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ABSTRACT

This paper presents the two independent power induction furnaces that independently
adjust the output power of the full bridge circuit, controlled by asymmetrical voltage
cancellation and phase balance control with dsPIC30F2020 IC, total power 1.5 kwW. AC 220 V
single phase power can adjust the power and heat used to cook food independent of each
other that can adjust the power and heat used to cook independently of each other with the
IGBT switch generates high-frequency signals and heat-induced coils. Use the induction principle
of the magnetic field between the induction cooker can adjust the heat level output has five

levels controlled by adjusting the asymmetrical phase balance voltage to divide the current
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flowing closely through two main switches, which increases efficiency around 8 percentage and

it can divide up to 20% difference depending on usage.

Keyword: Two induction cookers, Asymmetrical voltage and phase balance control, Induction coil

1. uni
Jagiuanulssynalddidnnsedndriadla
W EunU TN AN TIUTUNYAT LYY
Nuduedoutewes szuudiglndrsesuasinios
vasulaveidudu wenanidaliuseyndldly
wdoaldlwinmeluturusveduwoumieni
mu¥eu gunsalaindiivihmiiidsdnoiidsliin
Tduntselnan @i uodwn (MOSFET) %30
1307 (1GBT) 1ludu ludrulvanveuninagy
dnlngaviduvaainfiidiaudiuniuuag
Aesmilenhiidesynsufuiiudsegmmiias
asliauseurhlalagldduasinasiining
Freidsliinliueeanilomideiaudou
Tdfenrvusfidansanaduniingn [1.2]
Tnseadralaesuvesdunesinasuansianini 1
Usznausae daufiusnaesnfveiminiiae
wsesrulninszuaaduluusssiulninseuanse
drufidasdruvosduiiedinedininiuasy
usesulniianszuansadunssdiulniinssuaadu
Tasmsvinuvesaindings duils ansunsu
isTouyud wiavesdunesimesitldlummdy
T 1wy 299sranad Aldadadrdaiiomd
vt fidssnesdslnin (1] Fnsesviinidayl

S o

LﬁﬂLLiqﬁuqmﬂﬂﬁauaﬁm‘ﬁLLas’Luﬂimqmmmu

v a

sowleadunaiuu q emailidindmduina
AMNSouLaziindeneld Bunesinasiuuns

UsasUsenaunlgaIndnidaeadiunazle

Aasliirvunnans [2] wagdnsuanuliainy

» 2

Ui 13 atuil 2 nangneu - Furew 2562

Fouuvunilendiidesni1snideangedu

3 o

Sueswmasiuuinusasazgniunlday 93995

Y
] ]

2rUTENOUAIYATATNIFIAAIANIAIND

[

suneinesyindazldfdminnindeseind
e Jameiulvandidosnsidann 35ms
muaNdunefine fuuufinuIaddonsiias Uiy
maslninfueonvesduesmesaNITaIle
Tnanisanupudygaduiainddidnvsednd
&1 W nsLdewma (Phase-shift control, PS)
[3] N15USUAINUNTNNTRINad (Asymmetrical
duty cycle control, ADC) [4] kagnN1TAIUAY
wsenuluuliauuins (Asymmetrical voltage-

cancellation control, AVC) [5] mm’mﬂmwias

D

38NNaN1AA Bl RAURAINTUINNINAINUD
LSl UUGYINSE AR Winlralintuinsewan
wswudugud [6-9] Usglevifoantidaaade
a o w A a edg v o '

AINTAA9 WAZANUDNEINTN FALADIUINNTN 20
kHz WipanuunvesgUnsaidiannseling [10-12]

dmdununesniuumiletdfnenis
dosdnmdmiulTENaUeIMIINRITIgNIFentd

<, a ¢ ¢ 2 a a

L1995 UIBSIMBSHUULHNUI AT IAEATLAY
AgLarLe1ANARININD 6 [2] Taun15AIuANIY
Wunvuniseavauusedusuuldauuins
(Asymmetrical Voltage-Cancellation control,
AVC) [5] B41aNN15A9Na1ITNARBEIATNENLAR
anulwiniuluiasdearinlminanuderei

anInante



AC- AC-DC DC-AC Series,
source FD ) = @) — RLC (3)

AN 1 1AS9E5190890 USRS

Wian1sWaINIsEnegn1steaIuLm

wilglagUSuaunanseuawasausounaing

@

wanaunaiu 9Adelifainausmnimieni

S v o w 3

Infhaesodnaiusuiduerdnmuendaszae

]
[%

1995LAUUSATAAIVANAIBNITUSULTIAU

q
£

pauumshuuaauna faeled dsPIC30F2020
&5 1.5 Alated vheuiirud 35-40
Alawdsnd Sulwinszuaaduuwuy 1 1Wa 220
Tad 16 aunsausuidsuazanudeudildluns
Ugsomshidudaszanduld lneflaindled T
aednanamigs wagiomionhliiivie
winswanlniiliaiudeu lnwenfendnnis
wileniesainnssrianudman il

wazn U Awdei i Wy wan wszastu

'
a o

wnaveunlglidiaaaudalunismien

1 I3 @ 1 o Y a v v
wianfagldauisasinliiinaiuseula
AU BUILLNATUINNNS AL LI VAAINLAY
dgiulun v Rmte i v lranunsavinnu
Noungiidg q ledraududn fdanuiuaiy
WaLiLANEEAINAUIYBEIIUINIUNSTUSENEY

21NN 9 WingNagldvhenmsvaneaia

2. 35 niun1s3e

2.1 29959 unsmafifuusadnily

==co vhigh

.82

AN 2 1995DULIDILADILT LLUUTWUUATIUSAS

2o stBuIna
9619398 W( nsJinw

3

19959 unedmesislouuuduuuasauinsusng
wandlunnd 2 Fadusasuszneusaindaes
FrannsaUszgndliluauefausequuaned
wuvdesianislavarluniendudufaiuisa
unlidusasdunesmesl [12-17]

TuAMA 3 uARIATBUNBSIMD UL
Wau3ad Usznaumeaindiddmiiudaziad
Ialonseruu wagdnemasinuduiuaudivan
(2) wssdunnaseulvanaunsuslouuud v, (¢)
wagnszuaiilnarilnan (1) Aseludnuay

L4 dl
BUNTUANNTNN 3

+
2

Ve =

] a s 3 a ¢
AN 3 ’NﬂﬁaunaiuﬂaiLL‘U‘UL&QJ‘Ui‘ﬂﬂ

2.2 Wnanaunsuslouuud
Inanaunsuslonuuduanslunini 4
Usgnaunleg AINATUNIUANYAd R,

ananleniivan uagduiu L, Useq C,

R, jo,L,
/\/\/\, (Y'Y Y\
Z 1
:> T j a)() C()

a s
20N 4 NATPBUNTY Lslagluug

Vol.13 No.2 July - December 2019 3 44



awv sqyuIna
PRPGRPREL] W( nsvinw
a | a a Iz A
NAIMNY 4 FAHUITOUIANDUNLAUIAIFUNIIN (1)

o C

Z=R, (1 +jo, (a) - LD (2)
w}'l

Taef W, ANUANUDTUNLTIaRULDLAE W,

, 1
Z=R, +J(a>sL(,q ——J (1)

ANUANUDRNTINY A1vunreBuiuaud

waERNIluANNSN (3)

2
|Z|=R, 1+ 0] (w,, —wi) 3)

n

WAL INAVBIN TEUARARIRIANNTTN (4)

@ =tan™ (QL (a}n —LD (4)
wﬂ

Alnanwlamasvedvanaynsuslawuuduans

Tugunsi (5)

a)oLe
o = R . (5)

eq

ANMUDLS YL UUT WA LA (6)

1

B 27, /Lequ

7 (6)

- = ' a a
‘Vﬁ@ﬂ’lﬂllmLSI%LLHU%“LUEUVU'JUWTWNQLGU\T%I&JLL?‘QQ

Tugunsi (7)

PP 4 Tt 13 aduit 2 nsngnau - Sunnew 2562

0, = ——— 7)

a s d4 a a
ANUDeNYRIANDAIndLansluaNNITT (8)

o, =2rxf, (8)

a

ANUAUNAADENIIEIUVDIAINUDATNTR D

AU L UUTLEAI L UANAST (9)

w = 9)

2.3 masvivaslvan
Tun i 4 uanaguadunszua (i)
WAZLIAUYRIBULIRTNeT (v,,) lunilan1un
wazaeNduesinesinaulLlaanyz e
JUARUNTEUALAYLIIAUGIATUABABANTTHINATY
an' =~ Y
NN 4 ATOTEUANNITUITULDL v, (1)

Aaaunsi (10)
v (£) =V, sinos (10)
oIV, | ABLIIAULAT LARIAANNST (11)

4y, .
VAB,I =V, =—2C (11)
T

LAYANLNTOLAASALNNSUBINSEUE AIFUNSN (12)

i,(t)=1,(sinog—p) (12)



a [ s I3 a (3 Y1 ° w
19930 UBSIWasWUUIANUSAdaElaAAa Tl

Keaunisi (13)

R) = II‘ZnISREq (13)
< 1 4V,
Wey/, =-—mL=—M= (14)
2 77\/5|Z|

LOIENNST (3) way @un1sh (14) aglaaunis
Adalnfndusanueduiasines feaunisn
(15) %38 (16)

4V,

p=| = | R (15)
ﬂ\/§|Z| q
2
P 8V (16)

0 2

n

7Z'2Req 1+ 0} (a),, —l]
o

20V Pan-induction 1

2L Rectifier Iverter J_ @
C AR N [

@
< v N o
awi 5 Tassasaemientlih

2o stBuIna
9619398 W( nsJinw

wnilenilnilaserfoanudouain
sl ilddunesinesesiaunasdie
WSIRUBUULANUIAdantandnalldnvue
1AT9851999929935U T8N0 UAIBEIUATY 9
feudenlaovunsunind 1 FsaursaeSuie
UL I AVDILARYEIUTDIITTLA
2.4 29959UL195LABSIANUSATUUUEDY
WANTnsUSULTIRULUURENNNAS
2aTBUnesmesTdintiivdniedie
daluihaudgdliulnanyaduiodng sl
aoaodwslaglursasdunesinefiuasiidety
oguatsuvuudludiidazndiiianizases
Sunesmeiuiafuusasvindudomnduiss
Bonldluaudddidnwarmsreasdanni
suleineasazUsynouludeaindianan

