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Uﬂmwﬁuamﬁammé’uﬁuﬁwinmmLﬁuLLa:mmLﬂ’%ﬂwaﬁa@;mju%ﬁmﬁuﬁuﬁ;ﬂﬂ (Generalized linear
viscoelastic material) Aadunnnunaavesudndnailsiuainsunsnas éhﬂmwiamg,ﬂim:mwaaﬂ%dLm:x?h
wihsuahNdaIwIUIuraY 9 79 Tuunenwlduaasfofiandldvasuuusiaasuundiag wwudaaaiunss uas
awmsﬂ"ﬂﬂmaﬁaqﬂﬂ;u%ﬁm%ua”uw%mamaﬂ fé‘ﬂﬁv’avlﬁmmﬁwqwﬁmaaaﬂ%ﬂé (Spriggs theorem) fivhanl#luns
Lﬁm‘hmumﬂnm%mmaaLL‘um‘haaﬂﬁ@uaﬁmuaﬁuﬁq@LL@iﬁomﬁhmuﬁuLL‘}JSLmﬁ’uaLﬂﬂm%mLﬁ'mmﬂﬁmﬁﬁuﬂsxaﬂ'ﬁr
vasglied o i ﬁdLLﬁiwaumiLLaqu?\miwadvlma‘vxzjmﬁﬂL%aLﬁuﬁﬂﬂmmsnl‘*ﬁmquﬁmiwaomm
wadlwasladuatned LL@iaa'wvl‘sﬁmuaummaquamiwaavlmv\ﬂ;uﬂﬁ@]L%aLﬁuﬁ"ﬂﬂﬁﬁaﬁﬂﬁaﬁ‘hﬁ’@ﬂumﬂ%ﬂm
CHVERIIGIE A

ArdAaTy: mao"lmmjwﬁm%uﬁuﬁ"ﬂﬂ WUUFIRBILNNTLIN KLU INNIR noufreisled

Abstract

This article shows the relationship between stress and strain of a generalized linear viscoelastic material. From a
well-known Maxwell constitute equation, a model that contains a spring and a dashpot connected in series, a linear
viscoelastic model is further generalized by improving the model spectra to infinity series paralleled to each other.
Furthermore, in the article, the Maxwell, Jefferys, and generalized linear viscoelastic models with their proposed
solutions are derived. The Spriggs theorem is also introduced to improve the model spectra to infinity series; however,

the model parameters is still minimized to a single spectrum plus a Spriggs coefficient ¢ . Finally, limitations of the

linear viscoelastic constitute equations are discussed.

Keywords: Generalized linear viscoelastic fluids, Maxwell model, Jeffreys model, Spriggs theorem.
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(b)
Figure 1 illustrates material behavior under unsteady
shear stress between two plates (a) velocities
of Newtonian fluid flows between the plates as
a function of time ¢ (b) Distances of an elastic

material under shear stress between the plates

at initial time to and current time ¢
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element) luwsinnu i uaz J e i,j=12,3 uaz X,
& o 1 ¥ . .

Wz X, WHudnunisvastousaslnaluiwiuns i uas j

UGy lagunu x,x,,x, U119ATISENIUNY X, Y,z
luszuuunuinaann (Cartesian coordinates) eMN&1GL
denuanududanlurasirananizlnifioude

ov, ]
Ty (t) =-H a = —HY,, (t) (4)
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G‘/ =) kg =) dl Qs Qar
wuAaanudwfaning ¢ la 9 azudsduaseny
WNILASUGANWIINIET 7 1@8N% darRaNTan Figue 1
(b) LRAINIILAROUNAIBUTIAOUIZTAINNIZUIL 2 IZUIL

Vo3vRILTIgNLAEL fnmnGEudu 7, vesudiludanuiiu
melufitrinfuasea (Isotropic stress state) lag/'laidl
ANV N BRENENITHANNGULITENINA TT]
¢ denn sewuuwedendllidnitesduszoznng
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U (1,.t) devuszpznafiilaiagnioluvasidaafoud

[
=]

UUTHUATINUTEHZANAEY X, TAFUNTAIN

U (t,,t)
h

u, (XZ’lO’t): Xy =70 (toﬂt)xz (®)

Tasanuadoadauuunad 21, 7, (4.1), lu
mniraianuaisairualas

_ — NT
y=(Va)+(Va) (6)
wiailouagluzUasiiueg (Index notation) fa

Ou i ou,
=L 7
7 ox, 6xj ™

t?fdm@mmumﬁmwm%mﬁua%iﬁ'unm 2 T

A @ vadedu £, uazadealiu ¢ lasanuiaiua

A a w o & v A
ARIINAY 7, (t(),t()) =0 qatinanuidufionluvas

& = A
LL"IN‘quﬂLﬂ g 18

0
Tz](t):_Gi:_Gyzl (to’t) (8)
ox,

loy G @a Nﬂ@é’ﬁﬁ@ﬁ&ju (Shear elastic modulus)
FuMIh (8) waasliiAwinanuduinm ¢ la 9 awdn
agfiuanaalsafinng ¢ wazaidudn 1 adnldd

vasudignifsufaiuianmuziduiiom ¢ dag Aaftuvas

U

a = til lg >3 a a [
InafhInifloui lianegnvaniziduluefia dsgasany
FURUTIZRINIAMULIITINT LN TZHENIIARUIBLIAN
L8

0
v (xz,t):—ul(xz,to,t) 9)
ot
JUMIN (9) aNTRBUNTINIA AL

u, (x2’t0’t) = J‘Ot Y (x2’t,)d[, (10)

VUGN U N W0 S I AT ATALLAZANNLATLAN

ANMVFUNUTIUAD

. 3
7o) = =7 (25,7) (11)
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aumIn (11) sunTndunsinialaiin
! - r !
Vi (to’t)ZJ‘[ Y (t)dt (12)

A ) A o A a a

e ¢ fe aulweinnidwniinte (Dummy of
integration) GvazmluUnasanunudaa ¢ =1, uaz
t'=tla 9um

s 1 -~

danewnita

auﬁamjwﬁ@ (Viscoelastic property) 810130LLN%
VL@T@T?zm'mﬂ'am&nsmmwmm:wﬁaaﬂ%a URZEINUI
sUTounuantAdaneu (Elastic property) Afluvasuds ln
wnizidmsunusuTaanunita i luveslva Taoly
LLuuai'laaaﬁ'dwﬂﬁq@ﬁﬁﬂwiﬂumimuané’nwmufﬁmaﬁ
waassNdALULngunta § 2 sia Ao (1) wuuiaash
ﬂi:nau@hﬂ%uﬁauaﬂ%aLLazﬁ'mm\‘J@iaamgniuﬁmwﬁﬂn
11 wuudnaesvedLungiia (Maxwell model) (2) WU
$1809R U3 NoURIB TR IBEUSILA T UEINEINIR D
YUNUAUTINFLNI WUV a89URI8817 (Voigt model) 619
waatlu Figure 2 Tag 1 fo mdudszAnsvasiniag
(Dashpot coefficient), G fa ﬁﬁuﬂgﬁﬁﬁ@%ﬂ;u (Elastic
modulus) 1898133, y fia anueIsavesiFqUAZ o Ao
AL UVBIIEG)

i
/4
G
Sy
(a)

Figure 2 Simple viscoelastic models (a) Maxwell model

and (b) Voigt model

¥
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ﬁmﬁ'a‘vﬁa;u%ﬁ@maamaammmmsmmu"lﬁ@hmmu
$nosuundig Anaasl Figure 2 (a) i Lﬂuﬂws@iam&ﬂw
sewies3etudming nande Wellusenaunnszyinly
yoslnandoniillldszuznioudaansseanveslnaas
ezl ldedinnsudauidnduniiaazinldvasing
8130 Iadaunau (Elastic recoil) tatantias wazaniia
weunilavadvasuds WIonmevasudaiiosannuasuds
AUNWLIMBFUIUNBITILAD7) FRTaLNUIFT8wUIY
$1a092007 fuadln Figure 2 (b) Fadunsdavwn
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T IFUIINUGIRUNY Nadfe tWalusananinyzyinly
pasudafsluddilifisaaasnn (Yield point) latauss
08NVBIUTINENAVARFIL TGN

Spectrum 3
Spect 1Spectrum 2 AT Spectrum k
pectrum A t
¢ | | ] - %’ - 7
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== A o /R Y U L1 77k
I I SR

77777777

Figure 3 Generalized Maxwell model used for

viscoelastic materials
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lasanuiaioavadadss 7, zulsduasIny
anuewden (uilisdSsaonissdumsas)

Ve =—— (15

o & a 4 al L Yo
muumﬁwuﬁaumi (15) L'Y]UUﬂUL')aWQZVL@E]@]T]

ANULATIAVEIFUIY p
spr
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R (16)
G ot

FINAIRUIIAN VLA UL AT UITUUTHUATINLEAT

ANULATHAVBITINUN Vyy, (IuATdIns980NLTIMY
N13619)
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Vi == A7)
o

WNUHEAMANNLATEAVRIFUTI ¥, FUNNT (16) Uaz

SATNAMULAILAVBININU ¥, FUMNS (17) RSluannI
2ATUATUATIV (14)

T . 1 1 81 ) -
==V
u G 6t
%'agﬂlwst@ﬂﬂmﬁwﬁwﬂi:%wﬁﬁﬁﬂw U a88q
FuM3 (18)
U ot .
T+ o (19)
Ga

dnﬂl a ' o a
®UN1T (19) UDALILNI LLUUﬁﬂaaGWﬂﬂﬂ‘S‘S&Iﬂ’ﬁvL%ﬂ

wuuuingiig (Maxwell constitute equation) G399zt e

Frdndlumsiadeniinuuadianududanaslidu
Wartuzam vnldineunatameld uazaagdnanodu
FUNNIWHANTIUATIRaLL U Infiow udalnng
inAoufiogesuwiumananueuiiiuieituasia
azhsumiasnaiduaunsayiusvasanaduwion
Wsuiuan uaslnavasuagdaiangs G v093a
(Hookean solid) lung@nssumsinasie
Luadmﬂngmmaﬂ (Hooke's law) Iﬂﬂnumﬂamﬂ
LLﬂLWU\‘iLaﬂuaﬁLmuu (Infinitesimal displacement) muu
wuusesvasuindiialtlanunaoludiiinadn
WonLrintiuey (Linear viscoelastic fluids) aMnuuuUs1884
wlindratunudranuniauuuiialniew 4 drwdn

a

anunilandnsieIvaiuagud 7, (Zero-shear-rate

[

viscosity) G934 tilarinua %

A

G
tﬁl a 1 I = a 1 1
Wa A Inhaduwnai3aSonin nanlumstauaae
(Relaxation time) &UNNTUULTABIVBILINDLIR (19) 32
& o = 6 I:I a Il
nmmﬂuaummuumaawaaLmﬂsma‘nmuagiugﬂmaa
INULTESAMULAULAZANNLATEA

4z .
T+A—==- 21
THA—=g @)

o o

aum3 (21) usumyaynusadoyduaun 1 (First

o
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order, ordinary differential equation) Wia Z(t) (Eunenan
YBIIA £ LYNDY AIBUHALAREVDILNWLTOTAINNLA

Wawigunuan fa’™ "

z(1)=e" J‘(—%Z(t)jewdt+l( )

18T AR1ILA AT AUBLULATOIRNILBUNTINTALE
Jaguazld

r(t)=e" ‘E (—% 7(t')je" di' vre (@)

lulaTasnanedunsinsasunn ¢ oy ¢ wailasnu
NMIFURK ARARIFINITLRNALAR A UNRITAT — o

g & udasnannsduniinee dunlddunuesas

v A 1 & 1 % & A
anuAuinm ¢ =—oo Lifludratiug & ar3eziidn
& & o & o o = ¢
Wuaud astuaunsmldunodtaesudndiiasuns
71 (23) sanndouaglugy

(= {e by e

' t!l ] =3 = a ' Qs 1
Arfiagluraiudnn (Sundn wegawHeunay
. o g ~ 6
(Relaxation modulus) #1W5uUa89lAauUULINTG 1A
= o & o A o

INFUMNT (24) WU IFINnuwTasanudui nanilagin
¢ uanmm:‘*ﬁuagjiﬁumuma‘?ﬁmﬂm‘%mﬁnmﬂagﬁu
t ﬁﬁuagiﬁmﬂmmmﬁé‘mﬂLﬂ‘%mﬁnm ' AEuNN
Wi (NeANUATIARZEN) LAzEIQ ML UaQATNE
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ation modulus decays exponentially with time) TIzLA
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memory) Na13fe vad Manuuuingaszdinaniogylu
L'JmﬁLﬂdﬁ]zﬁiﬂuwﬂvlaiuﬂuvlﬁLﬂuasi’mﬁl,l,@iazéhﬂ'm%ﬂgﬂ
TR B1EE l1ta s TUANIEAINT ANNLAY
luflagdufing ¢ azlinegiudariaivaluafinauds
flagtiu —oo < ' <t dunhnuali

—== Z(z’) (25)
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LAITIINITEWNILNIALANIZEIW (Integration by part)
FUMT (24) Azle

Z(t) =4+ ;{%e(tt')/l}z(r’ tr)dt/ (27)

sunszUmldvadlnauvuudndiaalugunis (21)

(24) uaz (27) Ioldnilan 9 Awiaaredoa 7 A
1 =—oo liudnatiug auns (24) Wounilaunuauns
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suysraasaldvasufingioa
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mamﬂmwmawaﬂmmjwﬁﬂ asuaasly Figure 3
Hunsdevmuiuvasuuuiiassudngiia lddrfiadiwin
sUnasy Ransonawnesuit k Seecdinshvasalie

G, uaziiiaiNuasmnug 7, Jananudnlundas
adnaSy £k Ae 7, denuinualiiidinsnaadsianle

sunasu £ fe 4, do lasanudusinsesnuuiiaad
11UV TN BTN UNATINYDIANNLA W IILGRE
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R3]
1=

. (¢) 28)

<¢g

Tosluanasy £ SaunmIudndiig

oz, .
L T4 5 (29)
LR
A =Z—k (30)

fFnadmnsdnaiuaziidasuaioaviniude 5
ABNUNUNIIRINALANETAIFUNT (21) RUNIT (29) &

NaLaasfa’™ !

f)= 3 Tt

pEa 7=/(t )dt G0

0

z(t):+.|.; Z %8_(1_1’)/)“ Z(t, tr)dtr (32)

k=1 /3
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a 1 s ' 1 til 1 =3
aunns (31) Bundn vegaaHauaay uazdfiagluiaidy
Inmluauns (32) 5uni1 NRTuaUNTIT (Memory
function) 2a4uuUF1809N2 LV IuiinGLIa
wuudtaeInalvesudngiaa1N1salruaad
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(Molecular theory) ﬁ’m’liﬁgﬁ]ﬂﬁ’h M waz A, fanw
[ A [ e 2 4 A ¥
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. I - .
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(Polymer melts)
o ®
wUUIaaId NN
=1 6 ::l' a o o € '
gUMILANBLIAlUENNTN (21) BanuFuAuTIzrIng

WEaiaNuan 7 uazmwmasaaaesen 7 Huuuuy
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U lal g s a Qs 5 6 & a v vl
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wae g 37 3313 Ao mﬂamgwuﬁa@'mmmmwu
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B or ") oy

THA =" V+A — (35)
— 1 0 2

= ot = ot

= 0 o =3 =
IIUNFNNIT (35) 11 LUUINAIVILANNIF (Jeffreys

model) lag ﬁl fla LaNauaaNY (Relaxation time) W&

A, f8 178714 (Retardation time) LUL4188IT09LAN
WIdau1InduwnItnIalattwin thasanniduwsunis
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Abstract

The patients’ profile classified by the number of diseases per patient can be reflected by the services level of a
hospital, if the proportions by patients’ with higher number of diseases are reduced from the previous year. Each
patient can changed the number of diseases from one number to the other number in the consecutive years. This
study used the number of groups of diseases (NGD) instead of number of diseases to present appropriate size of
statistical tables. The patients’ record from the hospital data base can be processed NGD and the proportion by NGD
and the transition from one NGD to another NGD found. Applying the Markov chain to a district hospital of about 3,900
patients per annum, if their operations were the same in 2016 and 2017 (reflected by the transition from 2016 to 2017);
then for the next 5 years (2018-2022), the group of less than two diseases will be increased from 0.714 to 0.764,
0.783, 0.792, 0.795, and 0.796, respectively, or year on year percentage increase at 7.0, 2.5, 1.1, 0.4, and 0.1,
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respectively. In the 6" year (2023), the proportion by number of groups of diseases will progress to steady state; the
group of less than two diseases will be at 0.798 while the group of more than one disease will be at 0.202. If the

hospital aims to reduce the proportion of the group of more than one disease, then detailed study is needed to imple-

ment a suitable service plan.

