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Abstract. In recent years, the integration of various electronic components and sensors with textiles
aimed at giving additional functions has become more common. In this respect the wrist band can be
made functional while retaining the aesthetic appeal and style at lower cost which is in high demand.
Smart textiles are fabrics that have been designed and manufactured to include technologies that
provide the wearer with increased functionality. Smart textiles can be produced by knitting, weaving
and embroidering with conductive threads, conductive metal coating and screen printing that can
be used to develop wearable electronic textiles but amongst these, the use of conductive inks onto
textiles has gained interest due to the ease of their use and manufacturing scalability. The emergence of
wireless technologies and advancement in on-body sensor design can enable change in the conventional
healthcare system, replacing it with wearable ones, centered on the individual. Wearable monitoring
systems can provide continuous physiological data, as well as better information regarding the general
health of individuals. Thus, such vital-sign monitoring systems will reduce healthcare costs by disease
prevention and enhance the quality of life. This dissertation is aimed at developing smart band by
incorporating vital-sign monitoring systems. Using this assembly, the recent progress in non-invasive
monitoring technologies for chronic disease management is reviewed. Devices and techniques for
monitoring pulse rate and body temperatures are discussed in particular. For our research conductive
ink and conductive fabrics are presented additionally. The main aim of this project is to produce a
wearable wrist band which detects vital body parameters like pulse rate and temperature using sensors,
conductive ink and conductive fabric. Finally, the recorded temperature and pulse rate readings are
sent to mobile app via Wi-Fi.

Keywords: wrist band, healthcare, pulse rate.

Citation: Srikrishnan M.R., Archana N., Niresh J. The evolution of smart wrist band by using sensors, J. Sib. Fed. Univ. Eng.
& Technol., 2020, 13(5), 525-535. DOI: 10.17516/1999-494X-0244

© Siberian Federal University. All rights reserved
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: krkrishnapsg32@gmail.com

— 525 —



Journal of Siberian Federal University. Engineering & Technologies 2020 13(5): 525-535

YcoBepuieHCTBOBaHUE cMapT-OpacJiera
C IOMOIIbI0 JATYUKOB
M.P. lllpuxkpumnan, H. Apuana, /[:x. Hupem