'
v a s

FtuAeadInG S1, S2, S3, S4, S5 way S6 lag

N o =S

widnwarn1svinudlieNiednndiivilay

o

ldgeing S1, S4 uag S2, S3 ﬁLawﬁwmmmaaﬂ%
AaIng S1, S6 uar S2, S5 uazazyinaula-Un
(ON - OFF) @guiuluifioudasusesuladia

nazwansaduussiulninssuaaduauias

) —r

S3_|

SS_l

R1 LI

s

' —— " |
c1 R L2 @
s4 — 86 —

27 6 wsmaunaseliiihnssuaadunIudas

Vol.13 No.2 July - December 2019 5 44



v snsuUvna
913871939y Lm( nsvinw

2.5 TNANISTHIIUVB92935DULIDILADS

I I N O I

ANA 7 JUSYR N SEUALSIAU Nlvwe

ASYNUVDIEINT 6 LhuA

SNWAULNITVINUVBINITATUANKUY
DANNINT WUULWAAUAA wanadannd 8 lag
wansliiuinluluundl 1 was 5 wxiinszudlva
Huedndudn S1 uay S2 IndlAssfuduiunis
USU9RI1A189 1nganwauen15119I1UT8 93495

M5 UAUAUDIEINTWARNININ WA 9-15

]

PP 6 Uit 13 atui 2 nsngnau - Sunau 2562

o

A 8 Tuuanisvineudt 1 lalea D1, D4, D6

Jnsewd @30 S1, S4 way S6 thnsyua

s3 4@ D3 S5 ﬁﬁ% DS
D4 D6

o —1[1%&

And 9 Tnuanisvineud 2 lalea D1, D4, D6

S6

NeAUINTELA Wagaing S1, S4 way S6 UnTeua

< ° J a ¢
A 10 nuen1svinud 3 @3nd Sa vien

WINSELA

AN 11 IAUANSY9Un 4 @3ad S1, S way

S6 vgminszua lalen D1, D4, D6 nszud



R1 L1 C1 R2 L2 c2

S4 4@ D4 36_| D6

AN 12 TAUANISHI9UN 5 @399 S2, S3 way

S2 _| D2

S5 WnsuLa

s3 —|H%§ D3 s5— DS

— 1

R1 L1 C1 R2 L2 2

544@1)4 SG_| D6

AN 13 TMUANTISYINIUN 6 d3nd S2, S4 §9m9

Wnszua luvaeNaing S5 ngauinszuawive

YFumanedneil 2

v '
a v dﬂ‘[’i/ a

vilosanluaudsedldaudlunnsg

a s

adndgeuseunas 40 Nladsndiwaenltladudn

Y

Tuadng lulassnuiddasnsiamdsluiiussana

o

1.5 Alaind azdinszuailraruadndusiazen

a1

rilA18anUTEUIN 10 LaNKUS YUIAVDILTIFL

anAseNalIndiAiganUssuia 311 1han

JadenldledTiiues GT60M303 Falininnseua

20 wouKUsNaUNYINI9IY 25 a3mngaLTya

U
s

AALTINU 600 LIas
2.6 29959UULNA
21995TUUNNRAININT 14 LaANII99S

) Ao v a Py P
FULNANITINURT S IABENIAANI WAL N BLEN

o

1ANTE1I19995ATUANNTUINITANGS ey

v o

LY ° < v oo aad 1
%mmma%muqu%Lﬂum%LLaaammaaiu

Y

fuenlasmaasiieludaliiunsudames Tr,

aelulviinseua wasluvmsinelny

2o stBuIna
9619398 W( nsJinw

NIUTawes Tr, nganszua vlitinszudlna

NUAUATUNU LU UL SIAUTLNS

AN 14 2995TUE AR LTIIUITS

2.7 N1592NUUUYALAALTLBUUUD
Tngmiluudrvnaiawmiletinagyiay

NNDIAT MITNT 12N DA TUF WA SR

@ =

Wlniimasadsluveainmideling Jeasiing

!
iliszuuiiuszansangeegralsifiiiesann
ANumkivasnsrialuveaawlle g

ANUSAUNLARINNTELEN LAl UIRAINLATELN
a A A ~ o a1
zilA1unn Li99NNsERaNYRaALteIUnlAN
g9 vaadamiletuiNesnuuulazas1adull

Snwausdudanng 15

—>

duruguana 17 IsuAas

= = o av v v
Wi 15 anaamienihnlasenuuuazaing

2.8 N1509NKUUYALTIYLUUD
9AINNFIVBIYARNAITVIENT 19U

[y v

LEIR1RNgENNTUNA 09935 URAzUsEnaulumie

Vol.13 No.2 July - December 2019 7 44



2o sqBuIna
719619398 W( nsJinw

4

gUnIad

° w 2 LY

Ndrdg Avdunlleiislouuugen

@ a

WgI IanNanue9as fAulseaslouuud

v & v ¢ o Y A a ¢
ffuUszgnieanueen gunsalfiviutinnaing
°o v ¥ = ° P A
wWasmasResliauansaiaulanaud 20
a a = & a a ¢
Aladsngdaduanudimnzanlunisaindves
gunsaladng lursasindazusznauludae
N159INLUVEAIUFN
nanaauileninlasenuuululu
WidedurunridrluindlriasesTaan
Aunileat Feailadualaeussunn Tu
uITeilaldinoaTagu HIOKI 3532-50 LCR
HITESTER lneidenldainudniasesinied 40
a a ¢ 1 N o alh va 1
Aladsnd Aranumiesrhalafialaeuszunam
L., fif158.57 lulasiaus alddenal
P o o v & o d
A1UAAIALAABUIINLATEYTR AetuTeluiden
v I3 A a 4
uInvesA1fivlsziiaudslewuud 40

[

AlaLdsnd Aafl

70 f = 1
27N LC

ety !
C =
" oAn L

1
C = .
4;:2(40><103) (58.57x10)

C =0.27uF ~0.3uF
dlo £ Aerrudsluwuudmbeiie Fsed (Ho)
C, Ao Ardufudszgislonuudniaede

whin ()
azldardaiuyszaussuia 0.3
lulasviin msgasiuaglimifuussqauin

0.3 lulasnhse s1wau 2 1 Afledazanaiuan

PP 8 Uit 13 adiuil 2 nsngnau - Sunnew 2562

° v A ' v & Aag v
ﬂ’]uﬁmlﬂ Lua\‘iiﬂﬁ]’]ﬂﬂﬂ‘d@ﬂﬁ]%muﬂi%%ﬁ‘t’mi‘ﬁE]
7

e

wazdnwarnIsAndidaiuyszafivnadn

o o o & = A vo & o a
LUUYTIUN ﬂﬂuuﬁ]ﬂm@ﬂi%m%muﬂizﬁmmﬂ”I

0.3 lulasvsa

A15197 1 s1enshardaiuumiluAlglunng

I18894aLN1TVNAADY

31881280 ARUANTS
WSIFUFTUAN () 5-6 1788
AU (C) 220 lalasviin

e ianiign(L,,,) 190 lulasigus

‘min

A1ANPT LS (C,) 10 ulunnin

Aanumdelinslonuud () 5 lulaseus

AANUIAIULEN (Cy) 220 lulaswisn
AANUAIUNIULYE (R,,..) 20 Tevi
WSIAUAIUEGD () 8 Thant

fdleda (D) 38 1Wasidua

Ad (f) 20 Alaldsng

3. HAN15ILALIA5aINE
3.1mﬁwﬂﬁavmﬂmuqumiﬁ'l\ﬂumaq
duesinas

nAsnageudgy1dduinnaesledITi

v
o ¥ a1

MeaeduagAeliveineweadianaings oy

'
= @ o a

Wanteulataeiun1s8nl1995u09duLIasnes

Inglunidaegussanu 2 lulasiuniidanung

1Y

AN svhaulargaviawredledTN dnuvee

dygratuledTAnaesdinlaannisinuansng

AN 16 way 17



Tek  JL ®stp M Pos: 0.000s MEASURE
+
V J MATH Off
GS1 R [y e B AMS
VGS 6 —p | CH2
2¢ Freq
39.87kHz?
¥ .....] m CcH3
GS4 —a| | Freq
e 39.88kHz?
CH4 Off
Freq
CH2 500V M100ws
CH3 S.00v 17-Mar-17 11:21

Andl 16 duaraduledda 1, 56 waz Sa
(Vg :5V/div, Vg :5V/div, Vg, :5V/div, Time
:10 s /div)

M Pos: 0.000s MEASURE

V MATH Off
G52 RMS
VGS 3 — \ CH2
2% Freq

41.40kHz 7
Vsx CH3
GSS — Freq

3 41.45kHz 7

CH4 Oft
Freq

CH2 500V M 10.0us CHY ./ 260V
CH3 S.00v 17-Mar-17 1303 <10Hz

awdl 17 dygraduleddn s2, S3 uay S5
( Vgs,:5V/div, i, :5V/div, 1, :5V/div, Time :10
s /div)

3.2 NNSINANLIIAULATNTLLENIIAIY
121NN
NAADUNITIAAQYYIUNTLULA
wsasulninariaalnin nieunuinseauanu
v a o a a a ¢ o
SouNnsENeNAIND 40 NlaLEIRT waAIRININ
71823 1negldoodadalaalady
Tektronix §u TDS2004C WazlATeITNQUNYI

Sunisa 8% CEM fu DT-8835

ao stBuIna
9619398 W( nsJinw

MEASLIRE

|poue: MATH Dff
| hean

@ Stop b Pos: 0.000s
+

e, |ty o L,

533y

i?.wlr\. ilw.-::' :"ﬂ.-\-aﬂ;T. frstned Prasnf CH2
| ! ! | AMS
! ! 02y

: £H3 Ot
o 7 AMS

Chd Off
R

CH2 00 MA00ws

17-Jul-17 15952

dl L L dl
ATNNY 18 FAYYUIUUITINULALNTEUENDBANAN

o

Lodwe 1 AA1¥ndnsnidnd 50 wesidud
(Vo :200V/div, i, :10V/div, Time:10 us /div)

d o/ a (3 v
awi 19 Fagamgdiondne 1 lauszunas 99

S a
osrwaya nely 3 Uil

Tek i @ Stop t4 Pos; 00005 MEASURE

[ I i + 1 1

P b ol | pont MATH Off

. T ains . . i

sinEwEcHEy

: ! ! ! !