Keywords: predicting, number of groups of diseases, Markov chain, categorical time series
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Table 1 Number of patients and number of visits per patients in 2015-2017 (10 months)

J Sci Technol MSU

Number of visits per patient

Year Number of patients Minimum Maximum Average Standard deviation
2015 3,907 1 117 5.94 7.70
2016 3,951 1 155 6.02 7.93
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3,307 1 109 4.46 5.55
(10 months)
Whole period 5,199 1 355 11.88 16.95
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Patients HN #, Age, Sex, ICD-10 Code, and visit date
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\ 4

N

Create new Patient records

HN #, Age, Sex, Counted number of ICD-10 group code, and visit year
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Cross tabulation number of patients by the number of ICD-10 group

codes in the previous year and the number of ICD-10 group codes in that
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< \ 4
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Figure 1 Processing Steps
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Table 2 Number of patients classified by number of ICD-10 groups in 2015 and 2016

2015 2016 Number of ICD-10 groups per patient
Number of
ICD-10 groups 0 1 2 3 4 5 >5 Total

per patient

0 362 656 182 59 27 4 2 1,292

1 597 728 336 123 40 18 9 1,851

2 187 279 246 118 62 23 9 924

3 73 113 134 111 52 33 27 543

4 18 46 65 67 62 42 19 319

5 4 10 24 43 31 25 20 157

>5 7 5 6 8 21 21 45 113

Total 1,248 1,837 993 529 295 166 131 5,199

Table 3 Number of patients classified by number ICD-10 groups in 2016 and 2017 (10 months)

2016 2017 (10 months) Number of diseases per patient
Number of
diseases per 0 1 2 3 4 5 >5 Total
patient
0 669 433 109 31 6 - 1,248
1 784 721 232 69 25 6 - 1,837
2 275 376 184 101 35 19 3 993
3 94 171 125 75 37 17 10 529
4 48 80 72 34 37 14 10 295
5 14 21 45 33 20 18 15 166
>5 8 18 16 19 20 25 25 131

Total 1,892 1,820 783 362 180 99 63 5,199
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Table 4 Transition matrix from 2015 to 2016 (M )

2015->2016

2016

2015 0 1 2 3 4 5 >5 Total sz

0 0.280 0.508 0.141 0.046 0.021 0.003 0.002 1.000 0.249

—_

0.323 0.393 0.182 0.066 0.022 0.010 0.005 1.000 0.356

2 0.202 0.302 0.266 0.128 0.067 0.025 0.010 1.000 0.178
3 0.134 0.208 0.247 0.204 0.096 0.061 0.050 1.000 0.104
4 0.056 0.144 0.204 0.210 0.194 0.132 0.060 1.000 0.061
5 0.025 0.064 0.153 0.274 0.197 0.159 0.127 1.000 0.030
>5 0.062 0.044 0.053 0.071 0.186 0.186 0.398 1.000 0.022

0.240 0.353 0.191 0.102 0.057 0.032 0.025 1.000 1.000

2016

Table 5 Transition matrix from 2016 to 2017 (10 months) (M )

2016->2017

2017 (10 months)

2016 0 1 2 3 4 5 >5 Total
0 0536 0347 0087 0025 0005 0000 0000  1.000  0.240
1 0427 0392 0126 0038 0014 0003 0000  1.000  0.353
2 0277 0379  0.1485 0102 0035 0019 0003 1000  0.191
3 0178 0323 0236 0142 0070 0032 0019  1.000  0.102
4 0.163 0271 0244 0115 0125 0047 0034  1.000  0.057
5 0.084 0127 0271 0199 0120 0108 0090  1.000  0.032
>5 0061 0137 0422 0145 0453 0191  0.91  1.000  0.025

0.364 0.350 0.151 0.070 0.035 0.019 0.012 1.000 0.000

2017
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Table 6 Projected state probabilities for 2017 to 2021 using 2015 as the based year

Stage by number of ICD-10 Groups

Step year 0 1 2 3 4 5 >5 Total

0 P 0.249 0.356 0.178 0.104 0.061 0.030 0.022 1.000

2015

xM
2015 2015->2016

1 2016 0.240 0.353 0.191 0.102 0.057 0.032 0.025 1.000
estimate

2 2017 0.239 0.351 0.192 0.102 0.057 0.032 0.026 1.000

3 2018 0.238 0.350 0.192 0.102 0.058 0.033 0.027 1.000

4 2019 0.238 0.350 0.192 0.103 0.058 0.033 0.027 1.000

5 2020 0.238 0.349 0.192 0.103 0.058 0.033 0.028 1.000

6 2021 0.238 0.349 0.192 0.103 0.058 0.033 0.028 1.000

Table 7 Projected state probabilities for 2017 to 2021 using 2015 as the based year

Stage by number of ICD-10 Groups Change +/-
Step year <1 >1 Total <1 >1
0 P2015 0.605 0.395 1.000 - -
2015XM2015->2016
1 2016 0593 0407  1.000 -0.012 +0.012
estimate
2 2017 0.590 0.410 1.000 -0.003 +0.003
3 2018 0.588 0.412 1.000 -0.002 +0.002
4 2019 0.588 0.412 1.000 0 0
5 2020 0.587 0.413 1.000 -0.001 +0.001

6 2021 0.587 0.413 1.000 0 0.000
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Table 8 Projected state probabilities for 2018 to 2024 using 2016 as the based year

Stage by number of ICD-10 Groups

Step year 0 1 2 3 4 5 >5 Total

0 P 0.240 0.353 0.191 0.102 0.057 0.032 0.025 1.000

2016

xM
2016 2016->2017

1 2017 0.364 0.350 0.151 0.070 0.035 0.019 0.012 1.000
estimate
2 2018 0.407 0.357 0.135 0.057 0.025 0.012 0.007 1.000
3 2019 0.423 0.360 0.129 0.052 0.021 0.009 0.005 1.000
4 2020 0.430 0.362 0.127 0.050 0.020 0.008 0.004 1.000
5 2021 0.433 0.362 0.126 0.049 0.019 0.008 0.003 1.000
6 2022 0.434 0.362 0.126 0.048 0.019 0.008 0.003 1.000
7 2023 0.435 0.363 0.125 0.048 0.019 0.007 0.003 1.000
8 2024 0.435 0.363 0.125 0.048 0.019 0.007 0.003 1.000
1.2
projected -->
1
0.8
0.6 -
0.4 0.764 0.78 0.79 0.795 0.79§ —
0.714 .
0.593
0.2 -
o T T T T T 1
2016 2017 2018 2019 2020 2021 2022

I:l <1group . >1 group

Figure 2 Proportions of Patients’ by the number of groups of diseases during 2016 — 2022
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Abstract

The objectives of this study were to analyze and identify risk points on Highway Road No. 401, Tha Sala Sub-district,
Nakhon Si Thammarat Province, starting from Klay Sub-district Km. 247 to Tha Sala Sub-district Km. 277, a total of
30 kilometers. Risk perception of the sample group was also examined. The sample included 400 residents from 10
nearby villages in Tha Sala Sub district. The study tools were 2 parts.- Part 1 a road accident record form and Part
2 a survey questionnaire regarding perception factors of road accidents. Data were analyzed using descriptive statistics.
The results from analysis of road accident data from year 2016 — 2018 found that there were 137 accidents,

14 fatalities, and 142 injuries. It was found 19 risk points which mostly on a straight road section (34.31%).
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The characteristics of the accidents demonstrated that most of the collisions were with other road users (61.31%).
Accidents mostly occurred during normal and clear weather (78.83%) and day time (61.90%). The type of vehicles
with the highest number of crashes was a car (48.50%). Most respondents were between 21 - 30 years old (35.5%)
and used a motorcycle (48.50%). The rush traffic period was between 07.00 - 08.00 and 15.00 - 16.00 hours. The
route was used more than 10 times per week and a preferred speed was 80 - 90 kilometers per hour. It was also
found that risk perception of respondents for human factors, road/environment factors, and the vehicle factor were at
equally high level.

In conclusion, an improvement of the risk points should include enhancement of cooperative roles among local
communities and volunteers. Guard rails should be installed to prevent crashing with roadside power poles at Ban Nai

Thung sharp curve where most crashes frequently occurred. All these measures should be monitored to prevent road

accidents accordingly.

Keywords: accident analysis, risk point, risk perception
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Table 1 Characteristics of road accident

Analysis of Road Accidents on High Way Route 401
between 247 km and 277 km

25

Accident characteristics Number of Percentage
Registered
Accident
Collision Mode
Collisions between vehicles 84 61.31
Collision involving only one vehicle 51 37.23
Collision between a vehicle and a pedestrian 2 1.46
Conditions of Accident Occurrence
Daylight 85 62.04
Low Brightness 11 8.03
Darkness 41 29.93
Weather Conditions
Normal / no rain 108 78.83
Rain / slippery Road 29 21.17
Type of Vehicles
Motorcycle 113 48.50
Car 106 45.50
Sidecar 6 2.58
Truck 5 2.14
Van 3 1.28
Road Configuration
Alignment 56 40.88
Intersections 42 30.66
Curves 23 16.78
U-Turn 11 8.03
Bridges 5 3.65
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No. Risk Point Number of Number of Number of
Registered Injured fatalities
Accident

1 Ban Nai Thung Cruve 23 21 4
2 Thasala Hospital 16 16 2
3 Lipo Intersection 15 14 3
4 Pu Yai Pluem Intersection 14 9 -
5 Thasala Police Station 11 12 -
6 Walailak University 9 4 -
7 Khlong Khoei Junction 8 11 1
8 U-Turn Ban Nai Thung 7 5 -
9 Klay Bridge 5 3 2
10 U-Turn Bangchak Petroleum 4 9 -
11 Bank for Agriculture and Agricultural 4 4

Cooperatives
12 Caltex Petroleum 4 6 1
13 See a Rutdeen Mosque 3 8 -
14 PTT Petroleum Thasala 3 3 -
15 Natap Intersection 3 2 1
16 SCG Home Solution Thasala 2 3 -
17 Bansrabua School 2 4
18 PTT Petroleum Tha-khuen 2 4 -
19 Sa Kaeo Intersection 2 4 -

Total 137 142 14
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Table 3 Risk perception on unsafe acts driving behavior

(Percentage)

Unsafe acts driving
Level of perception on causes road accident

behavior

5 4 3 2 1 X S.D Rank
Over speed limit 172(43.0) 130(32.5) 86(21.5) 11(2.7) 1(0.3) 4.15 0.87 1
Driving after drinking 157(39.3) 149(37.2) 76(19.0) 18(4.5) 0(0.0) 411 0.89 2
alcohol
Use of mobile phones 114(28.5) 124(31.0) 119(29.7) 42(10.5) 1(0.3) 3.77 0.99 3
Frequently missing warning  17(4.3) 106(26.5) 183(45.7) 87(21.7) 7(1.8) 3.1 0.85 7
signs
Wrong side driving 35(8.7) 127(31.7) 156(39.0) 79(19.8)  3(0.8) 3.28 0.91 6
Driving for long periods 19(4.8) 110(27.5) 139(34.7) 76(19.0) 56(14.0) 2.9 1.1 8
Driving without helmet 64(16.0) 155(38.7) 149(37.2) 31(7.8) 1(0.3) 3.63 0.85 5
Driving when bad weather 92(23.0) 149(37.2) 118(29.5) 40(10.0) 1(0.3) 3.73 0.94 4

Table 4 Risk perception on unsafe road conditions

(Percentage)

unsafe road ] .
Level of perception on causes road accident

conditions
5 4 3 2 1 X S.D  Rank
Slippery Road 66(16.5) 187(46.7) 137(34.3) 10(2.5) 0(0.0) 3.77 0.74 2
Bad road surface/pot holes  119(29.7) 123(30.7) 145(36.3) 13(3.3) 0(0.0) 3.87 0.88 1
Improper road illumination 53(13.3) 170(42.5) 146(36.5) 29(7.2) 2(0.5) 3.61 0.83 3
No warning label 28(7.0) 138(34.5) 155(38.7) 79(19.8)  0(0.0) 3.29 0.86 6
Dangerous curve 93(23.2)  133(33.2) 126(31.5) 47(11.8) 1(0.3) 3.68 0.96 4

Narrow and congested road  38(9.5)  111(27.7) 218(54.5) 33(8.3)  0(0.0)  3.39  0.77 5
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Table 5 Risk perception on unsafe vehicle conditions

Analysis of Road Accidents on High Way Route 401 29
between 247 km and 277 km

(Percentage)

unsafe vehicle

Level of perception on causes road accident

conditions

5 4 3 2 1 X  SD Rank
Defective tires 72(18.0)  184(46.0) 126(31.5) 18(4.5)  0(0.0) 378 0.79 1
Inoperative light 58(14.5)  131(32.7) 175(43.8) 36(9.0)  0(0.0) 353 085 3
Defective braking 96(24.0) 137(34.2) 146(36.5) 19(4.8)  2(0.5) 361 089 2
Defective turn signal 16(4.0)  122(30.5) 136(34.0) 94(23.5) 32(8.0) 299 094 5
Inoperative horn 59(14.7)  153(38.2) 123(30.8) 65(16.3)  0(0.0)0 351 093 4
Vehicle in bad shape 25(6.2)  107(26.7) 155(38.8) 63(15.8) 50(12.5) 2.98  0.91 6
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Abstract

The Satin Bowerbird Optimization (SBO) is a recently developed meta-heuristic optimization algorithm which was
inspired by the Satin Bowerbirds living in Australia’s rainforests and other mesic habitats.Like other meta-heuristic
algorithms, the main problem faced by the SBO is that it has been empirically demonstrated to become easily trapped
into local optimal solutions, creating low precision and slow convergence speeds. Therefore, in an effort to enhance
global convergence speeds and in order to obtain a better performance, this paper introduces the chaos theory into
the SBO optimization process. Various chaotic maps were considered in the proposed Chaotic-SBO (CSBO) method
in order to replace the main parameter’s greatest step size (), which assists in controlling both exploration and
exploitation. The proposed CSBO methods are benchmarked within the CEC2014 test problems. The numerical results
show that these novel algorithms improve the chaotic maps, especially in the Tent map, as well as improving the
performance of the original Satin Bowerbird Optimization Algorithm. Specifically, the CSBO10(Tent) achieved the best

performance.