Tonumexnuueckuii uncmumym
Hnous, Koumbamyp

Aunomayus. B mocnenHne romel, 4TOOBI peaan30BaTh AOMOJHUTENbHBIE (YHKIHH, cTajga Ooiee
pacrpocTpaHEeHHOH MHTErpalus pa3INdHbIX IEKTPOHHBIX KOMIOHEHTOB M JaTYUKOB C TEKCTHUIIEM.
bnaromapst atomy Opacier MoxeT ObITh (YHKIIMOHAJIBHBIM, OCTaBasiCh HMpPHU 3TOM ICTETHUECKHU
MIPUBJICKATENbHBIM M CTHJIBHBIM IIPH HU3KOM CTOMMOCTH, YTO IIOJIB3YETCS OOJIBIINM CIPOCOM.
WHTennekTyanbHbI TEKCTUIIb — 3TO TKaHM, KOTOpPBIE ObUIH pa3pabOTaHbl X N3TOTOBICHBI C YUETOM
TEXHOJIOT Ui, 00eCIeunBaIOMNX BJIaIeIbIIa TOBBIICHHON Oy HKIIHOHAIBHOCTHIO. THTeIIIeKTyaTbHBIH
TEKCTHJIb MOXXET OBITh MONY4YeH IIyTE€M BS3aHUSA, IJIETEHUS M BBIIIMBKH DICKTPOHUTAMH,
METAJNINYECKUM TIOKPBITHEM U TpadapeTHOW medaThio, KOTOpash MOXET OBITh HCIIOJIb30BaHa
IUIsT pa3pabOTKM HOCHUMBIX OJIEKTPOHHBIX TEKCTHUIIBHBIX H3JAENHH, HO CPEIu CYMIECTBYIOIINX
TEXHOJIOTHH NMPUMEHEHNE TIPOBOAANINX YEPHUI HAa TEKCTHJIC IPUBIEKIIO MHTEPEC M3-3a MPOCTOTHI
WCTIONb30BaHMUS M MacIITaOMpyeMOCTH Ipou3BoAcTBa. IlosiBIeHnEe OECIpOBONHBIX TEXHOJIOTUH U
Iporpecc B pa3paboTKe AaTYMKOB, KOTOPBIE MOJKHO HOCUTH Ha TE€JI€ YEJIOBEKa, CIIOCOOHBI H3MEHUTH
TPaANIHOHHYIO CHCTEMY, TO3BOJISIIOILY O CIIEAUTD 38 COCTOSIHUEM 3/I0POBBS YETIOBEKA, M 3aMEHUTH €€
MOOMJIBHBIMU CHCTEMaMH, OPHEHTHPOBAHHBIMH Ha WHANBHUAYaIbHBIH opraHu3M. HocuMble cucteMsl
CJIC)KEHHS MOT'Y T TPEZIOCTABIISITh HENPEPBIBHBIE (DPHU3HOIOTHIECKHE JAaHHBIE, a TAK)KE O0JIee HOAPOOHY 10
nH(popMaInio 00 00MIeM COCTOSHHUH 3I0POBbS YeIOBeKa. TakuM 00pa3oM, CHCTEMBI OTCIICKUBAHUS
KU3HEHHO BAYKHBIX TOKAa3aTesel MO3BOJAT COKPATHTh PACXObl HA MEJUIIMHCKOE OOCITYKUBaHHUE 3a
CUeT MPENOTBPALICHNS Pa3BUTHS 3a00JIEBaHUI U MOBBICUTH Ka4eCTBO XKU3HU. Llenpro 3T0il paboTh
SIBJISIETCS pa3paboTKa cMapT-OpaciieTa ¢ CHCTEMaMHy OTCIICKNBAHU S )KI3HEHHO BaXKHBIX [TOKa3aTeIeH.
C moMomIpI0 TaKOro yCTpOcTBa OBLI MEPECMOTPEH HEAABHUI MPOrpecc B 00JACTH HEMHBAa3MBHBIX
TEXHOJIOTHH MOHUTOPHMHTA JICUCHHUS XPOHMUYECKHX 3aboneBaHuil. B wacTHOCTH, 00CYyXmaroTcs
MpUOOPBI ¥ METOABI KOHTPOJIS YAaCTOTHI ITyJIbCa M TEMIIEPATyphl Tena. J[s Hamero mccieaoBaHMs
JOTIOJTHATENNBHO TPEACTABICHBI NMPOBOJALINE YEPHUIA W MPOBOAANINE TKaHW. OCHOBHOM IIEIBIO
3TOTO MPOEKTA ABIAETCS CO3AaHNE MOOMIIBHOTO OpacieTa, KOTOPBIN ONPEAETAeT KU3HEHHO BaXKHBIC
rapamMeTpsl Teja, TaKue KaK 4acToTa IyJbca U TEMIEeparypa, C MOMOIIBIO JATYMKOB, TPOBOASIINX
YEepHIJI U TIPOBOAALICH TKaHH. HakoHen, 3amucaHHbIe OKAa3aHMUs TEMIIEPATyPbl M 9YaCTOTHI IyJIbca
OTIIPABIIAIOTCS B MOOMIIBHOE IIpuiIokeHue yepe3 Wi-Fi.

Kniouesvie crosa: 6paciet, 31paBOOXpaHEHHE, YaCTOTa ITYJIbCa.