! ! ! ' ' i
cHzor
AMS

. . . i -
' | ' i ! AMS

* ; ; 75
£Ha

RE
433y

14 10.0 s CHI <" 288y
Push an option button to chande its measurement

Andl 20 dyarausatunagnszuaiionnann
1019w 2 A indnautii 50 % (v,:200v/div,
i,:10V/div, Time:10 s /div)

Vol.13 No.2 July - December 2019 9 44



2o sqBuIna
719619398 W( nsJinw

A 21 Tegamgiliondng 216 97 ssrnwalgua

gty 3w

14 Pas: 4.000rms MEASURE

M&TH
ean
127y

£H2 it
W\T\W RS
£Ha 0t
RS

Tlik SR @ Stop

CH4 Off
Rrds

M 500 0s
FASTH 1,00k

4 U o U { . (3
2w 22 dyarauiadnihesnanedne 1

ﬁﬁwﬁg%’ﬂwﬁwﬁSOLﬂa%L%uﬁ ( P, :1kw/div,
Time :5 us /div, v, :200V/div,i, :10V/div)

I Pos: 4.000ms MEASURE
MATH
hean

1204

N\NNNM aar

CH3 Off
FrS

Tlik N @ Stop

CH4 Off
Rh3

M S.00us
Push an option button to change its measurement

Al 23 é’zyzymﬁwé’ﬂﬂﬂﬁaaﬂmmm(ﬁwm 2
ﬁﬁhi’g%ﬂwﬁwﬁw wWosidud (B :1kw/div,
Time :5 us /div,v, :200V/div,i, :10V/div)

P 10

U 13 atul 2 nangnew - Suaew 2562

31nn1snade UL nuherin liinaes
Ldnafivsuindanendaszlagldnisaiunu
NM57NUBULIBS A BSTRALNAITYUTIAULUY
WUULANUSAT @unsaususeAuAINUSauves
W innaadld 5 seufamsadt 5 Tnen1susu
Arindnsuthi

lulasaoulnsatass arunsaldasdng

§ a oo

g runIuANasduesnasviaunasiig

N aa @

o < A caa Py
LSIPULUULANUS AN Le3T7 6 dala way

D

annsoudluddaiiouuanud Arigdnutii
wazdastraringalalasldsunsy
lulasmeulnsaiaes vinlildgumgiivesnnnuiou
Adioanasmuanudesnslitagiulaida
wanunuazauldnamunguiiiiiaue
4. d3UNaNITNAADY
MnnmInaaesUfuAiginsuiiinegld
Aeamgiindasnislunisinardou 5 sedu 3
lanpassnnmsiiianuseundedy annsald
Ausssiulainszuaadu 1 a 200184 50
Bandld spuuitnisauguiidiausaiuiso
Shwsedvgamilaindndn S1 uag S2 lalnaiu
laliAu 20 Wedldudlngogiiuszaa 60 wag 65
psmadeaimdslailednal wirtu 400
fadl wazlednn 2 iy 600 Tad Geanansn

' A a ¢ o Yy oA v
LLUQJ’]’I‘ESﬂizLLaVIa’JGl%%aﬂlﬁﬂﬂmﬂmr}uaﬂﬂ’m

5. 814989
[1] Artigas JI, Urriza |, Acero J, et al. Power
Measurement by Output-Current

Integration in Series Resonant Inverters.



(2]

(3]

(5]

(6]

IEEE
Electronics. 2009; 56(2);559 - 67.
José MB, Fernando M, José RG, et al. A

Transaction on Industrial

Two - Output Series-Resonant Inverter

for Induction - Heating Cooking
Appliances. IEEE Transaction on Industrial
Electronics. 2005; 20(4);815 - 22.

Pansuwan T, Nuchkamnead R,
Chuchaloem K, et al . Bidirectional
Converter with Duty Cycle Control using
Solar Energy for CCTV. Electrical
Engineering Network of Rajamangala
University of Technology EENET 7" 2015
May 27-29; Chonburi, Thailand. Bangkok;

2015.

Kim JG, Park SW, Kim YH, et al
Bidirectional ~ Soft  Switching DC-DC
Converter. 2010 International Power

Electronics Conference. 2010 June 21-
24; Japan; 2010.
Chudjuarjeen S, Jayasuriya S,

Yachiangkam S, et al. Analysis of
Measurement Delay Errors in a DC-DC
Buck-Boost Converter using Stochastic
37"
Conference of the IEEE

Electronics Society (IECON 2011). 2011
Nov 7-10; Melbourne, Australia; 2011.

Chuang YC. High-Efficiency ZCS Buck

Differential  Equations. Annual

Industrial

Converter for Rechargeable Batteries.
|IEEE 2010;
57(7):2463-72.

Trans Ind  Electron.

(7]

(8]

(9]

(11]

[13]

s1BUInA
nsvinw

15815398 I.ITI

Cheng HL, Lin CW .Design and
Implementation of a High-Power Factor
LED Driver with Zero-Voltage Switching-
On Characteristics. IEEE Trans Power
Electron. 2014; 9(9):4949-58.

Inoue S, Akagi H. A bidirectional dc—dc
converter for an energy storage system
with galvanic isolation. IEEE Trans Power
Electron. 2007; 22(6): 2299-2306.

Zhu L. soft-commutating
isolated boost full-bridge ZVSPWM

DCDC converter for bidirectional high

A novel

power applications. IEEE Trans Power
Electron. 2006; 2 (2):422-29.

Lee J, Jo J, Choi S, et al. A 10-kw SOFC
low-voltage battery hybrid power
conditioning system for residential use.
IEEE  Trans 2006;
21(2):575-85.

Chiu HJ, Lin LW. A bidirectional DCDC

Energ Convers.

converter for fuel cell electric vehicle
driving I[EEE  Trans
Electron. 2006; 21(4):950-58.

Zhao Q, Lee FC. High-efficiency, high

system. Power

step-up DCDC converters. IEEE Trans
Power Electron. 2003; 18(1):65-73.

Schuch L, Rech C, Hey HL, et al. Analysis
and design of a new high-efficiency
bidirectional integrated 2ZVT PWM
converter for DC-bus and battery-bank
interface. IEEE Trans Ind Appl. 2006;

42(5):1321-32.

Vol.13 No.2 July - December 2019 11 44



2o sqBuIna
719619398 W( nsJinw

[14] Tan NM, Abe T, Akagi H. Design and [16] Peng FS, Li H, Su GJ, et al. A new ZVS

performance of a bidirectional isolated bidirectional DC-DC converter for fuel
DC-DC converter for a battery energy cell and battery application. IEEE Trans
storage system. |EEE Trans Power Power Electron.2004; 19(1):54 — 65.
Electron. 2012; 27(3):1237-1248. [17] Inoue S, Akagi H. A bidirectional dc-dc

[15] Wang K, Lin CY, Zhu L, et al. Bidirectional converter for an energy storage system
dc/dc converters for fuel cell systems. with galvanic isolation. I[EEE Trans Power
[EEE  Trans Power  Electron.1998; Electron.2007; 22(6):2299-2306.
21(4):47-51.

PP 12 Uit 13 aliuil 2 nangnem - Sunew 2562



2o stBuUIna
9619798 W( nsJinw

NANTENUVDIAN WS VBIHUNUNANAABAIAINUAUAARASANGNUITLEND
1-

nsaremauiouluszuuIestaniuaguainuiaursiinUaenuaziie
The effect of baffles types on pressure drop and the overall heat transfer

coefficient inside a shell and tube heat exchanger
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Abstract

This research study the effect of the baffles type on pressure drop and the overall heat

transfer coefficient in the shell and tube heat exchanger that replaces on vapor recovery unit

located at PTT public company limited Prakanhong branch. The 3 types of baffles were

employed including segmental baffles (SB), double segmental baffles (DSB) and helical baffles

(HB). The solving in this research was carried out by CFD to improve heat transfer efficiency in

this heat exchanger. A pressure drop found to be 222.36, 170.32 and 100.57 Pa and the overall

heat transfer coefficient were 13.07, 8.93 and 14.57 W/m’K respectively. It can be concluded

that the shell-and-tube heat exchanger using HB gave the lowest pressure drop and highest

overall heat transfer coefficient in this research. The effectiveness between VRU system and

heat exchanger with HB system is improved 72.77%

Keywords: Baffle types, Heat exchanger, Pressure drop, Overall heat transfer coefficient
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recovery unit: VRU) 1d1uluszuy Liteaiun
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AT 1 WNURINISYINIUUBITEUUNARNUAULUUTINAUSEUU VRU Wag Control volume [1]

'
a

“p3osnanidisuninufou” e
wanuasueufeuriadenuasvieldugunsalil
THuaniudsuanudeuseninsveslvadosuiadis
saumgiissiulneveslnarianilsegluvie (Tube)
wazvadlvadnuilnvzegluion (Shell) uazdinae
fusudsduiirmanisinaniounuiy (Baffles) ful
Tlvmeslnaluiudondnneas Ysuuasuiienig
nsinavesvedliva Snwissuzrsywinmeuas
WliAnnsinauuututudiiodiunsdnsgiem
anudeu (Q) [2, 3] lnevhlunslwaniglunses
waniasuanudouazidunisinawuudulay
(Turbulent flow) drusnaziinainmsldusiuiu
Founufuildfinaredsvian Wy wlufuuuy
segmental, double  segmental, triple
segmental, helical, double helical, doughnut
[4] waznuin drlngauviedesuaniudsu
anuseuviiniudenuazievzgnuilaenisldusiu