Keywords: Satin Bowerbird Optimization, Meta-heuristic algorithm, chaos theory, chaotic map.
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1. Introduction

The optimization problem aims to search for a maximum
or minimum of an objective function value in widely varied
local optima, under highly complex constraints, and in a
reasonable amount of time'. Consequently, chaotic
sequences generated by means of chaotic maps have
been used in the development of global optimization
techniques. The first introduction of chaos into the
optimization challenge was the Chaos Optimization
Algorithm (COA) in 1963 by E.N. Lorenz’.The COA
represents the bounded, unstable, dynamic behavior that
exhibits sensitive dependence on its initial conditions®.
Uniquely characteristic of chaotic behavior, the COA
carries out global exploration searchs at higher speeds
than stochastic ergodic searches, which are dependent
on probabilities4. Chaos is a characteristic of several
nonlinear systems as motion distributes within a
specific range since it possesses degrees of
uncertainty, ergodicity, and stochasticity. Many
researchers therefore use the characteristics of chaotic
ergodicity to solve for the global optimal solution of
complex nonlinear multi-peak problems, by weakening
the randomness or constant parameters of the
metaheuristic optimization algorithm5. As a result, most
current works are devoted to the improvement of global
optimization algorithms to tackle the abovemen-
tioned shortcomings. Further interest has been
developed in the field of hybrid algorithms, especially in
typical and emerging heuristic optimization algorithms;
such as the harmony search algorithm [3], migration and
merging operation®, cuckoo search optimization
algorithms®, bee colony algorithms, great deluge
algorithm7, imperialist competitive algorithms, particle
swarm optimization®', firefly algorithm'', gravitational
search algorithm12, grey wolf optimization algorithm”,
whale optimization algorithm™, crow search algorithm'>",
league championship algorithm"’, salp swarm algorithm'®,
and the krill herd algorithm®; all of which were hybridized
with the COA. Various simulation results and applications
in each of these references have proven the solution
diversity and global optimization capacity of each chaos

based optimization algorithm.
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The standard Satin Bowerbird Optimizer (SBO) was
first proposed by S. H. Samareh Moosavi and V. Khatibi
Bardsiri”® in 2017 to optimize ANFIS for the purpose of
software development effort estimation. Its algorithm
was bio-inspired by Satin Bowerbirds living in the
rainforests and mesic habitats of Australia. Through the
breeding principle of male-attracting-female, the male
bowerbird attracts the female with the construction of a
specialized bower. The SBO technique, which is
population-based on a stochastic optimization
algorithm“, is very robust, straightforward, and efficient.
Details of the original SBO and the literature related to

its applications are presented in Sections 4 and 6.

Our principle concern we faced in our research was
to introduce the Chaotic Satin Bowerbird Optimizer
(CSBO) based methods in ways in which different chaotic
systems are used to replace the critical parameters of the
SBO. Through this method, we intended to enhance the
global searching ability of the SBO, and increase its
ability to stick on a local solution. The simulation results
demonstrated the improved performance of the CSBO
with the application of the deterministic chaotic signals,
as opposed to the constant parameters of the SBO.

The remainder of this paper is organized in seven
sections. Section 2 briefly describes the original SBO
algorithm; Section 3 describes the chaotic maps; the
proposed CSBO approach is detailed in Section 4; and
the benchmark functions and parameter studies used
to test the performance of the CSBO are found in
Section 5. The experimental results and discussions are
presented in Section 6, and the conclusions and future

scope of our research are presented in Section 7.

2. The original SBO algorithm

The SBO algorithm®?" is a population-based
algorithm which estimates the global optimum for a given
optimization problem. This process starts by creating a
population of random uniform distribution, through the
consideration of both the lower and upper limit parameters.
After that, each position is defined as a dimensional vector

of the parameters, which must be optimized.The
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probability of such defines the attractiveness of the bower.
A female satin bower bird selects a bower (nest) based
on its probability, and is able to calculate the probability

of each population member through Egs. (1) and (2),

below.
fit .
Prob, = —p— . @)
fit
n=1 n
—— ()20
fit; =1 1+’ VT
T+ 1f(x)lLf(x) <0 )

where NB is the population size of the bower, is the
fitness value of the ith solution, and f(X1) is the fitness
value of ith bower. To find the position of the best bower,
the SBO algorithm utilizes the concept of Elitism, which
allows the best solution to be preserved at each stage of
the optimization process. The SBO algorithm uses the
concept of birds building their nests using their natural
instincts. The male satin bower bird likes all other birds
in the mating season, and uses his natural instincts to
build his bower and decorate it. We may infer that the
male bowers rely upon their experience to influence
their creative decisions in building their bower; therefore,
more experienced birds will build more attractive bowers
(improving their fitness) than others. In this work, the best
built bower (best position) is intended as an elite
iteration. Since the elite position has the highest fitness,
it should be able to influence the other positions. The
changes of each new bower, representing a new
position determined by the position of the best fit

bower (position), are calculated according to Eq. (3).

X, +X
new __ _old Jk elitek old
Xy =Xy A T X > ()
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where Xi is the ith solution vector (bower), Xj is
determined as the target solution among all solutions in
the current iteration, ] is calculated by the roulette wheel
procedure, and Xik is the kth member of this dimensions.
Xelite indicates the elite position (the best fitness value

in the current iteration).

a

A

= ) (4)
g 1+pj

In Eq. (4), determines the attraction power in the goal
bower, shown at intervals of , where is the greatest step
size (constant) and is the probability obtained by Eq. (1)
using the goal bower, at intervals of .In the mutation
process, which occurs at the completion of each iteration
of the SBO, random changes are applied with a certain
probability. Random changes are then applied to , again,
with a certain probability.The normal distribution within
the mutation process is employed through the average

of and the variance of , as seen in Eqgs. (5)-(7).

X"~ N(xp o) (5)
N(xi",6?)=x; +(c"N(0,1)) (6)
o= Z*(Varmax_ Varmin) ’ (7)

where 0 is a proportion of space width, and and are
the lower and upper bounds assigned to the variables,
respectively. The value of the Z parameter is the percent
of the difference between the lower and upper limit, which
is variable. In the last of stage of each iteration, the
newly formed population and the initial population are
evaluated, and all populations are combined and sorted
by their fitness values. A new population is then created
according to the previously defined number, while the
others are rejected. The basic steps of the SBO are shown

in Algorithm 1.
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Algorithm 1 The satin bowerbird optimization algorithm®.

J Sci Technol MSU

1: Initialize the population size of bowers (NB), greatest step size (a), mutation probability (P), percentage of the difference

between the upper and lower limits (Z) and proportion of space width (0) calculated by Eq. (7)

2: Generate the population (bower)

3: Evaluate the fitness value of bowers. Let the initialization also be the best bower and assume it as elite
4: While (the end criterion is not satisfied) Do

5 Calculate the probability of bowers using Eqgs. (1) and (2)

6: Fori = 1 to all bower Do

7 For j = 1 to all element of bower Do

8 Select one bower randomly using roulette wheel selection
9 Calculate step size (4;) using Eq. (4)

10: Update the position of bower using Egs. (3) and (6)

11: End for

12: Evaluate the fitness value of bower.

13: End for

14: Sorted bower and by the fitness values

15: Find the current global best

16: End while

17: Output the best fitness value of bower

3. Chaotic maps for the SBO

This section presents the descriptions and
equations of ten discrete chaotic maps used within the
experiments of the SBO algorithm.

Chaos, as a kind of dynamic behavior within a
nonlinear chaotic time series, has raised enormous
interest in fields such as scientific applications and
engineering systems”; which have included numerical
simulation, chaos control, synchro-nization, pattern
recognition, optimization theory, and additional nonlinear
sciences. In random-based optimization algorithms,
methods employing chaotic variables rather than random
variables are referred to as chaotic optimization algorithms
(COA)". Due to the non-repetition of chaotic behavior,
the algorithm is capable of carrying out overall searches
at higher speeds than stochastic searches, which are
dependent upon their probabilitie323. One—dimensional,
non—invertible maps are the simplest systems capable of

generating the desired chaotic motion®*.

To fulfill this matter within our study, one-—
dimensional, non—invertible maps are utilized to generate
chaotic sets. In Table 1, we review some of the better
known one—dimensional maps. Within the ten different
chaotic maps presented in this table; k indicates the
index of the chaotic sequence, and Xk represents the
kth number in the chaotic sequence. Figure 1a - 1j outlines

the dynamics of the ten different chaotic maps.
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Table 1 The ten chaotic maps

Satin Bowerbird Optimization Algorithm with Chaos

13,14,16,19

No. Name Definition
CSBO1  Chebyshev map X1 = cos(kcos™ (x;))
X =X +b—(a—2m)sin(2mx, ymod(1
CSBO2  Circle map et ( )sin(27x )mod(l)
With a= 0.5 and b = 0.2, it generates a chaotic sequence in (0, 1)
0 x, =0
CSBO3  Gauss/Mouse map  X,,, = 7 1/x.mod(l) = 1 —[l}
1/kmod(l) otherwise X L Xk
: _ ol ar
CSBO4 lterative map Xpp1 = Sm(—) ,a e (0,1)
Xk
CSBO5  Logistic map X =axy(1—x;)
%‘ 0<x, <P
CSBO6 Piecewise map Xpp) = 1 .P_
PN Loy <1-p
05-P 2
1- Xk
— 1-P<x, <1
P k
CSBO7  Sine map Xpo = %sin(mck) ,0<a<4
CSBO8  Singer map X, = m1(7.89x, —23.31x; +28.75x; —13.3028.75x;)
CSBO9  Sinusoidal map Xpa1 = axi sin(my ), a= 2.3 and x, = 0.7
Ox—k X < 0.7
CSBO10 Tent map Xps1 = Y

%(1—;@() X >0.7

35
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(a) Chebvshev map (b) Circle mao
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Figure 1 The dynamics of the chaotic maps xt e (0, 1).
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4. The proposed CSBO approach

This section presents a novel Chaotic with Satin
Bowerbird Optimization algorithm called the CSBO, which
replaces the main parameter and embeds chaos into the
existing SBO.While SBOs possess good convergence
rates, they still cannot perform sufficiently in finding the
global optima, which in turn affects the convergence rate
of the algorithm.In order to reduce this effect and to
improve its efficiency, the concept of chaos has been
introduced into the SBO algorithm.

Chaotic maps are imbedded into the SBO to improve
the algorithm’s solution quality. One of the main
parameters of the SBO is the greatest step size (), which
remains a constant parameter. Here, this value (a) is
replaced with ten different chaotic maps in an attempt to
improve the performance of the SBO. To implement the
maps, all maps are normalized between 0 and 1.
Furthermore, the parameter of a, determined by Eq.
(4), is modified by the ten different chaotic maps through
the following equation, Eq. (8).

t+1

¢ mod(z, NB—1) =0,
1+ p;
l" - t+1
otherwise
1+ p;

(8)

Where ¢l represents the different chaotic
variables, is current iteration ¢t =1,2,3,..m), m
represents the maximum iteration number, and is the
number of bowers. Eq. (8) produces a design point xir;cew
from Eq. (3), which uses the different chaotic variables

derived from the chaotic maps, with different initial values.
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The pseudo-code of the CSBO algorithm is
presented in Algorithm 2. In the first step, the bower
population within the search space is initialized randomly.
After which, the parameters of the CSBO algorithm
involved in controlling the exploration and exploitation
mechanisms, specifically the NB, P, Z, 0, and «, are
initialized similarly to the SBO. In the second step, the
fitness function values of all bowers are initialized in
the search space, and evaluated using the various
standard benchmark functions. The lower fitness value is
assumed to be the elite (the best fitness function
value). The chaotic number of the chaotic map is initial-
ized to adjust the parameter of the SBO. In the third step,
the CSBO algorithm runs sequentially, in which all bowers
will update their positions, resulting in the first position
as the optimal solution. The value of parameter is also
updated along with the course of each iteration through
Eg. (8), where mod(t, NB —1) = 0, t is the current
iteration, and is the population size (Algorithm 2, line 19).
In the finally step, at the end of the last iteration, the best
search agent will be considered as the most optimal

solution by the CSBO algorithm.

5. Implementation
5.1 Benchmark numerical experiments

Ten different chaotic SBO variants of this
comparative study are presented in the 30
benchmark problems taken from the special session and
competition on single objective real-parameter numerical
optimization held under the IEEE Congress on
Evolutionary Computation (CEC) 2014°°; available on
http://www3.ntu.edu.sg/home/EPNSugan/index_f
iles/CEC2014/CEC2014.htm. The formulation of these

benchmark functions are presented in Table 2.
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Algorithm 2 The CSBO algorithm.

1:

9:
10

36
37

Initialize the population size of bowers (N B), greatest step size (a), mutation probability (P), percentage of the difference

between the upper and lower limits (Z), proportion of space width (c)and NFEs = 0

: Generate the population X; = (i = 1,2, 3, ..., N) of N bowers
: Fori=1toN Do

Evaluate the fitness value of all bowers f(X;)
The best bower (X},.5; ) and assume it as elite
NFEs = NFEs + NFEs that is consumed by bower

: End for

The stage of CSBO

. Initial iterations t = 1

Generate the chaotic sequences ¢! € (0, 1), the description in Section 3 and Table 1 <|m

: While (NFEs > max_NFEs) Do
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:

For k = 1to N Do
Calculate the probability (P) of bowers using Egs. (1) and (2)
End for
liGenerate a new bower (X:*1)
Fori = 1to N Do
For k = 1to D (all element (D) of bower)Do
Select one bower (th),where (X]t) is random using roulette wheel selection
liCalculate step size (4;)
If mod(t, N — 1) = 0 Then <@
Calculate step size (1) using Eq. (8) <10
Else
Calculate step size (1) using Eq. (4)
End if
Update the position of bower (Xf*1) using Eq. (3)
//Mutation
If rand < P Then
Update the position of bower (X} *1) using Eq. (6)
End if
End for
Evaluate the fitness value of bower f(Xf+1)

NFEs = NFEs +1
End for

Sorted bower (Xy ) and f (Xy ) by the fitness values
Update elite (X,.s;) if a bower becomes fitter than the elite

t=t+1

: End while

:Output the global best fitness value of bower (Xpz;)

Note: The differences between the SBO and CSBO are indicated with lines marked with the symbol < O,
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Table 2 Description of the CEC2014 benchmark functions [26—28].

Satin Bowerbird Optimization Algorithm with Chaos

Func. # Function name

Md SpRo ShHy Co DFVS DFLB Opt.

‘__g f1 Rotated High Conditioned Elliptic Function U NY NNNN N 100
é f2 Rotated Bent Cigar Function U NY NNNN N 200
> f3 Rotated Discus Function U NY NNNN N 300
f4 Shifted and Rotated Rosenbrock’s Function M NY YNNN N 400
f5 Shifted and Rotated Ackley’s Function M NY YNNN N 500
f6 Shifted and Rotated Weierstrass Function M NY YNNN N 600
f7 Shifted and Rotated Griewank’s Function M NY YNNN N 700
‘_-8 f8 Shifted Rastrigin’s Function M YNYNNN N 800
é f9 Shifted and Rotated Rastrigin’s Function M NY Y NNN N 900
2 f10 Shifted Schwefel’s Function M YNYNNN N 1000
é_ f11 Shifted and Rotated Schwefel’s Function M NY YNNN N 1100
n f12 Shifted and Rotated Katsuura Function M NY YNNN N 1200
f13 Shifted and Rotated HappyCat Function M NY Y NNN N 1300
f14 Shifted and Rotated HGBat Function M NY YNNN N 1400
f15 Shifted and Rotated Expanded Griewank’s plus Rosenbrock’s Function M NY Y NNN N 1500
f16 Shifted and Rotated Expanded Scaffer’s F6 Function M NY Y NNN N 1600
f1 Hybrid Function 1 (N = 3) MUNNNYNY N 1700
f18 Hybrid Function 2 (N = 3) MUN N NY N Y N 1800
2 19 Hybrid Function 3 (N = 4) MUNNNYNY N 1900
T f20 Hybrid Function 4 (N = 4) MUUN N NY N Y N 2000
f21 Hybrid Function 5 (N = 5) MIUN N NY N Y N 2100
f22 Hybrid Function 6 (N = 5) MUUN N NY N Y N 2200
f,3 Composition Function 1 (N = 5) M NNNNYN Y 2300
f24_ Composition Function 2 (N = 3) M NNNNYN Y 2400
s f25 Composition Function 3 (N = 3) M NNNNYN Y 2500
’§ f26 Composition Function 4 (N = 5) M NNNNYN Y 2600
%’ f27 Composition Function 5 (N = 5) M NNNNYN Y 2700
o f28 Composition Function 6 (N = 5) M NNNNYN Y 2800
f29 Composition Function 7 (N = 3) M NNNNYY Y 2900
f30 Composition Function 8 (N = 3) M NNNNYY Y 3000

Node: Features of the 30 benchmark functions (Note: Md: Modality, Sp: Separable, Ro: Rotated, Sh: Shifted, Hy: Hybrid, Co:

Composition, DFVS: Different properties for different variables subcomponents, DFLB: Different properties around different local

optima, U: Unimodal, M: Simple Multimodal, N: No, Y: Yes.)

