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Research Title: Interactive campus guide application on Smartphone
Researcher: Asst. Prof. Dr. Pikulkaew Tangtisanon

Faculty: Engineering Department: Computer Engineering

ABSTRACT

Nowadays, the technology has been rapidly changed. It is very easy for students to learn many skills
from the Internet. Learning platform has been changed from traditional classroom to active learning
classroom where the student must be interacted with teacher. However, students have their individual
learning curve that depends on their concentration at the study time. Unfortunately, even the modern
platform has been implemented to the learning system but there is no tool that built to measure a level of
concentration of the students. The purpose of this project is to build a prototype wristband that can be used
to measure a level of concentration of each student. Moreover, a server was built to receive bio-signal from
a user and it will decide if the user’s bio signal is abnormal or not. If the system decides that the user is in
abnormal state the server will send command to the user’s smartphone to play silent ringtone from the
speaker and call to a pre-set caretaker phone number automatically. The wristband is composed of ESP32

and bio-sensor to measure human bio signals which are heart rate and galvanic skin response.

Keywords : android, application, learning, concentration
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s lUsknsuNazsuaskuluvesatuazlalusunsuds Arduino 1.8.5

Speaker_test | Arduino 1.8.5
File Edit Sketch Tools Help

Speaker_test §

#include <SoftwareSerial.h>
#include <DFPlayer Mini Mp3.h>

void setup ()
{
Serial.begin (9600);

mp3 set serial (Serial); //set Serial for DFPlayer-mini mp3 module
delay(l); //-delay 1ms to set volume
mp3_ set volume (20); // walue 0~30

void loop ()

mp3_ random play ();
delay (300000);
i

AN 2.5 Ne9lUswASY Arduino

2.1.4.4 TugalSany NRF24L01

[y

NRF24L01 \Julugasu-dedyaauuulfaegamnsahudeulusunsuiioldnusuivueie

' ' . Y a 1w ¢ Y ¢ a o A & = a
#7199 1u Arduino 16 lasansnsadnseduuesalivatequesaluanfediuiamss 2.4G Jsinns
doanslamennuiias



(919849lm8 https://learn.sparkfun.com/tutorials/using-the-arduino-pro-mini-33v)

2.1.5 szuuufUanisuounsesn (Android)

wauUATEA (Android) Flasruuuufinisuuu Open Source laeu3ew niia (Google Inc.) 7
Ip3uanuiendusgrdalaglutlaagiu lnsueunsseaduinisimuinosenauiann linux Javilidl
Fuan1tnonssuuadiou linux egdiualaudieniuunay library #1ae Aldlun1syineu wu v

Al 2.6 Tugaldane NRF24L01

Y

guteyaluilensly SQLite dfasuAa Dalvik vitual machine

Activity
Manager

Package
Manager

Surface
Manager

OpenGL[ES

Display
Driver

use
Driver

Contacts

APPLICATIONS

Browser

APPLICATION FRAMEWORK

Window
Manager

Telephony
Manager

LIBRARIES

Media
Framework

FreeType

[eETETEY
Driver

Keypad
Driver

Content
Providers

Resource
Manager

SQLite

WebKit

LINUX KERNEL

Bluetooth
Driver

WiFi
Driver

View Notification
System Manager

Location XMPP
Manager Service

ANDROID RUNTIME

Core
Libraries
x -

Binder (IPC)
Driver

Flash Memory
Driver

Audio Power
Drivers Management

AW 2.7 1AS9A5199994aUASOER

(https://developer.android.com/guide/platform/)

2.1.6 lugadeanslany Bluetooth HC-05

lupadeansliane Bluetooth u HC-05 Wugadienlildlunsieuseiugnsnidu o Wiums

serial port InganansavidudumSuauazidsanlavisansvun


https://learn.sparkfun.com/tutorials/using-the-arduino-pro-mini-33v
http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJwv-Tpp7QAhXLMo8KHbRTB6cQjRwIBw&url=http://pantip.com/topic/30640990&psig=AFQjCNHaqg8EVuAHDtw-OLlhHirih1DVdg&ust=1478871048276569
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awil 2.8 Tugadeansliany Bluetooth

(91989310
https.//www.ioxhop.com/article/26/%E0%B8%81%EL0%B8%B2%E0%B8%A3%E0%B9%83%E0
%B8%8A%E0%B9%89%E0%B8%87%E0%B8%B2%E0%B8%99-bluetooth-module-hc05-
9%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AD
9%E0%B8%B5%E0%B3%A2%E0%B8%94/)

2.1.7 1Usun3y Microsoft Visual Studio 2017

Microsoft visual studio tadulusunsufientilélunsdeuladnligunsalammni
Foansla dslusunsuisessumadeulusunsulévansniuw 1w ci python, javascript watu
Tassoudagldnmn o Tunsdeuladnifienersunifanldgunsal

4] WindowsFormsApp1 - Microseft Visual Studio W &P ik Latinch (Ctri Pl B
Fle Edit View Project Buld, Debug (Tam Tooks Test, Analze _ Window Help pikulkaew tangtisanon =
i 052 P W Release - AnycPU B s MRAS AR S {]

El formics = x

[ WindowsFarmsApp1 A % j:‘iwinduwamesAppimel - f & o7 | Pasend firebase) f{ » ey _| -5 ¢ B o },E

~using System; |

2 using System.Collections.Generic; [ Search Soluticn Exy + 4

3 using System.Componentiadel; ™ 2 solution 'WindowsFermsApp1' (1 project)

- sing System.Data 4 o4 WindowsFormsApp1

N LR e e 1 b F Properties

6 using System.Ling; b+ References

7 using System.Text;

N . g )y:,.w hreading | ) 16128495_504540787409721_1019053721 _niico

9 using System.Threading; ¥ App config

10 using System.Windows.Forms; b [ Formics

1 using System.Net.Sockets;

12 using System.Net; [

13 using System.Text.RegularExpressions;

14 sir base

15

16

-

18

19 using cs;

20 using Excel = Microsoft.Office.Interop.Excel;

21 i}

22 =namespace WindowsFormsAppl

23 —

24 - public partial class Forml : Form

25

26 BackgroundWorker bgWorker = new Backgroundworker();

27 UdpClient server ;

28 IPEndPoint endPoint;

e 4 .

