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Editorial Message

Editorial Team of the Journal of Engineering and Digital Technology (JEDT) is delighted that the journal
has attracted attention and recognition from researchers, professors, and students, submitting a lot number
of researched articles for consideration. All submitted articles are reviewed and evaluated by qualified
experts to meet national and international standards. This is to ensure that all articles selected for
publication in the JEDT journal in the past, including this issue; Vol. 10 No. 2: July - December 2022, are of
high quality and are accepted by the academic community.

The policy of the journal remains the same for accepting articles in both Thai and English languages
under the accreditation of TCl (Thai-Journal Citation Index Centre). Therefore, the accepted articles that be
published in this journal can be used for graduation and/or can be used to apply for academic position.

The editorial team hope that all articles that have been published in this journal, will be beneficial

to authors, researchers, students, academy and research of the country.

Assoc.Prof. Dr.Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

Foot and mouth disease is a contagious disease of animals. It was found that it spreads out in the late rainy
season and the early winter in every year. It is caused by seven aphthoviruses: A, O, C, SAT 1, SAT 2, SAT 3 and
Asia 1. In Thailand, only three aphthoviruses was found (i.e., A, O and Asia 1). These viruses were found in the
secretions, milk and semen of the infected animals. Since the pandemic is significant, we studied the problems
from the reports of the pandemic of the foot and mouth disease from 2013-2022, analyzed and searched for the
solutions by creating the mathematical model(s) of the foot and mouth disease, finding the balance point(s) of the
model(s), considering the numerical results and identifying the conditions of the stability(ies) of disease free
equilibrium state and disease endemic equilibrium state. The results were shown in the form of basic reproductive
numbers. The numerical results were analyzed for controlling the disease and providing the guidelines for reducing

the pandemic of the foot and mouth disease.

Keywords: Basic reproductive numbers, Disease endemic equilibrium state, Disease free equilibrium state, Stability



1) unmidn

TsaUnnuaziies (Foot and Mouth Disease: FMD)

o ' a

manuludninug efiu Ia nszde une ung ans

U

wiafifeudendudn “Isafiv” wie “Ismondud 1 Julse
dAey
s Tsauinuagindesiinansenusenngnamnssu
nawandnivaziasugiavesusymelnedusgnegs
Tsatrnuaziides fauvsnainidelasauenln dneg
lungu Picornavirus 119 28 nm 3UT19MUY icosahedral
Single-stranded RNA, 8.4 kb Hlaqufiviansn 7 viin e viln
A, O, C, SAT 1, SAT 2, SAT 3 uax Asia 1 @ wsuluusendlne
NULiEe 3 ¥ia Aa ¥Ua A, O way Asia 1 Iﬁaﬂuﬁmﬁgﬂwu
Iiludniidnsinge wardmulaluiuuavingeludn?

¥ v
a A o

Aadotluszezinan 4 Juneufiazuaniennisvesnisinide
Fnituannisandedadunmeveshiasinisne
omsvesdniilasudelsatnuasinien ssnuldmds
Mniimssudeldaluudiussana 2-8 Ju Fadusvesilngy
vouiolsn dniRlaudaaruansonnsy g4 thanelva
fufinsula wwes tAntunieluuin du widen maudin
Py goniv Aeundaduazunniduuna dniuanieinis
FU Hiunswan thanglvaunnty funaluuin du wh uas

' v
v saa = ' '

Wauy amwmmLszjamemmm’m;umau,mnmaf'fw‘?j?uag
fugiigiumiulsn aruudiusswesdnt uasUimandelsa
Tsatnuazyinidesnudnsmstieroudnegs uisnsms
FoTind Snwunsdedinlugndmivuiadn dafnan
annendudenlamelulaun Sasnsliuiasanauay
agngansliusluiian drdludeifidnnsfensssorarils
LﬁmmiLLﬁmnmuLLazs“J’qa'qmam’amiwauﬂ’uﬁ:ﬂ%y’aﬁmlﬂmmz
wawuslifn dmsululaidordmanssnudenisidsuar
nssivlnedn’ venanidniunsinetsldananse
nduindnandnldnsionin mnludniillléiunsiniadu
%u,aﬂammsiquLLiaLLazé}’aﬂ%naﬂum3ﬁuvqumwmumm

FosAldsudouia A, O uag Asia 1 9gsilvdnitiouans
omswileuiu udldanansalindduiusinsialed dufed

v &

Foinlesuiaduunnuazwinidessiin A visadadnetadu

'3 1Y

lsarnuaziinlesuiia A wineu dndasilgiauiuanie

= Y

solsaunuazinilossiin A winliu uwivglufigiduiuse

0% IS

TsaUnwasUeesin O #3awln Asia 1 f9tumInillsa

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

Uinuaswindessiln O wiewdn Asia 1 szun dnifionaay
fnlsrunnuasndesuiaile
MsfnsauazMsININsTEYRITelsA ansnsaunsnsyae
Lilnenisduialaense nasadeudedainive e1misi
vuidewde dutienmsfasotuegfuuimaladaddn

Isudgieaneuagyiiiiialsn anulenishialsn i

v v 6

1a nszde aglwonshinide ansinidoliuisaneiug wne

Anlsaladeunliduanioinisiazseaugiauiuludidnii

WinaINNISARIATY

2) Teyanvidy
dwiutoyanssziavedsall nufmenenuaniuns
msszumvedlsannaudansaumaiodisy Juazauny
Tsasvundnd dinaueu Jeaiumasundalsndnd naumdn

AILARILURITIN 1

A9 1 : INUTBNUERILMSAINSITEURvedlsaUnLaswiniley

Tutae¥ w.a. 2556-2565 waniusel deyafiafiou fueieu 2565

g ¥in A wlin0  ldnsw 57
Yin
2556 23 1 5 29
2557 65 67 33 165
2558 17 126 a4 187
2559 42 166 51 259
2560 12 59 21 92
2561 37 60 16 113
2562 22 107 31 160
2563 - 129 46 175
2564 11 15 17 43
2565 11 19 17 47
iauﬁ’;&wum 240 749 281 1,270

MndoyaTIBnUanUNTaiNITITUIRYedlsAU LAY
Woelutne® w.a. 2556-2565 wuilulszindlngaznulsa
Urnuaziindessiin O mnﬁqﬂLLamiNmﬁzmwuaﬂmﬁ
agnnludravanedudununivemnt wazdagdulinui
9iin Asia 1 szurnludszimelnesdauddud we. 2541
auﬂixﬁmﬂﬁfuﬁ [1]-[2]

IgfinsAnwisatuiuusiasmadamanivadse

Urnuaziindeslud w.a. 2548 Tay Keeling léaduieda



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

nsiuvudraesadaaansluldlunisudtyninig
srurnvedlsaiwazuinies (3] Tud n.a. 2554 Tag
Mushayabasa wazAme LAN1N15a519MUUIIABINTS
AMAAIAATLAZILATIZNLUUINADY [4] taalul w.a. 2564
1At Chanchaidechachai LagAmuy TAANBILUUTIADLT
Nuflvesnisszuinvedsauinuazinies [5] wagliuy
91894 [6]-[9] Juwuusaesdilddmsunmsanelsainuas
Uniey finsadranvudassluguuuudisiaiu gainu
deoslunisuniszuiaveslsanieldisnisaivau uaz
wanszvuvesdadusnudauindensine 9 19y ggnia anm
nlionAlunsszun
ABlaLTUANNEAYUDIEIUANTAINITIEUIATRLTA

va o

dadedalavinsdnwdymiaindeyasiesuaniunisal
nsszuinvadlsnnuaginoslutasd wa. 2556-2565
n¥outadinsgiuaruiisnisuidgm Taenisiuge
wuuiaesadamansdmiulsavinuagiiniesves
S. Mushayabasa Tul 2544 ¥1IMA153LAT1ERAMULEDYTAIN
melukagauafio TN IveuUTaewNAtinA1En S
prapuANTIfnesTifdmaremduiugiugu MLy
i talumsiiiganansonuaunisssuinvedlsnild Lite
inllidudeyadosiulunstestsn ansnaumsssun
warldiludeyanidvinisaugivaifinisiinlsaves

Uszindalnenigiiniaveadlsaiiisyis vesqudaisauna

[ & o W

wieLszTaazmuaulsaseuadnd ddnadury Joadu

'3

wazUralsadad nsuuadnd

3) N15ANLHUUITY

v
a o

TuanAdeifideladnwiuuuinasmuadamans lng
Fuunnguuszansvesdaioondu 5 nqu leun Uszwng
o induwiensandelsa, Ussunsdainandousdltanana
fevendeld, Ussnnsdifiandouazannsadeveniteld,
Uszansdniiuannnisinide wasussnsda ifiane
QRANAY Faagsnismgeauna ednszdiuuung

AmnAEASIAEANUALIANRLNE VDI AN YAlR A1 9199

2 [3]-[13]

P3N 2 : Fydnualveauudnasnendismanivedlsthnuasvindes

deydnual ABUNY

Sye $ruuvessznsdmiTidusdenisinidelsa

Epe $nnuresUsznnsdniinndeudllannsadenon
ols

I $nnuveUsznnsdniifndonazaunsagenen
ols

Rye §ruuvessznsdnsfiiuannsinde

Ve aﬁmwuaaﬂiwmiﬁmiﬁﬁaquﬁﬁu Tu

N SruauveUszansdafimun

p Snsnsiinuszinlassusensden

H dasnsmelausssuAvesssvnsdnd

o ShmaAbunguanngulsssnsdaiiifiuainnis
fndolunguuszennsdnifidesienishindelsn

7 gnsn1sdnindu

7, 3n51N15aNAURINTIANIY

a Sammsunside

a, Sarmadsunguanngulsznnsdaniifaidous
lianansonevendelflundgulszansdnidfaide
wavannsasenenitold

0 dnsnsidedinanlse

o & a &
ARIINITHNUININNITANLLD

4

LENUNTNASNTEUUFNNISITOY ﬁuﬁLWE]E]ﬁUWEJﬂ'ﬁLLW'ﬁ

[

nszaevedlsaunuavsindos|geail

d
ESNF = PN — 1Sy + R +7,Vie =71 Sy — QB Sy (1
d
a ENF = qlENF SNF _/‘ENF _HENF 0 ENF INF 2)
d 3)
dt =B e —plye =0l —alye
d 4)
ERNF =aly —uRy —oRy
d

Vie = 7Sy — Ve — Ve — Ve (5)

dt

3.1) ynauga
N915199a598 (S Ene, e Ry Vi ) 10210015
mvualivnilevesauns (1-(5) it 0 azlsyaauga

2 fegnaunanielian1IznssEUIntilan

Np(t9+,u+r2)

O+ u
(t9+,u)z'1+/1[+rz ]

Npz,

O+ u
(6+u)7, +,u(+r2 j

E, 0,00,

MAYANTIEMIIFUINIESs E, (S, e Rie: Ve ) L0

NF’ENF’ NF» FUNF s



L)

«  a+0+u

I e g

e,
0+

e ) %i;j}
I, -

g, [aﬂ+[i+j(g+j]q1[+u + Z+ a, u ‘rl+y H

alq Nqu—(iJrJ(fﬂﬂ[ } u rl+/{+ﬂ H
R +a

o [ay+[i+](g+]]ql[+ﬂ]+ .\ z'1+,u(+,uJ}
Vi, = 7 (Np(u+0)d, —ao (0+ u))

3.2) ATILYA AT TN INVEIATUADN I TNTI2N75

szumlslsn
ANULATITNMYBIAALAALNANTUNLATBINAEVDS

AdNBZLEANIE (eigenvalue) Fa3uMIngalaidou 210

Yo A

auns (1)~(5) ‘L‘hiﬂL%EJHSLUE‘UGZJENLm%%ﬂ‘gﬁ]ﬂmﬁﬁmlﬂmu

__# s _qls:\lF 0 o T2 1
~0,Eq
Q1E:\1F —0—-u _Q2ET\1F 0 0
=0, \e
+Q1S:\1F
_|0 gl -—a-0 0 0 (6)
[z’fFv'E\’/\fFYINFY) ,Ll + qz NF
0 0 a -1 0
-0
7, 0 0 0 -0
—H
L g

ANRNBULLANIE A1U150UN LANNKALRAYUDIAUNTT
ANWZEANY
det(J-Al )=0 )

Anuatesnnnelinaung

Np(6+u+7,)

0+ u
(0+u)7 +y(+72 J

Npz,
0+ u
(9+,u)2'1+y[ ]
+7,

NNTHAFUNITANEULLRNEAL AP NWULLANIL AT

E, 0,0,0,

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

b=—a=0-p, b =—0—u,
_ Npa, (0+u+7,)=(0+u)((0+u)z, +u(0+u+7,))
(0+u)z +u(0+pu+7,) ’
_9—2,u—rz—rl—\/rlz—271(9—1'2)+(49+12)2
4 = 2 y
A —H—Z,u—z'z—rl+\/112—211(9—12)+(0+12)2

2

mdnvazlanzdsduianduau be

(6+ )((0+,u)rl+,u(6’+,u+72))
Npa,

7’ +(0+7, ) > 2z, (0-1,)

>0+ u+r1,,

uaz 7’ -2z, (0-1,)+(0+7, Y <(0+2u+1,+7,)
3.3) UATILYA NI TN INYDIRATUNAN I8l TN 192075
SUInITD
Arsadesmwelinaung
E, (S Exe s Iner Rie Vi
A°+0,2% +0,2° +0b,A° +b A++b, =0 (8)

) zlaaunsanvLNIZAD

(a+O0+u)0,+0, (0+3u+o+1,+7,)
9,

(i; gjqf(Npqz(ﬁ+O')faa(3+y))(9+”+rz)

a 0
B
A o)
0
[aﬂ ' [i‘}[fﬂj]ql - ]

+7,
4
T
)t
e 4]
+o
+u| +u

et
LeplEll o) ([]]

NG

Tnefi b, =

7, +u
+7,

S(EEA AT %

b, =

+7, U

+7,




Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

Ao A,

+[LJN3J3J N a ‘*1[[;‘;1[*9]}[:5 {El”ljj}l[:ﬂ
e 1 AR )

e {:}1 +( ”)q[u%] +[*‘TJ%L iy}
it o +(:;qu|j“z “ b o

e Eawe )




Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

ABNWAEIANIE A, 4, A, 4, 4 dzddauasauduau 10

)

dloaenadastudouluves Routh — Hurwitz Aeluil
b, >0,b, >0,b,b, >b,,b)b, +b,b,b, >bb,? +b,*,
b,b,b, +2b,b b, +bb,b,b, > bo2 + blbz2 + bob32b4 + b12b42

sWINTAN VAN TIEIAUTY

¥

i, 1(n)
Aaugeaunanelianeseuinsesilianuaiosnin 3
| ' =] 2
aeludle R, >1 lawdl [8] £
e g
R, = (9+u+r2)Npq1 0 20 a0 . 60 80 100
4 4 4 LIE70I)
0 0 (0
g, Tt u e ||+ tu || tH
+u +u +u
+1, +a )\ +1,

YlunInATsEnaLda
3

4) nan1533e L
i
cv X vaw ¥ o a ¢ a o ° "E
Tuaddedl PAdeldihnsinszidaiaulnenisi £ 1w
<
' a s 1 v v v = ) u
AIMN318me3A19 9 Nldannn1ssiusindeyaiiediulse 5,
v 44 o o o &
UniUoy Fakanasanisnai 3, 4 wagn131en 5 [11-2] S
0 20 40 60 BO 100
v
A15197 3 : A dwesasvedsaliniles ewmsuan1ienis »
e
szuralslan [1] S, w
w3
Aeyanual Amns1dimes Y T)] =L
':? [
N 1,000 P £ 5 e
£ 2
P 1 sef setu §E ° 1(R)
8+365 3E
&
H 1 sion siofu oE 2
20365 0
[ 20 40 60 80 100
o 0.799999 MO FadU ———
7 0.005 Aof Aoy 20
7, 1 sef fetu g .
3%7 £E "
Ce & B
q, 1 ABF FBIUY £ 2
7 5 £
e W § 2 1(9)
a, 0.00005 fof Aoty g E
Ve W 5 5 5
0 1 fod Aoty £ 5
= 3
5 1]
a 1 m'ag]-’,g m'ai’u 0 20 40 B0 BO 100
47 i)
10
L
NFUN 1 MU HARALEIINGIRANND Bl ANTIENTTEUN g °
o = E
1515A E, (1.4009589041095891,0,0,0, 2.8272952265) Lagil I
¢ e
R, = 0.00253922 ag 1@)
JUT 2 aziiulddnamasgdndanauna a @an1znis g
J¥UMN E, (9.30665,0.26205,1.25487, 0.05601, 0.18781) 1A =
1]
7l R, =25.7303 wazguf 3 auituldiwawaegidngynauna oo e
138703
UANTIEMTIBUIN E, (1.4803,1.116,0.2951,0.0058, 0.4996 )
e R, =1.00832 E‘Uﬁ 1: v luansdndid Sy, Ege s Iye » Rup s Ve Hiaudunm



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

A5197 4 : Amnsfwesaevedsalinwiniles dusuanenisseuinsess

Aeyanwal A limes Wiy
N 1,000 P
p 1 faf oy
8365
H 1 fof) MoTu
20%365
o 0.799999 fofn feTy
7 0.005 Aas fodu
7, 1 fof Moy
3*7
d, 1 fof Moy
7
q, 0.9 fafl Aoty
0 1 fofl noTu
5
a 1 faf) noTu
47
2z " g "
=3 =
[ =
g e’
g -
= 5
ug Frl W= B
s e
= ki
i | 2 i 2
o Q) E @)
B , e
32 i!
Sz 5 2
= =
_f‘ =
= -
£ L £ L
1] 50 100 150 200 250 300 o 200 400 &00 BOO
eEaleil)] T leih)]
20 N 10
2 e
_Jg ‘% 18 “’g ‘h&.; ¢
= 2 & e
% 8 TE .
EE ' 2
L] [
& g 200 B E . 2(9)
=z =2 S g
2 G 5 S
=] =
[ T 2
w =3 [ 3
& ) i |
o 1]
o 500 1000 1500 2000 0 500 1000 1500 2000
L) e
3
(=)
z
oG 25
=
R (=)
WD g
t
3 IER
e £ 15( 2(3)
@
2 r/
B 0]
&
5
o 500 1000 1500 2000

L)

q' LY N) = o
UM 2 nowluansednaan Sye, Eye , Le s Rye Ve Wizununm



sNTaEN e

PeETUIBIUT

&

g

FLTEE

15
1=
.