39
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5.2 Initialization and parameter settings

In an effort to produce meaningful statistics,
the experiment was carried out over 50 different runs for
each setting, with the same initial conditions for all
algorithms. Moreover, the performance of the CSBO
algorithms was measured using statistical measures, such
as mean objective function value and the standard
deviation. The population size of the SBO and among the
CSBO algorithms was, which we felt would be
sufficient for most problems. With a fixed population
size at each run, the benchmark function test problems
were executed with 30 and 50 dimensions of 50 function
evaluations. The maximum number of functions
evaluated (NFEs) were set at 3.0E+5 and 5.0E+5°°°",
respectively. The percentage of the difference
between the upper and lower limits (Z) was considered
to be 0.02, the mutation probability (P) was 0.05, the
greatest step size (x) was 0.94, and the proportion of

20,21

space width (o) was calculated through Eq. (7)

6. Experiment results and discussion

In this paper, our experiments are coded in MATLAB
R2016a, 64 bit, and run on a desktop computer with
an Intel® Core™ i7-6770HQ processor, 8.00GB of
RAM, 500GB of HD, and Microsoft Windows 10
Professional 64 bit Operating System. The sets of
benchmark test functions were employed to
demonstrate the effectiveness of the SBO and CSBOs
(denoted as CSBO1 to CSBO10), and the 30 test
functions with 30 dimensions (30D) and 50 dimensions
(50D), via IEEE CEC2014.

The average objective function values (“Avg.Obj”)
and standard deviation of the fitness function values (“Std.
Dev”) of all runs were recorded. The “Avg.Obj” and “Std.
Dev”’ were considered as two performance metrics to
assess the performance of the algorithms. Moreover,
Wilcoxon’s rank sum test” at a 5% significance level was
used to test the statistical significance between pairwise

algorithms.

J Sci Technol MSU

The performance of the CSBO with different chaotic
maps and their results are discussed in Section 6.1. The
qualitative analysis is described in Section 6.2, and the
analysis ranked by Friedman rank is described in Section
6.3. Also, the statistical testing by Wilcoxon’s rank
sum test of the experiment results is clearly described

in Section 6.4.

6.1. Performance assessment of CSBO with different

chaotic maps

Within the experiment results, the CSBOs utilized
the Chebyshev, Circle, Gauss/Mouse, lterative, Logistic,
Piecewise, Sine, Singer, Sinusoidal and Tent map,
respectively; as shown in Table 1 and Figure1.The
CSBOs are capable of significantly improving the solution
quality through the use of the chaotic maps. The adjust-
ments of the main parameter are implemented with the
various chaotic maps, as seen in Section 4. In Tables 3
and 4, the SBO, CSBO1(Chebyshev), CSBO2(Circle),
CSBO3-(Gauss/Mouse), CSBO4(lterative),
CSBO5(Logistic), CSBO6(Piecewise), CSBO7(Sine),
CSBO8(Singer), CSBO9(Sinusoidal) and CSBO10(Tent)
were proven to successfully enhance the performance of
the SBO algorithm. However, compared to the CSBO
algorithm, the CSBO3(Gauss/Mouse) algorithm
produced less satisfying results. The most favorable
results, derived from the Wilcoxon’s rank sum test on the
50 independent runs in both 30 and 50 dimensions, were
achieved by the CSBO10(Tent) algorithm (Tables 7 and
8). The p-Values clearly depict that this supremacy is
statistically significant.

The average running times of the SBO and among
the CSBO algorithms were collected and are presented
at the end of Tables 3 and 4, in which all methods of the
CSBO clearly outperformed the SBO algorithm, and in
which the CSBO10(Tent) was the fastest of all algorithms.
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6.2. Qualitative analysis

In this Section, we present the qualitative analysis of
the CSBO algorithms based on the 30 benchmark functions
employed for an effective evaluation. The sample of the
convergence progress of the solution values of the 50
iterations for 30 benchmark functions over each run
with the CSBO algorithm are shown in Figure 2a - 2j. The
results clearly present the convergence speed rates of the
algorithms, in which the picture agent of 30 benchmark
functions are represented as f1, fg, fﬂ, f21, and fzs,
respectively.

The Unimodal function, shown in Figure 2a and 2f
shows the optimization values for the f1 function. The
CSBO10(Tent) clearly demonstrated has the best
performance for this benchmark. The CSBO5-(Logistic)
also worked very well, as it ranked second among 11
algorithms.

The Simple multimodal function, show in Figure 2b
and 2g, shows the optimization values for the f9 function.
The figures reveal that while the differences in performance
between the CSBO10(Tent) and CSBO5(Logistic) were
slight, the CSBO10(Tent) yielded the better results for
this problem, as shown in Tables 3 and 4. Noteably, the
convergence to the value of the CSBO5(Logistic) was
very close to that of the CSBO10(Tent). Contrastingly,
the SBO, CSBO1(Chebyshev), CSBO2(Circle),
CSBO3-(Gauss/Mouse), CSBO4(lterative),
CSBO6(Piecewise), CSBO7(Sine), CSBO8(Singer),
and CSBO9-(Sinusoidal) did not succeed in this
benchmark function.

The hybrid function, shown in Figure 2c, d, h, and i,
shows the optimization values for the f17 and f21 functions;
in which the CSBO10(Tent) and CSBO5-(Logistic) yielded
the fastest convergence rates of all other methods. Where
both were able to more quickly find the optimal solution,
the other algo-rithms, upon completion, failed to find the

best solution in this benchmark function.
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In the composition function, found in Figure 2e and
j, all CSBO algorithms demonstrated better search
capabilities in finding the optimal solution of each
benchmark function. Each algorithm presented
sufficient reliability and stability, and was able to search
much deeper than the standard SBO algorithm. While
they were all capable of converging much faster than the
standard algorithm, only the CSBO10(Tent) was able to
find the optimal solutions.

Fifty iterations were conducted in order to analyze
the convergence curves of the CSBOs on various chaotic
maps. Tables 3 and 4 show that on average,
the CSBO10(Tent) outperformed the SBO,
CSBO1(Chebyshev), CSBO2(Circle),
CSBO3-(Gauss/Mouse), CSBO4(lterative),
CSBO5(Logistic), CSBO6(Piecewise), CSBO7(Sine),
CSBO8(Singer), and CSBO9(Sinusoidal) algorithms on
21 of the 30 benchmark functions in 30D (f1 - fs, f7 -f

1’

f f ,f,f -f f , f f -f), and 17 out of the 30

14" 16 17 19 21 23 24 26 28

benchmark functions in 50D (f, f,f -f ,f ,f ,f ,f ,
2 3 8 13 15 18" 21 22

f -f

, £, f ), when searching for the optimal function
24 260 28 29

minimum. The CSBOS5(Logistic) provided the second
best map, performing best on 10 out of 30, and 13 out of

30 benchmark functions; based on 30D (fe, f12, f13, f15, fw,
f , f,f,f,f)and50D (f,f -f,f ,f ,f ,f ,f f
29 30 17 4 14" 16 17

22" 23’ 25 7 19’ 20" 23’
f27, fso), respectively.
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Figure 2 Convergence curves for 30 benchmark functions in 30D and 50D (f1: Rotated High Conditioned Elliptic
Function, fg: Shifted and Rotated Rastrigin’s Function, f17: Hybrid Function 1 (N = 3),
f21: Hybrid Function 1 (N = 5), and fzsz Composition Function 7, (N = 3).

6.3. Analysis based on the Friedman rank test

The Friedman rank analyses, presented in Tables 5
and 6, reports the performance of the SBO and CSBO
algorithms based on the averages of the objective function
values of 30 benchmark functions, in both 30 and 50
dimensional cases. Each algo-rithm was ranked according
to their performance using an average Friedman rank
competition ranking scheme. In competition ranking,
algorithms are put in the same rank if their performances
are the same. In the simulation results of the average
Friedman ranks, the CSBO10(Tent) clearly outper-formed
all other algorithms.

Within the 30D problems, the results of the chaotic
maps on all benchmark functions displayed the following
order: CSBO10(Tent)<CSBO5(Logistic)< CSBO9(Sinu-
soidal)<CSBO1(Chebyshev)<CSBO2(Circle)<CS-
BO4(lterative)<CSBO8(Singer)<

CSBO7(Sine)<CSBO6(Piecewise)<CS-
BO3(Gauss/-Mouse). Within the 50D problems, the results
of the chaotic maps on all the benchmark functions dis-
played the order:CSBO10(Tent)<CSBO5(Logistic)
<CSBO7(Sine)<CSBO6(Piecewise)<CSBO2(Circle)<CS-
BO8(Singer),CSBO9(Sinusoidal<CSBO4-(It-
eraive)<CSBO1(Chebyshev)<CSBO3(Gauss-/Mouse).
The CSBO10(Tent) exhibited the best (minimum) results,
whereas the CSBO3(Gauss/Mouse) yielded the worst
(maximum) results. The underlying reason behind the
superior performance of CSBO10(Tent) using the Tent
chaotic map is that it provides better exploration and local
optima avoidance capability.In other words, the Tent map
brings different patterns of search behavior to the SBO,

resulting in higher exploration capability.
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Table 5 Rank table for the mean values of 30 dimensional cases (Friedman rank).

# SBO CSBO1 CSBO2 CSBO3 CSBO4 CSBO5 CSBO6 CSBO7 CSBO8 CSBO9 CSBO10
fl 11.00 10.00 8.00 9.00 5.00 2.00 3.00 7.00 6.00 4.00 1.00
f2 11.00 9.00 5.00 10.00 7.00 2.00 4.00 6.00 3.00 8.00 1.00
f3 11.00 3.00 8.00 10.00 5.00 2.00 7.00 4.00 9.00 6.00 1.00
f4 11.00 9.00 5.00 3.00 4.00 2.00 7.00 10.00 6.00 8.00 1.00
f5 11.00 6.00 8.00 10.00 7.00 2.00 3.00 4.00 9.00 5.00 1.00
f6 11.00 8.00 3.00 4.00 9.00 1.00 10.00 5.00 7.00 6.00 2.00
f7 11.00 7.00 8.00 4.00 5.00 2.00 3.00 9.00 10.00 6.00 1.00
fg 11.00 6.00 2.00 5.00 10.00 3.00 9.00 8.00 4.00 7.00 1.00
f9 11.00 7.00 6.00 4.00 8.00 2.00 9.00 10.00 3.00 5.00 1.00
]rlo 11.00 7.00 9.00 4.00 10.00 2.00 8.00 3.00 6.00 5.00 1.00
fll 11.00 4.00 9.00 8.00 7.00 2.00 3.00 10.00 5.00 6.00 1.00
f;z 11.00 3.00 4.00 5.00 8.00 1.00 7.00 10.00 6.00 9.00 2.00
JFB 11.00 9.00 5.00 6.00 7.00 1.00 3.00 4.00 10.00 8.00 2.00
fi4 11.00 4.00 9.00 8.00 7.00 2.00 10.00 3.00 5.00 6.00 1.00
](;5 11.00 3.00 5.00 7.00 10.00 1.00 6.00 8.00 9.00 4.00 2.00
-f16 11.00 9.00 5.00 10.00 4.00 2.00 7.00 6.00 8.00 3.00 1.00
fi7 11.00 6.00 10.00 4.00 9.00 2.00 5.00 3.00 7.00 8.00 1.00
f;8 11.00 6.00 3.00 8.00 5.00 1.00 9.00 7.00 4.00 10.00 2.00
]rlg 11.00 8.00 6.00 5.00 4.00 2.00 7.00 9.00 3.00 10.00 1.00
f20 11.00 6.00 5.00 8.00 3.00 2.00 9.00 10.00 4.00 7.00 1.00
]21 11.00 4.00 3.00 10.00 5.00 2.00 8.00 6.00 9.00 7.00 1.00
]22 11.00 6.00 8.00 9.00 3.00 1.00 10.00 5.00 7.00 4.00 2.00
f23 11.00 4.00 4.00 8.50 4.00 4.00 10.00 8.50 4.00 4.00 4.00
]24 11.00 6.00 7.00 9.00 10.00 2.00 3.00 4.00 8.00 5.00 1.00
]25 11.00 7.00 3.00 6.00 5.00 1.00 10.00 8.00 9.00 4.00 2.00
f26 11.00 8.00 7.00 9.00 5.00 3.00 4.00 10.00 6.00 2.00 1.00
]27 11.00 4.00 9.00 8.00 7.00 2.00 3.00 5.00 10.00 6.00 1.00
-f28 11.00 3.00 9.00 4.00 6.00 2.00 10.00 8.00 7.00 5.00 1.00
f29 11.00 8.00 10.00 6.00 4.00 1.00 9.00 7.00 5.00 3.00 2.00
f;O 11.00 6.00 5.00 7.00 9.00 1.00 8.00 4.00 10.00 3.00 2.00

Avg. ranking 11.00 6.20 6.27 6.95 6.40 1.83 6.80 6.72 6.63 5.80 1.40

Ranking 11.00 4.00 5.00 10.00 6.00 2.00 9.00 8.00 7.00 3.00 1.00
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Table 6 Rank table for the mean values of 50 dimensional cases (Friedman rank).