AN 2.9 MU TUSHASUA1EY CH WU Visual studio
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2.1.8 assnenansnguiase (Fuzzy logic)

MIINANERIAAULATE 138 feTaadn (Fuzzy logic) lunisdndulaludnuazaaunse wse
SendnagadnsidwanawuulssanufAnaulay Zadeh Tul 1965 laglusdnnisindulaves
wiasdnsuuuladnaiidmeuiiiowd 0 wio 1 winlu uiluilymiidudouy nsvhugensual
uywdiunslimmeuifisud 0 wio 1 lifiewme osnanzersuaiduddiuauiieaiuldmue
iy orsuniflasnslunisdeufiamnsomuiefuersuaiinioald Tasnssnmansaquiadeiignionly
Tuselominarsesnslutiogiu Wy mnuaugamgiiadostfuorna vieeluldlunisnzseduih
yoaATesdniuarsraznalunsdn

2.1.8.1 andugunInueaan (set membership values)

@ a gj [ gj 1 = a 1 al 1 = ] 5
Anuluaundnvesatiuaiunsassylalusgdudg 0 89 1 Tlyszuiiewd 0 v3a 1 Wiy
wilsulunuuuatu (classical set) nsianuisassyldvateaagyilinafieanuniidnuasnwiug
é’ = oAl gj al (Y] LYY a v o a < [ .
Yy FeArnoonuntulinnduiusiumeidydy (fuzzy set) waznguiaulululs (possible
o [ I a % a o o 2 £ ) < a [
theory) nisAmuasEavAMdUaENTnvaILUsAsImasaulaagieddfentuaInuluannInag

A 1.10

Herdumnuduanndn (membership function) tuflvatsuuunsnuunagdiunlalulassnu
Upafleiduanumasy (triangular - membership  function) — wardLMdBaAINY (trapezoidal
membership function) lagluilenduanumasuazUseneulusmefiuds 3 @fe (a,b,c} Asaunisn 1

wagilanduamasuanmyUsznauluaieiuys 4 fafe {a,b,c,d} fsaunisi 2

( 0, x<a

X —a
—_— a<x<b
b—a

f(x:a,b,c) = 5 (1)
c—b"

X—a <x<b

— a<x
f(x:a,b,c,d) = 1, b<x<c (2)

d—x <y <d

d—c’ €=*

\ 0, d<x
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(a) Tranguler MF (b) Trapezoidal MF
8 1
go.a
06
04
0.2
ooL" 100 % 20 40 e 8 100
(d) Generalized Bell MF
1 1}
go.e» éo.a»
06 o6}
0.4 04
0.2 = 02|
% 20 40 e 80 100 % 20 40 6 8 100

il 2.10 sihegnsguilsidunisiluaudnvesilsidunldausiigg

[Book, Neuro-fuzzy and soft computing a computational approach to learning and machine

intelligencel]

2.1.8.2 dudsn1w (linguistic variable)

He@gniuaunsaldfudmysnemeitewansisnuninviodsuna wu & fiun Ingludiu

Yosn15UfURnsvesilefntuldnvusmileuiuwnmlpeinig gillou Bumesiuntulasdiudy
o

2.2 MuReNngIes
aunSAuNsSeuY
aus fe e1nsnilasiiuegluersualifes egsellios wuadu 3 szaundn ¢

a a a @ vV Ry aa o 1 Y O A v
1. 9dNEUTD dUTABYE) LANUDY ﬂﬁnmlﬂiummﬂssmau wultounisde Wiedusn
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2. gUansauns aundiwuuiinnivdnausiduausnasuanensa  asuainiisal wakuaw
Weyninguuuauns

3. sUUwaNs aunsiluniulm mnetsaundszauanuant® Uguanuiuly

msAnyausieTEmameinemansldFuiituious we. 2503 Wusun Toe azisediidn wudy
(Herbert Benson M.D.) #¥18/an319156N190183ANERSIALTUSTEUUNME UnINeFea133a (3]
I¢Anvidestiognd mo Yuarldlinsadeiiuruuazantidfomanmsummdiieatuimeuasdsla
(Mind-Body medical institute) lug1$$n anduwisilfadsesdanudmeiuneuasdnliidu

v a

o = e vy a o O Y ! 1 v 14 & 1
IUIUNIN ""NL%JUV]I%@’N’EN?WUV]’JIUNU’NL‘U‘UN‘UﬂLUﬂﬂ’JWiJEVINW]uu@EJNiﬂﬂ

Y 9

assunduldlvenanainsvhaus wdinenududnsnsiduvesila snsnismele Aduaes adu
vla 1nzidengninuanin nansIdenuin Tuauidnduans mnusuazanas Snsimsmelaanas
wladudias  eduatediuanfusadouty  msmwatgenislusmeanas  AuRves
ndniloanas lwidenumngnisaifidunuian navesenureunae (Relaxation Responses) agiiiu
11 naveInNEuRaY  Tindnulivassiuduiunaiiaenaesen  nanRe  lunaniie

AN ANANITEIN N1elangiiluy nesas Ty nduileasfaiiunndy SrsInN1sINaTgY

¥
=

a1semslusanmeanndu s1aeld8endiauinniy Aduatesdanl1uda
ausinasiannsisey

WA, 2513-2514 ANan31138UIBLIMELTY dITIUENT wasANEYITULINANELINEMEnSAS 1Y
wenuna IevinsiseiieaiuFesdn Ingvihnsmnaediindnyiumdie nds 32 AU 01gszIing
19-23 ¥ THnaunBuvuauanssugiu dUawiar 5 Jusaemaan 20 dUai wasUspdllunaifeaiu
nsfnsuazauinAnlnedsnsee namsisenutndneianuidaseunntue2% nsisey
iy 31% Senudiuinnisiinausiusslenifunisden 65% vilvanusiitusaznisine
adeAad nstufinaduauedliiimuin lusswimsvihaunsaduasesiaiusuSsunineiann
yanasssunll Taedleiinasnsaziinaseszuunsmele aui am. 1961 mans191380.10.05ud
wisantAngmaninisumdesa duide liinisveassiuled do @3 swthud Taglalileddnly
devhaBogluiiuauinniie 4 Wa 612 6 W uazdn 4 a Iafivonimdnoonlalld adusnnaaeds
ToAdslusivsou 8 $alus uagdnade 10 $alus Tneliusngdunsieedislaudled nansisenuty
TeAldeandiautiosnitsssum 33 - 50 % Sh91Tnasanatain 85 asweufinundeiiies 60-70 ASy
dound  nsveglafianudufevasiiseninemsiiand  uazeduauesiidnumeadietunaiueu
widue fiu
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unN 3

N59DNLUUKAZINRAIUN

ad o a

3.1 s1gazdgaAnNgINUITAEUN1578 (Materials & Method)

aneinteiioavyhanlugesdiunangAensinAiauiiauisuasnsddyaaniouiionaiy
lafidnsdinmAaundiu 8nsin1swivesialaivsegaiull

