of sensor design is suitable, when erdergi
machine cannot embroider all sensor area in oneepsoas
one full spiral. Circuit connection breaks are pogferable in
the circuit, so that the number of points wheredbenection
is broken must be reduced as much as possible.

Tests of signal detection sensor show that it fonst but
signal detection speed is rather high (9-15 sechhat in next
samples the distance between electrodes will bacestl to
1.5-1.8cm.
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Table 3 shows the data on electrical resistancedest the
two electrodes that are connected by spilled liquid

Measurements of electrical resistance of bed sbemsor
between the electrodes connected by distilled watdrby salt
water are presented during different points in time

V. CONCLUSIONS

It is important to know the values of the actuaisgance
between the electrodes when the sensor becomebeezt,ise
ifSwill enable the designer to tune the detectigstam. One of
the possible false positives is the launch of ystesn due to
exposure of conductive liquid other than child’snar for
example, extensive sweating during the sleep. mnddion
about the actual resistance values of the sensben wit
contacts urine, will help in developing a systerattis prone
to such errors.

Speed of sensor signal detection depends not only o
conductive yarn parameters and distance of eleetr@ait on
textile substrate wettability properties, as wé&herefore, it is
necessary to research textile materials wettatzility moisture
management properties in order to determine optiendile
material that would be suitable for a sensor, wosddisfy
comfort properties of a sensor and would providg énough
operation of a sensor.

VI.

Nocturnal enuresis is the involuntary loss of uritat
occurs at night and is related to children over dge of 5.
This problem mostly is urgent for preschool-ageldren;
however, it can remain in adolescent age, as Welé of the
most effective non-medical methods is nocturnal resig
alarm. The existing enuresis alarm systems are veoy
comfortable and can cause aversion to therapy.rdieroto
improve the system comfort properties, a modulamidity
sensor should be replaced with a textile sensoiichwis
embroidered with conductive threads on fabric.

During research the two-electrode textile moistsemsor
has been developed in different sizes to studyelgstrical
properties. In order to define the optimal typesehsor, 12
sensor samples have been made using differentgewafions
of sensor electrodes, yarn type and distance betywesallel
seams. Samples of sensor have been subjected rial sig
detection speed test. It is important to know thkies of the

SUMMARY
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actual resistance between the electrodes when e¢hsos
becomes wet, because it will enable the designd¢urie the
detection system.

Speed of sensor signal detection depends not only o
conductive yarn parameters and distance of eleetrdait on
textile substrate wettability, as well. Therefoitds necessary
to research textile materials wettability and mamist
management properties in order to determine optiawtile
material that would be suitable for a sensor, wosedisfy =
comfort properties of sensor and would provide fasdugh
operation of a sensor.
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Inese Parkova, Aleksandrs ValiSevskis, gs Briedis, Ausma Viumsone. Tekstila mitruma sensora projektSana enugzes modiritaja sistemai.

Nakts enugze ir patvéiga uina nopiide nakt bérniem [Ec 5 gadu vecuma -1 ProbEma liekkoties ir aktdla pirmsskolniekiem, tal var saglafities ar
pieauguSajiem. Viena no efefgkajam meto@m, neizmantojot far@cijas idzelus, ir nakts en@zes modiataja izmantoSana. Es@s enuézes modiatija
sisemas navipasiértas un brnam var izrai nepatiku pret terapiju. Lai uzlabotu sensoru kamafipa3bas, tradiciohlos modua tipa sensors iGgizstj ar
tekstila sensoru, ko var iSar elekttbu vadoSiem diegiem uz auduma.

Lai izpetitu sensora elektrigk ipadbas, eksperimenta gaitika izstadats divu-elektrodu tekstila mitruma sensorsattns izngros. Nosakot optidio sensora
veidu, izveidoti 12 sensoru paraugi, izmantojotada® sensora elektrodu konfigaijas, pavediena veidus unaimu starp paralajam noSueém. lIzveidots ar
salikts sensors, kas sasino 4 sa¥ star@ savienotiem elektroduagem. Sensoru paraugi tikanbaudti uz ieségSaras atrumu ar slsidens §Eidumu. Tika
fiksétas faktisis pretegbas rtibas starp elektrodiem mitram sensoram, jodas noreg@t sensora sigifa uztverSanas sishu. Sensora ieSaras atrumu
ietekn® ne tikai elektrovadoSo pavediefpa3bas un elektrodu attms, bet ar tekstila pamatmatala mitruma uzskSana. lidz ar to ir nepiecieSams
tekstildianu mitruma uzskSanas un vadanas sfu petjums, noskaidrojot optigtako materdlu, kas atbilstu gan sensora pielietojumam un apmaie ta
komfortaipa3bas, gan nodrositu pietiekamitru sensora funkci@$anu.