AULUY HB lngamen1sAnwIA1vedLudeamng 9

YDIULHUAULUU HB 91nlutAa periodic Wuin

AduUszansnisanemeusau (U, Overall heat
transfer coefficient) Ua9LASaIkantUaeU
AMNSOULUINNRUAUAIAINAUAA (Ap, Pressure

drop) kagnausuanviniy yuda (Helix angle)

] '
a a =

nlUsednsamgangaivuiadszunn 45° [5-7]
WULAEIAUAU Pranita B. et al. way Anus EM. [8]
Apszainnsivalaonsidsusnunrvesuruiy
wusuAuLUY SB Rnusnaillifinnslnaiues
vo4lna (dead zones) Lian1slualunau (back
mixing) WA¥NITNALYDIDUNIAYBLLNAIVIN YA
Auduangadanaliauvesdu (W) ge-
arulusienasArUsed@nsainideainuiou
(thermal performance) #1 Faanssaudlalalng
n15Uasunlusudunuy helical ety Tu
A1sLinUsEANE AN sEeImALSou 1S eq
waniUasumnudeuniseziiaisnslvaiieuna
(m) TudenuazAduusyansmsaemanudou

(U, the overall heat transfer coefficient) ¢ 4
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Armnusuantos avvhliadudsyansnisaiy
Taundusougals,9] Zena KK et al. [10,11114
Computational Fluid Dynamics %38 CFD Tunns
Jasznseninnisainanisivaveseslvadie
Ivashuingiisrauls ndnnsie usweulvaves
USurmsifunidie (meshiuaz ldaunns
wids-aland Funamavesnisivasinmtnenia
TUgednmgenils Fawaarnnisaiuimasidy
AUsEaas ansnsauiiuamutudldlneTuegiy
N13UUIN98 NSAIUAAIANN o Yo LY uag
Uszdnsnmeussnoufinnesaildmuin

ANNTNUNMIUITIUNTTUNUTN AUAUAR
d9HanaA1USEANTN1NLTIANNS D UVRITEUY
\Wewwnannnisiasudnsuzeesuduiy fau
uATederllusunsuneufinedsraniuay
aszisnuasnslvaiiefnwnasiuouiiou
NaNSENUYRIS YT RILHUAUs DA Ua R
wazA1UszaAnsatmdsnauteudifndely
n3nanandsunnudeuvidaUdenuaselag
Anwidnwazvesurdutuildlunisdnedl 3
Snwase Toun wiuduuuy Segmental(SB) wrluiy
bUU Double segmental (DSB) LLazLLN'uﬁguLLUU
Helical (HB)

2. ABM1saiun1sIvw
2.1 gunsifeadas
2.1.1 dudszAnsnisanemanudou
(U, Overall heat transfer coefficient)
LASesnaniUasuniiudouas
msu,aﬂLﬂé‘laummgaumﬂsumlwaqmmﬁqﬂﬂé’n

niavielaen1suiAINSeu (Conduction) Lagann

Ph 16

U 13 atudl 2 nangnew - Surew 2562

In(Do/Dp) | _1

nifavieludavadlnagaumgialagnisniniuieu
(Convection) tielidnudan1sAruindsdandu
2935AITUAIUNIUAITINS Y (R, Thermal

resistance) HININT 2

Heat

transfer

Hot fluid
i
* Cold fuid
T, 1
R — = Ruwan 1
b °~ hoA,

=] v Y { o 1
ATNN 2 '3\1"03ﬂ'l']3J(§]’]UV]’]Uﬂ'J']3J3@uﬁNUQﬂE]

syyinwadivalfusazvasivadou

In(Dy/Dj)
Rwall = ﬁ (1)

A a o a £ ° Y
Wio k Ao ArduUsEansnisunmuSoues
WD
L fia AIU8NIVID

R A9 AUAUNILAINNSDUTIY

A; = mD,Luar A, = D L Ao Nufves

RHTIUIULAZAUUBN ANUAINU

Waywe R aglaaums (2) waznnd 3

1
R = Reotal = Ri + Ryan + Ry = m‘l'

(2)

2mKL hoAo



Ai = T[LDi

A, = TLD,

d 1 ¥ U ¥ a 1 ¥
AN 3 N1SENUMANLSDUTEIINUR YDA Ul

LATATUUDN

8RI1N15WANUALUAINNSDUTENING

YasluaanunsauInlaanaunis (3)
. AT
Q = o = UAGAT = UA/AT = U,A AT (3)

As — nT;tL ( 4)

WD t A9 AMUNUIVDIVD

n Ae I1WIUYID

1
=R=—
UAs  UiAj = UoA, hiA;

1
+ Ry + o (5)

ANUIvieuIwaEANdUUSEANTNN51N

AuSoutioy azla
+—= (6)

Us¥aN3A1mnIs¥ne1uTeia3eg
waniasuaudournasideulumuniaia W
NALIINNITALANYDINEN SUULRLAIN T
ANSOU FeRoslin1sAIUINAT Fouling factors,

R; WHeluAIAINAUNIUMIEY AsaunIs (7)
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9619798 W( nsJinw

1 1 N 1 _R

UA, UA; UA,

_ 1, Ry In®o/D)  Reo, 1

Thia A 21kL + A, +h0A0 (7)

2.1.2 mﬁLm’lsﬁLﬂ%‘aﬂLLaﬂLﬂﬁﬁJu
Ausou vl 2 33 Ao
2.1.2.1 3% Effectiveness-NTU
Qe = MCpe(Te ou-Te, in) = M CpAT, ®)
Qn = 1y, Cpn (T oue- T, 1n)= My CprATy 9)

a

dlo AT, wag ATy 1u Amasisvesgungd

Y

YU ALVIDDNHIUAIRU

2.1.2.1 38 Log Mean Temperature
Difference (LMTD)

Q = UAAT, (10)
_ AT4-AT,
ATim = In(AT; /AT,) (11)

o ATy, Dunasiisvesgamni log mean

2.1.3 myaaszRtym CFD

o o +d 0 70

AuALA V=igHg ks (12)
Continuity eq.  2+V-(pV) =0 (13)
X-momentum

a(pu) ITxx

(ouV)=-2° Ityx | Otax
+V-(puV)= PR vl Vo R nalaa 1 (14)

at 0x

y-momentum

a(pv)

209 4 (v =- 22 4 Ty Ty | Ty
=V (pvV)=-— 4+ =2 o+ 5oty (15)
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z-momentum
6(pw) arxz I 01y, + 6TZZ
0x ay

“+pf, (16)

arld Nsieszvinamansvaslia

Weiumegneldaunsundes-aland

)+ Co o+ 5)

F(()XZ +U+ )+S(¢) (17)

2.2 anudgruilélunisdiuam
(assumption)

- meieszidunuu 3 98

- nsaasigiifunuuaniizaein
(Steady state) vaslradnfalaild (Incompressible
fluid) waglvawuutlutau (Turbulent flow)

- AsgAlagiansunssldnans
yadlan

- WUUIADIAUNTA Standard k — €
2 eq)

- 14 SIMPLE scheme hA@unig
Pressure-velocity coupling 4 U U SIMPLE
Scheme

2.3 M3adegunsasuadn (Geometry
creation) wazn1sad1enidrelunisauin
(Mesh generation)

n15a519uuusiaenAdesnaniUasu
audoulunuided senuuulasldlusunsy

ABUNAADSIINTLUU NANa UIeeLarAnE [1]

PP 18 Uit 13 atiudl 2 nangem - Sunau 2562

Faasesil 1 madn-esnveswadluaiu (Cold
fluid) 1 Madn-senvesvesluasou (Hot fluid)
melusiadesiiviedos 14 viedesndouuruiy
Anuali E]wmlwal,éuﬁqmwgﬁmvﬁﬁ (Tein)
WA 300 K wagdnsilnaidauna (he,) widu
5.00 kg/s Eﬁwaqlua%auﬁqmuqﬁmwﬁﬂ (Thin)
WU 400 K wazdnslnaldeuda (my,) Windu

30.00 kg/s waziifiansnisinanening 4

Trm= 400.00 K

Cold fluid out ity o= 30.00 ks
VN
L Hot fluid in

Cold fluid in
Ten= 300.00 K
1 ,=5.00 kg/s

Hot fluid out

a a
And 4 Aantanisluavesvesluanielu

LASDILANIUABUANNSBU

Asasremndnelunisaulandudunay

@

fiddunnszdewmnzaufulauundiuin
Tunsifius1uIugadaziinauazidon was
AnuuduglunisAuln uaszeriaanlunng
frurmaraintuniulddae ﬁu’ﬂﬁ%uagﬁu
UsgdnSnmuosnauiames lunseuIun1sNIe
Jeanssuarldnisadremdieiiondaunis (17),

AL YALARNIPINTNT 5 WagMI5197 1 [10]
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e A

0 i i i
] ) T T I
) T

FE T
e et et e e e e e

7
1 Y

TR ] SRR R R H R R

A

AWd 5 maelunisAuaEuAY (1) LUY SB () WUy DSB (A) WUy HB

] ° I3 ' ' 9 v o
M139N 1 ﬁ]']u'.]u‘u@ﬂL%aaigﬁﬁqﬂmq%qﬂﬁlmﬂ’]ujm

YlpvaanHuny e FuIudAWUA  Tetrahedral

Wedges Hexahedra

SB 755,965 1,117,846 489,530 18,642 609,674
DSB 869,643 2,683,467 2,260,122 9,994 413,351
HB 941,468 3,873,409 3,610,747 7,696 254,966
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3. Wan1seLazN15eAUsY
NNSINaBINAAIEnsvesvadlraniely
vAsaanansUasunlusauausaulanfiviun

v £%

Prefulaedsuriinuasiunu aglaNan1neang

Aatl
. a
3.1 Stream line ¥89va9lvanigluLAsas
ganaguainuiou

ANSUIATAINUAUANYDITLUULAT DY
wantUdguanusoull Aa15NannsELaNS A
(stream line) v@avaslnavuutiuliu A Wi 6(n)

advaiausnafltidnisivaluveswedvanse

n1seuvesvestua (Dead zones) tinn1sina
UNFU (Back mixing) vildn1swauvesoyna
Youuan dwaly daanuduanviniu 222.36 Pa
A il 6(n) finisluarunduresvedlnasgin
WBntiey dAAnuduaniniu 179.32 Pa uagaw
7t 6(m) Liinmslvarunduveswesvia SArausu
anwiu 100.57 Pa annsewansluaasiiiulain
nsiinnseuvewedluauaznsinalunduas
damafiuAn Ap Tngusufuuuy HB avilimusu
angilan audsuiuduuuy DSB wazuKufY