Alildaneinvoile

Microcontroller 81udayadnIees

wazdsimlugadeaslsany

pouImesTutayavinlulasneulnsaiasiay

insussananalagldnssneansilad

dawanuszanalalufl smartphone uagaunin
Inuaginisinsoonlagonluinilodey gruan

NeUNG

[

AN 3.1 LHURINISYINUSTUURAAAINB SLBILa R SE Tad ey auauTn
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AN 3.2 NSYINIUVBITLUU

3.1.1 n1seanuUgUnsalansauas

4
(%

ludiurainsUsEuIaNatayadnIINIsAUNala uazA galvanic skin response WiadiA1e

LLawT']u'lstimﬂﬂuaqQ’QﬂwmaaaimalﬁﬁaﬂuL%uL%aﬁ 2 fgnufe

1) Pulse Oximeter Sensor LUulBugRINITaNNI5VD optical heartrate sensor lagiin

€

D

o lauiuidwesuazidndygrusunuisllgasuge sriladaiunsaldanuiielaz lona

Proudnsazuiug lnedeyaiiinldan Pulse Sensor Wusrlimaduaswoud (BPM) Fauywd

Uniaeilransinssiuvesialalusagindeusti 60 - 80 Astriaui

mwﬁ 3.3 Pulse Sensor
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2) Galvanic Skin Response Sensor,(GSR Sensor)

11 GSR sensor sulnsiqazdl Ag/AgCL (Silver-chloride) FadudwioliuiieTn
Anfmdosysd Saguweiiiilinagn numuuazlaende Tnesuausodsdoyadayanile
Teflnlsegramiuen ilosaniviswosyudimnusiunuegiiteflavdsiunszudlni Tngaziinng
tdanlnse (Electrode) wnldl3fitnansiia 91niussduamen Galvanic Skin Response #aiinns

normalize AANAIUMWYBIR T dlaelvidviegegare 1024 ualasUnfudiuyudaziiainig
AWML 400-600

AN 3.4 GSR Sensor

CIRCUIT MAP

GSRSENSOR

EIE S pinre B2
GRS pine
e pins
[T pin?
TR pine
[T pins
G rine B
[EEGIER pin3 >

SIGNAL
5V

il 3.5 nMsigeusiegUnIallunTindiyaa Heart rate uay GSR
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¥

314 NodeMCU tiudideddeaunsaifivunadnifiethuvianssadeiioudvinlianssadeiiofounalyl
Tngjauiuludiaisuiugunsalegns ardoino uno Tumsvhanesadeiienssiliu wanangunsalaedl
AN wunwesnlddudlnuunneidsaunsoninliielngldaevisaiiefonlunmldniy

NRIRaIALazIauSALaSILaIzaN T AR e ulsag 1 aLlaaianaTa g

Welcome

AN 3.7 NSYINIUTRIANESATDLD
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3.1.2 N1598NLUUEAIUIBNALIS

TughurasmsiBeulusunsutivasfoni awilaidundng Aeflaiduusniensideulusunsy
a3ul Nodemcu board Lﬁa%“umsﬁayjaé’zyaﬁzumﬁ’amwmﬂma%’wﬁaﬁaLLé’adqaaﬂiﬂﬁﬂﬂauﬁama%
fmi iy server ilovinsUsznanalaglilusunsy Arduino  fu 1.8.5 udnilsiduiiassdie
Uszananadeyanldsuiilessyorsualvesfauldinidsegluesualla vierfiauldiaudoguiold
dloszyensualliudrizdesinisdiersualuazarteyaniadinimeenludausnly sauds

a

anunsedabinudegavnsiininvesiauldliluaiasreniamesuasaunsaihunlagfinddlalagly

TUswnsy excel Tunsi¥anisleuluswnsuuumsuiitaesiazltnien o Hantuanyinefanissy

q

JoyavnAeNmasituuanana i [ uNuvnsaunsninuve gy Ingaziideyadnsinisisiu
voiila Toyaesunivesaulauasieitulunisinseenluduvesnaselilnegldnulunewsuld
Tsunsy Mms@eulusunsuuuainsninuduasldlusunsudo Android studio laenwnldideuas

Wun e NTlanwuLAR1EN 1919170
2.1.2.1 msgulusiensuaauy NodeMcu board

nslisulusunsuiveliuesn NodeMCU I ulauy Weulagldlusunsy Arduino Genuino
= Y A ¢ N a Yo o = A ! v 5% a o
Fetorravaiatidauienldiuialan 3 lbrary A1eq unnmelnlaldeuaelaslideadeues Ay

a v A IS L4 s dyu 4 6 ¥ %

nsdeulusunsuvang Ae n1sleulusunsulvesalifudannwuigednsiniswiuvesitlauas
wuesAus Ul Mntuiiinsdernflasuin luuszananafineufiawmessavihmvinndu
flszanana Weahaldnseusesudmazaasinnisaninandeyaiiilugs Nodemeu sagn1snads
A& lagszuuagyinns compile  LitensiadeuAINgnABdvaslusunTuiauazinnsenlnand
TWsunsulugavesanuluga WIFI

S AWiFiS8erver server (80)Y

BEM; // used to hold the
#/ heolds the dncomi
600; ¥ holds the time ., must be se=ded!

n Pulse = false; £/ trume when pulSce wa gh,  false when it's low

Arducine £inds a beat-

/4 pin to do fancy classy fading klink at ceach beat

utheastasia.cloudapp.azure.com™;

"35.175.14€.217"; AAuavlzler end ip aws

WiFiUDP udpl;
void setup ()

ode (LED, OUTEUT) 7

ie (LED_ BUILTIN, OUTEPUT) 7

write (LED, HIGH) ;

delay (1500) ;

digitalWrite (LED, LOW) ;

/# pin that will blink to your heartbeat!

pinMode {fadePin, CUTBUT) ; 4/ pin that will fade to your hsartbesat!

AN 3.8 U195 BUTUTENSUAIULUDSIA
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3.1.2.2 MyUsviianateyailladsuuuniosnauinmes

Slovedndiiaynundineuiume Behmihfidusinandunisussananaudatu mathdeya
idnanfiesyyesuaiagilasnsdeulsunsuuu Microsoft Visual Studio 1¥a1wn c# Tunns
Feou Bunnmsthaildundilsiduifieutsorsualinnm 6 o1sual fagu Teeilesiosnisldam
wdeadon port fise Arduino 1muaLSRIINMSAsTeyaTl 115200 ilenata connect U
p3mapUhreniumoiuariifutoyalfidondofuaiaduvdol WadeudeudrTadeninaegdoya

duvnseenetimesvisessininiudeyaating excel luseufiothudagiivaadnvselyl

4] SerialTesting - Microsoft Visual Studio N & ! : P - & x
e NN T Y e B o S LR e e o o ST 4. pikulkaew tangtisanon ~ [Ill
[ B-2 8|2 - ¢ | Release - anycru - b stat -] B ke e | W