HHuece IMapkoBa, Anexcanap Baaumesckuii, Yruc Bpueauc, Aycma Busromcone. IIpoekTHpoBaHHe TEKCTHIBHOIO CEHCOPA BJIAKHOCTH /I CHCTEMbI
JHYPe3HOro OyIUIbHUKA.

HouHoii sHype3 - HEPOU3BOJILHOE BIACICHUE MOYH y jereil crapuie 5 ner. JlaHHas npoOnema HanOonee pacrpocTpaHeHa y JeTeil TOIIKOIBHOrO BO3pacTa,
OJIHAKO BCTPEYaeTcs M y B3pocibiX. D(PPEeKTHBHBIM METOIOM JICUCHHs 0€3 HCIIONb30BaHNs JEKAPCTB SBIACTCSA HCIOIb30BaHNE OyAMIIBHIKA HOYHOTO SHYpe3a.
HeynoOHbIe cHCTEMBI YHYPe3HOro OyANIBHIKA MOTYT BEI3BATh HENPU3Hb peO&HKa K Tepanud. YToOb! ynydnuTs KOM(GOPTHOCTD H3ENUH, MOXYIbHEIE CEHCOPHI
BJIQYKHOCTH 3aMEHSIOTCS Ha TEKCTHIIBHBIE CEHCOPBI, KOTOPBIC MOTYT OBITh BBIIIMTEI JJICKTPONPOBOJHBIMI HUTSIMH HA TKAHH.

Jlns MccnieoBaHUs 3IEKTPHYECKHX CBOKMCTB CeHCopa ObLIM pa3pabOTaHBl ABYX3JIEKTPOJIHBIC TEKCTHIIBHBIC CEHCOPHI BIAXKHOCTH PA3HYHBIX pa3mepoB. s
OKCIIEPHMEHTOB OBLIO 0TOOpano 12 06pa3oB CEHCOPOB ¢ pa3HOil KOHGUryparueil 3IeKTPOIOB, 3 Pa3INYHBIX BHIOB HUTEH H C Pa3HBIM PACCTOSHHEM MEXKIY
TapajuIeNbHBIMU CTpOUKaMH. Taxske M3roTOBIEH COOPHBIN CEHCOpP, KOTOPBIH COCTOUT U3 UETHIPEX B3aUMHO COSAMHEHHBIX Hap IEKTpoaoB. OOpasIpsl CeHCOPOB
HPOBEPSUINCh HA CKOPOCTh BKIJIFOYEHHS IIPU MOMOIIM COJISHOTrO pactBopa. s JanbHeIIeld peryinupoBKM CHCTEMbI NPUEMHHMKA CHTHANA, 3a(UKCHPOBAHbBI
3HAYCHHS CONPOTHBIICHUS MEXIy DICKTPOAAaMU BIAXHOTO ceHcopa. CKOpPOCTh aKTUBAIIMU CEHCOpPA 3aBHCHT OT CBOUCTB OJJICKTPONPOBOASAIIMX HHUTEH U
PacCTOSHUS MEXIY JIICKTPOAAMH, a TaKKe CIIOCOOHOCTH TeKCTHUILHOTO MaTepuaja BIUTHIBATE Biary. [109ToMy HEOOXOIMMO IPOBECTH UCCIIEIOBAHIE Ha BEIOOD
TEKCTHJIBHOTO MaTepHhana JUIs CEHCOpa, KOTOpBIH OOecIedrBaeT MOCTAaTOYHOE NMPOMOKAHHE Ui OBICTPO aKTUBALMM CEHCOpa M 00JajaeT XOPOIIMMHU
TaKTHJIBHBIMH CBOICTBAMH.
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