# SBO CSBO1 CSBO2 CSBO3 CSBO4 CSBO5 CSBO6 CSBO7 CSBO8 CSBO9 CSBO10
fl 11.00 7.00 8.00 9.00 4.00 1.00 3.00 10.00 5.00 6.00 2.00
f2 11.00 3.00 6.00 4.00 8.00 2.00 5.00 7.00 9.00 10.00 1.00
f3 11.00 6.00 4.00 10.00 9.00 2.00 3.00 7.00 8.00 5.00 1.00
f4 11.00 4.00 10.00 8.00 9.00 1.00 6.00 3.00 7.00 5.00 2.00
f5 11.00 6.00 9.00 7.00 10.00 1.00 8.00 5.00 4.00 3.00 2.00
f6 11.00 9.00 3.00 8.00 4.00 1.00 7.00 10.00 5.00 6.00 2.00
f7 11.00 3.00 9.00 5.00 10.00 1.00 6.00 4.00 8.00 7.00 2.00
f8 11.00 9.00 3.00 7.00 4.00 2.00 8.00 10.00 6.00 5.00 1.00
f9 11.00 6.00 10.00 5.00 8.00 2.00 7.00 3.00 4.00 9.00 1.00
flo 11.00 2.00 6.00 7.00 9.00 4.00 10.00 5.00 8.00 3.00 1.00
fll 11.00 6.00 5.00 9.00 10.00 2.00 4.00 3.00 8.00 7.00 1.00
flz 11.00 9.00 3.00 8.00 6.50 2.00 5.00 10.00 4.00 6.50 1.00
f13 11.00 10.00 6.00 7.00 5.00 2.00 4.00 3.00 8.00 9.00 1.00
f14 11.00 10.00 9.00 6.00 7.00 1.00 4.00 5.00 3.00 8.00 2.00
fls 11.00 6.00 10.00 3.00 5.00 2.00 8.00 4.00 9.00 7.00 1.00
flé 11.00 4.00 7.00 6.00 5.00 1.00 10.00 8.00 9.00 3.00 2.00
f17 11.00 3.00 7.00 6.00 9.00 1.00 5.00 4.00 10.00 8.00 2.00
f18 11.00 6.00 10.00 8.00 4.00 2.00 9.00 7.00 5.00 3.00 1.00
fl9 11.00 5.00 6.00 8.00 4.00 1.00 9.00 7.00 3.00 10.00 2.00
f20 11.00 8.00 5.00 6.00 3.00 1.00 10.00 7.00 4.00 9.00 2.00
le 11.00 9.00 7.00 8.00 10.00 2.00 4.00 3.00 5.00 6.00 1.00
f22 11.00 9.00 3.00 4.00 7.00 2.00 6.00 8.00 5.00 10.00 1.00
f23 11.00 9.50 5.50 7.50 7.50 1.00 3.00 5.50 9.50 3.00 3.00
f24 11.00 10.00 8.00 5.00 9.00 2.00 6.00 4.00 7.00 3.00 1.00
f25 11.00 3.00 4.00 9.00 7.00 2.00 6.00 5.00 8.00 10.00 1.00
f26 11.00 6.00 3.00 8.00 4.00 2.00 5.00 7.00 9.00 10.00 1.00
f27 11.00 10.00 8.00 9.00 5.00 1.00 7.00 4.00 3.00 6.00 2.00
f28 11.00 8.00 4.00 7.00 10.00 2.00 5.00 3.00 9.00 6.00 1.00
f29 11.00 8.00 5.00 4.00 3.00 2.00 9.00 7.00 6.00 10.00 1.00
f30 11.00 5.00 10.00 7.00 3.00 1.00 6.00 8.00 9.00 4.00 2.00

Avg. ranking 11.00 6.65 6.45 6.85 6.63 1.63 6.27 5.88 6.58 6.58 1.47
Ranking 11.00 9.00 5.00 10.00 8.00 2.00 4.00 3.00 6.50 6.50 1.00

6.4. The non-parametric Wilcoxon’s rank sum test

To evaluate the performance of proposed CSBO
algorithms, we employed the Wilcoxon’s rank sum test,
in order to determine the statistical difference of the
results achieved by each algorithm. The nonparametric
Wilcoxon’s rank sum test was conducted for the results
obtained by both the SBO and CSBO algorithms, as
shown in Tables 7 and 8. The Wilcoxon’s rank sum test
returns a p-Value, which represents the minimal

significance level for detecting differences. The level

of significance considered was five percent. If the
p-Value is less than 0.05, it definitively indicates that, in
each case, the better result achieved by the best algorithm
is statistically significant, and not obtained by chance.
Within the Tables 7 and 8, N/A indicates “not applicable”,
denoting the best objective function value in this current
function. In the comparison the SBO and CSBO
algorithms, it is generally considered that a p-Value of
less than 0.05 is sufficient indication of the null hypothesis.

The best results are highlighted in bold face, and the
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p-Values (greater than 0.050 are underlined).

The comparison summaries of the SBO and among
the CSBO in both the 30D and 50D test problems are
presented in Tables 3 and 4. From these tables, it is clear

that the number of problems in which better average

J Sci Technol MSU

objective fitness values were obtained by the
CSBO10(Tent) algorithm were superior to all other
algorithms, with the exception of the CSBO5(Logistic).
However, the CSBO10-(Tent) results are believed to be

biased.

Table 7 Evaluating the results of Table 3 using Wilcoxon’s rank sum test.

SBO CSBO1 CSBO2 CSBO3 CSBO4

CSBO5 CSBO6 CSBO7 CSBO8 (CSBO9 CSBO10

7.69E-06 2.23E-09 2.51E-09 3.65E-08 5.06E-09

1.39E-08 7.56E-10 7.56E-10 7.56E-10 7.56E-10

1.67E-07 1.56E-09 1.27E-08 1.31E-08 4.78E-09

2.35E-09 8.03E-10 7.56E-10 7.56E-10 8.03E-10
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1.88E-08 8.31E-07 1.32E-07 6.05E-05 2.09E-06 N/A
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2.84E-07 8.36E-05 7.67E-06 2.89E-04 1.84E-04

ENS

2.86E-08 3.17E-09 2.23E-09 5.37E-09 9.00E-09

W

(=}

2

7.54E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A
7.56E-10 8.03E-10 9.07E-10 7.56E-10 8.03E-10 N/A
4.55E-01 2.73E-01 3.18E-01 5.04E-03 8.14E-02 N/A
7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A
9.00E-09 3.05E-06 1.70E-05 1.12E-06 2.78E-06 N/A

N/A  4.78E-09 1.88E-08 2.82E-09 4.25E-09 2.99E-09
N/A  5.01E-04 4.03E-04 1.43E-05 2.03E-05 7.78E-08
2.51E-01 6.54E-01 3.92E-07 3.47E-01 6.06E-01 N/A
N/A  595E-08 1.07E-07 1.77E-08 4.25E-09 7.56E-10
1.56E-09 2.30E-06 2.60E-07 1.17E-06 6.38E-09 N/A
7.56E-10 2.35E-07 1.26E-07 1.91E-07 1.40E-07 N/A

N/A  6.44E-04 6.44E-04 2.89E-04 8.23E-04 6.39E-06

7.55E-10 1.66E-09 3.09E-08 1.38E-09 6.63E-08 N/A
7.56E-10 1.76E-09 2.79E-09 1.09E-09 4.51E-09 N/A
7.56E-10 3.35E-06 4.80E-07 6.74E-07 1.72E-07 N/A

N/A 6.38E-09 2.66E-09 5.34E-08 2.99E-09 1.30E-09
N/A 7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10
8.66E-08 1.47E-07 1.72E-07 7.72E-05 2.12E-07 N/A

N/A 1.01E-08 1.77E-08 2.48E-08 2.10E-09 1.56E-09

>3

7.30E-05 1.04E-01 4.11E-03 2.54E-02 1.12E-01

K=

SESNSIN NSNS NSNS SN IS S IS S S

(=]

6.38E-04 2.62E-08 2.78E-06 1.23E-06 2.78E-06

1.50E-04 4.84E-04 4.84E-04 4.84E-04 2.06E-04 2.06E-04 2.06E-04 1.12E-03 4.84E-04 8.71E-05 N/A
7.09E-04 1.24E-01 2.37E-01 1.94E-01 1.04E-01 9.79E-01 5.06E-02 1.24E-01 1.46E-01 1.81E-01 N/A
1.59E-06 9.07E-10 9.07E-10 7.56E-10 7.56E-10 7.53E-10 7.56E-10 8.53E-10 7.56E-10 7.56E-10 N/A

N/A  1.28E-01 6.21E-03 1.04E-01 1.57E-01 5.04E-01

N/A  531E-07 1.90E-06 5.84E-06 5.87E-07 7.56E-10
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Table 8 Evaluating the results of Table 4 using Wilcoxon’s rank sum test.

# SBO CSBOf1 CSBO2 CSBO3 CSBO4 CSBO5 (CSBO6 CSBO7 CSBO8 CSBO9 CSBO10
f; 8.07E-08 6.28E-08 6.81E-07 6.17E-07 3.45E-08 N/A 5.64E-08 1.59E-06 4.34E-07 6.28E-08 7.56E-10
f; 3.86E-09 7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.49E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A
f3 4.66E-08 1.02E-07 7.16E-09 3.26E-07 1.13E-07 7.56E-10 3.17E-09 3.65E-08 7.38E-08 4.25E-09 N/A
]2 1.81E-05 5.04E-03 2.59E-01 2.19E-02 4.73E-02 N/A  2.24E-02 4.03E-04 8.53E-03 8.53E-03 2.10E-01
f; 3.49E-09 8.03E-09 1.90E-06 7.56E-10 1.01E-06 N/A  247E-07 3.45E-08 4.01E-09 9.14E-08 9.02E-10
fé 8.13E-06 1.01E-08 7.16E-09 1.01E-08 2.82E-09 N/A 1.13E-08 2.61E-08 5.37E-09 1.50E-08 7.56E-10
f; 5.95E-05 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A  7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.54E-10
f;; 1.11E-09 1.56E-09 4.01E-09 1.56E-09 1.07E-08 1.02E-09 3.78E-09 1.34E-08 4.25E-09 2.10E-09 N/A
f9 1.63E-07 1.56E-05 3.38E-05 1.90E-06 2.49E-04 1.23E-06 5.33E-06 1.36E-06 5.31E-07 3.38E-05 N/A
fio 2.13E-07 8.03E-10 8.03E-10 8.03E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 8.53E-10 8.03E-10 N/A
jfll 4.26E-09 7.12E-05 8.52E-04 1.23E-06 1.41E-08 3.89E-04 3.00E-04 4.34E-04 1.20E-05 2.98E-05 N/A
f;z 7.91E-06 7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.55E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A
fi3 8.17E-09 6.72E-03 1.28E-01 1.06E-01 1.21E-01 9.14E-01 2.01E-01 2.82E-01 1.44E-02 5.53E-02 N/A
j{14 2.54E-04 6.15E-01 8.51E-01 1.84E-01 5.85E-01 N/A  1.44E-01 2.26E-01 1.44E-01 6.26E-01 7.56E-01
f;s 1.20E-08 1.23E-06 5.58E-06 2.51E-09 5.64E-08 7.56E-10 3.62E-07 5.95E-08 1.81E-06 1.64E-06 N/A
jiﬁ 4.65E-08 1.12E-06 1.94E-05 3.92E-07 2.98E-05 N/A 3.14E-05 9.18E-06 1.11E-04 1.32E-07 7.56E-10
j{” 1.18E-09 1.77E-04 4.17E-05 7.67E-06 4.64E-06 N/A  1.00E-05 1.10E-05 2.53E-06 2.65E-06 7.56E-10
f;g 4.95E-04 7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.54E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10 N/A
ji9 1.02E-07 1.76E-09 3.17E-09 3.57E-09 2.23E-09 N/A  452E-09 4.51E-09 1.09E-09 1.20E-08 7.56E-10
jfzo 9.26E-07 2.12E-05 1.43E-05 1.84E-04 1.25E-05 N/A 471E-04 7.72E-05 5.57E-05 1.25E-05 7.56E-10
f;l 5.21E-07 3.37E-09 1.66E-09 4.25E-09 1.39E-08 7.56E-10 1.38E-09 1.23E-09 1.30E-09 1.30E-09 N/A
f;z 3.39E-04 8.58E-01 3.39E-03 1.07E-02 2.42E-01 1.30E-01 8.14E-02 7.33E-02 1.04E-01 3.22E-01 N/A
j{23 1.20E-04 7.56E-10 7.56E-10 7.56E-10 7.54E-10 N/A 7.56E-10 7.56E-10 7.56E-10 7.56E-10 7.56E-10
f;4 4.65E-07 4.54E-01 2.24E-02 1.26E-02 2.61E-02 5.84E-01 2.03E-02 1.05E-03 5.41E-02 1.79E-03 N/A
f;s 1.68E-08 1.68E-08 4.07E-08 1.81E-06 1.77E-08 8.53E-10 7.78E-08 9.14E-08 1.07E-07 2.09E-06 N/A
j{% 4.23E-04 1.04E-02 1.69E-01 2.48E-02 3.10E-02 6.83E-01 1.38E-01 6.31E-02 2.48E-02 8.29E-03 N/A
f;7 1.51E-09 8.03E-10 7.56E-10 7.56E-10 7.56E-10 N/A  7.56E-10 7.56E-10 7.56E-10 7.56E-10 2.26E-01
fég 3.49E-04 1.86E-09 1.23E-09 2.51E-09 1.09E-09 7.54E-10 8.53E-10 9.63E-10 7.16E-09 1.38E-09 N/A
jfzg 3.86E-04 3.61E-04 2.11E-03 1.11E-04 2.89E-04 7.56E-10 3.61E-04 4.92E-05 1.35E-04 2.28E-04 N/A
»f;() 5.76E-08 7.56E-10 5.41E-09 1.56E-09 2.99E-09 N/A  7.56E-10 7.56E-10 8.53E-10 7.56E-10 7.56E-10
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7. Conclusions and future scope

In the present paper, we present a novel, and
improved meta-heuristic SBO using chaotic maps to solve
complex optimization problems. Ten different chaotic
maps were investigated to tune the main parameter, the
greatest step size (), of the standard SBO; in which a
wide variety of chaotic maps were utilized. In the
comparison of several different chaotic SBO algorithms,
those utilizing the Tent map were selected as the greatest
step size (); and through the comparisons of the various
chaotic SBO variants, the best CSBO10(Tent) was
formed. The simulations demonstrated that the usage of
deterministic chaotic signals rather than linearly
decreasing values represents an important modification
of the SBO method.The experimental results indicated
that the tuned SBO significantly enhances the reliability
of the global optimality and the quality of the solutions of
the newly formed algorithm, due to the application of the
deterministic chaotic signals in place of constant values.
In order to evaluate an algorithm with its original (SBO)
and improved (CSBO) variants, other mathematical
benchmark examples were employed. The statistical
results and success rates of the CSBO10(Tent) suggest
that the tuned algorithms clearly improve the reliability of
the global optimality, and further enhance the quality of
the results.

The CSBO proved to be simple and easy to
implement within all of our applied (and similar type)
applications. In future works, we intend to investigate the
further capabilities of the CSBO algorithm in solving
real-world engineering problems, as well as discrete

optimization problems.

Appendix

The Satin Bowerbird Optimizer (SBO) codes used
within this paper were retrieved from the resource: https://
www.mathworks.com/matlabcentral/fileexchange/
62009-satin-bowerbird-optimizer--sbo-2017-

J Sci Technol MSU
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Abstract

Smart Grid system or Intelligent Transmission is the cumulative development continued from Microgrid or developing
electrical system. Smart Grid intelligently responds to operation by applying information and communication technology
(ICT), sensing system, data storage system and automatic control technology. It enables electrical system to
acknowledge statuses which apply to automatic decision and it likes the model for electrical energy solutions in
Thailand’s future. The management information technology is an innovation system to control electrical production,
transmission and distribution. It efficiently supports connections from every type of energy source which will maximize
benefits, equipped with stability, safety, reliability, international standardized electrical quality suitable for solution of
few energy sources and insufficiency for development in Thailand; habitation, commerce and industry in government
agencies and various institutions. It is the most important factor for economy driving. Due to the increasing use of
electricity in the future at the time, Smart Grid system is expected to be the energy management that has been used

in the formulation of the concrete policy in the future.
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Abstract

Milk collection centers collect raw milk from farmers and measure both its quantity and quality. Both data are used to
calculate payments to farmers. Daily operations at the center include quality assessment, i.e. alcohol test, methylene
blue test and somatic cell count. Laboratory assessment includes pasteurized count, total solid and somatic cell count.
At present, the results of assessment are manually recorded on paper and are then inserted into an Excel file for
money calculation. The serious problem with this method is that their errors occur during manual recording, delaying
the calculation process because the workers must trace back and correct the errors. This research aims at 1) developing
an innovation for milk collection centers by deploying information technology, and 2) reduce error and time during the
data collection. We developed an information system following Model View Control (MVC) architecture, which allows
for rapid development of the system, and, more importantly, support further scalability in the future. The developed
system provides both convenience and precision in the data recording process, and helps reduce errors and time

consumption significantly.