% [P | ormi.cs [Design]
Seriallesting ~f*
-lusing System;
using System.Collections.Generic; ~ t P~
using ?ystem.sumponantl&cdel; &7 Solution ‘SerialTesting” {1 project)
=INE System.Datg 4 [ SerialTesting
& Service References
b Properties
sing System.Threading.Taskss b *E References
using System.Windows.Forms; B 16128495 594540787409721 1019053721 ni
using System.I0.Ports; ¥ App.config
using System.Text.RegularExpressions; 4 B Forml.cs
P 1) Form1.Designer.cs
1 Form1.resx

Serialfesting Form1 - 1@, button3 Click(object sender, Eventrgs e} - RE-lo-5¢aB| o

using System.Drawing;
using System.Li
ng Syst

b o Programcs
“inamespace SerialTesting

public partial class Forml : Form

oundiorker bgWorker;
rialPort ComPort = new SerialPort();
X = 8;
int i = 8;
int Que = @;
Double ax =65
pouble x1 = @;

Solution Explorer [REETRESTAIE

(2 SR ol i Yroan i) 6 a.u.v.8_u//eacanassasne \aysLem.
v4.8.30309: .Net\ass g\VA.0 #.0.0.0_bo3fsf7f11dsea3a
v4.0.30309: A oft.nathass /4.0 4.0.9.0_ b77a5c5619342089\Sy
v4.0.30319: oft.net)\asse s ¥4.0.4.0.0.0_ ba3fsfrfil
v4.0.30319: oft.Nethasse K v 20__b77a5c5619148089\Sys
v4.8.30319: 5 oft. Net\assembly \GAC_MS1L\Sy n Datavisualization\va.a_a
v4.8.38319; oft. Net\assembly\GAC_MSTL\Acces: Lity\va . _2.8:8.8_ bo3f5f7f11d58a3a\,

r aded*C: \WINDOWS \Microsoft. Net\assemb Ly \GAC_32\System.Data\vd.0_4.0.8.0_ b7 7asc5619342689\Syst

ted with'code o (axe).

»
SEHIEY Output

Awdi 3.9 Tusinsy Visual Studio

3.1.3 N1500NLUUDANDIoNIUUNDITUA]

ﬂ’]if\]o’lLLL!ﬂE)Wi?,Jﬂj“?}\‘igﬂ‘UiSiJ’JaNaaf‘jﬁlLﬂ%@ﬂﬂau‘ﬁiLﬁ@%ﬁuf\wﬁﬁﬁﬂmiﬁﬂﬁﬁﬂmi%JUﬁ'WéJGﬁ’l
nduresilaazamnuduuuioniady  input  wnduthedildunds  membership
function Tnglulassuilitumslinneiensuaiinioavesfanld lnsazuvanmvasenuaosdn
Aon1maassUsziliunaziinszvionsuallagldsnnisiauresiila AunsUsziliunayInsvi

9150l Al TANUATUNIUVDIRINUS AAUALA
X WUBRTIAUAMUMIUVURIIS Y WNUAIERIINTe U8RIl
S uwnuilantuanuduaundnvesensuaiiiauns

S- wnuitasTua U AL InUeIeIsualsuTlaNIs
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S+ unuilesidumnuluaiFnvesauRaun@ludeaudn
1 < a 6
N unua1AdudunInuesensunl
A- wnuilanduanuduaundnvesnnuinundludyaadnaiuay
A+ unuilsidumnuluannnvesnuiaun@ludaaadnaiuuan

FaunfudruywdaziiananuiuuRondadl - 400600 leviu  wanllewnSentuivzdlinnudiiy

muvuiavistiosas TasAngaanegi 1023 Teviu gaslunsdumeanudumuuuiondanudie
ANUAUNURINYEE = (1024+2*Serial_Port Reading)*10000)/(512-Serial_Port Reading)

daiuAmstinmvesgaulaudfuhnistmueaenuduaninuesosualidig . 6 o1sual

oluil

e

flaridu A- (0,0,250,300) =
010 < x < 250 a2 1 (True)
01 250<x<300 W& (300 - x)/( 300-250)
01 300 < x ud1 0 (False)
flaridu A+ (x550,600,1023,1023) =
81 600 < x <1023 ua2 1 (True)
1 550<x<600 a1 (600 - x)/(.600-550)
01 x < 550 U&7 0 (False)
flaridu N (;400,450,550,600) =
01 x < 400 w1 0 (False)
1 400 < x < 450 U7 (x-400)/450 -400)
01 450 < x< 550 4a3 1 (True)
01 550 < x < 600 a3 (600-x)/ (600-550)

1 600 < x wa 0 (False)



flaridu S+ (x,250,300,350) =
21 x < 250 U&7 0 (False)
01 250<x<300 W3 (x - 250)/( 300-250)
01 300 < x < 350 WA (350 - x)/( 350-300)
01 350 < x Wd1 0 (False)

e S (x:300,350,400) =
21 x < 300 a1 0 (False)
01 300<x<350 a7 (x - 300)/( 350-300)
01 350 < x < 400 Wa2 (400 - x)/ 400-350)
21 400 < x ka2 0 (False)

flaridu S- (x350,400,450) =
01 x < 350 Ua1 0 (False)
01 350<x<400 W7 (x - 350)/( 400-350)
1 400 < x < 450 WA (450 - x)/( 450-400)

01 450 < x wan 0 (False)

ANAANN LTI HANATN
A A+
1 i
|
05 | |
|
|
| |
550 600 X

AN 3.10 HarTuanuduandnuilandu A+
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ANANNNLLIUANITA

A9 3.11 Weritumnuduaundnuoailandu A-

ATATHLLIUANTN
) S+

1__

> X

250 300 350

A9 3.12 Handuanuduaindnusailendu S+

ANANNLLIUANNTN

&

1__

05 —

. X
300 350 400

AN 3.13 Hartupnuduandnuailand S-
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ANANN NI WBANATN
A S-

4

350 400 450

AN 3.14 landuanuduanndnueailandu S

AR ML UANTA

F

g

0.5 -

Lo | » X
500 550 600
AR 3.15 fafduanuduaindnuaaiiesdu N
ANAYNLLIUANATA
s A S+ S S- N A+

250 300 350 400 450 500

AN 3.16 WarTupnuduandnuesanuaiuniuluint
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Wt nuaauduaiInuaasniatawaIt s usuiuazlans e Ing 3.16 910U
AuruATnAMduaNIInanansuTanlaeldfesstunuduaundnitvua saunisi 1

LAEF0E19NIAILIS NS 3.1
Emotion = weight membership [MAX(A-,5+,5,5-N,A+)] (1)