WUy SB

A 6 nszuamslranelunsuiu (M) wuu SB - (@) wuu DSB (A) wuu HB

a

3.2 ﬂauﬁ'q‘iqquumslum%’aa—
waniaeuanudou

aouthigamginieluiaisuanivasu

Audeurasusazyinvenruiul uandliidiu

nsnszIredivetounnivesinaluinias-

P 20

U4 13 atufl 2 nangnau - Funew 2562

wamUiesumaudoulunnazviinfiunndieiu
Tunand 7 wui aaungiivesvedlnaifurionn
(Teow) 281UYI9 312 K {4 319 K wagguugdl
vosvaslnaiourienn (T, ) oglutie 388 K fis
395 K
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awi 7 peurhigamnilanglunsuny (n) wuu SB (v) Luu DSB (A) wuu HB

] o o= a
A1319N 2 ANTNUUNNARUNNU

slinvoaueiuiy T K Teouw K ATeK  Tpim K Thouww K ATy K ATig
SB 300 31494 1494 400 39386 614 9.90
DSB 300 31205 1205 400 388.67 1133 11.69
HB 300 31856 1856 400 39427 573 10.92

91nM15197 2 2wl 7(n) A9
#1149 9 Fail Teouts Thout ATe, ATy, wag ATy,
WiNAU 314.94, 393.86, 14.94,6.14 uag 9.90 K
audIdu Awdl 7(u) A0 312.05, 388.67, 12.05,
11.33 uay 11.69 K aud1duuay amil 7(a) e
318.56, 394.27, 18.56, 5.73 uag 10.92 K
Auddu Faen AT, azthlumuia Q. deold

Tuie 3.3

3.3 Anduuszananisdremanudeu

AERI1IN15aN8mMANTeU (Q.) 189
wiazadinvosuRuiuEmsafWIMmLENNS (8)
ANUALA cpwater@sook = 418 kJ/kgK uagain
h=5kg/s 9216 A1 Qs Qepss 4% Qens
ViU 312.31, 251.91 waz 387.89 kW/m’K
AU Fern Q. Fana1s azthumuamen
U auaunis (10) a8lAA1 Usg, Upss WA U L6

4‘
AUATIN 3
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] o | o a £ i 1Y
A1 3 AT NANUIUANANUTEENTNNTANENANUTOU

YiavoRUAL Q.. kw A, m? U, kW/m?K
SB 312.31 2.41 13.07
DSB 251.91 2.41 8.93
HB 387.89 2.44 14.57

InNMSFIUIMAENUSE AN SEEWm
AuSau wiuladn AvdnsInisaemeauseu
LavA1 ATy, dinanof1duUszansnisaiewm
Audeu Tnouruiuwuy HB 9iiindudszans
midwmmnﬁaumnﬁqm ANUFIY WHUAULUY
SB wazuRutuLUY DSB

3.4 N19M32ddV (Validation)
namsenildashluiUssuiiouiu

11U3T8v84 Pranita B. et al. [9] \itoguulltiuves

300

250 - m - Segmental baffles (SG-STHX) [8]

=% = Double segmental baffles (DSG-STHX) [8]

200
- @ - Helical baffles (CH-STHX) [8]
—4— Segmental baffles (SB)

150

—i— Double segmental baffles (DSB)

Pressure drop (Pa)

100 —— Helical baffles (HB)

50

szuuiildmaasfuszuuvesnddeduiifitouls
Talumndng Tnonudn wudlduveeusutunuy SB
WUy DSB wazwuy CH Wlufirmadiontu de o
§nsinnsiunaBanafiuduasildaainusuan
Wutuuariifaunanninasuiesas 4.54, 6.46
uay 7.83 Uiy Koy sesanuasumiutou

siaaonwazvioanusanawnusEuy VRU 19

0 0.005 001 0.015

0.02 0.025 0.03 0.035

Mass flow rate (kg/s)

= o o & ' ) Y a
AINN 8 mmauWUS“JsWJNﬂ’J”limuaﬂﬂUEmﬂmﬂ‘lfial,‘mina

4. unasy
MnMsAwMnamanivesvedliuaniely

\PSesuaniUasunnuieu nud Stream line ¥84

maalma?guagjﬁumﬁmtazﬁﬂmwamciu%u

Py 22

U 13 atudl 2 nangnew - Surew 2562

LHDIINANYULUDILNUNUAINARDAN WY
anstratuvesvedlnanislulaSeacwaniUdeu
Ausau Fevialmiinnisouvesveslvanay

Astralundu Tavisaesedalazdinany



ANAIUAUAA IABWAHUNULUY HB 3¢TAIAINUAY
anAANNAA AUAIBUHUNULUY DSB UaguHuny
WUU SB wazannsaguaiavaawkuiy azlamn

puundvieenvewedivanidowdauaznisman

9 Y

@ '

RIINITONUNAIUSBUAILITANILAINNAR S

vagungivesvativariinlnvianil Mivueg

Y

[ '

e cp, warAsnInsivadung fuwzdwmane
ATUSEENTAINATITANYLNAIIUSDUTD
\InsuaniUasurusey venanil Aduuseavie
A15818LNAINSBUATNITANTLARNNAIETNSA
nsdremaatudeu ARuAndIdaLviafy
AndudseansnisanemaiueuveauruA LY
SB %ﬁmqaﬂdwamsjuﬁy’ul,l,uu DSB waziile

ASIVFD UL ULVDITLUUN L INAR DI UTEU UV

'
@ o

a A Ada A Y] ' Y
NATEAuNTEauluiniiouiy wudn WU UL
SB kuUU DSB wazkuu CH Juwurldululuiidnig
WwennuLariiiANUAanedausosay 4.54, 6.46

Lag 7.83 Auanfu

5. inAnssuUszne
nuiTeetuilisuawewansidayann
UTEm Uan.daia (Wmnvw) drdnaunszloug
NTUNNUNIUAST wagnauITeaduilasy
N19adUAYURUNUITENANLIAINTTUAIENS

UNINYINUTITUAERNS

6. LONEA1591999

[1] wawa 19200y, dnsde Lugyalesng,
pnasel el Mamuuuiiassd
wnzaufigalunisesnuuuaiisgunsal
éljuLLUULﬁdﬂuﬂﬁi’lﬂLLVIu‘ﬁ%UULﬂ%‘IENﬂ’JUQQJ

laszineinulaeldnaransvadlnaLda
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Abstract

Development of software for computer vision system which does not depend upon
computer platforms can be accomplished by appropriate programming language. This paper
presents the computational method for color vision of coffee bean roasting using the open
source of C++ programing language. Digital image processing is performed on the image file
recording in secondary memory unit of computer system. The programmatic object of image
file is created by the library of OpenCV (open source computer vision) using HSV (hue-saturation-
value) color space where the color channels separate into the instances of object-oriented
programming. The histogram equalization operates on selected instance for intensity stretching
before all of them are modeled with discrete probability distribution of color intensity in red
green and blue. The numerical color representations of roast coffee beans are determined by
expected values and standard deviation of random variables. The developed program can
execute in both personal computer and Raspberry Pi computer single board with Widows and
Linux operating system respectively.
Keywords: Computer vision, Digital image processing, Programmatic object, HSV color space,

Histogram equalization, Probability distribution, Expected value, Random variables

1. U A5IAMINN N15USELIANALUBIAY N1SHEN

AsUsEutananIniinealyiondne  USLIMAIN N1SidanuIan1sainanvueandn

udeyaiingnszuiunisudaninumang Lile
ABURIMDSZTANINANLNTAAUAIULANAIIVDS
g duundszian nasnluaunsadaieadng
nun senuadulfidunszuaunisia
Y83svUUABNAIARITiAY deagnulaluns
AIUANYUEUAINUGAA NI TULUULTDNUAEIN
(pick and place) laldnouiineosiviaulunis
fvunduamsiadeud (1] Tuiidsndesazgn
Ansslmiiuiiiau edeslosnimdniy
TUsunsuUszanananiw nsiding iedeleu
Tngainszuuiiinvesganinluiduszuuiiie
MR WAE MU UUSEIuA A

pwnshednsuUadugiiutunsyinanuaas [2-3]
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e warn1sInUselan A mAIneagnInaed
TudnuazaIdAu 2 15 veInuTudRunAT
WWadaan f(x, ) Lﬁa@jé’uﬁwmﬁﬂmulﬁu
(x,y) AefifnBeiiui (Spatial coordinate) ¥84
901 [4] NTlnTgsiduasenmisiitormun
Aun zfinsuennmidneasenidudesdly
U3giliowead [5-6] vilvanunsamnuaduuys
\# (Threshold) Tudesddiudseneuvesl3niid
eliAnn1suenu3ad (Color segmentation)
dmsurdndiuiundseenandiuusan i
FoensiaseinnAdneadeldiuuganin N

auaradudivuadsinaveglugicle

ﬁc(xi’yj)E[OaL]L ieo k=0,1,2,...L



vy N 1, ] E[O,N—l] LANUTAAIUIUAN

Falawnsulaludnuwey

"%
h(fk)=le

We n, AR 1UIUANINTTAUTNE
MINUARANTIAIAUNINY LA £, (x,, ;)
Laurent uazagy [7] uanawidneaeendutes
a4 o a = '

dulaAiugalaunsy Fanudinisuseanana
AulagliFalaunsud duvusunisideuudas

I Aw o o o W

ageidpd Ay duiusiuanuenlunisusean

I3

YDUUAANILUN

SN

Lﬂ’]‘lﬁﬁJ’]El“UENx‘]’l‘lﬂ‘lJ‘l/]‘lAﬂ@ WonunszL8uis

@

NADUNUNDSANNUAAIEA U NUYDININLUARA
aunann1sea Tagldarnianuiouasaidiy
\eauumasguesilysdu UetnwEdunu
fanunsathlUldlunsissuiisusuadss v
Yoan1saasvualiteu dmsunswaussuy
Aeufinne$Avetivaanisaaudaniunllanauy
\n3osneufinnofdiuyanaiilissuuufonis
uld Lagmaui e Uas AR nLUUTELUBS I Y
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U398l vinrsusvaunalnuding gray Tveg

