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[Abstract]

In this paper, we propose a low-cost wearable device that can monitor the health status of the elderly
living alone in real-time. As aging is accelerating, the elderly population is rapidly increasing, and the
social isolation of the elderly living alone is causing physical and mental difficulties and the number of
elderly people dying alone is increasing, becoming a social problem. In this study, we propose a belly
band-type wearable device that can monitor the biometric information of elderly living alone. The proposed
device transmits electromyogram, electrocardiogram, and body temperature information to a remote server
through an Arduino-based sensor built into the abdominal band. Transmitted information can be monitored
in a web environment in real-time, and it has the feature of enabling remote monitoring of a large number
of subjects with a small amount of management manpower. The research results will contribute to
improving the safety and welfare of seniors living alone by not only detecting lonely deaths in advance but

also responding immediately to dangerous situations that may occur in daily life.
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I. Introduction
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II. Background

1. Related works
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Fig. 1.

Medical services for the elderly living alone
applied to society [5][6]
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III. Design

1. Design of Monitoring System

Fig. 2= A|<tshe Al AlARIS] 144 @4 It 7]5at
tlolg] 558 HQl Aot} & =wollA Aetsh= AYA]
SUEY gofes 77l s7x0s Yt 5ie Bo g
o ez AlAfEof it} o] YARIE se)E Heshs
o 2A|A] 9 ARARE AAZIo R Blste] A
019] oM} B2 HAH= EXS J}x|1 QJct E3
A FALER 7 AuAe 9 BEOR Qs RE
019] o]g= R7|7| ofal& ArEo|X|ut A|otsl= A|AE]
2 3 vio] RUEYOR o] S0l IS 4 gl
Rolol gtk MA) AT ol AAR, SAE, A

WY, BASR PAEl] 9lnk WA, telsel ofrolw

UNO: A Aofsts ciate gtk AMRe] I
WAL 289 §8US S5t AFE AL ol
NAEE ST WREY 28 ANE =919 Jleg
Sa). 599 AN JEE A4 PR ool

>4

UNOO] A4S} of=o]t UNOO| AAHE AN Au
£4150] ofojufo] B4 £5] Auio] Ml AA A

WES Hlojefdlo]20] AR Holefso] Ao Al
A e BA30 Y AME AdEo] RUEzZ =l
of RAIZ MARIOR BHQIE 2 9lct.

oll

Display

® eoove O
ﬁ
Wob Page

Monitoring of Haalth Data

*

Web Server & DB

SN &% fico
= ||'r ’ CentOS

ComtOS Linux ¥ MariaDB b5
Receive and store of sensing data

Fig. 2. Features of Components



42  Journal of The Korea Society of Computer and Information

GND

ARDI

w10l =

TINGO oo

-+
5 | (_:’
Fig. 3. Circuit Design of Wearable Device
2. Circuit design of Monitoring System SttH 14]. £3] 9Jg80] ojd Al5807 ARREE EXN
Fig. 32 AlQtsh= AR LUET 7]7]of tigh A&l 8] o=, o] A= AN offd A glo] AMEE &
2oolth SlREL wlAIR, AME, SARE el obi ook AT MAL A Aol 3.3volo] £4t £
olch. mol®ol offoll UNO: 7+ AIAE Aojsly] o =9] #o= -65°C~125C2 XA x40 glo] U
s 5V 2 3.3vel eizelo] ik 7 AAE ofolw K9l AbEo] SAPE itk uIEEA AolH & AN
UNO9LO] @122 9Js) GND st GAsich AAuel u]  S71wQlo] A2 24st] glsf ALgo] it o] AlA:
AEA LE A, ARE AW, 2HE AAE S8 O REAE s B0z BT SAlo) L85 AN 4
olg] FRE wob glAIRQl offoli UNOZ Fdch Yt SL 7L 9tk of Al 7] MM S5 SAP
FAIRQ BSP-01(12]2 UIQIRS o) Wobe M ¥ 7RAT 371k Alobd ALg Al 2Wa glo] A8 & 9
£ goje{Ho] A0] FAISHA HTt. Hjo]Efjo] Ao A7 o} € AH= 2= 7|8 CentOSE o]-&35to] < H|o]
Gre Chal 9 Aul2 Asiol AAZI02 wolo] A AL ABel], MAE 32 e Si3t Sloj PHPE
BlS 2% 5 Ak o2 s, 5Ax0] 2XUS 2 AHESIAL Ho|EMo] AL MariaDBE ASIC
2 9n BR10) AR WES Sete] A3A ARANS
motst & oltt Eah Al £R|E E5 £4%:Q19] 1Y, Table 1. Specification of Monitoring System
781\0]' H _ﬂ%%q 01¥§ ?EP ‘/l\‘ 9»’1':} Part Item Specifications
Control the sensors and
. . MCU Arduino Uno | transmit the bio-data
3. Component of Monitoring System information to the database.
9] MCUE offo]k UNOE 7]¥to 2 rjokst Majet ECG Measure electrocardiogram
AAsGt] =010 XA glo]ElS K5t o] A A Sensor | EMG Measure muscle movement
o H}\:L o il oree - Temperature | Measure body temperature
dlell A&ote 7IsS B9 okrol= UNO= B c It facilitates communication
gfol 222 x|Yste] AlM W wES 27 AAs 2 9) " | ESP-01 between Arduino UNO and
ou] At 7120 o) Thseto] e S wele] e e darabace.
i _ 0S CentOS Linux 7
1 EX]o] Agdst Beg HAAsH =]Ioh o] AARLE Web | HTTP Apache httpd-2.4.6
IRT AA, ARE AA, BEEA] MM 2r M2 Server | Lang. php-5.4.16
- DB MariaDB-5.5.60
ARgsto] AAIREe 2 =7 Q10] AUA|| HlolElE FAYgiTt.
AR AN 28t A7 HES Uehfo] Zof 1@ 2
Ae s 45T & v 7152 7H] AlAoltH{13]. A=
WAo] BEE o] B2t H7|S RER Wolol 54