A15199 3.1 F9819NITATLIUAIAILAUNIURINLINS UL NLUL DS

AN Weight membership function Fuzzy

\HULYDS A- S+ S S- N A+
200 1 0 0 0 0 A-
650 0 0 0 0 0 1 A+
290 0.2 0.8 0 0 0 S+
360 0 0 0.8 0.2 0 0 S
410 0 0 0 0.8 0.2 0 S-
500 0 0 0 0 1 0 N

6

PNTUIBIhNFAIMEATMSWraila Tneunfuaiuywdasidnsnisvuresiilaage

[
=

ag#l 40 -90 BPM ynfiannuesenduivedsnsniswiuresialanniu. Inefinnsiiviun

ANANNNLTIUANNTA
4 “A- N w7 s s OIED A+
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Real time Human Emotion Monitoring based on Bio-signals

Pikulkaew Tangtisanon

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand (pikulkaew.ta@kmitl.ac.th)

Abstract: Nowadays, medical technologies are rapidly improved leading to an increasing of life expectancy that caused
ageing society problems. The most vital issue for elders is a health problem in both physical and mental aspect. This paper
focuses on emotional monitoring and warning system using human Bio-signals in real time. The signals come from
galvanic skin response and heart rate sensor that attached with a wristband wearing by the elders. The two signals are sent
to a server as inputs, calculated using Fuzzy set variable model then return emotion and health status of the elder as
outputs stored in the server. The proposed system is run based on ubiquitous computing so caretakers can monitor for the
elder’s emotion in real time anywhere, any time. Moreover, the caretakers also get automatically alerts from the system
in a case that the system returns an irregular health status of the elders. Experimental results show that the proposed
system was run with a high accuracy rate.

Keywords: GSR sensor, fuzzy, Bio-signal.

1. INTRODUCTION The proposed research aims to solve the above
problem by building a low-cost wristband that collects a
user’s bio information by sending them to a server. After
that, the server translates the signals into the user’s
emotion in real time. Moreover, a fall detection system is
also focused on this research. The proposed classification
system allows a user to classify between a real fall
detection and a false fall detection. If a user’s bio-signal
is abnormal, the elder’s smartphone will automatically
call to the caretaker. After that, a smartphone will
automatically play an alarm sound to draw surrounding
people's attention.

Nowadays, medical technologies are rapidly improved;
therefore, a life expectancy of people has increased
steadily over the past century. Meanwhile, due to the
socio-economic factors, people hesitate to have children,
so birth rates are dropping which leading to an ageing
population problem around the world. The ageing society
is not a vital problem in the past since before people tend
to live in an extended family where relatives stayed
together and cooperated on providing care. However, a
structure of the family has changed to a nuclear family
where elders have to live by themselves. In a case that the
elders live in a separate house, one of the most popular

monitoring tool that descendants or caretakers usually

use to take care the elders are an Internet Protocol camera 2/MATERIALS ANDMETHOD

(IP Camera). However, they still have to randomly check 2.1 Hardware Circuits

for the status of the elders once in a while; nevertheless, The wristband was built with Arduino, Wifi module
sometime an accident could happen while the caretaker NRF24L01, Galvanic skin response (GSR), Batterry,
is not monitoring. In a case that the elders have to stay in Heart rate (HR), Bluetooth as shown in Fig. 1.

a nursing home, caretakers cannot monitor them using IP
Camera. Consequently, the caretaker have to interview a
nurse for the elders’ status. In a physical health aspect,
the information such as the elders’ blood pressure is log
by the nurse in a system accurately. Unfortunately, in a
mental health aspect, as one nurse have to take care many
elders so the information from a nurse could be inexact.

There have been vast amounts of attempt to monitor a
pilot behavior using Electrodermal Activity (EDA),
Heart Rate (HR) and Brain Electrical Topography (BET)
[1, 2, 3, 4]. Various researchers [5, 6, 7, 8, 9] attempted
to detect human mental states with sensors such as
Electroencephalogram (ECG), Heart Rate Variability
(HRV) or Electrodermal activity (EDM). For example, Y.
I. Noy [5] put the onboard electronics in a vehicle to
determine the driver’s stress level. However, most of
them implemented projects with high-cost tools such as
brainwave detector that people cannot afford them in a
real situation.

Witi Module

usscable 1  GsRSensor

Fig. 1. The proposed wristband circuits.
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WIFI Module
Bluetooth Module

Computer USB Cable

Fig. 3. The wristband and the receiver.

2.2 Human emotion model

The relationship among HR, GSR and Human
emotion were introduced by Exmovere Holdings Inc.
[10]. Low HR with low GSR leads to positive arousal
emotion such as deeply relax or blissful; High HR with
high GSR leads to negative arousal such as terrify or
anxiety as shown in Table 1. Heart rates for human [11]
vary by age and physical condition. For example, resting
HR for children over 10 years and adults including
seniors ranges between 60 and 100 beats per minute
(BPM); for newborn ranges between 100 and 150 BPM;
for Well-trained adult athletes ranges between 40 and 60
BPM.

Table 1 Emotions model.

High HR Low HR

. Stress, Distressed, Joy, Surprise

High . . L

GSR Anx1§ty, Terrify (Positive
(Negative arousal) arousal)

Disgust, Deeply relax,
Low Depressed Blissful
GSR (Negative arousal) (Positive
arousal)

2.3 Fuzzy set model

Fuzzy logic is usually applied in the task that its truth
values composed of any real number between 0 and 1. To
predict human emotion, bio-signals of the user were

514

passed through a pre-processing process and used as
inputs to a fuzzy model.

Trapezoidal Membership Function was implemented
in the proposed system where :

x: represents real value (Crisp Value) within the
universe of discourse. In the proposed system, x is HR or
GSR where 75 and 400 are threshold values for HR and
GRS respectively as shown in Fig. 4.

a, b, ¢, d represent an x-coordinates of the four heads
of the trapezoidal and values should be validated the
following condition: a<b <c¢ <d;

0,b x<a
X—a
, <x<b
b—a
f(x:a,b,c,d) = 1, b c (1)
d—x
) c<x<d
kd ~al
0, x
High GSR
—————— B e e
1 ! A HighGsr ! i
(] 1 1 H
B | 1 1 f
' -~ | ! '
! stress | iAgitation | ' 1 Excited f
540 ' bt h | | Anticipant !
s00 ! il : ; |
| Distress : Stress ' surprise I | Joy H
o North ¢! = ! . Ly Llow
GSRVI ! i T T > 8eM
350 | i I ! H
I I Disgust 1 Deeply 1 1 :
[ L ! Relax ! |
I { H |
1 [} !
i 1 1 ! I
300} 1 [ 1 ' !
260 . [ L ! lissfulllike 1
s T ¢ 1 | 1 Xanax '
' o e ! | '
— Lo & Adard-==—--- = { R S
Low GSR
Regular BPM = 75
Low GSR
High BPM X X Low BPM

70 65

High GSR
4

Excited
Anticipant

Blissful like
Xanax

Fig. 5. Pattern space.