TUIRIUTETINTEAR

)
[
15

Wi anTe

4

drulTEEn

i

xE )

3f

&

AR

)

i

e

WREATHTINMNEEMTD

(Ver)

a

niifui

u

25 ¢

20

I

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

A519% 5 : Amnsfwesasvedsalininiles dunsuanenisseuinsess

feyanwal A limes g
N 1,000 ra
p 1 fafl Aoy
8%365
H 1 fosi fadu
20365
o 0.799999 saf fofu
7, 0.005 faf fetu
7, 1 Ao Aedu
3%7
q, 1 fafi Ay
7
a, 0.0202 fof matu
0 1 sadn ety
5
o 1 fofl Aoy
4x7
10 ¢
e
!ag ‘.'_‘1_._
3(n) £E
S =
T [
5 & 2
o= Pl
g £
, . . . . w ok, X . . .
100 200 200 400 500 /] 100 200 200 400
Tl a1
10 ¢
[y
&= 8
= .
HE b
' N
T o=
£ g
e B
3(m) ii; 'LE, 4
El=
= ,
Er S
Y . . .
100 200 300 400 500 [} 100 200 300 400
e aleih)] Ay
3(3)
100 260 SIEIU 400 500

el

a o = o
U 3 nswluansdndiu Sye, Eye, Ty » Rye» Ve Wgunum



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

k&

o4 s 08 10

43
JUN 4 : nsmluansenuduiussenin g, fu R

TuanngnsszuiaEesdluguil 2 uazsud 3 wuind
WagLSmIIMIUAsunguannguussansdaiifndous
Liannsasevendeldlunguussrnsdniifadonas
anunsadienemiteldann g, =09 Tddu g, =0.0202

danaliianduiusiugiudilng 1 dekansninudusius

52N g, iU Ry lugun 4

5) NMSTIANUEDYTAINIINIS

5.1) nguun 1

[ E, (S:\IF’ET\IF’ IT\IF’ R:\u:ivr:F):
£ Np(0+pu+17,) 0.0.0 Npz,
1 1Y,y
O+u O+ p
o 6
( +,U)Tl+:u(+,[2 j ( +'u)‘[1+ﬂ[+rz J

i1 R, <13nauga o an1en1sszuintilse azdiany
LfesNININTIUY Q={(Sy Eyer e Rues Vi ) €1 5
aelideuly

1> p
PN +0Ry +7,Vye > (p+7, + G E ) Sye
7,8y > (7, + 1+ 0)Vye

wgayl fansanilaidulayuen
(1) =(Sye =S NSy )+ 1 + Ry +Eye +(Vie ~Vie IV, )

azle

do , S:F , , B , VI\TF
o = S\e (I—SNF}L Ene + e + Rue Ve [1—\/NF]
dw

S
= (PN = uSyp + 0R + 7V — 7S\ — G E e Sye )(17 S j* (% EneShe

dt NF
—HE\e — OBy — By L) + (0B e e — stlye — Ol —alye) + (al e

Vi
—HRye =R ) + (7S — T Ve — iV _WNF)[]'_V J
NF
dw pN oR (A"
— = pN = uS,p — By — sl — uRe — Vg — (— -+ —DE -2 NF
gt~ PN = #8ue = By = phye = HRye = N e (SNF Se | Sy
“ 7,S “
7~ B )She — OBy — Ol — Ny = ( \1/ N7, — = OV

NF

10

Lﬁa\‘i"ﬂ’]ﬂ
- Np(0+u+7,) . Npr,
S = P VNE T

0+ u O+ u

(0+u)z, +u (O+u)r, +u

+7, +7,
do pN oR (A .
= _ N_ L +7NF+&_ — E SNF
at (,u p) [SNF H Sy . -0 NF]

7,8

—0(Eye + e +VNF)_(%_TZ ~p=O\V

NF
% v, dw =
w9z lein s 0o u>p, 7Sy > (7, + +0)Vye
PN +0R: +7,Vye > (4+7,+ G E ) Sye

* *

AU E, (i Eres s R Vi ) Hlnnaiadiosninng

ATIUUQ [14], [15]

5.2) nuun 2
Iﬁ Ez (ST\IF’E:\IF’ I:\IF'R:\IF’V;IF) Lfl’e)

] (ool

L)

E_=
NF o
0+
o[? 0+ (u JTI+
u +
[ ] G Npqu[ ] +u *( ]qz
u u (0+u)
+a +7, u
. +7,
e = 0 0
O+\( u+ A+ 0+
g, [aer[ )( jJCh +u *( jqz ( ]Q*/‘ +u
u Mo o u
+7, +7,
6 6 6
[ o+ 0+
a| d,| Npg, - +u +tu |- g, Tty U
u u u
. +a +7, +7,
Ry = 0 0
O+\(u+ “+ 0+
9, [aﬂ+[ J( J]% +u +( jqz ( JT1+/U +u
u N\o o u
+7, +7,
. 7, (Np(u+0)q, —ac(0+ 1))
Vie =
[ [
O+ \( u+ "+ 0+
ap+ G| +H |+ d, i)
u \o c u
+7, +7,

01 R, >1 9nauna a4 an13n13szuInisesiaziiaiiy
LfesNINIINTIUY Q={(Sy Exe Iy Rye Vi ) €1 %

melddouls
u>p
PN+ R +7,Vie > (1+7, +0Ee ) Sye
7,8y > (7, ++0)Vye
Np(u+0o)a, >aoc(0+u)
wgaul fiansanilaidulayuen
@(t)=(Sye =S INSye )+ Iye +Rye +Eye + (Ve —Vie IV )

Al



do ’ S;F ’ ' ' ' V':F
T SyE 1—8— +Exe + 1 + R4 + Ve 1—V
NF NF
= PN —uSyp —pE\e —plye — uRe — 1V
- ﬂ_ Lt + AL -7, — By )S:F
S S
NF NF NF
7Sy *
—OEye —Olye —Nye —( —T, — =N
Ve
Ween

o et
R N (= )

v rl(Np(y+0')qz—a0'(9+,u))
NF — 9 6

o e e

+7, +7,

do

*

-0 _qlENFJSNF

pN oRe TV
=—(u—p)N—| ——p+ N, 2N
(u=p) [s #se s

NF NF NF

7,S .
_H(ENF + e +VNF)_(%_12 —U=0ONV,
NF

udazlaan ‘:T“’ <0UD 1> p,1,Sye > (7, +1+60)Vye
t
PN +o Ry +7,Vye > (1+7, +GE ) Sy
Way Np(u+o)d, >ao(6+u)
sl E, (Sy E,

e B Te s R s VNF) AAMULEDYTAIN

A9UU Q

6) @3una

v
[ va

1umiﬁﬂmmﬂﬁm Jelaasuudnaeamndnaans
vadlsainides WeRnwnmsszuinvedsalinsiides
Tulszinelne I@wi’smm%;ﬁamﬂ@uém'ﬁaummﬁaﬁhizﬁ’a
wazAIuANlInsyUIndnd drtinaiunn Jesiunazyidalse
dnrd nauUadnd Inaswuuasmradamans lnafimue
Tuguvesannsdeyitusvesiulsznsdniids o
msanelsa Ussnnsdniniandeusliannsadrenenide

' v
saa A '

16 Usgrnsdminfnvonasaunsaaenandints Useans

dninuainnisinie wardsensdnindlannizgiauiu

INNIANYT NUILFRAUAATIUAFADIIARD InAUAD
f anMeMIszuInlilinlarnaNga o AnTIENIUINGeTY

naonnsosiuioulvvemsiivwes uazldmduiugiugu

AB

R — (6+p+17,)Npg,

° ) 0 \(6
6 6 (6
I U L e ' B e |
" N +7, N e +7,

11

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

wuitluanznisszuinlilsaaziaiivsnmisedeon
duiugiuguiiadesnimile Ry =0.00253922 <1 waglu
anmgnssruInEeisaissnmideldeaduigiugu

fidnannnimils R, =25.7303>1

AelaangnssEuIaseSInUINAAUNUSIUsWiNE

AaNsgLIMRaNnafoAdUNUSIugUNTEaEg UM

RENRaLTINIIAFURUGIUEILTNN W1T1TnesTdaNane

¥
[ I

"AuiusiuguAednsiMaUasunguannausyrnsdnd

q

—

AnRewsldatnsoaenenwelalunguussrinsdniiian

¥ ¥

Walagansaaenendala (g,) nsauaulsarinun
devanansanuau q, Ainaderduiusiiugiu mnde
nsssvinvadlsn AmAuTusiuguasdanunnd 1 auey
q, Widlng 0.0202 vinlsiAnduitusitugrudnlnd 1 4z

gunsavinsmuauNssEuInvedtsailaegdivsydnsnmn

REFERENCES
Bureau of Disease Control and Veterinary Services, Department
of Livestock Development, “Epidemic Situation,” (in Thai), 2022.
[Online]. Available: http://esmartsur.net/Report_Situation.aspx
T. Yano et al., “Foot and Mouth Disease outbreak in Chiang
Mai and Lamphun area during 2007-2011,” (in Thai), Chiang
Mai Vet. J., vol. 11, no. 3, pp. 277-287, 2013.
M. J. Keeling, “Models of foot-and-mouth disease,” Proc.
Biol. Sci., vol. 272, no. 1569, pp. 1195-1202, Jun. 2005, doi:
10.1098/rspb.2004.3046.
S. Mushayabasa, C. P. Bhunu, and M. Dhlamini, “Impact of
vaccination and culling on controlling foot and mouth
disease: A mathematical modelling approach,” World J.
Vaccines, vol. 1, no. 4, pp. 156-161, Nov. 2011, doi:
10.4236/wjv.2011.14016.
T. Chanchaidechachai, M. C. M. de Jong, and E. A. J. Fischer,
“Spatial model of foot-and-mouth disease outbreak in an
endemic area of Thailand,” Prev. Vet. Med., vol. 195, Oct.
2021, Art. no. 105468.
S. Mushayabasa, D. Posny, and J. Wang, “Modeling the
intrinsic dynamics of foot-and-mouth disease,” Math.
Biosci. Eng., vol. 13, no. 2, pp. 425-442, Apr. 2016, doi:
10.3934/mbe.2015010.



Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

(7]

[10]

[11]

[12]

M. Kobayashi, T. E. Carpenter, B. F. Dickey, and R. E. Howitt,
“A dynamic, optimal disease control model for foot-and-
mouth-disease: Il. Model results and policy implications,”
Prev. Vet. Med., vol. 79, no. 2-4, pp. 274-286, May 2007,
doi: 10.1016/j.prevetmed.2007.01.001.

W. J. Klaring and W. Timischl, “Mathematical models for
the spread and control of foot-and-mouth disease during
the 1973 epidemic in Austria,” Biom. J., vol. 21, no. 7, pp.
675-680, 1979, doi: 10.1002/bimj.4710210711.

F. Mugabi, J. Mugisha, B. Nannyonga, H. Kasumba, and M.
Tusiime, “Parameter-dependent transmission dynamics
and optimal control of foot and mouth disease in a
contaminated environment,” J. Egypt. Math. Soc., vol. 27,
Dec. 2019, Art. no. 53. doi: 10.1186/s42787-019-0058-1.

A. H. Cabezas, M. W. Sanderson, and V. V. Volkova, “A
meta-population model of potential foot-and-mouth
disease transmission, clinical manifestation and detection
within U.S. Beef Feedlots,” Front. Vet. Sci., vol. 7, Sep.
2020, Art. no. 527558, doi: 10.3389/fvets.2020.527558.

L. Edelstein-Keshet, Mathematical Models in Biology. New
York, NY, USA: Random House, 1998.

K. Abodayeh, M. S. Arif, A. Raza, M. Rafig, M. Bibi, and A.
Nazeer, “Numerical techniques for stochastic foot and
mouth disease epidemic model with the impact of
vaccination,” Adv. Differ. Equ., Jan. 2020, Art. no. 34.

P. G. Smith, “Concepts of herd protection and immunity,”
Proc. Vaccinol., vol. 2, no. 2, pp. 134-139, 2010.

T. Changpuek, P. Pongsumpun, and I. M. Tang, “Analysis of
mathematical model for swine flu transmission by age
group,” Far East J. Math. Sci. (FIMS), vol. 73, no. 2, pp. 201-
229, 2013.

W. Mumtong, P. Pongsumpun, and I. M. Tang, “Analysis of
model for menstrual cycle with the effect of body mass
index,” Far East J. Math. Sci. (FIMS), vol. 93, no. 2, pp. 243
266, 2014.

12



https://doi.org/10.1002/bimj.4710210711

o Journal of Engineering and Digital Technology (JEDT)
A
/@ Vol.10 No.2 July - December 2022

Buckling of Square Plates with Different Central Cutouts

Ek-u Thammakornbunjut! Pongkorn Meelapchotipong® Jongsak Pakpia®

Sarocha Tammapattaragul® Paiboon Limpitipanich®”

L23ANMM Research Laboratory, Faculty of Engineering, Thai-Nichi Institute of Technolosy, Bangkok, Thailand
“Thai Asahi Denso Co., Ltd., Siam Green City, Rayong, Thailand

"Department of Mechanical Engineering, Faculty of Engineering, Burapha University, Chonburi, Thailand

*Corresponding Author. E-mail address: paiboonl@eng.buu.ac.th

Received: 30 September 2020; Revised: 5 May 2022; Accepted: 14 September 2022
Published online: 22 December 2022

Abstract

This research aims to study the effects of cutout shape and size with different load combinations on buckling
of perforated square plates. Loadings are divided into three types which are a uniaxial compressive force, biaxial
compressive forces, and biaxial tensile and compressive forces. These loads are in-plane and uniformly distributed
along the edges of the plates. In the case of biaxial loading, these forces are perpendicular to each other and to
the edges of the plates. The models are analyzed as square plates with simple supports on all four edges. The
finite element method is employed to determine the buckling loads in the direction of x-axis. From numerical
results, increasing cutout size will reduce the buckling load in all cases. In addition, considering the buckling load
of the plate subjected to uniaxial load as a reference case, it is found that the plates subjected to biaxial
compression have the lowest buckling loads. The buckling load is also reduced as the ratio of compressive forces
per unit length in the y- and x-axis is increased. In contrast, the plates subjected to biaxial tension and compression
will have greater buckling loads. The above results are the same for both circular and square holes. However,
when compared in terms of strength to weight ratio, plates with small cutouts produce slightly different results for
both shapes. But for the larger cutouts, the square cutout will significantly provide better strength to weight ratio

than a circular cutout at the same diameter to width ratio.

Keywords: Biaxial load, Buckling, Cutout, Finite element method, Plate
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. INTRODUCTION

In the past, thin plate structures are widely used in
various engineering structures such as ships, planes, and
bridges. In particular, it is designed to support in-plane
loads because the thin plate has better buckling
resistance behavior than columns. That is when the
panel is subjected to in-plane load until it buckles it
can be handled to even higher loads by switched from
the lowest mode to a higher mode. In contrast, the
column which supports the axial force will suddenly
fail after the force reached the first buckling load.
Details of the basic theory and experiments of buckling
can be found in the work of Timoshenko and Gere [1].
In addition, various cases of plate buckling can be
studied from the work of Bulson [2].

In general, plates often have perforation for weight
reduction, maintenance, and pipe access [3]. In the past,
many research have been conducted on the buckling
of perforated plates to ensure proper design and
implementation. In the beginning, theoretical analysis
was performed with experimental verifications [4]-[12].
Later, after a numerical technique namely finite element
method was developed and has been improved to be
a powerful tool for structural analysis it was widely
used to solve this kind of problem. Complex loadings
and boundary conditions have been solved and
reported with high accuracy [13]-[22].

Most of the past research has studied the effects of
cutout shapes, i.e., circle, square, and rectangle and its
position subjected to uniaxial or biaxial loads. Most of
them have not compared the buckling capacity
between circular and square holes on plates that are
subjected to biaxial loads especially in the combination
of tension and compression. Therefore, this research
aims to compare the difference between these two
cutout shapes on the buckling load of the square plate.
The applied forces are uniaxial, biaxial compression,

and biaxial tension-compression loadings. The finite
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element method is carried out in the analyses by the
ANSYS program. Incidentally, the shape of the plate,

cutouts, and loads in this study are shown in Figure 1.

LU

.},

l |

Figure 1: Geometry of plate, cutouts, and loads

IIl. RESEARCH METHODOLOGY

A. Geometric Modeling

The material of a plate is structural steel with
Young's modulus of 200 GPa and a Poisson ratio of 0.3.
Its seometry is square with a width of 300 mm and 2
mm thickness. We define the size of the hole by a ratio
of the hole diameter and hole width to the plate width
for the case of circular and square holes, respectively.
The effect of cutout size is studied by varying this ratio
as 0.1, 0.2, 0.3, 0.4, and 0.5. The plate support
conditions are simple support on all four edges. The

middle plane of the plate lies on the x-y plane [19].

B. Loading Conditions

The applied load is prescribed as uniformly in-plane
forces acting on the edge of the plate in the x- and y-
directions as shown in figure 1. However, by the constant
thickness of the plate, it is convenient to use it as force
per unit length and will simply call the force or load in
the x- or y-axes (N, and N,) instead. There are three
loading conditions which are uniaxial compression,

biaxial compression, and biaxial tension and compression.



T

We will consider the compressive force in the x-axis as
the main axis in determining the critical buckling load.
In addition, the stress ratio of the y-axis to the x-axis (or
the ratio of N, to N,) is defined as R = 0.5, 1.0, 1.5, and
2.0 to examine its effect on the different cutouts. The
tensile force is positive while the compressive force is
negative. Therefore, the case of biaxial tension and
compression this ratio will be negative. Table | shows
all of the cases to be analyzed including the non-cutout
plate cases. For uniaxial loading, the stress ratio will be
zero. Both plates with circular and square holes will be

numerically analyzed with the same loading conditions.

C. Numerical Analysis

In this research, numerical results were carried out
using the ANSYS program which uses the finite element
method (FEM) as a calculation engine. Briefly, the
principle of this method is to divide the problem
geometry into subdomains, called elements. They are
represented by rectangular or triangular elements for
two-dimensional problems or hexagonal or tetrahedron
elements for three dimensions whose mathematical
equations govern their behavior consistent with the
problem characteristics. Each element has nodes and
an interpolation function to approximate the field

variables within the element.

Table 1: Cutout and loadings to be analyzed

R= Uy/O'x (= Ny/NX ; uniform thickness)

Cutout
d/b  Uniaxial
Shape Biaxial Loading
Loading
o 0 Compression-Compression
& 01 05 1.0 15 20
o
©v 0.2
2 0.0 or
© 0.3
2
[ 0.4 Tension-Compression
Y Tos 05 -10 -15 -20

The equations of each element are then assembled

into a system of equations in the form

15

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

[K]{u}={F}

where [K] is a stiffness matrix, {U} is a nodal vector,

(1)

and {F} is a nodal force vector.

Buckling of plates is a bifurcation problem, usually
call bifurcation buckling. It refers to an instability failure
of structures. At the bifurcation point on the load-
deformation curve, the deformations begin to grow in
a new pattern which is quite different from the pre-
buckling pattern. The buckling problem will be
formulated as an eigenvalue problem. The stiffness
matrix in Eqg. (1) will consist of a linear or small
deformation  stiffness matrix K, at the pre-buckling
state and a stress stiffness matrix Ko‘ which relates to
the stress level of the plate. Therefore, Eq. (1) can be
written as

[Ko+AK, [{u} ={F} (2)
where A is an eigenvalue which will be calculated as
a load multiplier. At the buckling point, the
determinant of the stiffness matrix must equal to zero
as

K, +4K,|=0 (3)

After solving the Eq. (3), the eigenvalues as a critical
load multiplier will be provided and the corresponding
buckling loads can then be determined from

Fo = 4P

is the buckling load of mode J,

(@)
A is the

where P :

cr
eigenvalue of mode i, and P is the initial applied load.
In the case of the ANSYS program, the calculated
results, based on linearly elastic assumption, will be
eigenvalue or load multiplier. If the initial applied load
is less than the buckling, load the load multiplier will
be greater than 1, but oppositely, it will be less than 1.
As shown in Eq. (4), by multiplying the initial applied
load by the load multiplier, the buckling load could be

obtained at each mode.
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lIl. MODELING AND VERIFICATIONS
A. Finite Element Modeling

Modeling and analyzing problems with the finite
element method by the ANSYS program can be divided
into six steps as shown in Figure 2. The procedure starts
with drawing the geometry of the problem and setting
all dimensions for easy adjustment. Then prescribes its
material properties and creates a proper mesh with
convergence tests. In this step, type and size of the
element should be carefully selected to fit the
problem. They will affect the amount of the element
and processing time. The next step is to provide the
edge conditions and the applied loads. The analysis
section for the buckling problem consists of two parts:
the static analysis and the eigenvalue analysis, which
must choose the required results to demonstrate i.e.,
stresses, deflections, and buckling load multipliers. In
addition, as a post-processing step, the user can select
other results to be carried out for further analysis.

This research uses SHELL181 element, a four-node
element with six degrees of freedom at each node, in
the meshing process. The program semi-automatically
generates mesh in which smaller meshes are only
created around the periphery of the cutout. Consequently,
the number of elements is not constant in each case

due to the size of the hole.

Material Properties
Mesh Generation

Loads &

Boundary Conditions

Post Processing

Figure 2: Problem modeling and analysis in FE program
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They range approximately between 2,000 and 5,500
elements. Examples of mesh generations for circular
and square holes with a relatively small element
around the hole are shown in Figure 3.