IMutuposanue: Illpukpumaan, M.P. YcoBepmencTBoBanue cmapT-Opaciera ¢ nmomomsio garankos / M.P. Illpukpunrnas,
H. Apuana, [[xx. Hupew / XKypa. Cub. dpenep. yu-ta. Texauka u texnonorun, 2020. 13(5). C. 525-535. DOI: 10.17516/1999-
494X-0244

1. Introduction
Smart textiles are fabrics that have been designed and manufactured to include technologies
that provide the wearer with increased functionality. Smart textiles can be produced by knitting,
weaving and embroidering with conductive threads, conductive metal coating and screen printing
that can be used to develop wearable electronic textiles but amongst these, the use of conductive
inks onto textiles has gained interest due to their ease of use and manufacturing scalability. Heart
rate, also known as pulse, is the number of times a person’s heart beats per minute. However, a

normal heart rate depends on the individual, age, body size, heart conditions, whether the person
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sits or moves, medicine use and even air temperature. Emotions can affect heart rate; for example,
getting excited or scared can increase the heart rate. Resting heart rate is your pulse when you sit
calmly or lie. It is better to measure your resting heart rate in the morning before you get out of bed,
according to the AHA. A healthy body temperature is maintained by the nervous system. As the
body temperature increases, the body tries to maintain its normal temperature by transferring heat.
Sweating and blood flow to the skin (thermoregulation) help us keep our bodies cool. A heat-related
illness occurs when our bodies can no longer transfer enough heat to keep us cool. A high body
temperature (hyperthermia) can develop rapidly in extremely hot environments. People’s normal
body temperatures may vary and are affected by factors such as eating, exercising, sleeping, and
what time of the day it is. Our body temperature is usually at its highest at around 6 p.m. and at its
lowest at about 3 a.m. A high body temperature, or fever, is one of the ways our immune system

attempts to combat an infection.

2. Materials and methods
2.1. Flow chart

Sourcing of raw material (conductive yarns and conductive pen)

l

Characterization of yarn and sensing material

l

Development of conductive fabric by weaving

l

Sensor selection and circuit development

l

Integration of sensor and circuit in wrist band

l

Design and development of mobile application

l
Testing

2.2. Sourcing of raw material

In order to develop the textile based on temperature sensor fabric, base textile material, i.e. cotton
is selected. We had used the cotton yarn 40° Ne for warp and weft yarn. Copper metallic wire used as

a sensing material is used as warp.

2.2.1. Characterization of yarn and sensing material wire length vs resistance

The conductivity of the material was measured in the terms of its resistance. Resistance increases
with length because the electron has further to go, so it suffers greater collisions with atoms in the
material. The test was performed to measure the resistance value of the sensing material at different
lengths using the digital multi meter device. AATCC test method 84 — 2000 was used to measure
the wire resistance. Resistance of a conductor is directly proportional to its length and inversely
proportional to the thickness, i.e. if thickness increases the resistance decreases. Value Noted — (0.3—

0.5Q) while changing its length.
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Fig. 1. Wire length vs resistance

TIME VS TEMPERATURE

In developed fabric we have checked the relation between time and temperature, when electrical
power is supplied to the material, metallic compound receives heat, so temperature will increase. It
creates error while measuring the temperature, so we analyzed the temperature change at particular
time. 9v battery power is supplied to the temperature sensing fabric, the changes in temperature and

the resistance value was measured.
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Fig. 2. Time vs Temperature

TIME VS RESISTANCE

Important parameter of temperature sensing fabric is changes of resistance in variable
temperature, this resistance changes due to the variation of electron movement at different
temperatures. The samples placed in a hot plate and the resistance value is measured by digital
multimeter at different temperature values, based on this result we decide the temperature range of

the temperature sensing fabric.
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Fig. 3. Time vs Resistance

2.2.2. Development of conductive fabric by weaving

The conductive fabric has been developed by using conductive yarns(copper) in the warp direction,

which has the diameter of 0.3 mm. Plain weave is chosen to develop the fabric.

2.2.3. Sensor selection and circuit development

The circuit was developed by using heart beat sensor and temperature sensor, arduino micro
controller, HC- 05 Bluetooth module.