To judge for a relationship between input and output,
the rule-based table was built. The proposed model can
be used to predict 16 emotions. The linguistic variable of



X is x1, x2, x3, x4 and the linguistic variable of Y is y1,
y2, y3, y4 as shown in Fig. 5 and Table 2.

The user’s emotion will be predicted based on the
Sugeno-style Inference [12]. Ww(Sm) represents
membership degree; kn is weight average (WA) range
between 0 - 1.

=1 H(Sm) Xkm
Z%n6=1 n(sm)

output = )

Table 2 Linguistic variable rule and weight average.

HR | GSR | Weight Average
u(S1) Depress X4 | Y1 0.0000 - 0.0625
L(S2) Depress X4 Y2 0.0626 - 0.1250
or Quite Disgust
W(Ss3) Distress X4 |Y3 0.1251-0.1875
u(S4) Anxiety X4 |'Y4 0.1876 —0.2500
H(Ss) Quite Depress | X3 | Y1 0.2501 - 0.3125
or Disgust
1(Se) Disgust X3 [ Y2 0.3126 - 0.3750
u(S7) Stress X3 | Y3 0.3751 —-0.4375
u(Sg) Agitation X3 | Y4 0.4376 —0.5000
W(So) Quite Blissful | X2 | Y1 0.5001 —0.5625
or Relax

W(S1o) Deeply Relax | X2 | Y2 | 0.5626 — 0.6250

W(Sn) Surprise? | X2 | Y3 | 0.6251 - 0.6875

W(S2) Surprise? Or | X2 | Y4 | 0.6876 - 0.7500

Excited

u(Si3) Blissful Xl Yl 0.7501 —0.8125
1(S14) Quite Relax or | X1 | Y2 0.8126 - 0.8750
Blissful

u(S15) Joy X1 | Y3 0.8751 - 0.9375
K(S16) Excited | X1 | Y4 0.9376 —1.0000
Anticipant

3. EXPERIMENTAL RESULT

Living in a nursing home, the elders may be abused by
physical force (assault and battery) or mental bullying.
The proposed system is designed to solve these problems
so the experiments were divided into 2 parts: Mental
bullying monitoring and Physical force detection. A total
of 40 students from the King Mongkut’s Institute of
Technology Ladkrabang were selected to participate in
this experiment: 22 males and 18 females, aged between
20 and 50 years-old. The participants are currently
studying on undergraduate degree and graduate degree in
Faculty of Engineering.

3.1 Mental Bullying Monitoring

The proposed of this experiment is to explore a
relationship between a user’s bio-signal with his or her
emotion and build a fuzzy model. In the mental testing,
30 participants were requested to wear the wristband
while watching a video for 20 minutes. The video content
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was divided into 4 parts 7 minutes for each part. In order
to collect the normal bio-signals of each participant, the
participant was asked to sit and watch a video while an
investigator monitors his or her bio-signals. After the
signal turns into a steady state, the first part of the video,
introduction of the project, was played for 5 minutes. To
be able to gather negative emotion bio-signal, in part two,
the content was swapped to a dramatic video clip. In part
three, a relaxing music video was played to calm the
participant down and wait for the bio-signal to switch
back to a normal stage again. The final part of the video
content is a comedy clip to retrieve positive emotion bio-
signal of the participant. After that, the investigator
interviewed the participant of their emotion in each part
of the experiment to match their emotion with the bio-
sensor information.

The information above was input as a training set to
build a fuzzy model. After that 40 participants were
requested to watch a video while wearing the wristband.
The content of the video was divided into 4 parts (same
as the previous procedure: normal, negative, normal,
positive emotion but different video content) to test an
efficiency of the model. The participant’s emotion
returned as shown in Figs. 6 - 7. The result shows that the
emotion that the model predict are accurate with 71%
accuracy rate as shown in Table 3.

HeartRate and GSR Analysis Feeling -
] x
Port Name Baudrate status
comse J [ [ [115200 5 ™ T En
Close Port
Heart Signal [
1000 BPM (Beat per minute}
1
o«
= 600
Z ) 1% Emotion Process
X
L]
-1 19 39 59 79 g9 | Fesiing Predict
Paints Depress
GSR Signal
1000
800
3
S 600
2 00
&
200
-1 19 38 55 79 @9
Points.
RAVEHR Thddess Message box
907 247 Start Receive data@13:24:18
Receive MadS
s307 [Moriter Only <

Fig. 6 Negative emotion.
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Fig. 7 Positive emotion.

Table 3 Confusion matrix for mental bullying monitoring.

Negative emotion
Condition Condition
positive negative
Test Test True positive 5
False positive
outcome | outcome (TP)
positive 27 (FP)
32
Test False negative | True negative
outcome (FN) (TN)
. 13 88
negative
Sensitivity Specification
=TP/ (TP =
+FN) =67 % | TN/( FP+TN)
=73%

3.2 Physical Force Detection

The proposed of this experiment is to detect when the
user was abused by a physical attack or the heartrate is
too low or too high than his or her usual heartrate. For
example, when the elder is pushed to fall, the smartphone
will automatically call to the pre-setup phone number and
play alarm sound to draw surrounding people's attention.
The user can set calling mode to “on” and input
caretaker’s phone number

In the physical attack testing, 30 participants were
requested to wear the wristband while holding the
smartphone in one hand. The investigator pushed them to
fall 10 times per person and ask them to sit 10 times per
person while recording the signals (Heartrate sensor,
GSR sensor and Gyro sensors).

The information above was input as a training set to
build a fuzzy model to monitoring and warning of
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physical force. After that 40 participants were requested
to follow the same procedure to measure an accuracy of
the model. The result shows that the model can accurately
predict the physical attack with 91% accuracy rate as
shown in Table 4. Moreover, the participant’s bio-signal
and emotion can be monitor via smartphone in real time
or export to log file as shown in Figs. 8-9. The user can
set calling mode to “on” and input caretaker’s phone
number. In a case that the user’s bio-signal changes to
abnormal state the smartphone will automatically call to
the pre-setup phone number and play alarm sound to
draw surrounding people's attention.

BPM

=74

Analyzed Emotion :

Quite Blissful or Relax
Normal BPM

Calling Mode Tl

h=5

tting Calling number

Fig. 8 User Interface in a smartphone.