Keywords: Milk collection center, milk quality assessment, milk quality control, Information System.
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Figure 1 The overall process of milk collection process
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Figure 3 Indicators of milk quality
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Figure 5 Screen snapshot of update and delete form
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Figure 6 Screen snapshot of milk quality data of farmers
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if (atbId == 29) {

if (value >= 6.0) {

cell = new PdfPCell (new Phrase (
value + “ (+0.3)”,

boldTextl)) ;

total = formModel.getQcPriceId().
getQcPrice() + 0.3;

result.add (total) ;

} else if (value >= 4.5) {

cell = new PdfPCell (new Phrase (
value + “ (+0.2)”,

boldTextl)) ;

total = formModel.getQcPriceId().
getQcPrice() + 0.2;

result.add (total) ;

} else if (value >= 3.0) {

cell = new PdfPCell (new Phrase (
value + “ (+0.0)”,

boldTextl)) ;

total = formModel.getQcPriceId().
getQcPrice() + 0.0;

result.add (total) ;

} else {
cell = new PdfPCell (new Phrase (
value + % (-0.2)",

boldTextl)) ;

total = formModel.getQcPriceId().
getQcPrice() - 0.2;

result.add (total) ;

}

}

Figure 7 Calculation for milk’s price
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Figure 8 Screen snapshot of farmers’ milk price details
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Table 1 System efficiency before and after using the

system

Number | Working
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Time of Time

Usage
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using Feb B.E. 2562 12 71
System | Mar B.E. 2562 18 69
Average 13.33 68.33
Apr B.E. 2562 1 5

After using

May B.E. 2562 2 4

system
Jun B.E. 2562 1 5
Average 1.33 4.67
Average Decrease 12.00 63.67
Percentage Decrease 90.00 93.17
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Average
User Question Satisfactory

(5 levels)
Easy to Learn 4.60
Easy to Use 4.65
g Easy to Install 4.75
g Usage Instructions 4.55
% Convenience of Usage 4.80
% Preparation before Work 4.75
g Decrease Travel Time 4.85
z Decrease Work Time 4.70
Increase Work Efficiency 4.80
Recommend to Others 4.70
Average Satisfactory 4.72
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Table 3 Farmer satisfactory survey’s result
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Easy to Install 4.73
g Usage Instructions 4.63
% Convenience of Usage 4.37
g Expense Forecast 4.73
é Fairness 4.83
Decrease Work Time 4.60
Increase Milk Quality 4.47
Recommend to Others 4.63
Average Satisfactory 4.62
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Abstract

Thai University Central Admission System (TCAS) is an educational reform policy embracing three main principles;
including, 1) students are required to attend classroom until the completion of the upper secondary education (Matthayom
6), 2) each student possessed one right on the courses selected on equitably basis, and lastly, 2) each student
possessed one right on the courses selected on equitably basis, and lastly, 3) all higher education institutions subject
to the Council of University Presidents of Thailand (CUPT) ’s Networks are required to participate in the clearinghouse
to administrate student’s one right to study. Based on the Mahasarakham University policy, the Mahasarakham
University is a public university under the CUPT network that follows Thai University Central Admission System (TCAS).

The issues of Thai University Central Admission System (TCAS) showed that the number of right confirmations (Clearing

T Un3TINInaNAUNDTTIWIYNIT NBJUIIIINIIANE URIINGINLNIIEIIAIN SUNDNWNTITY TIRITANNIFITNIN 44150
" Computer Techinical Officer Professional Level, Division of Academic Affair, Mahasarakham University, Kantharawichai District,
MahaSarakham 44150 Thailand.



Vol 39. No 1, January-Febuary 2020 Information Analysis for TCAS Support System Development 79

of Mahasarakham University

House) was smaller than the admission plans, compared to the large number of applicants interested in continuing
study. For this reason, the researcher has an idea of using Data Mining Techniques to identify patterns that have
arisen out of student data that have the confirmation right to study, so that the model to be acquired will further be
developed into a support system for TCAS. in order that the TCAS Committee can quantify the confirmations and
make sure that the number of admissions are mostly consistent with the admission plan. The results indicated that
decision trees and association rules on the experimental data was accurate by 82.85 percent on Humanities and
Social Sciences, formulating into 89 association rules, and it was accurate by 80.88 percent on Health Science,

formulating into 85 association rules, and it was accurate by 78.85 percent on Technology Science, formulating into

85 association rules. The results could be efficient to the development of the TCAS support system.

Keywords : Data Mining Clearing House Association Mining Decision Tree
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auns Entropy @a sunmsluniswdiaiiala
auyIniraImIRWNATaITaYs AR 1

Entropy(S) = Z—P; log, P (1)

i=1
A aa &a o o
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1 L, = {large 1-itemsets};

2 For (k=2; L.«#@; k++) do begin

3 C, = apriori-gen(L,-1); // New candidates

4 Forall transactions t € D do begin

5 C, = subset(C, , l); /f Cadidates contained in ¢
6 Forall candidates ¢ € C,do

T c.count++;

8 End

9 L, ={ ¢ € C, | c.count = minsup});

10 End

11 Answer=U, L;

Figure 3 Apriori Algorithm'
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Table 1 Data sample

Information Analysis for TCAS Support System Development 83

of Mahasarakham University

Major Level Size Province GAT PAT 9 Ordinary Score Result
0501 1 S Loei 62.5600 54.0000 65.5400 60.7000 Confirm
0501 2 S Roiet 37.5670 39.6520  62.3000 46.5000 Confirm
0503 1 M Khonkaen 65.6600  70.0000  60.8500 65.5000 Confirm
0503 4 XL Surin 66.5450  70.5200  65.0000 67.3500 Not Confirm
0506 3 Loei 45.0000 48.6000  48.0000 45.0500 Not Confirm
0506 2 M Loei 68.9950 65.8800  61.2000 65.3500 Confirm
0504 4 Buriam 50.5000 69.5400  65.3000 68.5000 Not Confirm

mﬂiaaaﬁlﬂumimaaag&’j‘%ﬁﬂﬁﬁ'}mﬂmumlﬁﬁu
iayaﬁaumﬁLﬂﬁ:ﬁmaaﬂ@mﬁagammﬂkdﬁﬂu;ﬁﬁﬂ
"l@”l‘*ﬁl,ﬂmsvi‘mmﬂwwmimuﬁ@mu"ﬁ’ayaﬁﬂﬁfﬂmuﬂm:
ﬂ‘i’i&lﬂ’]iﬂ’]iﬁﬂﬂ’]“ﬁtuﬁuj’]u (aW3.)" &9il TseBouama
EARTNEEU 1 - 499 au wnuen (S), 1393uuamanand
fni3uw 500 — 1,499 aw unudl (M), lssFouamwalng
f9n138% 1,500 — 2,400 A% unud (L) wazlssidouama
InajAtesiiuniEon 2,500 autuly unudn (XL) wanan

o '
Ao A v v v o

‘H:EJ\?3J°]JQ%Jﬂ@’]%ﬂtLL%%&J’]@‘SE’]%FYJ’]SJE‘Y]’JVL?J (GAT), iﬂ%lﬂ
a a a v
AZLBUNINTFIUITINIIURSITIDIN (PAT), VNI WY

Table 2 Variable sample

Wa33% 9 AU UAsTaYAAZLUKIIM ﬁvfw,ﬂwﬁaga
LmuwﬂﬁﬂmiaLﬁaa‘*ﬁa;&m}xﬁm'ﬁﬂs:mﬂ oA INTe
mmlaa‘ﬁagaE’ea%'ﬂ'lﬁl,l,ﬁ_iamwaﬁaya (Binning data) &
%%’ﬂ"l,éﬁm_iamwad“ﬁagaﬂ:LLuuaamﬂu 3 TUAULY A
PIALHURIZRIN 0.0000 — 47.0000 agjlm:é’m‘i‘ﬂ N
A1 (Low), T2AzUUUIZNING 47.0001 — 55.0000 atilu
TaUUUNAN UWNAT (Moderate) LAZTINALUUWIZAIN
55.0001 — 100 ayj’lm:é’ugu LN (High) Teazidea
MagamMIunuA1ayasy Table 2

Major Level Size Province GAT PAT 9 Ordinary Score Result
M0501 1 S Loei High Moderate High High Confirm
M0501 2 S Roiet Low Low High Low Not Confirm
M0503 1 M Khonkaen High High High High Confirm
M0503 4 XL Surin High High High High Confirm
M0506 3 Loei Low Moderate Moderate Low Not Confirm
MO0506 2 M Loei High High High High Confirm
M0504 4 Buriam Moderate High High High Not Confirm
Han1sAN®1IYY Cross Validation 31nsiminnnasaslagmsldinafiais

mnms‘nmaa;ﬁ%’ﬂﬁumﬁagamimaadaamﬂu
ngudaya aaungulsziugmnINMIAN® WMIneay
MR UsznaudiongudayauusEAIaaTuas
Faauenaad ngUINENEEATFUIAIW LAz nEINEEaT
walulad %amsmaaﬂmwia:ﬂa;uﬁa%lavlﬁumﬁagaLflu
2 ngy s Tayanamey (Data Testing) UAzTaNAITIS
(Data Training) laglgwannisutisdayauuy 10-Fold

dulidaawla (Decision tree) UAZMIAUAINANMUTURS
(Association rule) 85UNEHANINARDI LG Goit
dwliidiadula (Decision tree C4.5) lananInaaas
@hmmgﬂﬁm (Accuracy) ANANNLLAIKEN (Precision) N
ANNIEAN (Recall) LLaz@hm’mm%m (F-Measure) N34
UreENTN WD I TR YA UUIIAANIIATUNNTAUAY

FIFWNATIVAAUTEENTANNUBILUUINRDIUIZAFE
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@131 Confusion Matrix Wn1TAIWIBMAIIIEAZLB LA

a4 Figure 4
Predicted Class
_ Class C, C,
1]
2 c, TP FI
< C, Fp TN

Figure 4 Confusion Matrix

TP fa ﬁ‘immﬁagauuuﬁwaaaﬁ%mnnq’w C, LazA1nal
unga C,
TN fa ﬁ'i']mwﬁasgame‘haaai‘mmnﬂéw C, LazAInal
unga C,
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FP o ﬁ'im’mﬁagauum‘haaﬁhLLuﬂnﬁju C, wdz
faauidungu C,

FN fa ﬁ‘im’swﬁagml,um‘haaa{hLmﬂﬂaju C, uaz
faauidungu C

wamsmaaqLL@iazﬂajuﬁagaI@yﬂﬁjmwmmam‘uaz
FIANARAS fidnenugneasgigaiasas 82.85 fA1Au
Wwajthen 0.804 UazFMIALAUTEYA 0.829 néjuﬁwmmam%
FUNW AANNYNdadTasaz 80.88 A1ANLAILGN 0.654
wazmIAufudays 0.829 uaznguinmeaniinalulad
fANugNdAnITanaz 78.85 A1ANLAIKEN 0.796 LaTNT
AAUTALA 0.787 NANINARBIFANIALIAINANITNARDS
Tugtuuvvasdulddadula (Decision rule) alinsu
Tamalunsfuduansign@nen (Clearing house) WUU3S
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Moderate Low

Not
Confirm Moderate
32.20%
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Not Not

Confirm Confirm

47.20%
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Not Not
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Confirm
49.10%

Figure 5 Example tree Sciences and Technologies Group
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Table 4 Result for Sciences and technologies group

Information Analysis for TCAS Support System Development 85

of Mahasarakham University

Result
No. Description
Confirm  Not Confirm

1. IF Clearing House GAT=(Low OR Moderate) AND Level=Level1 66.80% 32.20%
2. IF Clearing House GAT=High AND Level=Level1 50.90% 49.10%
3. IF Clearing House GAT=High AND Level=(Level1 OR Level2 OR Level4) 30.30% 69.70%
4. IF Clearing House Level=(Level2 OR Level3 OR Level4) AND GAT=Low 60.40% 39.60%
5. IF Clearing House Level=(Level2 OR Level3 OR Level4) AND GAT=Moder- 47.20% 52.80%

ate

91N Table 4 nan1Inasasitauliaadulatayangy
Snenenaaiuazinalulad mansneduadenlumydasu
Talet diail
Rule 1 IF GAT=(Low OR Moderate) AND
Level=Level1 THEN Confirm=66.80% AND
Not Confirm=32.20%
IF GAT=High AND Level=Level1 THEN
Confirm=50.90% AND Not Confirm=49.10%
IF GAT=High AND Level=(Level1 OR Level2
OR Lelvel4) THEN Confirm=30.30% AND Not
Confirm=69.70%
IF Level=(Level2 OR Level3 OR Level4) AND
GAT Low THEN Confirm=60.40% AND Not
Confirm=39.60%
IF Level=(Level2 OR Level3 OR Level4) AND
GAT=Moderate THEN Confirm=47.20% AND
Not Confirm=52.80%

Rule 2

Rule 3

Rule 4

Rule 5

MIAUAINYANUTUAUS (Association rule) WUL
lafaad (Apriori Algorithm) lasnisnasaslamiinuasn
FUALY 1YNAL 0.001 (Suport =0.001) LazfinuAFIANY
\Fadufauaz 50 (Confidence=0.5) HANNINARBING
AuBEAEa Az FInNEa TN ANNANAUT A 89 ng)
ANNFNINUT, nguingsasinaluladasningaiy
fuiuld 85 ngaNAIFNAUT uaznguAInmaaasIuAW
§39NYANVFUAUD LA 85 NYANUFUAUT 91NMINaaes
MeATnganuFuRusaInsaa Nl uuNuWANa LY
211 (Parallel coordinates plot) 1l Fudsnnu g
maaﬁa;&aﬁl,ﬁ@%u Tanunu X dedunisiaulounu v fa
Gowly swaziBuads Figure 6



86 Anan Pinate J Sci Technol MSU

Size_S=5 +

ClearingHouse=Confirm —|

Level_S=Levell

GAT_S=Low —

Level_S=Level2

ClearingHouse=Not Confirm —|

GAT_S=Moderate

Size_S=M —

Size_S=L

Size_S=XL

Level_S=Level3

Level_S=Level4

GAT_S=High

3 2 1 rhs
Position

Figure 6 Parallel coordinates plot

Table 5 Result data

Rule LHS RHS (Clearing house)  Supp. Conf. lift
1 Size=S, Level=Level1 Confirm 0.004 0.846 1.672
2 GAT=Low, Size=S, Level=Level2 Confirm 0.002 0.833 1.646
3  GAT=Low, Size=S Confirm 0.004 0.818 1.617
4 GAT=High, Level=Level4 Not Confirm 0.010 0.800 1.620
5 GAT=Moderate, Size=S, Level=Level3 Confirm 0.002 0.800 1.581
6 GAT=Moderate, Size=S, Level=Level1 Confirm 0.003 0.800 1.620
7  GAT=High, Size=XL, Level=Level4 Not Confirm 0.008 0.800 1.620
8 GAT=High, Size=L, Level=Level3 Not Confirm 0.003 0.778 1.575
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Table 6 Describe the result
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of Mahasarakham University

Condition

Description

Confidence (%)

[

a [

O] = a £ . a a a = o
1 mngmamﬁumam Clearing house &I“LI%']@]I?GL?&I%%J?J%’]@]L@T‘I LazlRanaIas

'
=

84.60

Soulududun 1 Jlomafiazdndwans (Confirm)

van Sfa o oa £ . = . o g
2 ﬁ?ﬂﬂd&lﬁ‘ﬂﬁﬁ%ﬁ%ﬁﬂﬁ Clearing house Ul GAT aglmm‘um LLREYUIA

83.30

IS\‘ILSSJ%MT%’I@]LGH LLﬂ:Lﬁaﬂﬁ&lﬂiLiﬂul%a%@m’ﬂ 2 NIE]ﬂ']E‘Wﬁ]Zﬁ%EI%a‘ﬂﬁ

(Confirm)

van Sfa o oa £ . = . o g
3 ﬁ?ﬂﬂd&lﬁ‘ﬂﬁﬁ%ﬁ%ﬁﬂﬁ Clearing house Ul GAT aglmm‘um LLREUUIA

81.80

lss3uudamaidn Alamafiazingwdnd (Confirm)

van Lo o o £ . = \ o
4 ﬂ?ﬂfd&lﬁ‘ﬂﬁﬁ%ﬁ%ﬁﬂﬁ Clearing house Uaslubib GAT aglmm‘uga uazLRan