Y

Turasda [0,255] i
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v—min(r,g,b) if v£ 0

0 otherwise
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60(b-r)
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2404 000 =8)
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h =9120+ lf v=g

if v=b

21530(USUTUNA) haY h, s WAy v AINAAR]

=

U3ildiavied]
1.1.2 FalsnsuunanInnInes

amAInealydwnAltiargiu 2 9o 8 On

v

LUWANIASEFUANUTUINUEMN LS 256 Seau 3
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o9lugA (Automatic contrast adjustment) [9]
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Cinnamon, City, Full city, Vienna, French
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Jzyildveauianiunivdsundas wlugnisia

v 1Y) < v d'
FEAVVDINTAIUAANLNAININS 3

Unroasted During the Cinnamon City roast

coffee drying phase roast
Full city Vienna roast French roast Italian/Spanish

roast roast

AT 3 sEdUEnIsALEanIuw (ﬁm : Dan
Bollinger - Own work, CC BY-SA 3.0, https://

commons.wikimedia.org)
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aluligiienead lunsfiasdssgndldilerdu
ANSkAINkIddE @ (Cumulative distribution
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w=T(v) = Ipv(s)ds
0

0<v<li

\ile s AafauU59u (Dummy variable)
VBIMIMUTIUS p () Aeflsiduninamuiuiiy
vo9A21uU1azLTu (Probability density
function)ﬁmmﬂaaﬁamﬁ?} 0<TO) <1 U
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Mat < Mat
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S Mat =[H:S V]« ™ Mar =[H:5: V]

Feanursaanfuanueielausnsveddamudinag
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equalizeHist (src, dst);

Wo src o ™ May uar dst A0
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SEAUAIUIUE

L=[012 .. k.. 255]

AANANLNERIFAUINAIUENS
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r g b b
ANEATIUNUTOININNEANIUNEY " Mat” g

Auadlalag

< ® Mat R> —E Vi, j

/\

“ Mat G> = E Vi, j
< ® Mat B> = E Vi, j
PMat” =[R: G B]

Fediedrnudeauuannsgiuudiasodnd

=\/PD (L-E 1)
r r ¥V R

2o stBuUvna
9619798 W( nsJinw

S =\/PD (L-E 1)
g \'g g T g

T
S, = \/PbDb(L —E,I)

\deumindnuesy D, Ao

(0-E, 0 0 0 0
0 1-Ef 0 0 0
0 0 2-E; 0 0
D =
ﬂ 0 0 0 3-Ep- 0
k=r,g.b .
0 0 0 0 - 255-F
oz [ AeumiEndund 7, =111 1. 1] 55

MA1AIANINE kAL ATEI UL DU UL
ausamuulafgtenIuds Nlgienduaes
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laus3veslomudissd

meanStdDev (srcRGB, Ergb, Srgb);
e srcRGB Ao Ingidalusunsy

doyanmdmiv ““Mar’ =[R 1 iB] lagh
Ergb Wag Srgb ABAILUIULIEAIINTILED

A19UVBIATAIANUNY E,, Eg, E, LazdIu

LﬂENLU'L!lI'W]i%’WU s.,S5 ., 8
3 r g b

2.4 TundUATAUINGINUFAWLLER
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Tumaljualainisldunuiandiiounisan

o

(Roast color tiles) fiszaudnanssisnng 4 [13]
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wiudagLieudnisnd B8seAun1snTuunngd

ABUNLNDN 2 SEAU

input (" Mat =[R -G B],m,n,L,D, A
D,. IR)

¥ Mt = [71 o8 V] P

Mat =[R -G - B]
equalizeHist(™" Mar)
Mot =[R G Bl ™ Mat' =[H S5 V]

meanStdDev(** Mar")

= g ad o LY =l < )
AINN 5 VURBUITAIUN INUFNIWLLAANTLNA

Junoudsluainy 5 gnadreuiiield

ABUNILADIVINITATUIUAIFILNUE VDINN

wdanuid E E, uay £, n¥ounaAn
' a Y ado P
drudeansgiu Geedmunudinhluasiam

* ¥ .
"“!Mar" =[R:G:B] vosarniuda

AINDA
AurAdlalaeiTunaudsdrusuilandu
equalizeHist uay meanStdDev wann 4

AN 6 Ay 7

Py 32

U 13 atudl 2 nangnew - Surew 2562

input (™" Mar)
B Mat' =[H S V']« " Mat =[H S V]
H® MatV)

P=
mn

for i=0tomstep 1
Jor j=0tonstep 1

< HSV M’ar.V>
i

<HSVMar_V'> =255x% z <P>k

L k=0
end for
end for

AN 6 VumeudsAuin equalizeHist

RGB

input(" Mat')
Jor i=r,g.b according to I =R.G.B

p_ H 8 Mat' 1)
_ mn

B =P
i i

8= BED =TT
i 11 1 R

end for

4 3 a o
NN 7 TumuISAWINM meanStdDev
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input(
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7. H1ANUIN

AARNUIN N.
1 #include "opencv2/highgui/highgui.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3 #include <iostream>
4 using namespace cv; using namespace std;
5 void histogramPlot (Mat, String):
(3 void colorPlot (Mat, Mat*);
7 int main( int argec, char** argv)
8 [t Mat MatRGB=imread ("cinnamon.png”) ;
9 namedWindow ("Qxg", 1)
10 imshow ("Qxg", MatRGB):;
11 Mat MatHSV;
12 cvtColor (MatRGB, MatHSV, CV_BGR2HSV):
13 vector<Mat>colorSpaceHSV;
14 split (MatHSV, colorSpaceHSV):
15 Mat Mat_Hue=colorSpaceHSV[2].clone();
16 int imgRow=MatRGB.rows, imgCol=MatRGB.cols;
17 Mat histData; int nBins=2356;
18 int hsize[]={ nBins };
19 float range[]={0, 256&};
20 const float *ranges[]={ range };
21 int chnls[]={0};
22 calcHist (sMac_Hue, 1, chnls, Mat(),
23 histData, l,hsize, ranges);
24 histogramPlot (histData, "QzgHist_ H.channel"):;
25 Mat Pr=histData/sum(histData) [0];
26 Mat Mat_nHue = Mat_Hue.clone():
27 float CPD[256]:; Mat L=cv::Mat(l,256€,CV_32F);
28 for(int i=0; i<256; i++)
29 [—:l { CPD[i]=0.0; L.at<float>(i)=(float)i;
30 for( int j=0; j<=i; j++)
31 - CPD[i] += Pr.at<float>(j): } uchar k;
32 for (int i=0; i<imgRow; i++)
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{ for (int j=0; j<imgCol:; j++)
{ k=Mat_Hue.at<uchar>(i,j);
Mac_nHue.at<uchar>(i,Jj)=
(uchar) round (255*CPD[k] ) ; } 3
calcHist (sMat_nHue , 1, chnls, Mat(),
histData, 1,hsize, ranges):;
histogramPlot (histData, "NewHist_H.channel");
Mat nMatHSV, nMatRGB; colorSpaceHSV[2]=Mat_nHue;
merge (colorSpaceHSV, nMatHSV):;
cvtColor (nMatHSV, nMatRGB, CV_HSV2BGR):
vector<Mat> colorSpaceRGB;
split (nMatRGB, colorSpaceRGB);
Mat histRGB[3], Prb[3], Expt[3];
Mat R1(1,256,CV_32FCl,Scalar(l1.0)), D[3], Var[3]:
Mat IL=Mat::eye (256,256, CV_32F);
for(int i=0; i<256; i++)
IL.at<float>(i,i)=i;
calcHist (&colorSpaceRGB(0] , 1, chnls,
Mac (), histRGB([0],1,hsize,ranges);
calcHist (écolorSpaceRGB[1l] , 1, chnls,
Mat (), histRGB[1l],1,hsize,ranges);
calcHist (scolorSpaceRGB[2] , 1, chnls,
Mac (), histRGB[2],1,hsize,ranges);
namedWindow( "New", 1 );
imshow( "New", nMatRGB ):
for(int i=0; i<3; i++)
{ Prb[i]=histRGB[i]/sum(histRGB[i]) [0];
Expt[i]=Prb[i].t()*L.t():
D[i]=IL-Mat::eye (256,256, CV_32F)*
Expt[i].at<float>(0);
Var[i]= Prb[i].t()*D[i]*(L.t()-
Expt[i].at<float>(0)*Rl.t()); }
cout<<"Blue ="<< round(Expt[0].at<float>(0))
<<",SD = "<<sqrt(Var[0].at<float> (0))<<"\n";
cout<<"Green ="<<round(Expt[l].at<float>(0))
<<",SD ="<<sqrt (Var[l].at<float>(0))<< "\n";
cout<<"Red ="<<round(Expt[2].at<float>(0))
<<" ,SD ="<<sqgrt(Var[2].at<float>(0))<<"\n";
coloxrPlot (MatRGB, Expt):
waitKey():
return 0;
}
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void colorPlot (Mat MatRGB, Mat *Expt)
{ Mat ColrRep = MatRGB.clone():;
for (int i=ColrRep.rows/3; i<ColrRep.rows; i
{ for (int j=0; j<ColrRep.cols; j++)
= { ColrRep.at<Vec3b>(i,]) [0]=
round (Expt[0] .at<float>(0)):
ColrRep.at<Vec3b>(i,3) [1]=
round (Expt[1l].at<float>(0));
ColrRep.at<Vec3b>(i,3j) [2]=
round (Expt[2].at<float>(0)):

r }
namedWindow( "ColorRep", 1 ):
imshow( "ColorRep", ColrRep ):

void histogramPlot (Mat histData, String Name)
El{ Mat histBuff, histImg:
normalize (histData, histBuff,