Implementation of a Wearable Device for Monitoring the Health Status of the Elderly Living Alone 43

IV. Implementation

1. Implementation of Wearable Device
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2. Operation procedure of Wearable Device
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Fig. 6. Flow Chart of Biological Monitoring System
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void wifl 1n1t(} {
sendData("AT4RST\r\n", 3800, DEBUG);
sendData( A “ssside” ", \""+PASSWORD+"\ "\ r\n", 7888, DEBUG);
sendData( A \rin", 5808, DEBUG);
sendData(“AT+C n", 3eee, DEBUG);
sendData("AT+CIPMUX=1%r\n", 3088, DEBUG);

String sendData(String command, const int timeout, boolean debug) {
String response = "";
ESPe1.print(command); //
long int time = millis();
while ( (time + timeout) > millis()) {
while (ESP@l.available()} {
char ¢ = ESP81.read();
response += ¢

}

if (debug) {
Serial.print(response);

return response;

}
Fig. 7. Initialize code of WiFi Module
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4 QAR 7S ARl HEo] oy oAzl
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if(heart!=pheart || muscle != pmuscle){
web = "GET /datain.php?temp=";

web += temp;

web += "&heartbeat=";

web += heart;

web #= "&muscle=";

web += muscle;

web += " HTTP/1.8\r\n";

web += “Host:211.228.175.152\r\n\r\n\r\n";

String cipsend = "AT+CIPSEND=4,";

cipsend += String(web.length());

cipsend += "\r\n";

sendData("AT+CIPSTART=4,\"TCP\",\"
211.228.175.152\",80\r\n", 5@, DEBUG);

sendData(cipsend, 58, DEBUG);

sendData(web, 58, DEBUG);

String closeCommand = "AT+CIPCLOSE=";

closeCommand += 4;

closeCommand += "‘\rin"

sendData(closeCommand 5@ DEBUG) ;

Serial.println("Update OK!");

pheart = heart; pmuscle=muscle;

}

Fig. 8. Sensor data transmission code within the Loop function
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3. Implementation of Monitoring System

Fig. 9+ Fig. 89 o}Fo|wofx] H&3t o5& o}
DBof| A5t Av]e] PHP & dEFolct. GET 94
Oz NI Al 7i9] AAgrE AN AlZat @74 DBYJ
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<?php
header("Content-Type:
text/html;charset=UTF-8");
$dbconn = mysqli_connect('localhost’,
'iotdb', 'iotdbpass!', 'iotdb');

if ($dbconn) {
$heartbeat =83
$muscle = 9;
$temp = 6.0

$heartbeat = $_GET['heartbeat'];
$muscle = $_GET[ 'muscle’];
$temp = $_GET['temp'];

$date = date('Y-m-d H:i:s');

$sql = "INSERT INTO health_data
(heartbeat, muscle, temp, last_date)
VALUES ($heartbeat, $muscle, $temp,
"$date’)";

mysqli_query($dbconn, $sql);

mysqli_close($dbconn);
>

Fig. 9. PHP code to save data to DB(datain.php)
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function updateCharts() {
var xhr = new XMLHttpRequest();
xhr.open('GET', 'shift.php', true);

xhr.onload = function () {
if (xhr.status === 200) {
var data =

JSON.parse(xhr.responseText);
grid_view(data.heartbeat, data.muscle,
data.average_heartbeat, data.temp,
data.date);

}

xhr.send();

}

Fig. 10. Part of code for monitoring update
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Fig. 11. Web—page for real-time wearable device monitoring
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