Applying loads and boundary conditions are the
same step in ANSYS program. In present study, the
plate model lies on the x-y plane and the main load
will apply on the x-axis. The applied load in the y-axis
will be zero, compression, and tension for three loading
conditions. To apply a simple support condition for all
four edges, a zero displacement in z-direction is set on
all four edges and two points at the corners on the
edge of the plate parallel to the x-direction are
restrained to translate only in the x-direction while the
point between these two is set to move only in the y-

direction.

B. Verification of the Numerical Results

To verify the correctness of the results, we have
compared the buckling loads from the program with
the available theoretical results [23], the case of non-
perforated plates. All three loading conditions have
been considered. Table Il shows the comparison results
of the buckling loads between ANSYS and theory which
is obviously seen that the discrepancy is very low. As a
result, the calculation of the buckling load of the
perforated plates from the program should be accurate
enough. In addition, some buckling modes are examined
by comparing to the experiments as shown, as an
example, in Figure 4. The experiments had been done
as a senior project in 2007 [24]. Rectangular plates with
some aspect ratio subjected to uniaxial loading had
been tested. Shadow-Moire method had been used to
demonstrate buckling modes. However due to the
imperfection of the grips at the edge of the plates the
out of plane displacement did not looks symmetry
around the cutout in case of square plates, as shown

in the Figure 4.
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Figure 3: Example of mesh generations for (a) circular cutout

with d/b = 0.3 and (b) square cutout with d/b = 0.4

Table 2: Verification of the results from ANSYS

Nx,cr (kN/m)
Loadings R
Theory ANSYS % Discrepancy
Uniaxial 0 64.271 64.272 0.00167
L c 0.5 42.847 42.848 0.00167
o 2
= 7 a 1.0 32.135 32.136 0.00167
% 0 g
& g g 15 25708 25709 0.00245
§ 3 2.0 21.424 21.424 0.00167
c -0.5 114,770 115.160 0.34023
1 Q2
@ S ﬁ -1.0 133.898 134.280 0.28547
x 5 2
2 E g 15 160.677  161.020 0.21327
o
o -2.0 200.847 201.060 0.10623

Figure 4: Buckling mode of a square plate with a square cutout

of d/b = 0.2 subjected to uniaxial load

IV. RESULTS AND DISCUSSION
The calculation results will be in the form of force
per unit length which is N/mm. In this research, we have
changed them to an accustomed unit kN/m. In addition,
it can also be converted to stress by multiply with
1000/t which results in the unit of MPa.
The characteristic considered in this analysis is the

ability to resist buckling of the plates. Plates with higher
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buckling resistance will have higher buckling loads. The
comparison between hole size, hole shape, and
loadings are examined from buckling load values. The
numerical results consist of the difference of loadings,
i.e., uniaxial loading, biaxial compression, and biaxial
tension and compression as shown in Figure 5-7,
respectively. All of the results are compared the critical
buckling loads in the x-axis by increasing hole size for
both circular and square holes. In the case of uniaxial
loading, the strength to volume ratio (S/V ratio) will also
be considered here. Generally, this kind of analysis has
used strength to weight ratio (S/W ratio) but this work
did not vary materials properties, especially the density,
so the S/V ratio could be carried out. However, if the
S/W ratio is required we can multiply the S/V ratio by
material density and gravitational acceleration.
A. Effect of Hole Size

From the calculation results, as shown in Figure 5-7,
the hole size is considered in the form of hole diameter
to plate width ratio. As the hole size increases, the
buckling load decreases in a similar trend for the first
two loading conditions, Figure 5 and 6. It seems
reasonable because making a cutout at the center of
the plate causes the plate to lose its material texture
for force resistance which means that the buckling
strength of plates will inevitably decrease. In the initial
phase, d/b = 0 to d/b = 0.3, the buckling load decreases
faster than in the case of d/b = 0.4 to 0.5. As for the
last loading conditions, the buckling load at d/b = 0.1
is slightly higher than the case of d/b = 0. However, for
the case of d/b = 0.2 to 0.5, the buckling load tends to
decrease as expected. This is because the applied load
is tension and compression and are perpendicular to
each other by keeping the load ratio, R, constant. It
means that the tensile force in the y-direction in the
case of d/b = 0.1 is greater than the case of d/b = 0

therefore its buckling load is greater.
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rcular Cutout

Figure 5: Buckling load of a plate with a central cutout subjected

to uniaxial load
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Figure 6: Buckling strength to volume ratio of a plate with a

central cutout subjected to uniaxial load

B. Effect of Loadings

Comparing the results of three loading conditions,
as shown in Figure 5-8, it can be seen that the biaxial
compression case gives the critical buckling load less
than that of the uniaxial loading case at the same
cutout size. This is because the lateral compression in
the y-axis has also weakened the plate in resisting the
in-plane compressive force. It should be taken as a
precaution in the design of plate-like structures where
they may be subjected to biaxial compressive forces. In
addition, the smaller the load ratio R, the higher the
buckling load. It can be implied that by applying the
lateral load the buckling load resistance of the plate
will decrease as shown in Figure 7. The same results

are achieved for both circular and square holes.
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Figure 7: Buckling load of a plate with a central cutout subjected
to biaxial compressive load
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Figure 8: Buckling load of a plate with a central cutout subjected

to biaxial tensile and compressive loads

Considering the case of plates subjected to tensile
and compressive forces, as shown in Figure 8, it is found
that both circular and square cutouts cause higher
buckling loads than that in the case of uniaxial and
biaxial compression loadings for d/b = 0.1 to 0.4 while
they result in close value for d/b = 0.5. It shows that
applying the laterally tensile force to the plates will
allow the plates to withstand more compressive force
before the critical point is reached. However, when
considering the load ratio R, it is found that the higher
the load ratio, the higher the buckling load. In addition,
in the case of a plate without a hole or with a small
hole (d/b = 0.1), the buckling load at R = 2 is much
greater than in the other cases. But as the hole size

increased to the range of d/b = 0.3 - 0.5, the buckling
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loads with higher load ratios are significantly reduced
to a close value with the lower load ratio. It can then
be made a suggestion that for a large hole, i.e., d/b
more than 0.3, it is not necessary to apply the lateral
tensile load more than R = 1. Because the buckling
strength that the plates achieved may not be worth it

as the cost has much more increased.

C. Effect of the Cutout Shape

From Figure 5-8, when comparing circular holes and
square holes with the same size of diameter and side,
respectively, it is found that the plate with a square
hole has a smaller area which, consequently, means
that its volume and weight are also less than of the
circular hole. But the buckling load is very close to each
other. Accordingly, considering in terms of weight
reduction to buckling strength reduction the plate with
a square hole is better. It is evident from Figure 6, if the
force-to-volume ratio is considered, that a small hole,
e.g. d/b = 0.1 - 0.3, this ratio is quite similar. But when
the holes are large enough as d/b = 0.4 or 0.5, the plate
with a square hole has significantly better strength per

volume.

V. CONCLUSION

This research examines the critical buckling load of
square plates with circular and square cutouts by
considering the effects of three loadings, hole size, load
ratio, and the cutout shape. The problem is numerically
analyzed by the finite element method. It can be
concluded that the perforation reduces the strength of
the plate against buckling. It will decrease as the hole
size increases. It is the same for both circular and
square holes.

In the case of loading types, if we introduce the case
of the plate subjected to uniaxial loading as a benchmark,
the biaxial compressive load will cause the reduction

of the buckling strength of the perforated plate
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drastically. In practice, the use of plates in structural
applications should avoid this type of load if the
buckling strength is highly concerned. In contrast, when
the lateral tensile force could be provided, the plate
would be able to withstand much more buckling load.
However, this advantage will fade as the hole grows
larger.

Finally, if the hole is not large, both cutouts (circle
and square) will not differ greatly in weight reduction
and buckling strength. But if the cutout is large enough,
a square hole has more benefit than a circular one in

the view of strength to weight ratio.
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Abstract

Disc brake pad identification is a difficult task that requires experiences of disc brake experts. However, disc
brake pad retails must identify the part to deliver the right product to customers. In this research, the deep learning
algorithms and object detection technologies to help identify disc brake pad in a case study of disc brake pads
company are proposed. The goal is to implement disc brake identification system that finds the right brake pad
model correctly in an instant time. We select two deep learning algorithms that are well known in object detection
which are YOLOv5 and Faster R-CNN. The disc brake pad detection performance of the two algorithms is compared.
There are four measurements: precision, detection speed, loss function (regression loss, classification loss), and
training time. We use the two algorithms to detect and classify five disc brake pad models. The results show that

YOLOV5 has better precision, detection speed, loss function, but Faster R-CNN requires less training time.

Keywords: Deep learning, Disc brake pad identification, Object detection, YOLOV5
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. INTRODUCTION

The global automotive aftermarket industry volume
is increasing due to the rising demand of automobile
[1]. Disc brake pad is the one of automotive aftermarket
spare parts in which its demands are also increasing in
the same trend with the demand of automotive market.
Also, the modern vehicle models use disc brakes as the
main vehicle braking system [2]. The increasing demand
for automobiles affects to variety of spare parts feature
(e.g., disc brake pad, car tyres, car accessories). Especially
for disc brake pads, the variety of them is one of the
concerns for the brake pad business due to the
importance of identifying the disc brake pad that would
be the information for installing disc brake pads in their
cars correctly, which influences the brake system, brake
performance, and safety of drivers.

A case study company in disc brake pad industry
was tasked with identifying disc brake pad using human
vision, which is well-known for disc brake pad drawing.
But the variety of disc brake pad in terms of shape, size,
and high volume caused the difficulty of identifying
them with human vision precisely. Furthermore, there
are a sizeable minority of experts who are well-known
for their expertise in brake pad drawing. So, they could
not identify a large number of disc brake pad fast
enough. The constraint of human vision as above causes
several problems for the brake pad business, such as
slow response times for customer service and employee
overload.

Nowadays, Object detection algorithms are getting
better all the time. Object detection is a significant part
of computer vision theory that is utilized in many
practical image processing applications and is based on
convolutional neural networks (CNNs) for extracting
image features [3]. To identify each object, object
detection is utilized to detect the single object or
multiple objects and label with a class label in

numerous photos [4]. There are two types of object
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detection model: one-stage and two-stage methods.
The two-stage methods consists of region proposal
followed by region classification, such as the R-CNN
algorithm family, while one-stage object methods
accomplishes both at the same time, such as SSD or
YOLO series [5]. Furthermore, there are several libraries
or application program interfaces (APIs) that can be
used that are suitable for novice developers [6].

Due to the number of studies on disc brake
identifying with object detection algorithm are rather
tiny. The purpose challenge of this study is to
recommend the best methods for identifying disc brake
pads by comparing the efficiency of two methods,
Faster R-CNN and YOLOv5 which were picked as the
best representations of two-stage and one-stage object
detection methods, respectively [7]. To achieve the fast
and precision to identify disc brake pad, the
performance evaluation consists of using the loss

function, mean average precision (mMAP), detection

speed and training time.

IIl. LITERATURE REVIEW

Since the small number of research on disc brake
identification using an object detection method. We
investigated alternative object detection methods for
other application to consider the optimal approach for
detecting disc brake pads.

Sharma and Thakur [3] reviewed about object
detection in deep learning field. Object identification is
an important component of computer vision theory
that is utilized in many practical image processing
applications and is based on convolutional neural
networks (CNNs) for extracting image features. In this
topic, an object is characterized by its main
characteristics, which include shape, size, color, texture,
and other qualities.

Kumar and Srivastava [4] investigated the object

detection system employing a single shot multi-box
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detector. To identify each object, object detection is
utilized to detect the single object or multiple objects
and label with a class label in numerous photos. They
were training till the error rate was low and then testing
the model with some example photos. The researcher
discovered that precision could be checked using the
loss function (LP), mean average precision (mAP), and
frames per second (FPS).

Casado-Garcia and Heras [5] concluded that there
are two types of object detection models. The first type
is two-stage network, it consists of region proposal
followed by region classification, such as the R-CNN
algorithm family. The second type is one-stage network,
it accomplishes both at the same time, such as SSD or
YOLO. Furthermore, they found that the increasing cost
of data collection means an increased cost too, to
compensate for the lack of data, data augmentation
techniques are employed.

Wang and Yan [7] researched a visual object detection
which is the application in deep learning to classify
types of tree leaf. In the research, YOLOV5 and Faster
R-CNN were investigated as one-stage and two-stage
detectors for detecting five different types of leaves. The
results showed that YOLOV5 outperforms Faster R-CNN
and flexibility for a variety of applications.

Tureckova et al. [8] set a difficult situation of
identifying a dog’s face with YOLO network and deploy
the system to mobile application for applying to open
a pet entrance. At 0.5 IOU, YOLO tiny obtains an
average precision of 92%. When compared to Faster
RCNN-based, the average precision score of the YOLO
tiny is 0.06 poorer, but it is much slightly speedier.

Ryu and Chung [9] investigated object detection to
assess the surrounding situation rapidly and effectively
in the driving environment. Recent research employed
R-CNN to achieve precision, but they have constraints
of real-time applying. This research proposed YOLO
applying augmentation. The model has an 90.49%
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average precision. It was demonstrated that this
method effectively identified objects and improved
classification precision.

Yoon et al. [10] researched the classifying players
and tracking ball movements in basketball game
through video clips to help staff to design game
strategies. The researchers utilized Yolo as the basic
system, modifying it to identify player and ball motions
from multiple perspectives. Yolo was chosen because
of its ability to identify objects in real time. Furthermore,
in terms of average precision and speed in frames per
second, it outperformed other object identification
algorithms such as Fast-RCNN and Faster-RCNN. The
precision of detection is evaluated in this study by
comparing it to human expert analysis.

Melek et al. [11] researched an object detection in
shelf image to monitor the number of products on the
shelves in retail. In terms of performance and speed,
YOLOV2 was picked as the best deep learning algorithm.
The total loss value is reduced as the number of
iterations increases. Furthermore, the dataset is the most
important component influencing the effectiveness of
deep learning algorithm.

Bin Yan et al. [12] investigated a recognition system
for recognizing existing apples on apple trees and
classifying them as ungraspable apples or graspable
apples. The study proposes YOLOVS5 for real-time precise
identification of apple picking robots in foggy and sunny
conditions. The average identification time per image is
0.015 second and an average precision is 86.75%.

Ana Malta et al. [13] researched the recognized
parts of an automobiles with YOLOvV5 network. The
dataset of car engines and the label of eight car parts
were created by the researchers. The results in the test
sets showed that YOLOv5 could recognize the car parts
in real-time with high precision and recall above 96.8%.
The results demonstrated that YOLOV5 is good and fast

for detection problems.
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Fangfei Shi et al. [14] proposed the object detection
network, YOLOVS5, to detect driver smoking. Since there
is no public driver’s smoking dataset, the researchers
were created the dataset from video of various smoking
with different angles, weather, and lighting conditions.
The experiment results showed that decomposed
YOLOV5 achieves the 93.5% precision and 4.9 second
of detection time.

Md Jubayer et al. [15] researched an identifying
mold on food surfaces such as fruit and bakery product
based on YOLOV5 algorithm. In this research, a food
images with mold dataset were produced. In compared
to YOLOv3, YOLOv4, and YOLOv5, YOLOv5 model
showed the highest precision, recall, and average
precision with 205 epochs. Following that, as the number
of epochs increased, the model's performance dropped.

Zixin Ning et al. [16] investicated MT-YOLOV5, a
mobile terminal table detection model based on
YOLOV5, that can identify the table location on the
mobile terminal in real-time. The researchers created a
dataset from a public source that included 1200
pictures for training and 439 images for testing. The
results showed that YOLOvVS5 could determine the table
location with a precision of 84% and it has a rapid
reaction time of 24.2 frames per second, implying that
real-time detection is possible.

Jiali Cui et al. [17] suggested a biometric identification
approach based on a Faster Region based Convolutional
Neural Network (Faster R-CNN) for detecting eyes. The
approach is composed of three parts: convolutional
layers, a region proposal network, and a detection
network. Faster R-CNN is faster than other R-CNN series
on a professional GPU, achieving 8-9 frames per second.
Furthermore, there are comparison of test time and
recall with YOLO (tiny), they found that the speed of
YOLO (tiny) is better than Faster R-CNN, while the recall
on the dataset with Faster R-CNN method may
approach 95-96%, while YOLO (tiny) method achieved
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47.4-63.5%, suggesting that the proposed technique
based on Faster R-CNN has excellent precision for
detecting eyes.

Wan and Goudos [18] investigated multiple fruit
classes consisting of apples, mangoes, and orange
detection using robotic vision with the development of
Faster R-CNN. This study is a first in that it uses 4,000
images from the real world to construct a multi-
labeled. In the experiment, they compared the Fast R-
CNN, Faster-RCNN, YOLO series: YOLO, YOLOv2, and
YOLOV3, and their own improved Faster R-CNN. The
test results show that their own improved Faster R-CNN
outperforms standard detectors in terms of detecting
precision, 91% mAP, followed by YOLOv3, YOLOv2,
Faster R-CNN, Fast R-CNN, and YOLO, respectively.
While YOLOv3 has the fastest processing time, it is
followed by YOLOv3, YOLO, Faster R-CNN, YOLO, Faster
R-CNN, and Fast R-CNN, in that order.

Li [19] studied about object detection performance
based on R-CNN series. This paper compared multiple
pre-training models, to evaluate the efficiency of the R-
CNN series. It was based on three different datasets in
common public data, including PASCAL VOC2007,
COCO, and ILSVRC. The results showed that Faster R-
CNN outperformed R-CNN and Fast R-CNN in terms of
precision, as measured by mAP, and detection speed,

as measured by the second metric.

lll. RESEARCH METHODOLOGY

We implement two deep learning algorithms for
identifying disc brake pads, consisting of YOLOvV5 and
Faster R-CNN which are dominant in precision and
detection speed [18], [19]. This section explains
convolutional neural network (CNN) and the two
algorithms: YOLOV5, and Faster R-CNN. Furthermore,
this section also describes data preparation, deep
learning environment and performance evaluation

methods.
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A. The Study of Convolutional Neural Network (CNN)
Convolutional neural network (CNN) [20] is a type of
deep learning that has gained popularity in a variety of
computer vision application. CNN is a mathematical
structure consisting of three layers: convolution, pooling,
and fully connected layers. The convolution and pooling
layers perform feature extraction of object while the
final output is extracted by the fully connected layers.
Digital images consist of values of pixel in two-
dimensional grid. The grid cells of image pixel are called
kernel which represent the feature extraction for highly

making performance of image processing.

B. The Study of YOLOVS5 Principle

CNN +

Input Pooling Feature Output

Image Maps Image

Bounding

Box

Figure 1: The work methodology of YOLOV5 algorithm

YOLO (You Only Look Once) [21] is the one of CNN,
which can process image features and classify objects
at the same time. There have been five versions of
YOLO algorithms. Each version has been upgraded and
has different architecture. For latest version of YOLO is
YOLOvV5 which has a strength of user-friendly framework,
speed, and precision.

The work methodology of YOLOV5 [22] is to apply
CNN to extract image features and use pooling to
decrease size of feature maps. Then, it creates bounding
boxes along with compute the confidence score of
each bounding box to represent the object in the
images. Finally, YOLOV5 generates the bounding box
with highest confidence score and determines the class

of objects as shown in Figure 1.

25

Journal of Engineering and Digital Technology (JEDT)
Vol.10 No.2 July - December 2022

C. The Study of Faster R-CNN Principle

Faster R-CNN, or Faster Region-Based Convolutional
Neural Network, [23] has two main steps for detecting
and classifying object. The initial step is to propose
regions using a CNN followed by the step of region
proposal network (RPN) using to consider and
categorize the object class. The adding of RPN is the
key success that make Faster R-CNN be the best
represent of CNN family.

The work methodology of Faster R-CNN [24] starts
with the feature map creation using CNN to extract the
features from input images. Then the region proposal
network (RPN) will construct multiple bounding boxes
on feature map known as regions of interest (ROI) that
are highly probable to contain any objects. Finally, the
ROl pooling layer is used to classify the class and

generate the bounding box on output images as shown

in Figure 2.
Input CNN Feature RPN Multiple
Image Maps - Bounding Boxes
Class
Output P ROl Pooling
Image A
g Bounding
Box A

Figure 2: The work methodology of Faster R-CNN algorithm

D. Dataset Preparation

This step consists of three parts: collect images data,
data annotation, and data preprocessing as follow:

1) Collect Images Data

AUl disc brake pad images were collected from a
case study company. There are two sides of disc brake
pad model consist of friction material side and backing
plate side as shown in Figure 3. Images of both sides of
each disc brake pad were collected with different

arrangements. In addition, we collected disc brake pad
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images in visible shot sizes and clear surroundings,
including a white background and sufficient light as
shown in Figure 4. For this test dataset, we took image
samples from five brake pad models: Model A, Model
B, Model C, Model D and Model E.