0, 1, NORM MINMAX, -1, Mat() ):;
histImg=imHist (histBuff,2,2);
namedWindow (Name, 1 ):
imshow (Name, histImg) ;
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1 finclude "opencv2/highgui/highgui.hpp"

2 finclude "opencv2/imgproc/imgproc.hpp®

3 #include <iostream>

4 using namespace cv; using namespace std;

5 void histogramPlot (Mat,String);

3 void colorPlot (Mat,Scalaz);

T int main( int arge, char‘‘ argv }

8 [l Mat MatRGB=imread("cinnamon.png"):

9 namedWindow( "Qrg", 1 );imshow( "Qrg",MatRGB );

10 Mat MatHSV; cvtColor (MatRGB, MatHSV,CV_BGR2HSYV);

11 vector<Mat>colorSpaceBSV; split (MatHSY, colorSpaceHsy) ;
12 Mat Mat_Hue=colorSpaceBSV[Z2].clone();

13 Mat histData;int nBins = 256;

14 int hsize[]={ nBins };

15 float range[]={0,256);const £loat *‘ranges[]=[range};
16 int chnls[] = {0};

17 calcHist (Mat_Hue, 1,chnls,Mat (), histData, 1, hsize, ranges);
18 histogramPlot (histData, "QrgHist_H.channel");

19 Mat sre = Mat_Hue.clone(), dst;

20 equalizeHist( src, dst );

21 calcHist(&dst, 1, chnls,Mat (), histData, 1, hsize, ranges);
22 histogramPlot (histData, "NewHist H.channel®);

23 Mat G 7 el [2] = dst;

24 merge (colorSpaceHSV, nMatHSV);

25 eveColor (nMatHSV, nMatRGB, CV_HSV2BGR);

26 Scalar Ergb, SDrgb;meanStdDev(nMatRGB, Ergb,SDrgb);
27 cout<<"Epgh ="<<Ergb<<"\a"<<"SDggR "<<SDrgh<<"\a";
28 colorPlot (MatRGB, Erghb);

29 waitRey() ;

30 return 0;

31 =1
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w3ssdusuuszuuiaamshniiuldlunisiaainseualniianszuansaazlninadu n1sInan
wssuludin n1sdadAmFiunIy Msfadiaugnnalid n1sTadAnE uarnnsindfugu
magulninlg Faedostunuussuuiasmaliihdadredul fnavesnismaaounistdnunanslsiidiu
1831 1ndesfunuuiuanunsatadnssualniinsaasnsvualniihaduldluniisvesuonuds Tng
anunsatarlafignu 0.2 § 40 wouwU$ wazeu 1 89 400 wonuls MsTaAussulndn ey 0 e
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Tumhevadlulaswda tefdu 1 s 4,000 lulasuidn mstamanudlumbedsnd Samlaie
10 18599 89 1 winedsnd wazmsinnissavasnszudlniih nmsdonvesisastuiiléme wiesiuwuy
szuuinsmsliih s sofadugumeiliiilddeuwiniuedessnnsgiutadmalidi Fluke
s 325 faghauiuguasiidanurananieussdodidiiu 5 %
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AdAsy: 13evialni wrandlives svuumsin

ABSTRACT

This research proposes the design and development of an electrical measuring
systemprototype which can be used to measure electrical current included direct and
alternating current. The prototype can measure voltage, resistance, capacity, frequency, and
electrical basis. A prototype of the electrical measuring system which was creates that has the
results of experiment can measure direct and alternating current in units of Amperes. It can
measure at 0.2 to 40 Ampere, and can measure 1 to 400 Ampere. The measurement of voltage

can measure at 0 Volts to 1,000 Volts. The measurement of resistance can measure at 1 Ohm
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to 40 mega-Ohms. The measurement of capacity can measure at 1to 4000 LLF in units of micro-

farad (LLF). The measurement of frequency at 10 Hz. to 1 MHz in units of Hertz. In other

measurements of leakage electricity and shortage circuit that can be measured. A prototype of

the electrical measuring system can measure electrical basis compared to instrumental standard

Fluke model 325 that the result was precisely and percentage of tolerance did not more than

5 percentages.

Keywords: Electric energy, Clamp Meter, Measurement
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Frzazandonmssunariufinarveanislday
voardeduuuyl (1]
1.1 wuwas$ ETCRO68AD Clamp AC/DC
current sensor
ETCRO 68 AD Clamp AC / DC 1¥u
ULEESYNERNLUUINGMTUN INAAEUNTYINNIU
83 AC / DC fifiusstulvifilsigaan 600V uaziu
msiaunnalulad T uldlunseuaifidu
RInea lnelguigesazfuAinsmiendives
Arnszualiin Inenisaaes CT nulnannso
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IgrinArvesnszualiii Alanuusiugrgeannsa
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1.2 daunuauuLazUsEanana
91uiTedld MCU Waiuauy Open
source plat torn AoUD$A  Arduino UNO R3 %1
niihfiniugunsvine JuA1aindiu ADC uaz
BunAAe 9 YIINTUTENIANE ANUTEUUAIUAY
TUSUATY LasLanINaDanN1998 LCD laodl

AMSVNNUAUTSNA 9L



1.2.1 mM53alaan Volt AC, Volt DC ¥
N135UA191N ADC UTZIARANINNITAIUIUNI
adinmanslaglddigaaindumis ¥ee Range
selector WaMINADBNNIN LCD

1.2.2 a1sdnnszua Current AC
Current DC n157magld Current clamp wuu
m VDC output 3414n155UA917 ADC tazi1an
AA1AINALNA Y89 Current clamp WARINADBN
LCD

1.2.3 mMs¥aanud inisiuen Input
2112935 Pulse wagTAA1ULIAN89 Pulse
Usvananadiumnud wazuannasenae LCD

1.2.4 M3IAIANATUNIUL YIlaesU
A7V ANATENTE1I192935 R divider 910 ADC
UsznauAUAIAILRUIVOY R range selector
UsEIaNalagansAn R M19aslanswa LCD

1.2.5 NM39 51939 1WMNN15T0n U8
il Test diode ,Transistor Tunsnaaeugunsel
Wwu lalon ns1udanes tsraunsaldrsasin
Resistor 3nvinn1smageuls wannsfe anageu
PN Junction Imeviliiina Volt anAsestaviing
YA Volt wnuiiAnie Forward agnsuan
Forward voltage uagwniduiianig Reverse ag
Junisifia High impedance vivlusziiiugunsal
Ianegluanmivieidels (3]

1.2.6 M35 InAIANN1Ln fa
AuUseq lusundaiaglalda99s R divider
Wissusiuen MCU si¥310glu Mode fifasnsin
Adufiutsgq udnnsAoTad Time constant &
Fuiusiuen Capacitance figpsnsnaaeu Tneld
1995 RCHosuen MCU Mi¥3108Tu Mode 7

Y Y
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1.3 d9uv99 Mode Selector
dautlaslivhuihideniletudiazin
msTauazidusmmundnuaznisne Terminal
NU2935UaEAIUNUIYBY Selector AwgnaaEIU
Input pin U89 MCU Mode Selector 1% Rotary

Switch WU 6 funia 4 pole Aauandlumsei 1

A3991 L@ng Rotary Switch WUU 6 s

e Hendunsin f0Uz
0 OFF Unas
1 VDC 1n DC Volt
2 VAC n AC Volt
3 Frequency 0 Frequency
a A (mA) 9 Current
5 Q/D/TR /C 3R DIRC

ann1sAnwrdeyaideonuiny wa.
2558 85105 38 IevimsiTedes Anwinsia
nseuali1ain Curent transformer ﬁa"iw%u
Jieutunameaunaudiwes Tnsaznandanadnad
HuszAnsnmdmiuiadnszualiiidideldadng
Qﬂﬂiaﬁﬂﬂ‘?fwéj ANNS Current transformer lagla
WuUARIPNDIMALNA U UAUENAN 091 mm.
sammumﬁﬂéau’mauﬁﬁ‘ummﬁumu@ué 5.2
cm. 31U 2, 4, UaY 6 F8U ANUEIRU a1
MINPaeilaA UIAIIATTATId UYL LA
Current transformer usiazia Geldemsdmwiniu
2/1A4/1 Auay 6/1 AW&91nH U Curent
transformer ¥4 3 f uvitMsveaeTIRNszUAlIA
s osldlniludueiiasag q lnewfisuiu
fImpaumaudiines INN1INARDINUINA1YBY

AseualndAnIalaain Current transformer 957
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gauminnu 2/1 A fanlndiresiuuaaudiines ae
ANAIUARIALAGBUAY gALYiNAY 1.41%
AIRYTINARTA PRBULNNAAYINTU 3.85%, 8RTdU

a ol
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ANLARIALAG DUINGAMITY 4.62%, Wazdian
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position test systems (MPT) 18 u Portable test
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Abstract

This research proposes an invention of the switching power supply designed for a
thermoelectric dehumidifier. This switching power supply consists of many important part which
are a soft-start circuit, rectifier, boost converter, full-bridge inverter, high frequency transformer
and the output rectifier circuits. The switching power supply can produce two voltage levels;
12 and 24 volts. The microcontroller PIC16F886 integrated in the main control unit manages the
operation of the boost converter circuit and full-bridge inverter circuit by generating the driving

signal to the IGBT switch in both circuits for better output-voltage stability. This switching power
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supply can provide power rating of 94.85 watts in total and have 83.20 % efficiency with a

power factor high as 0.95 lagging.