80.00

a e o dl = dl 1 Q. Q{
adaSoulududu 4 Jlemaniazlaigndudns (Not Confirm)

van Lo o o £ . = \ o
5 ﬁﬁﬂﬂdwﬁ‘ﬂﬁﬁ%ﬁuﬁﬂﬁ Clearing house daslubib GAT aglmmunmu LREYWIR

80.00

IS\‘ILSSJ%MT%’I@]LGH LLﬂ:Lﬁaﬂﬁ&lﬂiLiﬂul%a%@m’ﬂ 3 NIE]ﬂ']E‘Wﬁ]Zﬁ%EI%a‘ﬂﬁ

(Confirm)

vaan Lo o o £ . = \ o
6 ﬁﬁﬂﬂdwﬁ‘ﬂﬁﬁ%ﬁuﬁﬂﬁ Clearing house Ul GAT aglmmunmu LREYWIR

80.00

IS\‘]LSSJ%MT%’I@]LGH LLﬂ:Lﬁaﬂﬁ&lﬂiLiﬂul%iz@mﬂ 3 NI@ﬂ?ﬁﬂﬁ]Zﬁ%ﬂ%a‘ﬂﬁ
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vaa Lo o o £ . = \ o
7 mngmamﬁwuam Clearing house Ufaslubib GAT aglmmuga LRESUUIA

80.00

TsaSvuilawmalngfiee uazifenadasFowluduaun 4 Jlamaiazlsdingn

@nd (Not Confirm)

van Lo o o £ . = \ o
8 mngmamﬁwuam Clearing house Uaslubib GAT aglmmuga LRSUUIA

77.80

a = 1 o a s a dl = dl 1 Qo Ay
TsaBsudowalng uazidenadasonlududud 3 Slomanazlidndwans

(Not Confirm)

91N Table 5 AadatnInganuduiuifilaanns
nanIdauifnsdunInganuFuRus wuuefess
(Apriori algorithm) Waz Table 6 flan13aBuNuNaTad
NYANNTUNUT
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PRINAMTITUARZTT Bem I TenFoil REHERH ARV AR
MINARBIINHA LD UL VAU RBUNITINIUAUNITAG
Lﬁaﬂqﬂﬂmm”ﬁﬁﬂmslm:uu TCAS uw1Inwias

= g .
YAIRNIANN NYURLLDYAAI Figure 5
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Abstract

The objectives of this research were to explore and analyze density and distribution of alcohol outlets that were
located at 300 and 500 meters around educational institutes in Muang district, Chon Buri province. The results revealed
that there were 33 of secondary and high schools, and 15 vocational colleges and universities which divided into 20
zones. The alcohol outlets were classified into four groups (1) grocery store (2) convenience store (3) restaurant and
(4) pub, bar and others. 727 and 1,160 of alcohol outlets were at 300 and 500 meters from educational institutes,
respectively. The highest density of alcohol outlets was found in zone 8. Additionally, the alcohol outlet distributions
were clustered, dispersed and random pattern. The results can be used to regulate the alcohol outlets location and

applied to set up the alcohol outlet zoning around the educational institutes.
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Table 1 Number and name of educational institutes in each zone

Zone Name of educational institute

1 Piboonbumpen Demonstration School, Wonnapasub School, Watratsatta School, Burapha Univeristy

2 Saensuk School

3 Bangsaen Technical College

4 Sammuk Christian Academy

5 Prabhassorn Vidhaya School, Chonburi Technological College

6 Wat Khaochoengtien School

7 | Ang-Sila Phittayakom School

8 Petpittayakom School, Suttharat Wattanalai School, Thessaban Watpho School, Thessaban Wat
Kamphaeng School, Wutthi Wittaya School, Preechanusas School, Indhapanya School, Tessaban
Chonrajnukhro School, Chonkanyanukoon School, Tessaban Watnernsuthawat School, Sutarat School,
Chonradsadornumrung School, Bansuan Udomwitthaya School, Bansuan Jananusorn School,
Mary Immaculate Convent School, Cholphinij Technological College, Sirindhorn College of Public
Health, Chonburi, Boromarajonani College of Nursing, Chon Buri, Darasamutr Business Administration
Technological College, Chonburi Vocational College, Muangchol Commercial Technological College,
Thaibenja Business Administration Techological College, Chonburi Business Administration Technological
College

9 Bangkok Chonburi Technical of Business Administration Vocational College

10 | Sarasas Witaed Chonburi School, Wutti Witthaya School 2

11 | Chumchon Wat Nongri School

12 | Technological College of Engineering and Business Administration

13 | Nongree Momgkon Suksawad School

14 | Chonburi Sukhabot School

15 | Wat Rat Samosorn School

16 | Watthongkung School

17 | Sripatum University, Chonburi Campus, Institute of Physical Education, Chonburi Campus

18 | Kasetsart University Laboratory School Multilingual Program Center for Educational Research and Devel-
opment

19 | Watdondamrongtham School

20 | Watboonyarasri School
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2. FIInwILLIAIaIANLBAND DS Usznn laun Fuaneuesti uazaIngs uaI%1T Las
Auiminoieiasdunaanagesutsoanidu 4 AU 13 uezdu 9 IoazBoaad Table 2

Table 2 Number of alcohol outlets in 300 and 500 meters around educational institutes in each zone

Number of alcohol outlets in 300 meters Number of alcohol outlets in 500 meters
Zone around educational institutes around educational institutes
A B (o D Total A B Cc D Total
1 57 19 33 24 133 99 24 54 43 220
2 10 1 0 0 11 30 2 2 0 34
3 3 1 0 1 5 12 0 1 3 16
4 0 0 0 0 0 5 1 5 0 11
5 25 3 3 1 32 36 4 6 3 49
6 9 0 0 1 10 14 0 0 1 15
7 18 5 0 0 23 22 2 8 1 33
8 204 32 33 36 305 287 40 46 41 414
9 15 3 2 0 20 19 3 4 0 26
10 19 1 0 0 20 31 1 0 0 32
11 12 2 1 0 15 18 2 1 0 21
12 4 1 4 1 10 5 2 5 1 13
13 8 0 0 0 8 9 0 0 0 9
14 17 2 1 0 20 34 2 2 0 38
15 13 0 0 0 13 27 2 2 0 31
16 10 0 4 0 14 26 2 7 0 35
17 31 7 5 0 43 45 12 11 0 68
18 0 0 0 0 0 0 4 1 3 8
19 17 2 6 1 26 38 4 17 2 61
20 17 1 1 0 19 22 1 3 0 26
Total 489 80 93 65 727 779 108 175 98 1,160

A = grocery store, B = convenience store, C = restaurant, D = pub, bar, others
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Figure 2 KDE of alcohol outlets in 300 and 500 meters around educational institutes
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Figure 2 KDE of alcohol outlets in 300 and 500 meters around educational institutes (Continue)
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Table 3 Distribution patterns of alcohol outlets in 300 and 500 meters around educational institutes

Distribution of alcohol outlets around educational institutes
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300 meters 500 meters
Zone

p-value z-score pattern p-value z-score pattern
1 0.0000 -8.8429 clustered 0.0000 -9.9515 clustered
2 0.3129 1.0092 random 0.0154 -2.4229 clustered
3 0.1107 1.5951 random 0.0129 2.4856 clustered
4 No data 0.0048 -2.8169 clustered
5 0.7113 -0.3701 random 0.1308 -1.5108 random
6 0.9633 0.0461 random 0.7802 -0.2791 random
7 0.0003 -3.6478 clustered 0.0001 -3.9442 clustered
8 0.0000 15.0414 clustered 0.0000 -16.5222 clustered
9 0.1971 -1.2898 random 0.3294 -0.9754 random
10 0.1920 -1.3046 random 0.0068 -2.7077 clustered
11 0.3729 0.8910 random 0.8830 -0.1472 Random
12 0.4292 0.7905 random 0.7257 0.3509 random
13 0.0014 3.1881 dispersed 0.0031 2.9558 dispersed
14 0.0014 3.2041 dispersed 0.2420 -1.1700 random
15 0.0141 2.4537 dispersed 0.4594 0.7398 random
16 0.2243 -1.2153 random 0.3283 -0.9774 random
17 0.0002 -3.7727 clustered 0.0000 -4.9226 clustered
18 No data 0.0003 3.5953 dispersed
19 0.9410 -0.0740 random 0.0961 -1.6639 clustered
20 0.6356 0.4739 random 0.6984 0.3875 random
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Effects of vermicompost on growth and yield of baby pak choi
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Abstract

The popular trend for consuming vegetables that are safe for health has increased leading to the introduction of
organic fertilizers in vegetable production, especially vermicompost. The aim of this experiment was to assess the
response of vermicompost application of Eudrilus eugeniae at four levels: 1000, 2000, 3000 and 4000 kg per rai
compared with control (without vermicompost application) and 12-8-8 chemical fertilizer at rate of 75 kg per rai for
baby pak choi production. Vermicomposts were applied three times, the first was mixed with planting material. The
other two times were applied to baby pak choi at 10 and 20 days after transplanting, whereas chemical fertilizer was
applied two times,- a basal application and another 10 days after transplanting. The experiment was arranged in a
Completely Randomized Design, with four replicates, ten plants per replication. The experiment was conducted during
January to March, 2018 at experimental field of the Agricultural Technology Department, Faculty of Technology,
Mahasarakham University. The results showed that baby pak choi grown in mixtures of planting material with 3000
kg per rai vermicompost had the maximal characteristics of plant height, stem diameter, leaf number and fresh weight
per plant, close to a level similar to those grown in mixtures of soil with 12-8-8 chemical fertilizer at 75 kg per rai

(P < 0.01).

Key words: Vermicompost, baby pak choi, growth, yield
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Table 1 Plant height of pak choi after applying vermicompost and chemical fertilizer

Plant height (cm) at different days after transplanting

Treatment

4d 8d 12d 16 d 20d 24d 28d
Control 2.08 2.82 3.48 4.59b 5.21b 5.96¢ 5.81b
12-8-8 chemical fertilizer 75 kg.rai” 2.44 3.63 5.01 6.79a 8.51a 9.16a 8.90a
Vermicompost 1000 kg.rai” 2.20 2.92 3.59 4.49b 5.24b 6.43bc 6.18b
Vermicompost 2000 kg.rai” 2.28 3.07 4.22 5.62ab 6.88ab 8.17ab 7.62a
Vermicompost 3000 kg.rai'1 2.33 3.14 4.42 5.72ab 6.88ab  7.61abc 8.07a
Vermicompost 4000 kg.rai” 242 3.27 4.48 6.08a 7.23a 8.29ab 8.63a

F-test ns ns ns * > * >
LSD - - - 1.4581 1.7474 1.9179 1.4404
C.V. (%) 9.45 12.73 17.28 17.7 17.67 16.98 12.87

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, *P < 0.05, **P < 0.01, ns = non significant

Table 2 Leaf width of pak choi after applying vermicompost and chemical fertilizer

Leaf width (cm) at different days after transplanting

Treatment

4d 8d 12d 16 d 20d 24d 28d
Control 0.74 0.95 1.27b 1.76¢ 2.11c 227d 2.24d
12-8-8 chemical fertilizer 75 kg.rai” 0.87 1.20 1.95a 3.09a 3.78a 3.99a 4.18a
Vermicompost 1000 kg.rai” 0.75 0.98 1.29b 1.92bc 2.15¢ 2.49cd 2.56cd
Vermicompost 2000 kg.rai” 0.79 1.04 1.54ab 2.35bc 2.77bc 2.91bc  3.06bc
Vermicompost 3000 kg.rai” 0.77 0.98 1.57ab 2.39bc 2.92b 3.11b  3.30b
Vermicompost 4000 kg.rai” 0.83 1.1 1.67ab 2.46ab 3.00b 3.25b  3.44b

F-test ns ns * . - . -
LSD - - 0.4171 0.6361 0.687 0.6165  0.6132
C.V. (%) 10.66 13.29 18.15 18.39 16.59 13.82 13.20

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, *P < 0.05, **P < 0.01, ns = non significant
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Table 3 Stem diameter of pak choi after applying vermicompost and chemical fertilizer

Stem diameter (cm) at different days after transplanting

Treatment

16d 20d 24d 28d
Control 0.28 0.29¢ 0.34d 0.38¢
12-8-8 chemical fertilizer 75 kg.rai” 0.37 0.49a 0.55a 0.58a
Vermicompost 1000 kg.rai” 0.30 0.31bc 0.37cd 0.40c
Vermicompost 2000 kg.rai” 0.31 0.35b 0.44bc 0.45bc
Vermicompost 3000 kg.rai” 0.31 0.36b 0.45bc 0.50ab
Vermicompost 4000 kg.rai” 0.34 0.37b 0.51ab 0.52ab

F-test ns > > >
LSD - 0.0647 0.0898 0.0911
C.V. (%) 14.87 12.06 13.66 13.09

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, **P < 0.01, ns = non significant

Table 4 Number of leaf per plant of pak choi after applying vermicompost and chemical fertilizer

Number of leaf at different days after transplanting

Treatment
4d 8d 12d 16d 20d 24d 28d

Control 2.19 3.19 3.65¢c 4.42b 4.71c 452 4.27b
12-8-8 chemical fertilizer 75 kg.rai” 2.44 3.19 4.17a 5.11a 5.89a 5.63 6.29a
Vermicompost 1000 kg.rai” 2.35 3.19 3.75bc 4.51b 5.02bc 4.97 4.53b
Vermicompost 2000 kg.rai” 2.29 3.13 3.92abc 4.90a 5.50ab 5.45 5.73a
Vermicompost 3000 kg.rai” 2.36 3.02 4.06ab 5.06a 5.75a 5.29 5.95a
Vermicompost 4000 kg.rai” 2.39 2.91 3.98ab 5.00a 5.79a 5.67 6.28a

F-test ns ns * * > ns >
LSD - - 0.318 0.3195  0.6127 - 1.0189
C.V. (%) 10.24 9.64 5.46 4.45 7.58 11.34 11.34

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, *P < 0.05, **P < 0.01, ns = non significant
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Table 5 Fresh weight and biomass of pak choi after applying vermicompost and chemical fertilizer after 28 days

of transplanting

Fresh weight

Treatment y Biomass (%)
(g-plant™)

Control 1.72c 0.91c
12-8-8 chemical fertilizer 75 kg.rai” 7.21a 3.78a
vermicompost 1000 kg.rai” 1.75¢c 0.94c
vermicompost 2000 kg.rai" 5.22b 2.73b
vermicompost 3000 kg.rai” 5.77ab 3.01b
vermicompost 4000 kg.rai” 5.85ab 3.10ab

F-test ** **
LSD 1.4643 0.7364
C.V. (%) 21.49 20.56

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, **P < 0.01
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Table 6 Leaf greenness and chlorophyll contents of pak choi after applying vermicompost and chemical fertilizer

after 28 days of transplanting

Leaf greenness Chlorophyll contents

Treatment . 2
(SPAD unit) (mg.cm™)
Control 24.90 430.81
12-8-8 chemical fertilizer 75 kg.rai” 29.78 452.68
vermicompost 1000 kg.rai” 24.83 421.74
vermicompost 2000 kg.rai'1 28.20 426.27
vermicompost 3000 kg.rai” 28.65 441.45
vermicompost 4000 kg.rai” 31.83 445.88
F-test ns ns
C.V. (%) 13.60 3.43

ns = non significant

WaaWasadnfidudselozs (Available P)
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§161U (Table 7) nHaM ezl oaanosadile
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§aaAaadnUYang et al. (2015)” i’mmu'j’lgavlﬁlﬁam]:
FrinAansTNrasawlsy phosphatase Tudiv 3avinls
auﬂgﬂﬁﬂ’%mmmqwaawa%'aﬁl,ﬂuﬂiﬂmﬁ (exchange-
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TnunsSaasdmiilulszToniaaiiy (Available K)
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Table 7 Phosphorus, potassium and organic matter contents in planting material of all the treatments before planting

Phosphorus content

Potassium content

Treatment y y Organic matter (%)
(mg.kg™) (mg.kg™)

Control 1.76e 1174a 1.77c
12-8-8 chemical fertilizer 75 kg.rai” 2.67d 1109c 1.72c
vermicompost 1000 kg.rai” 5.96¢ 1138b 1.57c
vermicompost 2000 kg.rai” 9.46a 918d 2.49b
vermicompost 3000 kg.rai” 6.71b 756f 2.18b
vermicompost 4000 kg.rai” 9.54a 867e 2.89a

F-test ok ok .