&

Friction Material Side

Backing Plate Side

Figure 3: Friction material side and backing plate side of disc

brake pad

o @ R P i

Model A Model B

Model C

Model D Model E

O ah T O T

Model A Model B

Model C

Model D Model E

Figure 4: The image of disc brake pads collection: Model A, Model B, Model C, Model D and Model E

2) Data Annotation

The annotation process used Roboflow to label the
class name of disc brake pads: Model A, Model B, Model
C, Model D and Model E. Each class is represented of
one to three car model names which use in automotive
industry.

3) Data Preprocessing

We applied data augmentation to increase the
number of instance in our dataset. This is essential part
for preparing training dataset to improve the training
model of deep learning algorithm. The data augmentation
was created by Roboflow. It consists of flipping,
rotating, shearing, grayscaling, brightening, exposuring,
and blurring techniques. After data preprocessing was
finished, the split of the training and validation dataset
is 80% and 20% respectively as shown in table 1, which
is suitable for multiple classes [25]. The number of
samples for Model A, B, C, D and E are 651, 510, 665,
449 and, 458 respectively. Otherwise, the test dataset
were collected from the single disc brake pad and

multiple disc brake pads on a white background, as

26

shown in Figure 5, to examine the results of two object

detection methods.

Table 1: The image of test dataset collection

Validation dataset
Algorithm Train dataset (80%)
(20%)
YOLOV5S 1,368 342
Faster R-CNN 1,368 342

= Wl
1

) (G2 = it

Figure 5: The image of test dataset collection

E. Environment Setting and Training

After preparation of data, we trained both algorithms
using Google Colab Pro. The epoch and batch size of
train setting were defined by trial and error for receiving

the best precision of both algorithms.
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F. Performance Evaluation

The performance evaluation for comparing two
algorithms consists of five parameters: confusion matrix,
loss function, precision, detection speed, and training
speed. All parameters are computed by algorithms at
the end of training.

1) Loss function

The loss function [7] determines how close an
approximated value is to the true value. It mainly
includes classification loss and regression loss. The
classification loss optimizes the classification performance
while regression loss optimizes the bounding box that
locates objects. So, in this research, we selected both
loss functions to evaluate algorithms.

2) Precision

In part of the precision measurement, we selected
mean average precision (MAP) [26] for estimating the
precision of object detection. The value of mAP starts
from 0 to 1 which means the greater value means the
better precision. We select the mAP at I0U threshold
at 0.5 to measure the algorithm precision in all classes
and in each class. Since the good precision is the
prioritization factor for classification problems. We also
used a confusion matrix [27] to evaluate the quality of
classification and show the cross of prediction and true
classification. The confusion matrix is obtained from the
k-nearest neighbors clustering where the one axis is
defined as the target class or true class labels and
another axis is the output class or class predictions.

3) Detection speed

The detection speed is measured by second per
image to investigate speed performance and evaluate
detection speed for practical use.

4) Training speed

The training time is measured as well, and it is
computed in hours to compare the amount of time

spent training between two algorithms.
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IV. RESULTS AND DISCUSSIONS
A. Comparison of Disc Brake Pad Detection Results

The test datasets are separated in two types: single
disc brake pad and multiple disc brake pads which were
tested on YOLOV5 and Faster R-CNN algorithm with
over 50 percentage confidence setting.

The disc brake pad detection on both YOLOV5 and
Faster R-CNN consist of bounding box creation and
class name identification, the experiment results in
single disc brake pad detection as shown in Figure 6
showed that YOLOV5 could perform as good as Faster
R-CNN, they could create the bounding box on object
position precisely and identify the name of disc brake
pad correctly in every class name with high confidence.
While the experiment results in multiple disc brake
pads detection as shown in Figure 7, showed that both
YOLOV5 and Faster R-CNN create the bounding box on
object position worse than single disc brake pad image
because they created overlapped bounding box in
some images. Since YOLOV5 created bounding box on
empty background while Faster R-CNN created multiple
bounding boxes on one object. But in term of class
name identification, YOLOV5 could identify the name
of disc brake pad correctly except the one which create
the mistaken bounding box on empty background
while Faster R-CNN was confused the name of disc
brake pad in some images such as the wrong identify of

Model A (50%) as Model C (96%) in Figure 7.

B. Comparison of Two Algorithms Performance

The confusion matrix as shown in Table 2 indicated
that the performance of the identified disc brake pad
of YOLOVS is better than that of Faster R-CNN due to
the higher precision of predicted name, while Faster R-
CNN has high precision as well, but it was still confused
in few class names such as the predicted name of

Model A as Model B, C, and E.
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In Figure 8 showed the mAP of disc brake pad
identification in all classes and each class. In all classes,
YOLOV5 has a 99.394% mAP while Faster R-CNN has
99.215% mAP. On the other hand, the mAP of YOLOvV5
in each class is range from 99% to 99.5% while the mAP
of Faster R-CNN in each class is range from 88.586% to
93.333%. The result of mAP showed that YOLOV5 had
better average precision percentage than Faster R-CNN
in each class which correspond to average precision of
all classes. The investigation of detection speed after
algorithms training in Figure 9 showed that YOLOv5

outperformed with 0.008 second/image while Faster R-

s

D

CNN could detect 0.174 second/image. The result
showed that YOLOvV5 could detect disc brake pad
image faster than Faster R-CNN about 22 times. On the
other hand, in Figure 10 showed that the training time
of Faster R-CNN is 1.3 hour while the training of YOLOV5
is 8.138 hour. The results showed that Faster R-CNN
required less training time than YOLOV5 about 6 times.

For the loss function following Figure 11 and Figure
12 showed that YOLOV5 has 1.585% and 0.415% in
regression loss and classification loss, respectively,

which had better performance than Faster R-CNN.

Table 2: The confusion matrix of YOLOv5 and Faster R-CNN.

Kl
dodel A 94%]

YOLOvV5 Faster R-CNN
Truefedi“ Model A | Model B | Model C | Model D | Model E | | = redict| Model A | Model B | Model C | Model D | Model E
Model A 1.00 Model A 0.95 0.02 0.02 0.01
Model B 1.00 Model B 0.98 0.01 0.01
Model C 0.99 0.01 Model C 1.00
Model D 1.00 Model D 0.99 0.01
Model E 1.00 Model E 0.03 0.97

|

ik

Figure 6: Single disc brake pads detection results
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Figure 7: Multiple disc brake pads detection results
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Figure 8: Precision comparison (mMAP@0.5) of YOLOV5 and Faster R-CNN
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Figure 9: Detection speed (s/image) comparison of YOLOv5 and

Faster R-CNN
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Figure 10: Training time (hr) comparison of YOLOv5 and Faster
R-CNN.
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YOLOvV5 Faster R-CNN

Figure 11: Regression loss comparison of YOLOV5 and Faster R-CNN

V. CONCLUSION

The experiment of algorithm performance comparison
between YOLOvV5 and Faster R-CNN for recommend the
proper algorithm to identify disc brake pad is started
from collect five models disc brake pad images in a case
study company and pre-processing all images before
training both algorithms. The results of training and
testing determined that YOLOV5 has better precision,
detection speed and loss function. Even though Faster
R-CNN required less training time, YOLOVS5 still significantly
outperformed Faster R-CNN in disc brake pad identification.

By the way, the applying algorithm to identify disc
brake pad in practical use should be concern about the
quantity of models in disc brake industry and various
background. So, the increasing of disc brake pad models
and sufficient images backeround for real work coverage
are essential tasks to develop the algorithms for using
in all kinds of disc brake pad identification applications.
Furthermore, the establishment of cross validation,
which helps developers select the proper training data
and the consider of balance of sample for each class,

are a necessary task as well.
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Abstract

The objective of this study is to improve the warehouse performance by redesigning the warehouse layout and
re-location for storing the odds and end in a public hospital. As surveyed, the backeround problem reveals that
there is an ineffective storage policy for each product group, resulting in unvalued time-consuming and
unproductive traveling in picking processes. To overcome this issue, this research gathered data on SKUs’ picking
frequency in total 244 items, categorized by three product groups, namely mold, odds and end, and office
equipment. For the analysis, two main approaches: ABC class-based layout and storage relocation assignment
model are applied for finding the appropriate warehouse layout and optimal storage location. The result from a
comparative analysis of performance evaluations shows that the optimal layout derived by picking frequencies
with considering of items’ prioritization is the best design. With the new layout, the case gain benefits of better
efficiency in terms of the shortest travel distance reduction from 81,950.6 to 77,591.7 meters a year (account for

5% of reduction) and the average time of picking processes deducts from 34.2 to 32.13 hours per year.

Keywords: ABC analysis, Storage relocation assignment model, Warehouse layout improvement
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Abstract

In this paper, we are introducing 3 new algorithms that take high-priority services into account for more delay-
sensitive multimedia traffic, namely, CFS, DAP type 1 and DAP type 2 algorithms, an extension of Binary tree
algorithm. The CFS algorithm can be derived from Binary tree algorithm by setting the access probability of the
first slot for class 1 users equal to 1. DAP type 1 algorithm can be obtained from Binary tree algorithm by adjusting
the access probability of the first slot for class 1 users to the desired value. DAP type 2 algorithm can be derived
from either Binary tree and DAP type 1 algorithm by adjusting the access probability of the first slot for class 1
users and the access probability of the first slot for class 2 users to the desired values. The goal is to make each
type of traffic compliant with QoS requirements. The simulation results show that DAP type 2 algorithm has more
feasible QoS indexes than the CFS and DAP type 1 algorithms. So it is more efficient and flexible to adjust system
parameters to meet QoS requirements than CFS and DAP type 1 algorithm. In addition, we can conclude that the
access probability of the first slot for class 1 users and class 2 users are the important parameters that must be

set properly. So that the system can control QoS and still maintain high delay performance.

Keywords: Binary tree algorithm, Priority, QoS
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[. INTRODUCTION

The most popular communication today is high-
speed wireless communication, which can support a
large number of users. If a large number of users would
like to send data at the same time, it will cause a data
collision and no user will be successful in transmitting
data. Therefore, many Medium Access Control (MAC)
protocols were designed. MAC protocols can be classified
into contention free [1]-[3] and contention based [4], [5]
protocols. Contention free protocols allocate resources
to each user, ensuring no data collisions occur.
Examples of this type of protocol are TDMA [6], [7],
where time is allocated for each user to transmit data,
and FDMA [8], [9], where each user is assigned a

different frequency to transmit data. Using different

times or frequencies will definitely not cause a collision.

But these protocols have a disadvantage. If some users
do not have the data to send. This will make the time
or frequency that is reserved cannot be used by others.
In order to solve this problem, the contention based
algorithms were introduced. For contention based
algorithms, if any user would like to transmit data, they
will compete for access to the channel. The examples
of this type of algorithm are ALOHA protocol [10], [11],
slotted ALOHA protocol [12], [13], Carrier Sense
Multiple Access (CSMA) protocol [14], [15] and binary
tree algorithm [16], [17]. Binary tree algorithm has the
advantage of being able to support a large number of
users by splitting the collision-related users into 2
subgroups. When another collision occurs, the users
involved in the collision are divided into two subgroups.
This process continues until all users successfully
access the channel. Fig. 1 illustrates the example of the
collision resolution mechanism of Binary tree algorithm.
From the figure, users A, B, C, D and E have a delay time

of 4,5, 8,9 and 10, respectively.
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Figure 1: Collision resolution mechanism of Binary tree algorithm

Nowadays, in the era of high-speed communication,
there are high demands on data transmission that
require different quality of service. Although the binary
tree algorithm can support a large number of users,
however, it cannot be applied to systems where
different users require different quality of service, such
as audio or video transmission. Therefore, this paper
presents 3 new algorithms, namely, CFS, DAP type 1
and DAP type 2 algorithms to support traffic with
different priority requirements.

The paper is structured as follows. In section II, we
shall describe the details of CFS, DAP type 1 and
DAP type 2 algorithms. Results and discussions will be
in section Il conclusions are

presented Finally,

presented in Section IV.

II. PROPOSED ALGORITHMS

This paper presents 3 algorithms that can support
traffic with different priority requirements, which are
CFS, DAP type 1 and DAP type 2. Each algorithm divides
users into two groups, which are class 1 and class 2
users. Let class 1 users have the higher priority than
class 2 users, i.e. class 1 users need less time delay
than class 2 users. Moreover, we introduce a QoS index
parameter to compare the quality of service of class 1
and class 2 users. The QoS index is defined as the ratio
between the average delay time of class 2 users and
the average delay time of class 1 users.

The details of all proposed algorithms are as follows.
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A. Choosing First Slot (CFS)

In this algorithm, class 1 users always accesses the
first slot. As illustrated in Fig. 2, it can be seen that user
A, a class 1 user, accesses the first channel in order to
gain access to the channel before other users. Whereas
class 2 users randomly select one of the 2 slots, i.e.
class 1 user accesses slot 1 with probability 1, while
class 2 users randomly choose slots 1 and 2 with
probability equal to 0.5.

For CFS algorithm, only one user can be a class 1
user. This is because if there are more than one user,
there will be endless collisions. Because all class 1
users access to the first slot, causing an inevitable

collision.

Figure 2: Collision resolution mechanism of CFS algorithm

B. Different Access Probability Type 1 (DAP Type 1)
For this algorithm, the probability of accessing the
first slot of class 1 users is greater than 0.5. Therefore,
class 1 users have the greater chance of accessing the
first slot than the class 2 users, as illustrated in Fig. 3.
In the figure, the access probabilities of class 1 and class
2 users are 0.7 and 0.5 respectively. Class 2 users
behave like normal users in Binary tree algorithm. Let
users A, B and C are class 1 users and users D and E are
class 2 users. User A, a class 1 user, randomly selects a
number between 0 and 1. If the random number is less
than 0.7. User A will choose to access the first slot. But
if the random number is greater than or equal to 0.7.
User A will access the second slot. In this example, the

random number of user A is equal to 0.65, so User A
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chooses to access the first slot. While User D, a class 2
user, randomly selects a number between 0 and 1. If
the random number is less than 0.5. User D will choose
to access the first slot. In this example, the random
number of user D is equal to 0.9, so User B chooses to
access the second slot. This process is repeated until

all users have successfully accessed the channel.

Class| 1 |
User| A
P |07
rand | 0.65
rand | 0.42
rand | 0.68

1l172]2]
B|C|D]|E

0.7
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0.51
0.82
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0.84
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0.24

0.5
0.9
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1] 2[3[a[s]e6][7]8]09]10
AB|AB cbEcDb| c | D | E

Figure 3: Collision resolution mechanism of DAP type 1 algorithm

C. Different Access Probability Type 2 (DAP Type 2)
For this algorithm, class 1 users have the higher
chance of accessing the first slot than the second slot,
as is the case with DAP type 1 algorithm. However, the
access probability of class 2 users to access the first slot
is not necessarily 0.5, as shown in Fig. 4. In the figure,
the access probability of class 1 users is 0.7, while the
access probability of class 2 users is 0.3. User A, a class
1 user, has a chance to access the first and second slots
of 0.7 and 0.3 respectively. That is class 1 users have
the higher chances of accessing the first slot than the
second slot. Whereas User D, a class 2 user, has a
probability of accessing the first slot of 0.3 and a
probability of entering the second slot of 0.7. This
means that class 2 users have the higher chances of
accessing the second slot than the first slot. Therefore,
in this case the average delay time of class 1 users will

be less than the average delay time of class 2 users.
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Figure 4: Collision resolution mechanism of DAP type 2 algorithm

IIl. RESULTS AND DISCUSSION

In this section, we shall investigate the performance
of the proposed algorithms. The details are as follows.
A. Performance of CFS Algorithm

As can be seen in Fig. 5, the average delay time of
class 1 and class 2 users increase with the number of
users in the system. Since the number of slots is equal
to 2, when there is a large number of users in the
system, there will be frequent collisions. We can notice
that the average delay time of the class 1 user is slightly
increased. This is because class 1 user always accesses
the first slot. If a collision occurs, the class 1 user and
class 2 users involved in the collision are divided into
subgroups to resolve the collision. This group of users
will succeed in accessing the channel before other
group of users. In addition, we found that the average
delay time of class 2 users is higher than the average
delay time of normal user for Binary tree algorithm. This
is because a class 1 user always accesses the first slot
and this increases the chance of a collision between
class 1 user and some of class 2 users. The multiple
slots is required to solve the collision. As a result, the

average delay time of class 2 users is high.
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Figure 5: The average delay time vs the number of users for the

Binary tree and CFS algorithms

Fig. 6 shows the relationship between the QoS index
value and the number of users in the system. This figure
shows that the QoS index increases with the number of
users. This is because the QoS index is equal to the
ratio between the average delay time of class 2 and
class 1 users. From Fig. 5, it can be seen that the
average delay time of class 2 users has a much higher
rate of increase than the average delay time of class 1
users, resulting in the ratio increasing with the number

of users.

QoS index

2.5 T

2 4 6 8 10 12 14
Number of users (N)

16

Figure 6: The Qos index vs the number of users for the CFS algorithm
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B. Performance of DAP Type 1 Algorithm

Fig. 7 shows a comparison of the average delay time
between class 1 and class 2 users of the DAP type 1
algorithm. The figure shows only the case that the
access probability of class 1 users greater than or equal
to 0.5. This is because in this paper we assign class 1
users a higher priority than class 2. users. If class 1 users
use the access probability less than 0.5, then class 1
users will have a higher average delay time than class
2 users.

From the figure, we found that when increasing the
probability of accessing the first slot of class 1 users the
average delay time of class 1 users tends to decrease.
However, when increasing the probability of accessing
the first slot of class 1 users too much, the average
delay time of class 1 users will be much higher. This is
because using proper access probabilities will give class
1 users an appropriate channel access rate. This causes
infrequent collisions between users. However, when
increasing the access probability too much, tmhe
chance of collisions between class 1 users is high,
resulting in a noticeable increase in the average delay
time of class 1 users.

When considering the average delay time of class 2
users, it can be seen that the average delay time of
class 2 users increases with the access probability of
class 1 users because increasing the access probability
of class 1 users would increase the chance of collisions
between class 1 and class 2 users. In addition, when
the number of class 1 users increases, increasing the
access probability of class 1 users will increase the
average delay time of class 2 users. Because there is a
high chance of collision between class 1 users.
Therefore, most class 2 users have to wait for collision-

related class 1 users to successfully access the channel.
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Figure 7: The average delay time vs the access probability of class
1 for the DAP type 1 algorithm when varying the number of users

in each class

Fig. 8 shows the relationship between the QoS index
and the access probability of class 1 users. It can be
seen that when the access probability of class 1 users
is 0.5, the QoS Index is 1. This is because all users use
a probability value of 0.5, the users of both classes
have the same chance of success. In this specific
condition, the DAP type 1 algorithm becomes Binary
tree algorithm.

When increasing the access probability of class 1
users, the QoS index tends to increase. This is because
the average delay time of class 2 users increases with
the access probability of class 1 users while the average
delay time of class 1 users tends to slightly increased.
The QoS Index is maximally increased at a certain
access probability of class 1 users. Increasing more
access probability of class 1 users will decrease the QoS
index. This is because increasing the access probability
of class 1 too much will increase the chance of
collisions between class 1 users and multiple slots are

required to solve the collision problem.
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C. Performance of DAP Type 2 Algorithm

For conveniences, these notations are used in the
following discussions:

p; = the access probability of the first slot for class
1 users.

P, = the access probability of the first slot for class
2 users.

N, = the number of class 1 users.

N, = the number of class 2 users.