A\ Verd/ = . 1T 3= 1 8
Wb JBLLOCLLLT® N FF F G H I
1 GSR+HR+BPM Create at16:15:28 05/02/2560
2 |RAW_HR data BPM Data GSR Data
3 | 15:44:05 cicir 15:44:07 103 392 15:44:05
4| 15:44:05 456 15:44:08 100 390 15:44:05
54 15:44:05 456 15:44:12 77 390 15:44:05
6 | 15:44:05 456 15:44:14 78 398 15:44:05
7 | 15:44:05 456 15:44:15 7 385 15:44:06
8 | 15:44:05 456 15:44:16 76 383 15:44:06
9 15:44:05 456 15:44:17 7 381 15:44:07
10 | 15:44:05 456 15:44:18 72 382 15:44:07
114 15:44:05 456 15:44:27 9 W1 15:44:07

Fig. 9 Log file of user bio-signals.

Table 4 Confusion matrix for physical force detection.

Physical force
Condition Condition
positive negative
Test Test True positive .\
False positive
outcome | outcome (TP)
ositive 350 EP)
P 20
Test False negative | True negative
outcome (FN) (TN)
. 50 380
negative
Sensitivity Specification
=TP/ (TP =
+FN) =87 % | TN/( FP+TN)
=95%




4. CONCLUSION

The prototype wristband was built to measure a user’s
bio-signal and send the signal to a server. The server
translated raw data as input to the fuzzy model. The
model output the user’s emotion then stored it in the
server and send to the application to show a user’s
emotion and health. If the bio-signal of the user is
irregular, the smartphone will automatically call to the
caretaker. The most accurate emotion that the system can
predict is a negative emotion such as Stress.
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Abstract— Nowadays, the most powerful news source in the
world comes from online media on the Internet. The information
comes from the SNS, video clips, audio clips or various news
websites. In this competitive world, many news websites are
mainly focused on publishing their contents to the website as fast
as they can without taking time to label them correctly. This
leads to a problem where readers cannot find news that they are
interested in from a large amount of information on the website.
In this paper, we propose a method to automatically label articles
on the Thai language website using distributed representation of
documents. The semantic similar words are extracted from
paragraph vectors of each category of news and assign them as
labels. We apply the convolutional neural network with binary
classification approach to separate words from sentences and the
result of the experiments indicated that our method can be
applied to automatically label Thai news article effectively.

Keywords—Distributed representation;  paragraph vector;
Convolutional Neural Network; Binary Classification; automatic
labeling; vector operation

I. INTRODUCTION

Nowadays, receiving information from online media on the
Internet plays an important role for people in this era. The news
website is a kind of information service on the internet that
updating the news in real-time with several categories of news
articles. The number of news articles that each company has
posted on their website every day become a large amount of
information and it causes a problem for readers to find the
news that they are really interested in. Labeling is a great
solution to solve the problem. It helps a user to search for the
related topic by assuming a word in the topic to be a keyword
called “Label”. The label is easier to search the similar articles
and it can be used to classify categorization of images [1] and
music [2].

McCallum and Nigam [3] proposed a supervised text
classifier where the information was firstly extracted and
manually classified to each category by human and used as a
trained data set input to the naive bay model. However, their
work requires huge amount of labeled training data set and
time-consuming.

Vilar et al. [4] conducted a study to classify a single
instance to more than one category using multinomial models.

978-1-5386-4956-5/18/$31.00 ©2018 IEEE
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Their proposed method, iMLCU, can be used to classify
unlabeled data to many possible related categories. The
evaluation was done with twelve real-word multilabel data sets
where their approach shows high efficiency against other
multi-label learning approaches.

There are several previous works studied on the
automatically assigning labels. However, no one published a
research focusing on automatic labeling for Thai News
Articles. In this paper, we propose a method to automatically
label news articles with Vector Representation of Documents
[5] focusing on Thai news website. The different of the news
articles category classification in each language depend on the
grammatical structure of words, syllables, and sentences, as
well as the characters in each of their own languages. In Thai
language, creating words consist of consonants and vowels.
Therefore, the engine of Thai word segmentation is different
from other language. In English sentences, words are separated
from sentences by a space. However, Thai sentences have no
space to separate words. To solve the problem, we applied
Convolutional Neural Network (CNN), a deep learning model,
to separate Thai sentences into words [6].

II. PROPOSED METHOD

In this experiment, we use the news articles from the most
popular Thai news articles website called Dailynews [7]. It
contains about 6,000 articles from 4 categories of the news
articles. The website also provides us a category of each news
such as education news, entertainment news, IT news and
sports news. Each category of the news article was extracted
from 150 pages of Dailynews website, each page has
approximately 10 articles and each category contains
approximately 1,500 articles.

Convert paragraphs
and words into vectors —
using distributed
representations

Extract similar
paragraph vectors

Extract similar p— Create feature vectors
word vectors (Addition / Subtraction)
Labeling

Fig. 1. Process of the proposed method.




In this paper, we purpose a method that can automatically
label Thai news articles. Before the news articles will be
classified and created labels by our proposed method, we must
convert words and documents to vectors using distributed
representations technique as shown in Fig. 1.

After that, we calculate a feature vector from vector of
target paragraph and similar paragraph [8]. If a similar
paragraph is in the same genre news article with target
paragraph, the vector operation calculates by addition. For
example, a target article, doc2, is an article about figure skating
competition at PyeongChang 2018 Olympic Winter and doc3 is
the article about two national figure skaters who are Youtubers.
That means doc2 and doc3 are sports news articles. Thus, the
feature vector is vec(doc?2) + vec(doc3). If a similar paragraph
is not in the same genre news article with target paragraph, the
vector operation calculates by subtraction. Thus, the feature
vector is vec(doc?) - vec(docl) as shown in fig. 2.

Finally, the word vectors obtain already from feature vector
to compare with all word vectors in the vector space model for
searching word vectors that are the closet with the feature
vector and then assign them as labels.

A. Learning distributed representations of words

In this section proposes a concept of distributed
representations of words [9]. Mikolov designed a new model
that is a log — linear models. There are two model architectures
for learning distributed representations of words to minimize
computational complexity such as Continuous bag-of-word
model (CBOW) and Continuous skip-gram model (SG). For
this paper, we use log — linear model with CBOW model [10].

B. Learning distributed representations of documents

Paragraph vector is a vector representation of documents
which converts all body of the news article to vector. For
learning paragraph vectors is inspired by the learning word
vectors in previous section. Concept of creating target word
vector in this section is the same Multi-word context that
predicts the target word from learning many context words
which are surround the target word. But learning paragraph
vectors is a different from Multi-word context to predict target
word that it learns from all context words in the paragraph
vector [10].