3. A temperature measuring unit

Temperature sensor is a device which gives temperature measurement as an electrical signal and
is called a temperature sensor. This electrical signal will be in the form of electrical voltage and is
proportional to the temperature measurement. Reason for using LM35 is that it accurately measures the
temperature in comparison to thermistor and it is not subjected to oxidation as the sensor circuitry is
sealed. Besides, the output voltage of LM35 does not need to be amplified. The low output impedance,
linear output and precise inherent calibration of the LM35 make its interfacing to control circuitry
very easy.

LM3S5 is an analog, linear temperature sensor whose output voltage varies linearly with change in
temperature. LM35 is three terminal linear temperature sensors from national semiconductors. It can
measure temperature from-55 degree Celsius to +150 degree Celsius. LM35 can be operated from a 5V
supply and stand by current that is less than 60uA.

There are two transistors in the center of the drawing. One has ten times the emitter area of the
other. This means it has one tenth of the current density, since the same current is going through both
transistors. This causes a voltage across the resistor R1 that is proportional to the absolute temperature
and is almost linear across the range. The “almost” part is taken care of by a special circuit that
straightens out the slightly curved graph of voltage versus temperature. The amplifier at the top ensures
that the voltage at the base of the left transistor (Q1) is proportional to absolute temperature (PTAT) by

comparing the output of the two transistors.
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Fig. 4. Temperature sensor (LM35)
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Fig. 5. Temperature sensor circuit

The amplifier on the right converts absolute temperature (measured in Kelvin) into either
Fahrenheit or Celsius, depending on the part (LM34 or LM35). The little circle with the “i” in is a
constant current source circuit. The two resistors are calibrated at the factory to produce a highly
accurate temperature sensor. The integrated circuit has many transistors in it -- two in the middle,
some in each amplifier, some in the constant current source, and some in the curvature compensation
circuit. All of them are fitted into the tiny package with three leads.

With increase in output of 10 mV by the sensor v-out pin the temperature value increases by one.
For example, if the sensor outputs 100 mills volt at the pin, the temperature in centigrade will be 10
degree centigrade. The same goes for the negative temperature reading. If the sensor outputs 100 mV,

the temperature will be 10 degrees Celsius.

4. A heartbeat measuring unit

Heartbeat measurement can be based on optical power variation as light is scattered or absorbed
during its path through the blood as the heartbeat changes.

4.1. Principle of a heartbeat sensor

The heartbeat sensor is based on the principle of photo plethysmography. It measures the change
in volume of blood through any organ of the body which causes a change in the light intensity through
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Fig. 7. Heartbeat sensor and its work

that organ (a vascular region). In case of applications where heart pulse rate is to be monitored, the
timing of the pulses is more important. The flow of blood volume is decided by the rate of heart pulses

and since light is absorbed by blood, the signal pulses are equivalent to the heartbeat pulses.

4.2. Working of heartbeat sensor

The basic heartbeat sensor consists of a light emitting diode and a detector like a light detecting
resistor or a photodiode. The heartbeat pulses cause a variation in the flow of blood to different regions
of the body. When a tissue is illuminated with the light source, i.e. light emitted by the led, it either
reflects (a finger tissue) or transmits the light (earlobe). Some of the light is absorbed by the blood
and the transmitted or reflected light is received by the light detector. The amount of light absorbed
depends on the blood volume in that tissue. The detector output is in the form of electrical signal and
is proportional to the heartbeat rate.

This signal is actually a DC signal relating to the tissues and the blood volume and the AC
component are synchronous with the heartbeat and are caused by pulsatile changes in arterial blood
volume that is superimposed on the DC signal. Thus, the major requirement is to isolate that AC

component as it is of prime importance.
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5. Arduino microcontroller (nano)

The Arduino Nano is a small, complete and breadboard-friendly board based on the ATmega328P
(Arduino Nano 3.x). It has more or less the same functionality of the Arduino Duemilanove, but in
a different package. It lacks only a DC power jack and works with a Mini-B USB cable instead of a

standard one.