Comparing Figs. 9(a), 9(b) and 9(c), it is found that if
the number of class 1 users is greater than the number
of class 2 users, changing the p; value will cause the
average delay time of class 1 users to change rapidly.
While changing the p, value will cause the average
delay time of class 1 users to change slowly. On the
contrary, if the number of class 2 users is greater than
the number of class 1 users, changing the p, value will
cause the average delay time of class 1 users to change
rapidly. While changing the value of p; will cause the
average delay time of class 1 users to change slowly.

The average delay time of class 1 users is lowest
when p; is in the range 0.3-0.7 and p, is small. This is
because using the proper value of p; can help reduce

the chance of collisions between class 1 users, and
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when p, is small, most class 2 users will access the
second slot. This gives class 1 users a chance to achieve

faster channel access.

Average delay of class 1 users (slots)

Average delay of class 1 users (slots)

Average delay of class 1 users (slots)

Figure 9: The average delay of class 1 users for the DAP type 2
algorithm as a function of p; and p; : (a) N;=4, N,=12 (b) N;=8,
N2:8 (C) N1:12, N2:4
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Fig. 10 shows the relationship between the average
delay time of class 2 users and the values of p; and
p,. From the figure, the average delay time of class 2
users tends to increase with the value of p;. This is
because when p; is large such as 0.95, class 1 users
have a high chance of accessing the firsrt slot.
Therefore, most class 2 users have to wait for
collision-related class 1 users to successfully access
the channel.

The average delay time of class 2 users is lowest
when p; is in the range of 0.3-0.7 and p; is small. This
is because using medium value of p, can help reduces
the chance of collisions between class 2 users, and at
the lowest p; value, most class 1 users will access the
second slot. This gives class 2 users a chance to
successfully access early slots.

Fig. 11 shows the relationship between the QoS
index value with p; and p,. It is found that the QoS
index is hish when p, is low. This is because when p,
is low, most class 2 users are successful in access the
channel at the latter slots. As a result, class 2 users
have a high average delay time value, resulting in a
higher QoS index. When considering at a small p,
value, the QoS index increases with p; until it reaches
a maximum of a certain p, value. When p; is increased
further, the QoS index decreases. This peculiar effect
can be explained as the following. When p; is too low,
most class 1 users will access the second slot,
resulting in increased delay of the class 1 user. In the
case of high p; values, there will be a high probability
of collision between class 1 users, resulting in a high
delay time and low QoS index value. If we would like
to achieve a high QoS index we should use the small

p, value and use a p; value between 0.3-0.7.
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Figure 10: The average delay of class 2 users for the DAP type 2
algorithm as a function of p; and p; : (a) N;=4, N,=12 (b) N;=8,
N,=8 (o] Ni=12, N2:4
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Figure 11: The QoS index for the DAP type 2 algorithm as a function of p; and p; : (a) N;=4, N,=12 (b) N;=8, N,=8 (c) N;=12, N,=4

Figs. 12 and 13 show the relationship between QoS
index value and the average delay time of class 1 and
class 2 users respectively. It can be seen that at high
QoS index value, the delay time of class 1 user is low.
While the delay time of class 2 users is large. We also
found that increasing the proportion of class 1 users
would decrease the range of QoS index, reducing from
7.6 to 3.15.

When comparing Binary tree, CFS, DAP type 1 and
DAP type 2 algorithms as shown in Figs. 14 and 15. We
found that the DAP type 2 algorithm has more feasible
QoS indexes than the other algorithms. So it is more
and flexible adjusting the system

effective in

parameters to meet QoS requirements than CFS and
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DAP type 1 algorithms. This is because DAP type 2
algorithm can use both p; and p, values to adjust the
QoS index, whereas DAP type 1 algorithm can use only
p; value to adjust the QoS index. For the CFS algorithm,
p; and p, are constants of 1 and 0.5, respectively.
Moreover, we can observe that the QoS index of Binary
tree algorithm is equal to 1. This is because for the
Binary tree algorithm all users use the same access

probability, which is 0.5.
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At the end of the section, we summarize the relations
among Binary tree, CFS, DAP type 1 and DAP type 2
algorithms as shown in Fig. 16. It can be seen that all
proposed algorithms can be derived from Binary tree
algorithm, which can be described as follows. The CFS
algorithm can be derived from Binary tree algorithm by
setting the value of p; equal to 1. DAP type 1 algorithm
can be obtained from Binary tree algorithm by adjusting

p; to the desired value. DAP type 2 algorithm can be
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derived from either Binary tree and DAP type 1
algorithm by adjusting p; and p, to the desired values.

p;=0.5,p,=0.5
Fixed p;=1
CFS < Binary tree
Adaptive
aptive p; Adaptive p;
Adaptive p,
\ 4 '
Adaptive p,
DAP type 2 DAP type 1

Figure 16: The relations between Binary tree, CFS, DAP type 1
and DAP type 2 algorithms

[V. CONCLUSION

In this paper, we have presented 3 new algorithms,
namely, CFS, DAP type 1 and DAP type 2 algorithms to
support multi-class traffic  with different QoS
requirements. All proposed algorithms can be derived
from Binary tree algorithm. From the simulation results,
we can conclude that the access probability of the first
slot for class 1 users and class 2 users are the important
parameters that must be set properly. So that the
system can control QoS and still maintain high delay
performance. When comparing among all proposed
schemes in terms of QoS requirements we found that
the DAP type 2 algorithm has more feasible QoS
indexes than the CFS and DAP type 1 algorithms. So it
is more effective and flexible in adjusting the system

parameters to meet QoS requirements than CFS and

DAP type 1 algorithms.
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Abstract

In this paper, we propose the Adaptive Splitting Type-1 and Adaptive Splitting Type-2 algorithms that can be
used in conjunction with the existing tree algorithms. binary tree and ternary tree algorithms divide users involved
in a collision into a constant number of groups. Splitting users into a fixed number of groups without taking into
account the number of collision-related users results in lower channel utilization. Therefore, the proposed
algorithms are designed to improve the performance of tree algorithms by adjusting the number of groups to be
split to match the number of users involved in the collision. It can be observed from the results that Adaptive
Splitting Type-1 and Adaptive Splitting Type-2 algorithms perform better binary tree and ternary tree algorithms in
terms of average delay, which indicates that the proposed algorithms can be used to enhance the efficiency of

the tree algorithms. In particular, the Adaptive Splitting Type-2 algorithm offers the best performance.

Keywords: Adaptive splitting algorithms, Contention resolution, Tree algorithm
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. INTRODUCTION

In the era of high-speed communication, there is a
quickly growing demand for large data transmissions.
One problem in transmitting large and continuous data
is a data collision. Data collisions occur when multiple
users would like to transmit data at the same time. In
order to alleviate the collision problem, several MAC
protocols have been proposed. MAC protocols can be
broadly classified into two types: contention-free MAC
protocols and contention-based MAC protocols. In
contention-free MAC protocols, a channel is allocated
equally to each user. Therefore, there is no collision of
data. Examples of contention-free MAC protocols
include: Time Division Multiple Access (TDMA) [1], [2],
Frequency Division Multiple Access (FDMA) [3], [4] and
Code Division Multiple Access (CDMA) [5], [6]. One
limitation of contention-free MAC protocols is in the
event that the user has no data to send. A channel that
is reserved for the user will be wasted because other
users cannot use that channel. In contrast, contention-
based MAC protocols are suitable for situations where
there are many users in the system and each user may
have different transmission requirements. Examples of
contention-based MAC protocols are as follows: ALOHA
protocol and its variants [7], [8], Carrier Sense Multiple
Access (CSMA) protocols [9], [10] and tree-based
algorithms [11]-[13]. Tree-based algorithms can support
a large number of users and are able to resolve data
collisions very well.

The principle of solving the data collision of tree-
based algorithms can be described in detail as follows.
When a collision occurs, the users involved in the
collision are divided into subgroups. If another collision
occurs in a subgroup, the users involved in that
collision are divided again into subgroups. The collision-
resolving process continues until all users successfully
access the channel. The tree-based algorithm has a

weakness in that the users involved in collisions are
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always split into a fixed number of subgroups regardless
of the number of users involved in collisions. For
example, in the case of two users involved in a collision,
the appropriate number of subgroups is 2. Dividing the
users into 3 or more subgroups will cause the idle slot
and inefficient access to the channel. Therefore in this
paper we introduce the Adaptive Splitting algorithms to
enhance the performance of the well-known tree
algorithm.

This paper is structured as follows: Section II, we
describe the process of solving the collision of known
tree algorithms. The Adaptive Splitting algorithms are
explained in Section Ill. The results and discussion will
be illustrated

in Section IV and followed by a

conclusion in Section V.

Il. REVIEW OF EXISTING TREE-BASED ALGORITHMS

In this section, we will describe the collision
resolution mechanisms of binary tree and ternary tree
algorithms.
A. Binary Tree Algorithm

Binary tree algorithm was developed by Capetanakis
in 1979 [14] and Tsybakov and Mikhailov in 1978 [15].
For the binary tree, when a collision occurs all relevant
users are randomly split into two groups. Fig. 1 shows
an example of the collision resolution mechanism of
binary tree algorithm. From the figure, we can see that
in the first slot, there are 3 users accessing the same
slot, resulting in data collision. The users involved in
the collision are divided into 2 groups. We found that
another collision occurred in 3rd slot. The users
involved in the collision are divided into 2 groups, and
the collision resolution will continue until all users
have completed access to the channel. We can see
from the figure that the total number of slots used is

14 slots.
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Figure 1: Collision resolution mechanism of binary tree algorithm.

B. Ternary Tree Algorithm

Binary tree algorithm has a significant degradation in
performance when there are too many users in the
system. This is because even if collision-related users
are split into two groups, there is still a high chance of
a collision in each group. In order to solve the collision
problem in the event of a large number of users, an
algorithm that divides the users into 3 groups is
proposed. This algorithm is called ternary tree
algorithm [16]. Fig. 2 displays an example of the
collision resolution mechanism of ternary tree
algorithm. The contention resolution mechanism of
ternary tree algorithm is almost the same as the binary
tree except that for every collision all involved users
are split into new 3 groups. From the figure, the total

number of slots used is 12 slots.
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Figure 2: Collision resolution mechanism of ternary tree algorithm.

lll. ADAPTIVE SPLITTING ALGORITHMS
In this section, we shall explain the collision

resolution mechanisms of the proposed algorithms.
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A. Adaptive Splitting Type-1 Algorithm

The Adaptive Splitting Type-1 algorithm has a
collision resolution mechanism similar to the ternary
tree algorithm. The difference is that when the number
of remaining users in the system is equal to 2, the users
involved in the collision are split into 2 groups instead
of 3. For example, in 9th slot of Fig. 3, there is a collision

between last 2 users. These 2 users are divided into 2

groups.
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Figure 3: Collision resolution mechanism of Adaptive Splitting

Type-1 algorithm.

The pseudo code of Adaptive Splitting Type-1 algorithm is given
in Algorithm 1.

Algorithm 1 : Adaptive Splitting Type-1 algorithm

while the number of remaining users in the system is more than 0
if number of remaining users is equal to 2
users involved in the collision are split into 2 groups else
users involved in the collision are split into 3 groups
subtract the number of successful users from the number of
remaining users

end while

B. Adaptive Splitting Type-2 Algorithm

The Adaptive Splitting Type-2 differs from Adaptive
Splitting Type-1 as follows: In the case of Adaptive
Splitting Type-1, users are split into 2 groups only if the
collision occurs between the last 2 users. While in all
cases of collision between two users, Adaptive Splitting
Type-2 always divides the user involved in the collision
into 2 groups. For example, in 5th and 8th slots of Fig.
4, there are collision between 2 users. The users

involved in the collision are divided into 2 groups.
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Figure 4: Collision resolution mechanism of Adaptive Splitting

Type-2 algorithm.

The pseudo code of Adaptive Splitting Type-2 algorithm is given
in Algorithm 2.
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Figure 5: The average delay vs the number of users with varied

Algorithm 2 : Adaptive Splitting Type-2 algorithm

number of split groups in case of light loads.

while the number of remaining users in the system is more than 0
if number of users involved in the collision is equal to 2
users involved in the collision are split into 2 groups else
users involved in the collision are split into 3 groups
subtract the number of successful users from the number of
remaining users

end while

IV. RESULTS AND DISCUSSION

In this section, we shall first investigate the
performance of tree algorithms with different number
of split groups under light loads. Let the variable Q
represent the number of groups divided. As can be
seen in Fig. 5, the average delay increases with the
number of users in the system. This is because the
more users in the system, the higher the chance of the
collisions and it will take more time to resolve the
collision. Furthermore, binary tree provides the best
performance when the number of users in the system
is less than or equal to 2. Whereas ternary tree gives
the best results when the number of users in the
system is greater than or equal to 3.

When increasing the number of split groups to 4 and
5, poor performance is observed. This is because
splitting the users into too many groups will significantly

increase the idle slots, resulting in lower performance.

Fig. 6, demonstrates the performance comparison
of tree algorithms with different number of split groups
under heavy loads. It is found that the average delay
tends to increase with an increase of the number of
users. This decrease in performance is due to the
increased number of collisions caused by a large
number of user attempts to access the channel. It can
be noticed that the result is similar to the case of light
loads with the following details: Ternary tree gives the
best results. Moreover, dividing users into 2 and 4
groups provide similar performance. While dividing

users into 5 groups gives low performance.
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Figure 6: The average delay vs the number of users with varied

number of split groups in case of heavy load loads.

Now we would like to turn our attention to investigate

the effects of the number of split groups on the number

60



of idle slots and the number of collision slots. Figs. 7
and 8 display the relation between the number of idle
slots and the number of users with different number of
split groups under light and heavy load respectively. As
we can see, the number of idle slots increases with the
number of split eroups. This is because in the case of
the same number of users, the greater the number of
split groups, the more idle slots are likely to occur.
Figs. 9 and 10 illustrate the relation between the
number of collision slots and the number of users
under light and heavy load respectively. As we can see,
the number of collision slots decreases with the number
of split groups. This is because when the number of split

groups is large, there is a low chance of the collision.
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Figure 7: The average number of idle slots vs the number of

users with varied number of split groups in case of light loads
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Figure 9: The average number of collision slots vs the number of

users with varied number of split groups in case of light loads.
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Considering the total number of collision and idle
slots as shown in Figs. 11 and 12, it can be noticed that
when the number of users is less than or equal to 2
splitting the users involved in a collision into 2 groups
provides the best performance. However, when the
number of users involved in a collision is greater than
or equal to 3, splitting users involved in a collision into
3 groups offers superior performance. From the results,
we can conclude that the number of split groups has a
significant effect on the performance of the system.
Therefore, the number of split groups should be
carefully chosen to match the number of users

involved in the collision.
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Figure 8: The average number of idle slots vs the number of

users with varied number of split groups in case of heavy loads.
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Now we would to compare the performance of
binary tree, ternary tree, Adaptive Splitting Type-1 and
Adaptive Splitting Type-2 algorithms. For the Adaptive
Splitting Type-1 algorithm, the users involved in a
collision are divided into 2 groups when the number of
remaining users in the system is 2. Whereas the users
involved in a collision are divided into 3 groups when
the number of remaining users in the system is greater
than or equal to 3. For the Adaptive Splitting Type-2

algorithm, the users involved in a collision are divided

into 2 groups if the collision occurs between 2 users.
The users involved in a collision are divided into 3
groups when the collision occurs between 3 or more
users.

Figs. 13 and 14 illustrate the performance comparison
among binary tree, ternary tree, Adaptive Splitting
Type-1 and Adaptive Splitting Type-2 algorithms under
light and heavy loads respectively. It is revealed that
when there is one or two users in the system, the binary
tree, Adaptive Splitting Type-1 and Adaptive Splitting
Type-2 algorithms have the same performance. This is
because all three algorithms divide the number of users
involved in the collision into 2 groups. Whereas a
ternary tree which divides 2 collision-related users into
3 groups gives lower performance due to more idle
slots. Moreover, when the number of users in the
system increases, the Adaptive Splitting Type-2
algorithm offers the best performance. This is because
it can effectively reduce idle slots with small increase
in collision slots. While binary tree algorithm gives the
lowest performance because even if a large number of

users are divided into 2 groups, each group still has a

large number of users, causing frequent collisions.
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Figure 13: The average delay vs the number of users for binary
tree, teranary tree, Adaptive Splitting Type-1 and Adaptive
Splitting Type-2 algorithms in case of light loads.
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Figure 14: The average delay vs the number of users for binary
tree, teranary tree, Adaptive Splitting Type-1 and Adaptive
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Figs. 15 and 16, show the average number of collision
slots for the system with light and heavy loads
respectively. When comparing all algorithms, it is found
that in the event that there are more than 2 users in
the system, binary tree algorithm has the highest
number of collisions. This is because the number of
users in the system is relatively much higher than the
number of split groups, so there is a high probability of
collisions. Furthermore, it can be observed that the
Adaptive Splitting Type-1 and Adaptive Splitting Type-2
algorithms have the higher average number of collision
slots than ternary tree. This is because Adaptive
Splitting  Type-1 and Adaptive Splitting Type-2
algorithms divide users into 2 or 3 groups depending on
the number of users involved in the collision. When
users are divided into 2 groups, there is a greater chance
of collision.

Figs. 17 and 18 demonstrate the relation between
the average number of idle slots and the number of
users under light and heavy loads. It is apparent that
ternary tree algorithm has the highest number of idle
slots. This is because Tree algorithm definitely divides
the users into 3 groups while binary tree divides the

users into 2 groups and Adaptive Splitting Type-1 and
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Adaptive Splitting Type-2 algorithms divide users into 2
or 3 groups. The larger the number of split groups, the
greater the idle slots are also more likely to occur. In
addition, it is found that the Adaptive Splitting Type-1
algorithm can help reduce idle slots slightly compared
to ternary tree algorithm while the Adaptive Splitting
Type-2 algorithm can greatly reduce idle slots.
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Figure 15: The average number of collision slots vs the number
of users for binary tree, teranary tree, Adaptive Splitting Type-1
and Adaptive Splitting Type-2 algorithms in case of light loads.
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Figs. 19 and 20 illustrate the average number of
collision and idle slots as a function of the number of
users. These Figures reveal that Adaptive Splitting Type-
2 has the best efficiency in reducing wasted slots and

thus providing the superior system performance.

V. CONCLUSION
In this paper, we have proposed Adaptive Splitting
algorithms to improve the performance of existing tree

algorithms. From the results, it can be seen that the
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Figure 18: The average number of idle slots vs the number of
users for Binary tree, teranary tree, adaptive Splitting Type-1 and
Adaptive Splitting Type-2 algorithms in case of heavy loads.
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Figure 20: The average number of collision and idle slots vs the
number of users for binary tree, teranary tree, Adaptive Splitting
Type-1 and Adaptive Splitting Type-2 algorithms in case of heavy

loads.

number of split groups is a significant factor that affects
the performance of the system, hence must be chosen
cautiously. When comparing among binary tree, ternary
tree, Adaptive Splitting Type-1 and Adaptive Splitting
Type-2 in terms of delay performance, we found that
both Adaptive Splitting Type-1 and Adaptive Splitting
Type-2 algorithms perform better than binary tree and
ternary tree algorithms. In particular, the Adaptive
Splitting Type-2 algorithm obviously outperforms other

algorithms. Especially, in the case of heavy loads
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Abstract

The use of agricultural biomass as raw material for activated carbon production has been increasing because it is
cheap and largely generated amount. The produced activated carbon was useful for remove the pollutants from
aqueous media. This work aims to study the effects of temperature and time on the activated carbon production
from coconut coir obtained from Chonburi province. The experiments were divided into two stages: (i) biochar
production and (i) activated carbon production. The results revealed that both temperature and operation time
had the significant effects on solid yield and surface area of Biochar. After that, the biochar obtained from different
conditions were activated by using 4M KOH, 4M H;PO, and 4M H,SO, at the desired temperatures and operating
time to produce activated carbon. The results showed that biochar which was produced at 500 °C and 1 h, then
activated by KOH at 200 °C and 2 h provided the activated carbons with the highest surface area of 1,147.74 m’/g.
In addition, the Methylene Blue adsorption was found to follow the Langmuir isotherm model (R* = 0.9993).