For Paragraph vector in every paragraph is mapped to a vector
that is represented by matrix D and every word in a paragraph
is also mapped to a vector that is represented by matrix W. If
we compare two models between learning word vector with
Multi-word context and paragraph vector as shown Fig. 3 that
is the example of learning paragraph vector. From Fig. 3
suppose that is learning of doc_ 1, in part of input layer given
that doc 1 is mapped to be paragraph matrix D and then the
matrix d is added into input matrix. Thus, input matrix is [wy,
Wk, W3k ..., D] where D = wcr. That means hidden vector h is
constructed from matrix W and D. U and b are the parameters
of hierarchical softmax [11]. As a result, the output vectors y;
are changed to follow as equation (1).

Vi = b+ Uh(w,‘.k,..., Wik, d; W, D) (D)

dv_doc2:
dv_docl: -

— . “sports news’’
— “‘entertainment news

(similar paragraph) (target paragraph)

dv_doc3:
+ “sports news”
(similar paragraph)

Fig. 2. Feature Vector.
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Fig. 3. Continuous bag-of-word model [10].

C. Similar word and paragraph vectors

For calculating semantic similarity of words and articles,
there is a basic approach by calculating from the distance
between two vectors. If the distance between two vectors is
very close, the calculated value is “1”. But if the distance
between two vectors is very far, the calculated value is “0”.
This approach is Cosine similarity in equation (2).

Cosine similarity = u - v/ ||ul[-||V|| 2)

Given that u is the target vector and v is the vector that
compare with target vector in the vector space. From equation
(2) can find paragraph vectors that is the closest with target
paragraph vector. At the same time, word vectors that is the
closest with target word vector.

D. Creating Feature Vectors representation

For this step, a new vector is created by using a vector
operations as addition and subtraction. The vector operations
apply to the target paragraph vector and similar paragraph
vectors.

E. Labeling

Labeling is a searching similar words by using feature
vector compare with word vectors in the vector space to
calculate from equation (2). The results are the words that
related to target article.



III. EXPERIMENTS

In the experiments, the data set was pulled from Thai news
articles in the Dailynews website using Beautiful Soup4, a
python library that can extract the large number of data from a
website using HTML tag. The data set were prepared by
removing space, punctuation, and stop word as well as Thai
word segmentation using CNN with Binary classification.
When preparing the data set for the experiment has been
finished, we would use them for categories classification of the
news articles with the proposed method. The method starts
from converting words and articles into vectors representations
using distributed representations of documents and assign the
results as labels. We choose to use the IT news articles data set
for searching the words that are relevant to articles
“astronomy”, “technology” and “game”. The results of related
words, which were extracted from the method, can divided into
three cases: The first case is the words that has the similar
meaning with a target article using a word vector to associate
with the target article. The second case is the words that has the
similar meaning with a target article by using a target
paragraph vector of target article. The third case is the words
that has the similar meaning with a target article by using
calculation of vectors between the target paragraph and similar
paragraph (Feature vector). Example of the results are shown in
Tables I, II and III. The purpose of the experiments is to show a
comparison of the differences in each case using the different
target vector for searching the word associated with the target
article to assign as labels.

Furthermore, we evaluate the efficiency of the proposed
method whether the categories classification of articles effect
on the labeling or not with Precision, Recall, and F-score [12].
We split the data set into two sets: training set 80% and testing
set 20%. The results of the evaluation of categories
classification are shown in Table I'V.

IV. RESULTS AND DISCUSSION

We examined the efficiency of the proposed method with
IT news articles in Thai language data set. There are three
topics of articles which are astronomy article, technologies
article and game article. The results are shown in Tables I, 1I
and III, respectively.

Table 1 shows similar words related to the astronomical
phenomena article. In the first case, we use the vector of
“asenans” (Astronomy) to search for the similar words, which
have a general meaning related to the astronomy. For example,
the word “Gnewnans” (Science) and “WiisAmaiinernans”
(Science museum) are words that related to the astronomy in a
science aspect. However, some words that are not related to the
astronomy such as “Aailiausssn” (Art and culture) also listed in
the table. In the second case, we use the target paragraph vector
instead of a word vector. The results in this case shows that the
words listed in the table tends to be specific words of
astronomical phenomena. However, some words are still not

“wy_ A

related to the astronomy such as “Sgo3lwu1” (Arizona) and
43
3

“Squpavlesiiles” (California). In the third case, we calculate
vectors between target article and similar articles. The results

in this case is the most accurate since words that listed in the
table are the specific words related to astronomical phenomena.

Table II shows similar words related to the Internet of
Things (IoT) technology articles. In the first case, there are
some unrelated words listed on the table such as “dszaumsai”
(Experience). In the second case, some unrelated words still
appear such as “wszInsdai” (Buddha) and “wwinmd” (Epic). In

the third case, most of words that appear in the table are the
specific words related IoT technology.

Finally, Table III show similar words related to game
article. In the first case, only three words that related to the
gaming which are “eSports”, “ROG” and “assu” (Stream) are

listed. In the second case, mostly the listed words are about
computer hardware and smartphone. There is just one word to

ws o 29

associate with the computer gaming as “¥u3” (Shinji), who is a

Japanese video game director and producer. In the third case,
most of words that listed in the table are the specific words
related to the computer gaming such as Republic of Gamers.

The experiment shows that using only a vector of target
word to search for the similar words in the target article may be
not sufficient since the words that listed in the table are mostly
not similar to the vector target. In the second case, a vector of
the target article is used as a key, the similar words may be
more relevant to the target article than the first case but there
are some unrelated words also listed. Finally, in the third case
we calculate vectors between target article and similar articles.
It shows the best accuracy rate comparing among three cases.

The performance evaluation of Thai news articles
classification is shown in table IV. An accuracy of every
category of the news articles was examined. The sports news
articles have the highest accurate rate where precision, recall
and Fl-score is 0.91, 0.92 and 0.92 respectively. The average
precision, recall, and Fl-score is 0.89, 0.89 and 0.88
respectively. Therefore, the proposed method can be used to
labeled articles efficiently.

V. CONCLUSIONS

In this paper, we proposed the method to automatically
label Thai news articles. Thai language has a structure of
words, syllables and sentences differ from other languages. As
a result, data preparation process for labeling must be different
from other languages. The existing Thai word segmentation
programs returns low accuracy rate. Therefore, we
implemented CNN with Binary classification to the word
segmentation process for better efficiency. Moreover, the
proposed vector model provides better accuracy than others
vector models as a target word vector and a target paragraph
vector.
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A s s Ao
1DIBYUINNE dusnTvu e
(Asian Games) (Smartphone) (PC)

TABLE IV. EVALUATION OF CATEGORIES CLASSIFICATION
Category - Evaluation
Precision Recall Fl-score

Education 0.87 0.88 0.88
Entertainment 0.86 0.92 0.89
IT 0.89 0.81 0.85
Sports 091 0.92 0.92
Total 0.89 0.89 0.88
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