Fig. 8. Arduino nano

The arduino has been programmed by using Arduino software in C programming language.

PROGRAM FOR ARDUINO

#include <SoftwareSerial.h>

SoftwareSerial BTSerial(31,30);

intled Pin=13;

int output Pin = AO;

int temp_input = 14;

double alpha = 0.75;

int period = 200;

double change = 0.0; int temp;

void setup ()

{
pinMode (led_Pin, OUTPUT);
Serial.begin (9600);
BTSerial.begin(38400);
BTSerial.print(“AT\r\n");

H
void loop ()

{
static double oldValue = 0;
static double oldChange = 0;
int rawValue = analogRead (output Pin);
double value = alpha * oldValue + (1 — alpha) * rawValue;
Serial.print(“HEART-RATE IS *);
Serial.println (value);
oldValue = value;
delay (period);
//Temprature Sensor//
temp = digitalRead(temp_input);
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float mv = (temp/90.0)*33000;

float celsius = mv/10;
Serial.print(“TEMPRATURE IS “);
Serial.print(celsius);
Serial.print(‘“*C”); Serial.println();
delay(10000);

H

6. Circuit connections

The sensors are connected to the microcontroller using conductive fabric and conductive yarns.

The connections are made as follows.

Fig. 9. Circuit connection Fig. 10. Smart wrist band and reading

6.1. App development

The mobile application to display the readings from heartbeat and temperature has been developed
by using MIT app inventor software. This software has design and block window where one can design

the layout and, also, customize the application as per requirement.

7. Results and discussion

The output from sensor and amplifier circuit was connected to the microcontroller. The observed
output signal was periodic ac signal with amplitude varying from peak to peak according to a person.
A model sinusoidal signal and the output from sensor were fed to microcontroller and the counted
pulse rate was successfully sent via Wi-Fi module.

From the above it is found that the heartbeat may also vary depending upon the activity, emotions,
stress and other external factors. Following are the readings based upon the age, activity. It is found
that the most active people have less heartbeat rate compared to the less active people. It indicates the
efficiency of working of heart.

The temperature was measured for the age group of 21. The temperature of the body varies in
the range of 36 to 36.4 °C for the age of 19 to 24. The body temperature also depends on the body part
where it is measured. It may be different for different organs.
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S.No Age Group Pulse rate temperaltgl?ri}(,Celsius)
1. 12 82 36.0
2. 14 77 36.0
3. 16 80 36.5
4. 22 72 374
5. 22 96 37.5
6. 31 91 37.0
7. 44 98 37.0
8. 46 104 36.4
9. 52 112 37.2
10. 60 110 37.0

8. Conclusion

This project report discusses the ongoing development of a textile based on a temperature sensor
(TSF) and heartbeat sensor that can be integrated into garment, for measuring human body temperature
and pulse rate. Copper metallic yarn has been elected as conducting elements for measuring heart rate
and temperature as it has least resistance.

The objective of this project was to build a low power, low cost, reliable, non-intrusive, and non-
invasive monitoring system that would accurately measure the vital signs. A reliable and continuous
vital sign monitoring system targeted towards individuals has been successfully built. The resulting
system was also low in power and cost, noninvasive, and provided real time monitoring. It is also easy
to use and provides accurate measurements. In future, work can be done for miniaturization of this
device which will reduce discomfort and make this device more reliable and user-friendly. In this work
a description of novel sensors developed to be integrated in wrist band for monitoring vital signs and
body gesture/posture has been presented.

As for some recommendations on future work, the fourth vital sign monitor to this system would
be added which measures the oxygen level in the blood. This can be achieved through PPG. Since
the PPG is already being used to measure blood pressure, it can easily be extended to measure the
oxygenation of blood. Adding this last sensing component would make this system a complete vital

signs monitor.
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