The overall experimental results revealed that activated carbon produced from coconut coir could be operated
under lower temperature and exhibited opportunity and possibility to design the cheap and uncomplicated kiln.
The production energy can be reduced. Moreover, the production cost for activated carbon was presented that it
was lower than that of commercial activated carbon. Therefore, it probably had an opportunity for commercial

business competition or further development to new products for pollutant adsorption and other proposes.

Keywords: Activated carbon, Agricultural waste, Coconut coir, Community enterprise
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il duigaduinaruativiu 9 mnihidelddnde 3
finanon3deildfiduug (methylene blue: MB) Tuns
nageulsEAvEN NN SeAdUva s uiuiug [9]-[11]
niAdedlFatunssdeutuiuflagldnuuendn
FoinsmaasslnglinsBidanazimnluninigumgigs
(muffle furnace) Faduszuuilndifssiummia iy
gurununInsily Tngsmdsliausmiluiamnin i
FunuuliinfuAeiuguauld msdansgiautusiug
wiadu 2 duneu Ao manAndiutanimuas msnsedudie
arsadl loun nsadain nsaneanesn wazlnunaides
lapsanlss iiefnymavesadeiietomemusasdunon
dwAusudfidaaseildinniluneasunisgadu MB
w%auﬁ’umiﬁwmmﬁuﬁﬁaLLazizq"LaIGUmasfumi@m%’u e
srwmadululfunshlidpedusedvludide suds
Ainngiannzlunsndnuagduyunisuanauiusius 1ile
UsgnounseenuuuI I manzas auziiteninn i
msneaedluszuuilnglAsstumsnuessuvy agyiilvigmm

annsauimsdanisiedlduasduduuuulumsiniungyuvy



dusaly wonandnsAnwnszuIunNsHaRauiuTud Ll
= | 5’5 5 o v v
wenn13Anwly 2 Juneutu asvinlvladeyanaves
ad o o o a ~
gaungiinludadedrdglunisnda [7] Wieaiunsoniugy
gamanilantuvseldonmgiilunisudaudazaiuiaslaiiie

ANFUNULAZAIUTUTDUVDAA 1IN

2) TngusrasAveanuidy
1. iefnwinavesiadesig o donsudngiuiusiug
INATVUENS T
2. Wemnnziimunzanluniswandufuiugainniu
UENI7
3, defnwerudululslunmsihaututus i g s Tom

Tugnunisgadunasdu 9

3) e uilunside
3.1) dmgav arsied uazimTedenltluaide

o

mgauldluaud

v
o

bil Ao nusznd N Nufiuay
pzideude sSunevisazas Smiavayd arnaidldluns
nAaes laun WAAUUEIIN Ajax Finechem nsadaisn
(H,SO,) AMILUNTY 95-97% 211 Merck nsaweoanasn
(HsPO,) AULTUTU 85% 217 Ajax Finechem Tnunaigou
lemsenlan (KOH) an@nwidusinidlvd nsnezdfn (CH,
COOH) glacial AuL@NgU 100% 310 Merck laiAsule
asontan (NaOH) AR Grade 910 QreC 1agi1n15LHIAIY

WASBILALHLUY Muffle furnace iq'u Nabertherm

3.2) N1399nUUUNITNIAGEN

Weilwmsnaneondu 2 Suneu Ae msrdnsuTanm
(Mspsuslud) waznsudsauiudug Tunsudsaudanim
Shamseenuuumvnaediagda Central Composite Design
(CCD) [12] Wiomamgiimnzaulunisudngudinin lag
fvuavoulumueInltlunismassdiinseunqudmiy
MIHAFAIUTININ NMTTB WAL TIUTITBYAIINMITY
fuieatos (131-116] ludesduiiu nuigamgiuasiiand

Wi ganluNSHANAUTINNALDEYTENINE 500-600 B3N
Wwayd Nan 1-2 94N AIUUNTERNWUUNISTVAADIALNTE
Pl@sann5199 1 ntuIzmanIsnnassnlaluImsiz

IngldisNuRameauauss (response surface methodology:
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RSM) Lazn153tAs189iALkUsUSIU (analysis of variance:

ANOVA) sall

A9 1 : AENlElUNINAaeIMNUNTEBNKUUNSNAADILUU CCD

L | sumgil (erwaldes), | 1an (@),
n1sNAARN . .
3EAY S2AU

1 479.29,-1.414 1.50, 0
2 479.29,-1.414 1.50, 0
3 500.00, -1 1.00, -1
4 500.00, -1 1.00, -1
5 500.00, -1 2.00, 1
6 500.00, -1 2.00, 1
7 550.00, 0 0.79,-1.414
8 550.00, 0 0.79,-1.414
9 550.00, 0 1.50,0
10 550.00, 0 1.50,0
11 550.00, 0 1.50,0
12 550.00, 0 1.50,0
13 550.00, 0 1.50,0
14 550.00, 0 221, +1.414
15 550.00, 0 221, +1.414
16 600.00, 1 1.00, -1
17 600.00, 1 1.00, -1
18 600.00, 1 2.00, 1
19 600.00, 1 2.00, 1
20 620.71, +1.414 1.50,0
21 620.71, +1.414 1.50,0

dlotmmeinanisnaassauldnmefivanzaunds sah
duTnmARAREINA eI AT UL NER S ST
Tngdldudluansnszdu loun nsadansn nsaneanedn
waslnunadonlsnsonlas Wunan 24 42l udr3aiun
Lmﬁqmm:ﬁ 200 400 uay 600 aerwawdea Luaan 2

Pl NUUIATIAsIeaulRveIauiususseld

3.3) MsinSeNaINTININ
diaunldluas@ila Yahminalda (W) uag
Umiinvesdiailyd (W) Unshag@idauaziiluiduaimn

'
£% =

AINAUAYUUITABINIT WEATUMUMNUALIAIUATD 119

Liliduautsgamgiivies reenarnenmn U wazd
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Wt (W) inuaudanmilaliludaaanutuasuniieed

AThEaU

| Arswana A M | |

/ Fna \ ﬂrﬁ:mwﬁmﬁmwmwﬁﬂuﬁﬂ1?15&“

dodmdndauna (W) uazagd soutuanmlviliowa
\Ta (W) 150 - 500 luAsau

1 I}

Uaehasdida uaz didunuan dubwindwanm W) uas

ANAREUNTIA |

Muffle furnace

Aada (W)
\AuananTzAu TAun 4M KOH,
4M H,PO, uas aM H,S0,
uazwoviald 24 Faln

wmsgamniwazafinmue

(Aun1seanwuuNTINAABILUY CCD)

479.29, 500, 550, 600, 620.7T1

079,15, 1,2, 221

gungil (o

O ‘L - Unelngzdida way dndiaian
Faiminimvesnuiinmuay
P Muffle furnace
AFEUA (W,) J/

\ dmudanm /

| dndmiinTvesdnuarazdida (w,) ]

y

| Aneonuiusiud |

i

| oufigamgil 105 ssrneadea 2 ¥l

v

| ALl Bunasdariwindnudusiud (w,)
\ A /

JUN 1 1 wnunmdupeunsHandudin nuasauiuiug

3.4) nysimTean TS
wisnasnszauliianududy 4 lwasedns nsosanu

Finmlidivwnsening 150-500 luaseu dedmiinag@ila

£

(W) wagdmtinaesaudin iy (W,) iduansnszaulag

q
v

TSunaasnsgausiaauTIn AL 2 s 1 lgtnin
wiiialfiduiaan 24 F3lus drlumnfigamgll 200 400 waz
600 BIALEATEA 1381 2 TS LHBATUANMVLALIAILA?

o

liliduauieungivios deenatnmnwt [Wan waz
Feuwnsamvesuiuaziila (W,) dreauiuiudlagly
asazanelaineulansenlan wieansazarunsnesIfn
AMILUNTY 0.1 Tuasedns waguInauaunseedaIile
Junane idlvevfioamgil 105 esrnwaidea 1Wuan 2
Falua nsuAslilmdunazdeadmdn (W.) thuauiugiug
lﬂl U &l 1 a ¥ gj

nlalTludaaanuuauniiaeiinnsldnu Juneunisnaaes

Tngaguuansnagui 1

3.5) s ezt

3.5.1) msiasiamiu (Moisture) insigviviunas
3T K635 ASTM E-871-82 [17] dardwiinas@ida (W)
wazdamrindaegsssanas 1 nda (W) ldludeasaia
udluaulueuiiguvndl 103 ssmwaidea Wunan 16
lus felilnBulundiames udduimiinuesnsdida
warfegamdseu (W) muiadlddaunisi 1

%M= oz T x100 (1)

Wml

N

g9l %M fp Usunamuidu (Sevazlagiiniin)
Wi fiD intinasgida (n3u)
W,., fio Uuiindeg1eneusu (n3u), as received

W, Ao dmnindieeauazasiiandsau (nS)

3.5.2) MINATIENE (% ash) IA51ERUTUILEN P28

35 ASTM E-1755-01 [18] %ﬂﬂwwﬁﬂﬂg%lﬁa (W,) wazds

v
o v o '

Wtindiegawisdssanas 1 ndu W,y ldludeasdida
wanluinfigaumgl 575 esenwaidea Nelilmdu uads

U ninvesnsBilanaziieg19anaurn (W,,) Auinlaas

AUNTN 2
W., - W.
%ash = —= x100 2)
Wal
g7 %ash Ae Usunawan (Sewazlneuinin)

o

o a a

2 Wminastda (n5Y)

U

mé
A
o))}

v

W,, Ao dmtnsiegsneaum (n3u), dry, ash-

free basis

v
o '

W,, A dmindieguazaidila

3.5.3) myuaTIeviarssume (Volatile Matter) evpiin
Thermogravimetric Analysis (TGA) 1n gl4in309 Thermo-
gravimetric Analyzer ju NETZSCH TG 209 F3 Tarsus f1d
38 ASTM E 1868-10 [19] vinn1sitasiginelaussenia
lulmsiau Suﬁ’uﬁﬂﬁmﬁﬂﬁqmmﬁ 110 ssmsaidod (W,,,,)
Mntuifiuguugdluil 950 ssaneaidoa Fesnainsli
ATwdou 200 psraidoa/und uazdnsliguugiil 7
wf udSetudimmingnada (W,,.,) Uunamesansseive
frunnmnmsthimiingaieaudedwiinGuiu fumm

lansaunisn 3



1” vaZ

va
%VM = x100

val

(3)

Taefl %VM As USunuaissewe (Gesazlnedunin)

W,y A8 dmiindnegeigamgil 110 a9
walGed noukn (NS1)
W,y A8 dmiindiegievaannoamail 950

peAaLYd (NSU)

3.5.4) N715AIYIUAIAITUBUAYHI ANUIUAISUBUAIS
INKAR1AIT
%FC = 100 - %M - %Ash - %VM (4)

a7l %FC fa AsusuAIRT (SaBazlnetiimin)

3.5.5) M3AIAIS8azHA R YawTa (% solid) A
nalavadsdmsunisndnaudinnlas nMskanauiusiug

WuSesazldsaaunisi (5) waz (6) muasu fail

W, W,
%solid = x100 (5)
Wy
. Ws
ey %solid = — x100 (6)
Ws

=

Ao waldvasveands Govazlneiiimiin)

v
°

Iﬂﬂ‘ﬁ %solid

W, fe UwtinagBida (n3w)

W, Ao thninTamawkiteuinnisaass
(n3W), dry, ash-free basis

W, fio dndndudinmuarastidavdeh
NN (NN)

W, fie Yminanudannudsewins
nAad (n31), dry, ash-free basis

W Ao thmtneufusus (n%)

3.5.6) N1734AT1¥9N159ATUAIY MB I9T8Na1TaLANY

Y5u105 100

a

MB Tflaaududy 50 Jadnsunedns (C)
fladans Fahmdnaudinim/aususiud 0.2 ndu (W) 1d
Tudnnesuun 250 fiaddns warsavas MB fwsouls
wdmudunan 3 Flus theswauiilslunsosmenszay
nyedlelna GF/C glass microfiber filters Uunn 47 aans
ﬁﬂmﬁazmaﬁlé‘lﬂﬁmswﬁ@hmi@mﬂﬁmmé’a8Lﬂ'%'aﬂ uv
spectrometer fianueniedu 667 luwns AuILAIAIL
Wudu (C) :nAnsganduuasitinlilagld calibration

curve
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3.5.7) n19AWaIYTEFNENINNITHATU ATUIUN
Usgdnanmnisgaduidudesazlinail

C-G

%eff = x100 (7
C1
Il %eff fio UsednSamnisgedu (Sevaglaginin)

C, A ANuduTUSNAUYRIETaYaly MB
({aanJusiodng)
C, fo Amnududugnynevotansazay MB

(Haaniunoans)

3.5.8) MIAUARNTOIUNIHATY ANLNUMAYINENLNTD

v
Yo a

”Lum'i@m%’waamulmmu

V(C,-C,)

(8)

Qe =
w

lng?l Qe flo AwEINsaluMIRAdy Hadniusiansy)

N Y Y a

C, Ao AMUTLTUSUALTDIAITAaTaNY MB

({iadnsusiodnT)

C, Ao ANuNTugnNe (ANududuaung) ves
a1sazany MB (ladnsusodng)

vV #e Buesvesansavateiild Gns)

W A9 Y ntinueannuikg (nsu)

3.5.9) MIANIUNUTIAIYOITRG AUIUMNUTRIWBEY

Yo

lanadl [20], [21]

Qe x Npx Ay
= 9
1,000 x My
g S D WUTRY (M1519URSHBNSY
Qe fo muawnsalunisgatu @adniusensy)
N, f® Avogadro’s number (6.02 x 107 Tuana
falua)
A, fe Wuignaseuasessiy MB 1 luana

(1.30 x 107* ms1umssaluiana) [20]

Mys A® 13aluanaves MB (373.89 niusielua)

4) HaN1TIY
4.1) Shvaizveaiagindaiin1insinems
Mnmsdrmeiuiluivansdeuie UNDUIATY
fwdaray3 wuirfaquidefmsnisinunsaruluginan

aAuuzns oA NMuuEns1ILaEnEaIuLnE Faunadiu

[
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finsunluwysguusivnsdiugniteld uenantudlvibes
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NNAULLNSIILALENAUDNIIUIUNLT SNWULVBINIU

UEN31 WNAU hasAlldesuanafaguil 2

JUT 2 : munegnin (0) unau (v) wazliaey (p)

deinlulinseviesdusEnoukuULENsTg (ultimate
analysis) WUi1eeAUsENUTBINIUNENE LA T EeY
Indfesnulasiinnsuaulszuiuiovas 46 uazoonTiau
Uszanadoay 48 luvafiunauiiuununsusutiesdian
Fouandlumsed 2 uenaninamsdiasziuuulsyanm
(proximate analysis) vasnungnimuiiianutudesay
2.19 Souaza193EIne 76.61 508a5AISUDUAIAD 18.51
wazSawaziin 2.69 msAnENURRINEITRFRNNUNENIT)

LNANDIUTININ

4.2) NISHANILTININIINNTUNENTTD
INATHARDIUTINNIALAITOBNALUUNITNAABIUUY
CCD FswaziBonlunsnsd 3 dwiuiosasualdvouds
wasfiuifnvedudanmaInnuLEndT wududanm
fldannniuugnindiuiifiigeandiomniiguugd 600
serngaidoa Wunan 2 9alus Amduaiieds 104.75
ATLUATABNT
dlefiarsauwiliulaeilvedesaznalivewds
WU Lﬁaqmmﬁuazna’nﬁwﬁu%’a%malﬁmmu%wz
anafleaninnisaaasiniaaudeu (thermal cracking)
ﬁum%amaﬁqmmﬁqa Iuwwaﬂﬁuﬁmﬁaqmmmasnm
ufuuiiinvessudinmasiiudy Weswinnisaansin
vosansszmeldfiunty Tnofiansseimelaunsaiy s
waglaauaziailivaglaaszaaigdineulutgumgil 200~

500 peALwaL@yd NUUTogun)figsduuinnit 500

U

a

DIFNLYATYE ANTULALANTDUNTIDUNTRUSE AT LTI

72

ian1saaef waziilegungiigaiu 650 ssmvaldea

AUTIN NI PNULED YA LR UENNNTY [22]

A151991 2 : HAN1TIATIETUSINSeearA1SUBlY (C) Sevaslalasiauy

(H) Souazlulnsiau (N) war eandiay (0) Qaesimitin) W89@ua

Faua % C % H % N % O
AUNENWIN 46.65 5.15 0.25 47.95
WAAU 40.72 5.30 0.36 53.62
Yides 45.59 5.87 0.48 48.06

597 3 : SevaznaldvewdaariuiivasmudinwannmuaeniT

gumgfiansuslud | a1 | Sowazwald | Wuiiia (nsns
@ewniwades) | @y | vewds wnsanIv)
479.29 1.50 34.28 90.93
479.29 1.50 35.28 89.99
500.00 1.00 34.68 75.45
500.00 1.00 36.11 80.44
500.00 2.00 29.23 97.85
500.00 2.00 27.95 103.14
550.00 0.79 32.76 99.51
550.00 0.79 32.88 103.48
550.00 1.50 29.14 94.07
550.00 1.50 30.90 102.51
550.00 1.50 29.76 95.53
550.00 1.50 2793 93.09
550.00 1.50 28.77 97.29
550.00 2.21 24.19 110.69
550.00 2.21 26.49 110.71
600.00 1.00 28.85 99.51
600.00 1.00 30.57 103.56
600.00 2.00 25.94 106.79
600.00 2.00 24.89 102.71
620.71 1.50 25.44 108.11
620.71 1.50 27.62 112.75

WaUIHANITNAABIVBINITHANDIUTININIINNTY

Lendnuieszvmdadoniinasesesaznalavainduay

¥
N

NUNHAIBITNITIATIZRAMULUTUTIU (ANOVA) LLans
$1wazdenlun1s99 4 WoNa15u19InAT p-value WU

° o

A1 p-value 103833y A (auungi) waz B (Dan) dmiuns
1A= ANOVA va950sazialavaudauasiiuniiveny

Fanm Tendesndy 0.05 Fulunisssygnmgivasiiand



Y

nafaspsarkalauaILduas NUNNIIIa 1 UTIN N B e8]

HodAy dmsununiitunuintade AB niedunsnien

JENINNgMlLasIaNdINan g1l vud 1Ay iRy

' < A & 11 v A
a813l3Ain 21NAN5199 4 udA p-value vosladed
lylegludnuauziBudu (quadratic effects) WU A” uag B &

AN 0.05 wansinliinadesasasnalavandiway
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¥ '
A

NunRvesauTIn e silded Ay ANuduTUsTznINg
Haduuaznanisnaaesdeldnvasndady Swaenndosiuna
MINAaeIINWITenountn [23] Arsesasnalavauds
wazfiufiiavesduiinwiigeiiandmuldainaneiigean
vioianeudarafe dnsivlunsmiuinouauss

wag contour plot Tuguf 3 wag 4 Nzedusesely

= N ¢ o o w o < L da P v
MITNN 4 - Gl’]i’]\nLﬂi’]:ﬁ/‘ﬂ’l'WIJLLU3U3'Juﬁ7‘1/ﬁ‘U58EJ's‘lSNﬂlﬂﬂJ@ﬂLL’Uﬂ (M) AENUNNT (V) VDIDTUTINTNIINNTUVNENT NI

(n) A5 19ieEiauLUsUsIudmSUSpeasnalava s

Source Sum of Squares Degree of Freedom Mean Square F-value p-value
Model 231.93 5 46.39 42.34 < 0.0001*
A-Temperature 105.39 1 105.39 96.19 < 0.0001*
B-Time 117.41 1 117.41 107.17 < 0.0001*
AB 3.14 1 3.14 2.87 0.1111
A? 4.42 1 4.42 4.04 0.0629
B? 0.18 1 0.18 0.16 0.6918
Residual 16.43 15 1.10
Lack of Fit 2.06 3 0.69 0.57 0.6436
Pure Error 14.38 12 1.20
Cor Total 248.36 20