LSD 0.6729 12.3 0.3647

C.V. (%) 6.29 0.70 9.75

YAll data are means of four replicates, means followed by different letters within the same column are significantly

different at probability, **P < 0.01
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Abstract

Molecular chaperone Hsp104, also known as heat shock protein in yeast Saccharomyces cerevisiae, plays an
essential role in thermotorelance response enabling yeast cell survival at high temperature. Hsp104 mediates the
misfolding and the aggregation of denatured proteins to refold to their native forms. In addition, it has also reported
that Hsp104 protein is required to maintain and propagate the prion state within yeast cells. A prion is an unusual
form of protein or misfolded protein and prone to aggregate as large protein polymers. Yeast prion can be transmitted
from cell to cell like prions found in humans but does not cause disease. Several studies have revealed that Hsp104
is involved in yeast [PSI'] prion propagation by dissolving prion polymer into the smaller molecules needed to generate
a new round of propagation via the same mechanism of Hsp104 in promoting proteins refolding. Interestingly,
over-expression of Hsp104, results in elimination of the [PSI'] prion from yeast cells but the mechanism remains
unclear. Therefore, it is necessary to gain insight into the mechanism of how elevated Hsp104 induces [PS/'] loss.
Furthermore, this information might lead to further treatment of human neurodegenerative diseases caused by misfolding

and accumulation of abnormal proteins in the brain.

Keywords: Hsp104, [PSI'] prion, yeast
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Haa Saccharomyces cerevisiae ﬁﬂéumadiﬂiau %dﬁ
%ﬁ']ﬁlmmﬁﬁﬂu“[magmimmwa‘[m (molecular
chaperone) LTt lusAudnden (heat shock proteins; Hsps)
S fizae Wl sdusiiae g aglugy LDy
myinuaunthfiluesd iawﬁy'aﬂsniﬁl,snaﬁagluamw
wnedaufinadu wiolimanzan 1w fudaiuanuian
(heat shock) wiaasiafl lasiaaseanaairaldsdungy
wwiwa lswAndn nsurmindiAgdeeiurstuaan
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MI819 wazmIidalusanluenss sadunniaeuawadvad

& AN o , 7 9 e &
L7188 daanzf ranzandng 9 it oliioastad
agvon uazdstiadelule adnslsfionwlailsldsdunga
Hsps nnafiasansarmihfiduusninalsuld usmnalsu

= 6 ] & nd' %’ £ v d'

Tudadutaduuniidauiminluans wazninfinig
7i1971% (Table 1) 1% Hsp70 waz Hsp104 L'ﬂumju
uwrwiwalsunfithninlaanasn lusmen Hspao (Hungy

wrWiNa lTuRTy mguﬁu ¢ (co-chaperones)

Table 1 The major families of yeast molecular chaperones, co-chaperones and their cellular functions’.

Chaperone family Name Function
Hsp70 Ssal-4 Precursor protein translocation and protein folding
Ssb1-2 Ribosome-bound to nascent chains
Ssci Translocation of precursor proteins
Ssd1 Translocation of precursor proteins
Sse 1-2 Cooperate with Ssa and Ssb proteins
Small Hsp Hsp12 Stress inducible, membrane associated
Hsp26 Bind and stabilise unfolded protein for refolding
Hsp42 Bind and stabilise unfolded protein for refolding
Hsp100/Clp Hsp104 Disruption of aggregated proteins
Cooperate with Hsp70 and Hsp40
Hsp40 Ydj1 Cooperate with Hsp70 to stimulate ATPase activity
Sis1 Cooperate with Hsp70 to stimulate ATPase activity
Hsp90 Hsp82 Assist protein folding, stabilise misfolded protein and mediate the ubiqui-
tin—proteasome system
Hsc82 Assist protein folding, stabilise misfolded protein and mediate the ubiqui-

tin—proteasome system

uzninalswunfia Hsp104/CIpB

Badurwinalin Hsp104 Jiufindroederullsan
ClpB Ainuluuuaiise ﬁ@ag’luuﬂﬁﬁl ClpB/Hsp100 AAA®
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w13@n nanganiin wazninezilnlalasinindug) lag
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Figure 1 Amino acid sequences and domain organisation of S. cerevisiae Hsp104 protein. Hsp104 is composed of

two conserved nucleotide binding domains (NBDs); NBD1 (blue), NBD2 (yellow), N-terminal domain (brown),

10,13

middle region (pink) and C-terminal domain (grey) (YLLO26W from http://www.yeastgenome.org)

Table 2 Conserved motifs and residues in ClpB proteins and locations in Hsp104'®.

Motif NBD Conserved residues Position
Walker A 1 Gly-Glu-Pro-Gly-lle-Gly-Lys-Thr 212-219
2 Gly-Leu-Ser-Gly-Ser-Gly-Lys-Thr 614-621
Walker B 1 Val-Leu-Phe-lle-Asp-Glu-Val 280-285
2 Val-Leu-Leu-Phe-Asp-Glu-Val 682-687
Sensor 1 1 Thr 317
2 Asn 728
Sensor 2 2 Gly-Ala-Arg 824-826
Arginine finger 1 Arg-Arg 333-334
2 Arg-lle 765-766
Diaphragm loop 1 Lys-Tyr-Lys-Gly 256-259

2 Gly-Tyr-Val-Gly 661-664
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Figure 2 The substrate threading model for protein

disaggregation by Hsp104".
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Figure 4 Structure of S. cerevisiae Sup35 and amino acid sequences. N, M and C refer to the N-terminal (orange),

middle (yellow) and C-terminal (grey) regions of Sup35, respectively. Grey underlines represent the four

GTP binding sites of the C region (YDR172W from http://www.yeastgenome.org and http://www.uniprot.

31,35,43,44
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Abstract

The objective of this work is to optimize the preparation conditions of egg white particles by a solvent
emulsification-diffusion method. The concentration of egg white was adjusted to 1, 2, 3, 4 and 5% (w/v), respectively,
and the ratio of the water phase (egg white solution) to oil phase (ethyl acetate) was 0.25:100 mL and spinning rate
was 600 rpm. Morphology observation indicated that both shape and size of the egg white particles varied according
to concentrations used. At 3% (w/v) egg solution, the particles had an almost spherical shape, separated and smooth
in surfaces, and these morphologies were also found at 5% (w/v) after blending with blue dextran. FTIR spectra
indicated that the egg white particles co-existed as Ol-helix and random coil structures. Then, they changed to B-sheet
when blended with drug resulting in high temperature resistance. Variable drug release profiles and drug-controlled
release from all types of the egg white particles were observed. The obtained results could be used as basic information

for development of the egg white particles for further drug-controlled release applications.

Key words : Egg white, Morphology, Structure, Drug release, Particle
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ﬂ%mmgﬁué\'ﬁﬁ'u’?jdmmﬂm‘l‘imﬁmﬁuvl,@i”ﬁ Figure 5
LLamé'mgmﬁwmmaaamgn’mvlmnm’mﬁmiu 5% (W/V)
WU amgmﬂ‘lﬂmaﬁm%wvlﬁ Afpfivaunalu Figure 4
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Figure 3 SEM images of 3 % (w/v) egg white particles
prepared by using W:O = 0.25:100 with stirring
rate of 600 rpm at 100X (a), 200X (b), 500X
(c) and 1000X (d) of magnifications.

Figure 1 SEM images of 1 % (w/v) egg white particles
prepared by using W:O = 0.25:100 with stirring
rate of 600 rpm at 100X (a), 200X (b), 500X
(c) and 1000X (d) of magnifications.

Figure 4 SEM images of 4 % (w/v) egg white particles
prepared by using W:O = 0.25:100 with stirring
rate of 600 rpm at 100X (a), 200X (b), 500X
(c) and 1000X (d) of magnifications.

Figure 2 SEM images of 2 % (w/v) egg white particles
prepared by using W:O = 0.25:100 with stirring
rate of 600 rpm at 100X (a), 200X (b), 500X

(c) and 1000X (d) of magnifications. Figure 5 SEM images of 5 % (w/v) egg white particles
prepared by using W:O = 0.25:100 with stirring
rate of 600 rpm at 100X (a), 200X (b), 500X
(c) and 1000X (d) of magnifications.
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Figure 6 SEM images of 1% (w/v) egg white mixed blue
dextran particles prepared by using W:O =
0.25:100 with stirring rate of 600 rpm at 100X
(a), 200X (b), 500X(c) and 1000X (d) magni-

fications.
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Figure 7 SEM images of 2% (w/v) egg white mixed blue
dextran particles prepared by using W:O =
0.25:100 with stirring rate of 600 rpm at 100X
(a), 500X(b) and 1000X (c) magnifications.

Figure 8 SEM images of 3% (w/v) egg white mixed blue
dextran particles prepared by using W:O =
0.25:100 with stirring rate of 600 rpm at 100X
(a), 200X (b), 500X(c) and 1000X (d) magni-

fications.

1SkU  X1.808  18rm

Figure 9 SEM images of 4% (w/v) egg white mixed blue
dextran particles prepared by using W:O =
0.25:100 with stirring rate of 600 rpm at 100X
(a), 200X (b), 500X(c) and 1000X (d) magni-
fications.
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Figure 10 SEM images of 5% (w/v) egg white mixed
blue dextran particles prepared by using
W:0 = 0.25:100 with stirring rate of 600 rpm
at 100X (a), 200X (b), 500X(c) and 1000X

(d) magnifications.
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Figure 11  FTIR spectra of egg white particles prepared
from 3 % (w/v) concentration.
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Figure 12 FTIR spectra of egg white mixed blue

dextran particles prepared from 5 % (w/v)

concentration.
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Figure 13 DTG thermogram of egg white particles
prepared from 3%(w/v) concentration.
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dextran particles prepared from 5% (w/v)

concentration.
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Releasing patterns of blue-dextran from egg
white particles prepared from different

concentrations.
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Abstract

This experimental research aimed to study physicochemical properties of wood vinegar from neem trees, eucalyptus
trees, corn trees, and mango leaves which was produced by burning in a 200 liter flat tank and chemical components
identified by Gas Chromatography — Mass Spectrometry. The results showed that all wood vinegar had good standard
quality. The wood vinegar of neem trees was comprised of 23 compounds, of which the most common compound was
acetic acid (44.43%) followed by formic acid (30.44%). The wood vinegar of eucalyptus trees was comprised of 31
compounds which the most common compound being acetic acid (39.94%) followed by peracetic acid (23.09%). The
wood vinegar of corn trees was comprised of 7 compounds of which the most common compound was acetic acid
(63.72%) followed by peracetic acid (25.14%). The wood vinegar of mango leaves was comprised of 10 compounds
of which the most common compound was acetic acid (43.30%) followed by formic acid (35.47%). The compounds
found in 4 types of wood vinegar have properties that kill bacteria, fungi and viruses. Those compounds have potential
to be developed for use in medicine, livestock, household cleaning products for reduce using antibiotics in humans

and animals and household chemicals.

Keywords: wood vinegar, neem, eucalyptus, corn, mango
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Table 1 Physical properties of wood vinegar of neem trees, eucalyptus trees, corn trees and mango leaves

Physical properties

Wood vinegar pH color specific gravity amount (ml)
X tsp X tsp

neem trees 3.27 + 0.01 dark red 1.182 + 0.01 6,000

eucalyptus trees 2.87 £ 0.01 red brown 1.171 £ 0.00 5,000

corn trees 3.61 + 0.01 yellow 1.023 £ 0.00 4,000

mango leaves 3.28 + 0.01 dark brown 1.015 + 0.01 3,500

qmauﬁ'ﬁmamﬁmaaﬁﬁﬁmﬂiﬂﬁ

HamMTIlazRansUsznaumatadivassindue Tulsy
fuLAsad GC — MS WuInduaTHaINdwazIA WY
a3UTEnauT9RY 23 Tiia Iﬂﬂmiﬂ's:ﬂauﬁwumﬂﬁq@
fla acetic acid 44.43% 38989318 formic acid 30.44%
e furfuryl alcohol 5.19%

‘LEWﬁm’?u"lﬁmﬂﬁugmaﬂé’awum'sﬂs:ﬂauﬁ”'aéu 31
aia la ﬂaﬁﬂi:ﬂauﬁwumﬂﬁq@ﬁa acetic acid 39.94%
789890188 peracetic acid 23.09% Lz 2-Propanone
4.81%

induaiulianduinlnanuaslsznauioan 7
THhe Immsﬂi:ﬂauﬁwumﬂﬁqﬂﬁa acetic acid 53.72%
Ja98d31f8 peracetic acid 25.14% Was dimethyl 12.21%

induaiuldanlunsirswoansdsznaunisan 10
THha miﬂizﬂauﬁwumﬂﬁq@ﬁa acetic acid 43.30% 784
W1fa formic acid 35.47% W& methyl alcohol 7.07%
(Table 2)

Table 2 Chemical component of wood vinegar of neem trees, eucalyptus trees, corn trees and mango leaves

Amount (% the peak area)

Chemical type

neem trees  eucalyptus trees corn trees mango leaves

Acetic acid 44 .43 39.94 53.72 43.3
Formic acid 30.44 4.19 4.02 35.47
Peracetic acid - 23.09 2514 -
Methyl alcohol, Methanol, Dimethyl* 0.61 0.86 12.21 7.07
Phenol 0.32 0.53 2.18 2.97
3,5-dimethyl - 1.96 - -
Acetone 3.66 - - 5.42
Butane - 1.42 - 1.97
Furan 1.04 3.45 1.65 1.64
Butanoic acid 3.31 2.95 - 1.21
2-Furanmethanol 0.9 1.62 - 0.47
Ethanone - 0.55 - 0.48
Benzene 0.4 0.28 1.08 -
Propanoic acid 4.1 - - -
2-Methylbutane 0.68 - - -
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Table 2 Chemical component of wood vinegar of neem trees, eucalyptus trees, corn trees and mango leaves (Continue)

Chemical type

Amount (% the peak area)

neem trees  eucalyptus trees corn trees mango leaves
Pentane 0.19 0.44 - -
2-Propanone 0.41 4.81 - -
Cyclohexane 0.72 0.21 - -
2-Furanone 0.14 0.23 - -
Pentanoic acid - 0.96 - -
Acetol acetate - 0.55 - -
3-Heptyne - 0.27 - -
Pilocarpine - 0.14 - -
Propyl ester - 0.18 - -
Pyrazine - 0.34 - -
2-Cyclopentane - 0.53 - -
3-hydroxy-2-methyl- - 0.78 - -
2-methoxy - 1.18 - -
Pentyl cyanide - 0.25 - -
2,4-Dimethoxyphenol - 3.54 - -
Benzoic acid - 0.85 - -
Dibutyl phthalate - 0.71 - -
Phthalic acid - 2.54 - -
Furfuryl alcohol 4.79 - - -
Glycine 0.21 - - -
Mequinol 1.59 - - -
Oxetane 0.61 - - -
Butanediol 0.22 - - -
Syringol 0.7 - - -
Pentanal - 0.65 - -
7-Cyclopentane 0.34 - - -
Sorbic aldehyde 0.19 - - -

Note “ — “ is meaning not found that chemical component
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