(2) mavieTzianuwUsUTud UL
Source Sum of Squares Degree of Freedom Mean Square F-value p-value
Model 1452.81 5 290.56 12.14 < 0.0001*
A-Temperature 786.33 1 786.33 32.84 < 0.0001*
B-Time 376.02 1 376.02 15.7 0.0013*
AB 186.89 1 186.89 7.81 0.0136*
A? 0.42 1 0.42 0.02 0.8970
B2 94.56 1 94.56 3.95 0.0655
Residual 359.15 15 23.94
Lack of Fit 241.85 3 80.62 8.25 0.0030
Pure Error 117.30 12 9.78
Cor Total 1811.96 20

*The factors with p-value < 0.05 are significant

NUULLDUINANITAIWIULUASFUNTOADBUANNS U

Sovarnalavodariuiiin uanadsaunisi 10 uay 11
Solid yield = 29.3 - 2.57(T) - 2.71(t) + 0.63(Tt) +
0.65(T°) - 0.13(t%)
Surface area (m”/g) = 96.5 + 7.01(T) + 4.85(t) -
4.83(Tt) + 0.20(T2) - 3.03(t2)

(10)

73

e T uay t Ao seAUYDsgAUMTLAZIAT AN
naunsanneenuindUTE VS T (gungf) uay t
(@) dmiudesaznaldveaudeiinduay uansindlowis
gunpiluazaniosazsalsveudanas luvnsidusyans
uli T (gauvnd) was t (9an) dwduitufifadanduuan
wansidlefiugungiiuasinat iufiiavesdudinmay

VLT UTIADAAABRINUNITOAUTIUNANITNARDIVNAULAE
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a

NuUATeANeIYe4 [7] 3ntutaunisanassuiadiadu

AR UaUBILay contour plot d1msuipsavnals
I L da Yo a o o °
VDAL NUNRY wanalaraguil 3 uag 4 auadu 9z
Tanusadansuurliuveman1snaaedladnauly s
aunsaviugnan snaaeslugiumngll 500-600 9IA1
Wwawdeawaziian 1-2 Fludlalaedian R? = 0.93 way 0.80
Fususoarnalava Il wasNuUNRT A1ua1fu Uananil

Tuguil 4 (@) uandbiiiuauldsues contour Suiileanann

NHANITNARDININAAGTUTINMNAINAUNENED YA
ansaidonaneldlunisndnaudinimietiuinsyedu
Ingldansiadl lawn Inuna@eslansenled nsavieanesn
waznsadansn anududu 4 lwarsld lnedondudnnin
7l 3 g ledun ameiildseaznalivosudegeiign nne
A vl da - v v = °
ngunEunign uazngilaauiianelagean (A
Inelusunsu Design-Expert) Liolianuwazvesauiuduai

NaRlALAINTAINTIANY TAEAIEAERNLENISINISIN 5

HAYRITUASTSeNsENI MM e aiide N e
(n) 38 () 2 Solid yield (%)
36 [
34 —
18
32 — ~—
g 30 ~—~
° 28 ~ 16
[ —
= 26 ] f
T €
2 24 | =
22 e
12
500
520
%0 18 2 :
A: Temperature (°C) 580 12 14 16 ; %00 520 540 %0 580 60
600 1 B: Time (h)

A: Temperature (°C)

U7 3 : fiufameuaues (n) uaz contour plot (1) vessasasnaldvouds

—~
=

120

110

100

920

80

Surface area (m?/g)

70

600
580

14

B: Time (h)

12

Surface area (m?/g)

()

B: Time (h)

520 540 560

A: Temperature (°C)

JUN 4 : Wurmauaues (n) way contour plot (¥) YeINuiiD

74



A15197 5 : NNEMSRARIUTININAINNUNENS1ITEeARBULNIN

nsAUmYATALl

) gumgiianfuslud | 1aan (Falug)
e (@sAngaTed)
Highest surface area 600 2
Highest solid yield 500 1
Highest desirability 600 1

4.3) MIHAND WA

dodonnmgiideamsldmunned 5 Jaidudanmd
sanldmunrAnaalunsedumsansai laun Inuvades
lansenlud nsaneanesn uagnsadansn Anududu 4 luans
Ingldaaungll 200, 400 way 600 ssrnwaldeoa Wusses
a1 2 2lus nan1IVInADIUARIFIANT T 6 ilafianTan
wnliulunmsmanmsnaasamuinileligumgiinsesu
inntudesasnalsvoudmesdututudanas lurneding
diugungifnasdefuiifouaneiy

4.3.1) waveaviiad1snsedusioiuiine :nnsiase
Yovarnaldvaudstanandunissd 6 (n) wuiniswdn
dufusudlasnisnseduielnunaidoslonsenladi
gl 200 s wadea 1isovaznaldvoundegads
Yovar 100 uasidofinnsaniuiitduanslunsed 6 ()

¥

UPINUNHRIEWINATY 550 AT1UURTABNTURAZNINATY

=

4

vy

YNV WA UTUAT LA INNNTATLA UM NTANIFDIVUA

q

=

g & - =~ v
allenafieanannslilnwnadenlansenlanlunisnsesu

'
a

ililansenlenlosauidrluinuasendunylendu
UseNaumeaandiauveaiaudinm wasasrandilendud
Usenoumeeandnulndduiuinnuasiauaudilung
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Abstract

In this article, the purpose is to demonstrate PD and LQR balancing robot design principles. In that design, the
robot uses the principle of dynamic movement and Newton's laws. The mathematical model of the balancing
robot is not linear. Therefore the robot must convert the nonlinear balancing robot mathematical model to a
linear one. A mathematical model of the balancing robot is applied to the controller design. In the design of the
controller for balancing robots, the researchers chose both controllers because they were easy to adapt to the
system of the balancing robot. The Simulink was used to simulate motion and experiment with the controller's
logic to stabilize the robot by simulating the system of the robotic balance used in the design of the controller
and comparing the efficiency of the robot's angle and balance to maintain stability and eliminate potential
interference in the system. The examination results compared the performance index of the balancing robot
control system using both controllers. The control of the balancing robot system uses a controller to stabilize
the equilibrium robot's angle and balance. The test results showed that stabilizing the balancing robot using the

LQOR control furnishes better stabilization than the PD controller.

Keywords: Balancing robot, Inverted pendulum, LQR controller, PD controller, Simulink
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Abstract

Navigation systems and online maps, Mobile application, and other platforms, are becoming increasingly
important due to increasing users and providers. Place names or geonames (geographic names) are essential
sources of information that users tend to use as keywords in their searches. Including storing these data in different
categories. This research aims to create a model capable of extracting geonames and automatically categorizing
them from the social media source of Twitter, one of the popular platforms in Thailand. It is a fast and always up-
to-date information source, providing the opportunity to discover new geographic locations and helpful in gathering
geospatial information without needing a field survey. Named-entity recognition standard tool cannot be used
directly because of the classification of name entities that are not categorized by geographic names. As for the
model, the conditional random field algorithm is applied to linguistic features such as place prepositions (near, far,
next, next to, etc.) and prefixes, for instance, school, market, temples, villages, etc. This study, the Corpus was
created from 28,082 Twitter messages, representing 80 percent of the 22,445 training set and 20 percent of the
test set of 5,617 messages. According to the algorithm used to word tokenize, the experiment was designed into
two main groups. The study result of the model with the highest overall accuracy (F1) was 0.946, which provided

sufficient overall accuracy for relevant applications both on the web browser.

Keywords: Geoinformatics, Machine learning, Natural language processing
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[Ts5w, ‘@wnvaiy’, ‘Inenae’], [lsasew’, ‘ans’,

‘NN, ‘ATALREY’, “Inende’],

“We’]] Tngaznansdiuveainisiinuanvauzanlddmsy
nsasauwuudtaedududall

4.6.6) @194

'

og/iniu (n-gram) dwsulle1uves

a

&N

n-gram AOVDINE

[

AU n 81U LU bi-gram RuUNDs

AapsAfiaginiu deiiegne [lsasey’, ‘nyunm’, ‘asd

Wew’, “Anende’] untiuualieiin ‘esaidon’ WJu

oA

UIN

[ %

YgNBUNUIR

]

o 1

AN WU n-1 way

v
o

AU NIUNN’ N0

'
=

RN

Y [

“Ineay’

U9y

[

U

I o o

Jumdaluazegludumian n+1 Fadwiy
gneunt daly

wnfian 4 a1 Ingandauifefiesuiewmemandnnuinty

11514 quadigram w3eA9e

nlngmnaegisiuiinnd 4 Avuldavianuduiug
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futfesun feduldifies quadieram fuitemeudadmu
Aelne [19]

4.6.7) pruantsy 9 uenwileananauTAfina A
TuthasuuddslinaautAdu o Mhanlffsduliun an
817789U84A1 (word length) JULUUYBIAT (word shape)

' =

wu daqavusenauluan Tn1503UY899195813149A0

o o 4

deyanued

o

P

il
Woual dn1wilvenauiuniwidngy n1si
gnuseiivay 59U Slufineusie q Usenausgludisig

wanasiegeilandunaandRnuangIen 2

A13197 2 @ aguiegnsileaidunaananldlunide

Feature Function Return of function
POS-tags <NCMN>,... , etc.
Preposition word, False
Prefix word, False
Suffix word, False
gazetteer word, False
N-gram word, False
Space True, False
Word length 28
Word shape Eeedd TTTTTT

INANT1IN 2 wanstegrevesilesnduanandivay

o i 1A

fegeA e duAunn Tnud1nsu POS-tagss aglunas

#1&991n PyThaiNLP §afiue1 POS-tagss yaamluguLuy

Orchid corpus, HaAFUYNUMBFIATUNYUT AUFT N-gram

°

Handuazauauwdusany waninlaidideulyfvuali

Aurndu False wu winddfiagly set vaardssiolull

set(('ag', o', e, TUfe, undie dant ving  vdu \leq
fald a0’ w5990, aseaiu’, seinuny',..... Re' Rany,

v

19, 19t Traumnduandumdinuly set 4198y way
anvineAeilsidunuantasu 9 loud ameludfidosing
150l ANUEIVBIAN WU A1 “@unutu” avAuAu Ty
AAVUNUAILTIIUAIDNYITVOIAIAD 7 UazTUTIeuead
geluiidlie Usznoulufemdnusmundanguiluguie

FL8n, Fonysa wling, daw T98931958nINsnYs

' | o 1

y3aly 19U A1 “51u Coffeebeans @8nun1s1nau” i

1Y

ugu
7 udu

Nudlen 319U09ANRLAUAITY “ Eeeeceeeeee
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4.7) n30slenldlun suseaana
Tuideiandnlasazluduvosnwlsunsy ads
deild sadmdnennslunisuszanana
4.7.1) nrwlUsunsuuazedsdidailtlunimmaass T
udseildmwlwsowduntwngn Tnefinnsldadadds

910 scikit-learn wag sklearn-crfsuite WBAS19LUUINADY

CRF 57u83A89A149970 pythanlp ieUszaianatoaiu
\esduuassad (tokenization)

4.7.2) w30ellenl#lunisuszuaaa Wu gaming laptop
dell inspiron 7559; ram 16 g¢b; gpu nvidia geforce gtx

960m; LIAMMIIUNSENNULUUTIABY 3 B4, 30 U

‘ Tasaudamunly infutaindudnusisusazuutdusme A wiau min 2090500 3 v funsdsinag

l

fAaA1 (Word Tokenization) #1 PosTag 910 Token

Flas '8u, e w170, [(“las’,’PRON’),('Ax’,'VERB’)

e Uand”)  EmsUinng]

5o

(¢ 7 PUNCT ) Caigwssinas’,’ NOUN’)]

67981901591 featurization
def word_feature(word):

features = {

‘bias”: 1.0

‘word’: word,

#2084 feature function \

def prep_listword):

prep_list = Sct([‘ag‘,‘ag‘ﬁ‘,'
47, dhautin)
if word in prep_Llist:
return word
else:

return False

def _shape(word):

o

‘word[-3:)" : word[-3],

‘postag’ : pos}

return features

|
v
o
!il'ayafnmuns‘:mums featurization

[,
{'bias":1.0, word : yu¥al, ‘prefix_hp' am.,
..., ‘postag’ : NCMN3,

/

JUN 2 : uaneiegenisarailandunmudnume (featurization)

9n3U 2 LLﬂﬂd@f’JaEJ'N%UG]’?JUﬂ’]iLG]%Em%alI“aLLazﬂ’ﬁ
1 featurization latiesa1nn1sanaluudazUszloacie
newmm 1138 arttacut 910 PyThaiNLP n&sanntiuisia
POS-tagss ﬁ?&lgﬂu‘u‘u%@d Orchid corpus kagAnaaInay
sULUVT84 10B tags niawiiadaguuuuvestoyadililunis

EIﬂBJ‘L!LLﬁ%‘V]G]?{E)‘ULL‘U‘U"S’]@ENEL‘L!EULLU‘U Conll2003 #&$31n

]
o
o

[

AEUANYEU

q

fufsazihdeyaruflefdu afranieuld lag
Kadwsnduneuiiilerh featurization azeenuidudeya
WUy dictionary 3aifiu key 1Judeiladdudild way value
\Judrudifladduldfudnduandauansiiegislilusde

ool 4.6.7

104

5) Han133vuazaiuI1eNa
ﬂ’l'ﬁﬁ?’]LLuﬂ‘ﬁE];Jua%aﬂﬁﬂ?ﬁﬁ%@ﬁ]ﬂﬁ]’]ﬂ%’aﬂﬂﬂﬂEJS[,GZIJLL‘U‘U
avsneuRtULoaLTUnNTaALUMaanSluNTILUNDEN
\HunguaunudnvaziuunliuozdinasdeUszansam
YDILUUINADY
5.1) MIUssiulssansn ImyasuUTIaed
TumAseidenldumng 3 ¢ Ao Anuuaiug (precision),
ANUATUIIL (recall) waz Anmgndedlagsiu (F1) ely
n1sUseifiuvavUszifiuainanugnaeslusedudl (phrase

o

level) wiouviaiinnugnsadlusedu token wandliniugiu

LwiiJisﬁm%mW%%mummgﬂé}'aﬂuizﬁuﬁ%ﬁwé’ﬂ



TP
Precision = (1)
TP+FP
TP
Recall = 2)
TP+FN

Precision*Recall

F1-Score = 2% (3)

Precision+Recall
Tay TP fe S1ududeyaiiuuudiassainoonunlinsaiu
URHGIWT
FP o Suaudeyailaildfinisiiuliuduuudass
anneani
FN Ao Saudeyafimsiiuliwsivuudiaediannsa
afineanula
dmiunsusziudszaniameie Fl-Token Lilgaag

v i3 o A

LaignAvsasufIutinig

Y

Aeansiazaiaveniimaninidessnuiaindeainululy

o

TEeRN 2931NNNSASIHUUTIAD T
WieauAdIulndUNTveaTe Feg1aguy MsAN F1-Token
Useleadn “Tualihlvauasnutaegaay dyauiin” wand

Mog1nugUn 3

NUIEITDIAT FfirL AT

7 O B-NAT FP
waivh B-NAT B-NAT TP
a9 FNAT o FN
UATNU B-ADMIN B-ADMIN | TP
&gl 0] O

HAR o] o)

o o} o)

AFAUNIN o} o)

JUN 3 : wanedeg 19N sMIAn F1-Token

9N3UT 3 A F1-Token il TP = 2, FP = 1, FN
= 1 Precission = 2/(2+1), Recall = 2/(2+1), F1 = 2*[(0.67*
0.67)/(0.67+0.67)] = 0.34 ward1miu F1-Phrase Joya

) &

#1i1 2 token Wuargnl

o

Ay 1 tag LAED TInTaIUnTs
d1ulnvad token RalulnainAnaunlaannLuuIIaoIin
W (i1, B-NAT), (24, I-NAT), (WASWU, B-ADMIN) 3%

593 token kag tag LUy waidnlvs, NAT way uasNUY,
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ADMIN ?fiqmﬂgﬂﬁ 3 daunfudiiaitles wuusiaodld
fmau token gavheRindadioiuuudtasddismeuiiislu
n5dli 91ndheEeriduan F1-Phrase 1§01 TP = 1, FP
=1, FN = 1, Precission = 1/(1+1), Recall = 1/(1+1), F1 =
2*[(0.5*0.5)/(0.5+0.5)] = 0.25 31NF19819919A UL NUI
AISRITUTISERU F1-Phrase 11031 Wlosannwadns

gANeveILUUINRRWBNlMansIATUANY Tl

5.2) YszansmmveauvyTaesaintegimansanten

Tnouanaadnsaumssd 2 Fapnnduiuasiitiugu
9gUULUUIIRDY CRF d7lerivu optimizer Aa LBFGS dn1s
IgtanduamuanyazAnivnl Anuvas 3Us1evesi uax
wihfivesd (POS-tags) tneraninnsduuniunuddouds

sanfunquauilsidunadnuazeaall

a ™~ = ' v ' s
AT 3 : LLﬁ(ﬂQﬂ'ﬁL‘UﬁEJ‘UL‘1/1EJ‘Uﬂ?ﬂ?ﬂﬂgﬂm@ﬂiﬁﬂi?ﬂi%%??Q‘W\‘iﬂ“ﬁ‘u

AadnvarluwuuIaes CRF

Tokenize Gram Gazetteer F1- F1-
Library Token Phrase
newmm 3 - 0.909 0.881
newmm 3 4 0.91 0.882
newmm a - 0.908 0.885
newmm 4 4 0.908 0.885
attacut 3 - 0.95 0.938
attacut 3 4 0.956 0.946
attacut 4 - 0.951 0.941
attacut 4 4 0.956 0.946

91nA15797 3 NQUUBILUUTIAeIzLUean Y 2 ngu
3INgane3NuNlAndn Ae newmm wag attacut lnenudn
wuudaesdild attacut iWusdadlienanugndadagsa

o

Tusgsiuzgandt newmm fe 0.946 @3u newmm fig 0.885
Tneuuusaesldasiam newmm thumudn wuushaesiild
4 gram 3¢l gazetteer \unadnvarnsoly Alvie F1-
Phrase wiituita 2 wuu fe 0.885 wavdmiunguiildn
AU attacut WU3N 3 gram %se 4 gram LAYAINUUUITIADS
Alvinnugndedassingeiian wanimanugnioses

mﬁ%mmwammﬂsxmmm%aqﬁmam% AUAITIIN 4
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M50 4 ; waneseaBeansiuunTegiimansauviinuesaniud

TAG AURUY Precision | Recall F1

ACP anufinw 0.946 0.946 | 0.946
ADMIN YDULYHNITUNATDY 0.964 0.951 0.958
BSN 1ATdTNIY 0.913 0.808 | 0.857
DEP WeasTnauA- v lng 0.949 0.903 | 0.925
FPLACE | anuiifioguentssmelng 0956 | 0.869 | 0.91
GOV dineu denuitssnis 1.0 0.84 | 0.913
HP A0UNLIUA 1.0 0.958 | 0.979
MKT nan 1.0 1.0 1.0

MON | ayan33d 2adeu 1.0 1.0 1.0

NAT aonuiinusssued 0.909 | 0.909 | 0.909
RCT AIUAD1TUL ﬁiuﬁ‘l‘éﬂ ﬁ‘lﬂﬂJﬁ‘W'] amu‘ﬁ'ﬁuwmmwm 9 0.87 0.909 0.889
RES annuiiinende 0.964 0.9 | 00931
ROAD | auu %0 0979 | 0903 | 0.94
RP aonuiiddynieeaun 0.962 0.98 | 0971
RT Fuoms 0.946 0.953 | 0.95
STORE | $uAvuingen 1.0 0.917 | 0.957
TRAN aonilyudanavu isa aandsalyl salaih vise 0.925 0.949 | 0.937
OTHER | anufidu 9 1.0 10 | 10

1y
by

21nA137497 4 amgnifesiaesaudsdmiunisaiia
na1e F1-Phrase Wigsagnafien esanifunmsadndi
asufuudioonunanusglen vestegiimaniiidu nan
oya33¢ veanuiidu 4 fimnugniadassiniigennndi

v
[

Fudoyadu F1 Ae 1.0 iia1aiilonin naradindamin

4

uiume “natn” Wunudnuasfivudaiwenoenain

&

[RGB
Y

2D,

wliiny durinvesannuiiiien F1 desiidn Aoo1A1s

e

o w

d11ne1u (BSN) e 0.857 visdlenvaziiiosannifuied
ARUYIEAMUTAINTAIEKAEININTENINBUARAS TIUD

OB DIANTHAN 9 DYNVIALADT

5.3) Transition Score and Feature Learns

) o v X < \ &

%aiuwamauazLﬂumiaqﬂﬁW‘Wiamaﬂmmm%L‘Uumaa
wuudnaedlunisviiue tag vestenliAmans imind tag
Tnuifian transition geagiansimuuinedlenmanizadey
auluusiay tag Huuazdiuves feature learns agtdunis
WARINAYBIAEN YT A INAADUTE AN N UBILUUTIABY
Taglusiidedazuandlu 30 d1dunsnvesnuanyvued

WUUTIABASEUIUARIRNATNT 5 6 uag 7

106

T8 nm15197 5 tag Ailian Likely transition q&ﬁqm I-
MKT -> -MKT &0y tag Miludiugosnuneaiuisie
Aa1n nuEeandastu MKT 7ilen F1 = 1.0 w3e 100%
WagdIRUA 2 AU 3 Ao B-TRAN -> I-TRAN Wag B-RES -> |-
RES Tme) TRAN waz RES lien F1 18u 0.937 waz 0.931
AUAGIU

9nA5197 7 Fududruvesnudnvasiuuudiass
Fousls wuinlu 30 Suduusndadunavinfunuudiass
fazfundnuasidu ngram uazdiu o Tnewuindu
freunth 3 M (word[-3)) 1nflgn sesasnAenounii
2 #1 (word[-2]) Lﬁaaiﬂmﬂ M1314 feature learns F9NU
n-gram WUV quadigram TWnauaniuAimnuihaziduves
wuuinassgeiian wazdnnudnuvaguisiadladio sUsh

Ao

Y99A1 %30 HeAdu shape word wuinlinafffiu tag ¥

\8u B-ADMIN waz B-ROAD Fsdufiugiuladn Fevauiun

o
o

ANSUNASEY LUU F9WIA 81LN8 NIDAIUA UNITUONYTLD

v

WMTUEINUAILN 19U D.nunsy’ Wanuileiduilagl

ARty TTTTTTT Weuuudraesvenuanvuzifudilale

o

e3uIndu ADMIN 5979 tag MUuauuds Snaziduas
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aavinevsalludiulsenausg nelud Wy ‘aauaiansin 60° AN5197 6 : UARITIUAZIBEAYBIAN transition Rlladasauiy (e)

doruilaidugussvesiasfuandu TTT. dd | Tes Target tag A1 transition
2 v O [-STORE -6.451
Wunu
O |-DEP -6.699
o o . oA o O |-RP -6.713
M99 5 ; LEAITIEaELBEAUDIAN transition NARDEAINAL
: . O [-BSN -6.822
Tag Target tag A1 transition
O [-ROAD -6.985
[-MKT I-MKT 7.166
O |-RT -8.325
B-TRAN [-TRAN 6.979
B-RES I-RES 6.927 . ‘
A15197 7 ; wansS1EavidunRMaNYEALUUT AR auS
[-NAT [-NAT 6.713 : b
Tag Feature Feature
B-GOV -GOV 6.633
score
[-ACP I-ACP 6.603
B-RCT word: 3111 4.449
B-MKT |-MKT 6.599 —
B-ROAD -LwordIasalaanania 3.342
[-ADMIN |I-ADMIN 6.516
O word/[-3:]: 3.329
B-DEP |-DEP 6.491
O BOS 3.284
[-OTHER [-OTHER 6.478
B-RP word[-3:]:11% 3.254
[-GOV -GOV 6.472
B-RCT word[-3::119 3.202
B-HP |-HP 6.391 "
B-TRAN word:aunudunauLling 3.058
[-TRAN [-TRAN 6.379
O word: 3.015
B-ACP I-ACP 6.321
0 word.shape_word(): 3.015
B-RT I-RT 6.316 -
B-DEP word/[-3:]:gna 2911
[-RCT |-RCT 6.304
B-ADMIN word:NNi 2.789
[-RP |-RP 6.291
B-ADMIN word.shape_word():T. 2.750
[-RES I-RES 6.278 — -
B-RT word:Unuisuena 2.733
[-STORE [-STORE 6.239 - ’
B-ACP word[-3:]:913 2.642
o o . LA w o B-DEP word[-3:]:nou 2.634
A51991 6 : KANISIPALLDEAVBIAN transition NldadpenuiY
. — B-DEP word/[-2:]:bk 2.632
Tag Target tag A1 transition -
B-DEP word:t8uAI15555 2.619
[-BSN I-RT -1.809
B-DEP -2:word:Afin 2.600
[-ROAD B-ROAD -2.241
B-ROAD word.shape_word(): d 2.589
I-MON -3.078 -
O word/[-2:]:55 2.578
O |I-OTHER -3.975
B-ADMIN word/[-3:]:uri 2.562
O -MKT -4.825
B-ADMIN word.shape_word():T. 2.542
O I-NAT -4.919 -
0 word-1[anti 2.536
O |I-ADMIN -5.694 :
0 word.prep_list(:gjsuii 2.536
O [-TRAN -5.789 - :
B-ACP word/[-3:]:9#3 2.529
O |-GOV -5.989
B-ROAD word[-3:au 2.518
O I-ACP -6.024
B-DEP -Lword-a@euauaIs 2,504
O |-FPLACE -6.125
0 word.shape word():TTTT..... T 2.492
O I-RES -6.165 -
B-FPLACE word/[-3:]: 41U 2.479
(0] [-RCT -6.272
B-RCT word:@Iuanang 2.473
O |-HP -6.385 :
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5.4) MsFguLigunusUUTIAeNaY
\WesanuuudiaesdunsondesiloMmIuninsgiu
MNINUNIT3ITeLaNE (standard ner tools) lail@idinsuus

a

Usgnnuesdegimansiinuduauidedidiaiunse
anldlaviud dsdugidedainoinuanvaeiiuuiiaes
Juldmniduuwuusiass CRF wilauiu wazihaotnenssy
v 3 a 6 v I 1 =
pSouvanIsdmesuntemnidulasangUssa ey tae
1111910 thai-ner CRF 483 PyThaiNLP , Bi-LSTM Wag Bi-

LSTM-CRF [15] Wanafeeemaumsnsi 8

M1599 8 : waneTIEMTUSEUiuAIAUgNFRdlAETINYeN

WUUDI@89 CRF+attacut+4 gram AULUUTIAD9DY

Model Detail F1-Token F1-Phrase
1 CRF+attacut+4 gram 0.956 0.946
2 CRF (PyThaiNLP) 0.894 0.80
3 Bi-LSTM 0.91 0.827
il Bi-LSTM-CRF [15] 0.92 0.87

31A15197 8 n1siTeuliisuAInugndeslag sy

138 F1 nUdn 3 LUU91809 tAgdlkuud1asd CRF ¥84

'
=

PyThaiNLP, Wuui1aas Bi-LSTM wag Bi-LSTM-CRF [15] &

dm¥unuusassdl 2 CRF 989 PyThaiNLP duldfleridu

[

Audnuueine Audnvazvas n-gram THTu bi-gram
mmaa‘ud’]Lﬂuﬁwnwﬂﬂnaﬁgwuw%lﬁ, Aoy,
Forinenelud, 1uduaansely uavgavineds POS-tags
T¥ein F1-phrase ogfi 0.8 dmuuvudnaesd 3 dudu Bi-
LSTM ‘ﬁ?uiéfjj word embeddings 910 Thai2vec [4] &

s o

W’]S’]ﬁl,maimﬁ 143U neuron 256 neuron, drop out 0.3,
adam optimize, IuulunsEnruLUUTIa8 50 epochs
T¥ein F1-phrase ogfl 0.827 uavgavneuuusiassii 4 Bi-
LSTM-CRF 3381933aa18menssuann [15] Tneidunisld
word embeddings 910 Thai2vec 39uAUN15Y1 character
embeddings fiwsnfiwmessil $1uau neuron 256 neuron,
drop out 0.5, adam optimize, 371uaulun 158 nelu

WuUIIaes 50 epochs 1A F1-phrase agﬂ 0.87

6) @3una

v
i %

ULLUY

q

plimaninndennuniwineiieguudedinuesulatiatig

TuanAdy lunisadanuuiasiieaindeyade
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ninwes Ingainn1sdidana3iiu CRF unldaunuinla
Anugndaslunisainieenegiimanseonuilaiiniig

neosdaanunsatn lulduls waznisswunvlaveade

e

A& oY va v S v = &
anunfhladanugniesaduvatetudeya (>0.9) Fetu

v =

YBUAN
Y

'
a

fdguruinnintrutoyadume BSN 13991015

Y
v

g 1esndnuaznisnstevesniulnelalating
pes Tavsenafinnuimufuieansuuudu fide
99ANT W3oUAAA LW “1a1 1We 33u” wnlull gazetteer
\dusvaglunsimuanadnvureisalianusoadade
a1mseanundaauls uimn@ewdu “e1nsiantl
i azansoadatoyasenuiliiosninimglassadi

1%

GRMN

@ '

AUy
Y

“91A15” \JunudnuuLAi FauITeliing

v =

VBDUAY

U

1A v

AMFNYMNENTauNRgIvIEAIZaU

giimans lnga1nnsiinsgidsinuudassdoudnui
flerduiduynunildssysiumidinaidauiniuma
thazifuvesnuudiaes CRF Alvidaugndoslassind
fgplurAdel suielaidusuios

NNSLUSIUTBUUTEANS NI NVRIWUUI1aDd CRF A1

a

A1 F1 fngaluauideiiuwuuiiassduis CRF v09

a v

PyThaiNLP AU CRF Tua1uidy

¥
av aa v

IPYUNNTTET

Uninisasenuanuey

iy agluany Naudnyrlagidunteya

a a

Fegfienansuuudinziadumanadiviliaunsausuld

Audeyaviaiilifnitvaeiuuudtaesduasravuiionsly

41U NER lnenald wardnusensvilsadsdeyaluanided

foualdlugunvinlinnslduuudiaes CRF Tinafinna

=) Y a o Y ] a ‘1! a
vselnalfsiuiulasaiigussamiiieudalusuranmind
mafiususudeyafinnntuetsasinavilinan1s3desg

Tuandl

v
a '

UNUI

a s

NNUITY nsafadeyavegieansianizly

Awlnedudndunazdeaiinisadresilaidunudneuey

q

FN124318TVNUNIIUTlagRNIE WU Ynung

o

Funts JUS1903A0 viednusunsy (gazetteer) wliiu

o =

gUb

17

o & ¢ =
& psnlulanganignisdsiu

£ [ % a

TNANNUVDUAN

Y

nilslunnanuue

UIARNINIIN T4 Hounlngdu niedinig

[ ' 1Y

AEUIINNU

7

GhGRIONOIET lasangUsEamiion v3ens
111 transfer learning 11 BERT unldeiue1avinlalaonaans

aa X
PhunIulusunan
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Abstract

This article introduces the synthesis of single-input five-output universal filter employing VDTA as the major
active component. The proposed universal filter operates voltage-mode and it can also generate the five filter
functions, namely lowpass (LP), bandpass (BP) highpass (HP) bandstop (BS) and allpass (AP) responses
simultaneously without modifying the circuit configuration. The proposed filter achieves the electronically and
orthogonal variation of the significant parameter natural angular frequency and the quality factor. Detail analysis
of non-ideal VDGA effects and circuit component sensitivity are included. The achievement of the filter circuit is
demonstrated with PSPICE simulations based on TSMC 0.25 microns CMOS technology and experimental
workability employing IC CA3080. Further, the tuning results of natural angular frequency without affecting the
quality factor have an average error of 3.727%. The total harmonic distortion (THD) of BP filter response has been
investigated that the maximum THD values of 10.782%. Moreover, the work results when the temperature
discretely run between 0 °C to 100 °C, it illustrates that the maximum deviation of temperature at 100 °C is equal
to 16.98%. In addition, the operational analysis of the proposed filter with Monte Carlo method which the trend
of natural angular frequency was approximately 1.593 MHz with only 0.189% of relative error. The all simulation

and experimental results of the filter circuit are the corresponding to the proposed theoretical.

Keywords: Single-input five-output (SIFO), Universal filter, VOTA element, Voltage-mode circuit
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[16] VD-DIBA=2 Gnd C=1 SITO X
Float C=1,
[17] VDGA=2 SITO X
Gnd C=2
CFOA=3 Float R=2, Gnd
[18] SITO X X v v
(AD844) R=2, Gnd C=2
CFA=3 Float R=2, Gnd
[19] SITO X X v v
(AD844) R=1, Gnd C=2
Float R=3, Gnd
[20] LT1228=3 SITO X X v v
R=1, Gnd C=2
Gnd R=3, Gnd
[21] DVCC=3 SIFO v v X X
C=2
Float R=2, Gnd
[22] DDCC=2 SIFO v v v X
R=1, Gnd C=2
Gnd R=2, Gnd
[23] DDCCTA=2 SIFO v v v v
C=2
[24] Float R=4, Gnd
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Fig.2 R=1, Gnd C=2
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veng) : DDCCTA = differential difference current conveyor transconductance amplifier
VD-DIBA = voltage differencing differential input buffered amplifier
VDGA = voltage differencing gain amplifier
CFOA = current-feedback operational amplifier
CFA = current-feedback amplifier
DVCC = differential voltage current conveyor
DDCC = differential difference current conveyor
TO-CCI = triple-output second-generation current conveyor
VDTA = voltage differencing transconductance amplifier

VDDDA = voltage differencing differential difference amplifier
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5.6 LANE1381999
1. mygedalutlemunauldnisonsduuuiiay munnsgivaina lngldmneaalunismang

1

fa) 11 wewesddunsdrdmnmion Tnefidegremadeou wu (1] vie [2] e (1], [2] e [1], 31
18] %30 [91, [10], [15], [16] wnilnsesdesnunenanddlildveneaudy feghaty by Brown [4], (5]
as mentioned earlier [2], [4]-[7], [9]; Smith [4] and Brown and Jones [5]; Wood et al. [7]

2. sUnuuvesderidieldguuuuidnes TH Sarabun New w11a 14 fasssunn Tudemaunn 12
535U

3. MIseBenEUNAY sxfenisinudRuunauifeusdduidedes warldnnsenddena
sULUUNN$81984 IEEE Fafifuanansndnuisnindoulenanssradsmusuuuiidimualddivled
https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf Tngaziag Weouuy
aanguivintu mnunarmddanainunanuniwive dewaduniundingulignies
4. nsdifenansiithandredadowduniwineglifuddn “(n Tha)” Whluluenansdeds fugu

fegeralul

Aredaguiuvunsideuuaznisuiaenarserdinwlneiduniuigingy

f28819% 1 N159199991NVLIEB(Books)

Basic Format:
[Number]  J. K. Author, Title of His Published Book, xth ed. City of Publisher, State (only U.S.), Country:
Abbrev. of Publisher, year.
[Number]  J. K. Author, “Title of chapter in the book,” in Title of His Published Book, xth ed. City of
Publisher, State (only U.S.), Country: Abbrev. of Publisher, year, ch. X, sec. x, pp. XxXx—xxx.
Examples:
[1] V. Rijiravanich, Work Study: Principles and Case Studies, 4th ed. Bangkok, Thailand: Chulalongkorn
University Press (in Thai), 2005.
Yudfs Samfl, msdnwInInieu: vanmsuasnsding, uviadedl 4, ngamme, Yszmele: driinfius
PNAINTNUMINESY, 2548.
[2] L. Edelstein-Keshet, Mathematical Models in Biology. New York, NY, USA: Random House, 1998.
[3] K. J. Roodbergen, “Storage assignment for order picking in multiple-block warehouses,” in
Warehousing in the Global Supply Chain: Advanced Models, Tools and Applications for Storage
Systems. London, U.K.: Springer, 2012, pp. 139-155.
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f28819% 2 N159199991n315815 (Periodicals)

Basic Format:

[Number] J. K. Author, “Name of paper,” Abbrev. Title of Periodical, vol. x, no. x, pp. xxx—xxx, Abbrev.
Month, year.

[Number] J. K. Author, “Name of paper,” Abbrev. Title of Periodical, vol. x, no. X, pp. xxx-xxx, Abbrev.
Month, year, doi: xxx.

Examples:

[4]  N. Dechampai and K. Sethanan, “An application of lean manufacturing system in the textile of lean
manufacturing system in the textile and garment industry case study: Wacoal Kabinburi Co., Ltd,” (in
Thai), MBA-KKU Journal, vol. 7, no. 2, pp. 13-27, 2014.

S¥an] sl waznigaun wswgtud, “naiulssAndamnssuiunismasyaduluanilaeUszgndld
WNRANIHANLUVAY,” 113m9Inendeiadinfnmimssansumyinendeveuuny, U7 7, atud 2, nih 13-
27, 2557.

[5]  S.-F. Wang, H.-P. Chen, Y. Ku, and M.-X. Zhong, “Voltage-mode multifunction biquad filter and its
application as fully-uncoupled quadrature oscillator based on current-feedback operational
amplifiers,” Sensors, vol. 20, no. 22, p. 6681, Nov. 2020, doi: 10.3390/520226681.

[6] M. Dwiyaniti et al., “Extremely high surface area of activated carbon originated from sugarcane
bagasse,” in IOP Conf. Ser.: Mater. Sci. Eng., vol. 909, no. 1, 2020, pp. 1-8.

[71 M. Yoshiki, Y. Fujita, A. Kawamura, and H. Arai, “Instability of plates with holes (Ist report),” (in
Japanese), J. Zosen Kiokai, vol. 1967, no. 122, pp. 137-145, 1967.

fae19#l 3 M38198991nN15UsEYUN183YIN15 (Conferences and Conference Proceedings)

Basic Format:

[Number]  J. K. Author, “Title of paper,” in Abbrev. Name of Conf., City, State (only U.S.), Country, Month

year, pp. XXX—=XxX.

Examples:

[8] N. Kriengkorakot, P. Kriengkorakot, S. Duan, P. Thung, and W. Piromsuk, “Repair work reduction in

sewing process of the apparel factory,” (in Thai), in Proc. 10th Ubon Ratchathani Univ. Nat. Res.
Conf., Ubon Ratchathani, Thailand, Jul. 2016, pp. 87-96.
YYATT NSEINTNG, U3 1N38903N4), a1k WaNvle uaeddng Asudau, “nuATensantudinnudenly
Funeunsfuvedissnundndoindsegy,” msussauivinssedurd sav. 39easal 10, guasivsd,
Uszndlne, 7-8 N3ngIaY, 2559, i 87-96.

[91  J. Lingad, S. Karimi, and J. Yin, “Location extraction from disaster-related microblogs,” in Proc. 22nd

Int. Conf. World Wide Web, Rio de Janeiro, Brazil, May 2013, pp. 1017-1020.
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f2a819% 4 N158198991nIN81UNUS (Theses and Dissertations)

Basic Format:
[Number] J. K. Author, “Title of thesis,” M.S. thesis / Ph.D. dissertation, Abbrev. Dept., Abbrev. Univ., City
of Univ., Abbrev. State, year.
Examples:
[10] N. Kawasaki, “Parametric study of thermal and chemical nonequilibrium nozzle flow,” M.S. thesis,
Dept. Electron. Eng., Osaka Univ., Osaka, Japan, 1993.
[11] Y. Sornsa and P. Wanrerk, “Buckling of rectangular plates with a central square hole,” (in Thai), B.S.

thesis, Dept. Mech. Eng., Burapha Univ., Chonburi, Thailand, 2007.

6. WNTIRdeUNAY
HiTsudsunamesuladléil https://pho1.tci-thaijo.org/index php/TNiournal
idlenasussandnisldsuunanuazdniunsdaunanuiausinssganaifiaIsanunanuLazLmans
fnsanlifidouunanunsiu dmdvunanaiiunsussiiulneimsanandudogldsunsifuiadunsais

Wiawkewnssiall
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