Keywords: Switching power supply, Thermoelectric, Dehumidifier
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Abstract
The article presents hydroponics house with an automation control system using solar

energy. The structure of the system is divided into 2 parts: the first part is the solar energy
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system which can produce electric power at 842.21 Watt per day and the second part is the
control system which consists of 5 operations; fertilizer mixing control system, water charging
control system, water pump control system, temperature control system and humidity control
system. The dimension of the hydroponics house is 12 meters wide and 2.4 meters in length.
The house is covered with a gable roof with 0.8-meter height up from the roof frame for better
ventilation, meanwhile, the floor frame is also 0.8-meter-high up from the ground for the release
of overused water. During the daytime, the system can control 80% of humidity inside
hydroponics house at a temperature of 35°C. The water charging control system will work in
conjunction with the fertilizer mixing system with a ratio of 400 mL fertilizer per 80 liters of
water at 13 seconds run time. The system is functioned to run every 7 days for 4 times and
then at the fifth time, the water charging control system will still work as usual while the fertilizer
mixing system will stop working. From the performance testing of the system, it is found that
the designed hydroponics-house can work efficiently and is suitable for the application.

Keywords: Solar energy, Automation control system, Hydroponics-house
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ABSTRACT
This research presents a method of managing and assessing portfolio under risk from
interest rates of bonds. The dataset used is interest rates of government zero coupon bonds

data from March 2011 to May 2018. The bonds' maturity ranges between 3 months to
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45 years. This research started by evaluating the interest rates of the government zero coupon
bonds, using principal component analysis. To explain the fluctuations of the interest rates, the
research found that the first three principle components consist of level, slope and hump. The
research then performed stress test using sample variables at £1SD and +2SD, and computed
value at risk (VaR). The results from the two methods were then used to compute Net Present
Value (NPV) for comparison. This research found that, for the same 95 percent accuracy, the
stress test used less calculation than VaR, since there is no need for Yield-Curve scenario
simulation. Also, the stress test's result corresponded to that of VaR, which simulated interest
rate curve from 100,000 randomizations. In conclusion, the stress test method presented in this
research could be adopted by insurance companies, whose main investment is government
bonds, to effectively manage risks and assess profits.

Keywords: Zero coupon bond, Principal component analysis, Stress test, Value at risk
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Designs and fabrication reciprocating wear testing machine
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guumuauseie nsiadomaasuillddouiamuazmnlunislinuuaziinnuamuansaiiesld
ndeuldegwdaiondiunaiu Samuies uazddeuaaandeuanalunmgud Tidu 10 %
waUsINgIedesiilafivunm 40 x 40 lwufiums dautinuszana 30 Alandu anurseugegaluns
VAFOU 600 TOURDUNN mmsa%’uﬁmﬁmmﬁ@qqﬂ 15 N anmsvaassliiaiouiiennaou Tagd1eds
1ATFIUMINAGDY ASTM G133 nudnaiesiiaisduiimnuifivsnssiiszduandatu 95 % uasd
AmwnaeLadeuInAilumMangul d1ndn 10 %

[y

Addey : inTemadeun1sAnrse Snnsdnuse mMInaaeuLULIAAeuTIlUNGU ASTM G133
Abstract

This research aims to design and fabricate a manual reciprocating wear testing machine
which is easy to use, durable, long-time continuous testing, reliability and the error of testing
result must not exceed than 10%. The result showed that the size of the machine was 40 x 40
cm. and a load of a machine was 30 kg. maximum speed was 600 rpm and maximum load was
15 N. The testing result of the machine (refer to ASTM G133) showed that the machine has

reliability at 95 % confidence and testing result error was less than 10 % of theoretically.

Keywords: Wear testing machine, Wear rate, Reciprocating method, ASTM G133
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Abstract

The objective of this research is to purpose an approach for selecting road transportation
routes using “Technique for order preference by similarity to the ideal solution” (TOPSIS).
Decision criteria for routes selection are transportation cost, transportation time and potential
level of each transportation route. This approach is tested on a case study of electrical wire
manufacturer. The results show that the route A, and A; are taken the best alternative routes

with the relative closeness to the ideal solution values at 0.550 and 0.551, which are not
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significantly different. The route A, is taken the second alternative route and the route A, is

taken the last alternative routes. Moreover, the purpose approach which is a proactive method

for transport route selection can be applied to real-world problems. It overcomes the subjective

decision-making and respond to the requirements of decision-makers effectively by determining

the relative weights of decision criteria.

Keywords: TOPSIS, Selection of transportation routes, Potential assessment, Physical characteristics
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LUIYDI95195 TLEEUTENINUEULUITAANS
193V ULEULUITANII99199 UWAEITEYLH
FENINNEULUIT0995195 Lnausiuseiiiudnenin

AMUNITBDIRTIVT WERIAIAISIN 2

PP 102 Uil 13 athuil 2 nsngaau - funau 2562

2.1.6 Taa#iuA135135 (C,p) nueia

q

¥
A a

Jagiuasiaiuionisasiasiuduuugn
UagtudmivludssmalneTaniuii9s19s9

a13nsnny Laua Augnss a1nens uazAsunie

¥
A a

[16] nauaiUsgiiiudnannianiuniasnas uana
U dl
Fam15797 4

2.1.7 AUAALAYIYD IO U (Ch)
AU SD8ATTIUIUNILAILUIAILAZNIILAS
LU VT UL AUNINNSVUAIRUAINNI I UUA Y

SYYLNNUEUNIINSVUAIFUAINIDUUN LA [9]



INUNUIZEUANEAINAITUAALABIVDIOUY LAY

AHIMI5199 5

¥
o a

AN5199 4 LU USERNANEN N IEANUR IS

q

AnenIn FGHBLL

1 lildgnesnuuusndmiunmsindeud
VDN NUY

2 Augns

3 AOUN3A

4 GRlE

5

ABUNINAINYN

=] < a o &
A1 5 LNUNUTZLUUANSATINAINUAALAY?

UDIOUU
fngnn FUIGEIGL
1 1NN 50%
2 1NN 35% weilaltAu 50%
3 1NN 20% welsiiAY 35%
4 1A 10% we by 20%
5 Tl 10%

218 AruaInduvesiluinesias (Ch)
vaneie Y08arauaInFuT fiuRIN1TISIaS
Euvansyudsdusmenuuiiiiiuainduunn
Wldenunnuzdeuiléin Fsdmanossavinm
MsvUEEUA [9] tnaunUsefludnenmanuanadu

YDINURIIIIT WARIFIRITINN 6

AN5199 6 LNaUUSELIUANENINANUAIATUVDS

NURIDI195

Anegnn snwazLden

1 10777 10%

2 11NN 8% Weikaliiy 10%
3 1NN 6% Wbl 8%
4 1NN 4% uAlaiiu 6%
5 TaitAu 4%

2o stBuUvna
9619798 W( nsJinw

219 asidenaninainuidenieres
RWMT193195 (C,y) muneds Sounnsoswasiiuiia
2919910298V UEUN 1IN TVUAIRUAN
Hanua naeUssdufneniwnsidenanin

ANMULAYNNYVDIRNINTIIITINT WARIRINITIT 7

A1519% 7 LnausiUszidudneninnnsideuanin

AMULFYMYUDINIVLIATIDT

Anenn 8azdun
1 11N 40%
2 11NN 30% walitAu 40%
3 1NN 20% WelaliAn 30%
q 11NN 10% walsiiAu 20%
5 TaiiAu 10%

2.1.10 98uns8ludunIg (Cp) munedi
Sogavsznitednuiugndunsteludunig
NSVUAIBUAIAUTLYENIIVDILEUNIN1TVUES
Aufitenun inasiszidudnenmyadunsie

Tudunna [2] wanesanisen 8

M13°99 8 LnausiUsziiudnenIngndunsne

Tuiduma

dnenn UGG
1 11NN 30%
2 1NN 20% LelsdiAu 30%
3 1NN 15% ueilaliin 20%
4 1NN 10% LetladiAn 15%
5 laiAu 10%

2111 euainsalunsdeusietumsvuds
gﬂwuuﬁ']'u (Co) MeEs P manansaludonseriu
msvudaduigUuuualusal 20 Alawns a 99
AUNI-9AURIENIIVD U UNIINITYUE
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AN5199 9 LN USELIUANEAINAINUAINITE

lunsiweusaiunisvudsgULuudu

AneanIn FGHBLL

1 ldeansadeusofunisvudesuuuusy
2 @eusiofunisvudsdu 1 sUuuy
3 \Wousefumsvudedu 2 uuuy
4 Foustoifunisvudedu 3 sUuuy
5

Wenseumsvudadusnnnii 3 sUluy

2.1.12 a3ua1uisatun1si¥eufanu

Usgmaioutu (C,yy) Muefe Amanisalu

'
A v

WousauUsemeaiioutuneluszazsadang

v

U AAUNI-IAUAIIN1VDILAUNIINTVUES

q q

a v

AuA [13] LR Uz ufNeNINANUEINTNIS-

= v - o o a
LTOUADNUUTELNALNDUUIU LEAIAINITIN 10

= o a o
A5 10 LNUNUTLHUANSATNAIIUEINITD

Tunsiwensiaiunisuudaguuuudu

AnanIw suaziden

1 llaunsadeudefulsyve
ot Tusailliviu 60 Alawns

2 Weuseusuwamiloutuld 1 Uszne
Tusafinnnnin 40 ualiiiu 60 Alawns

3 Wouseuszmaiioutuld 1 Usene
Tusafilsiiu 40 Alawwns

4 Weuseusumaiioutuld 1 Usene
TuSafiliiiu 20 Alawns

5 Weuseuszweiloutuld 1 Usene
Tusafiliiiu 20 Alawnsiaalddos
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Db 104 T 13 atuil 2 nangneu - Surew 2562
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a

WauTunususwlamegdunivalduinisves
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a
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q

ANWULNIINIYAINIIUIUTDIDIIDT AIIUAING

v
o =

19435193 ANV uagdanituiiaTIes
ausamualagleisaedsnuualeuinin
AR NAIUSTEENILUSEAUANEATNUUNU

FLYLNIVINUA LARIFIFUNTTN 1

L, xk
PC. = (1)
: TL,

k=1

W PG e szAudnuniminaeinsdndulan |
5j=1,2,.,n
d [ -
L, Ae szazmsluszaudnenind k k
=1,2,34,5
TL, f9 SeemmimHAveAdUINInNI T

guAvaauuirr=1,2, .., R
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2.2 muuamadanlunisandula

nsfnwidoadedldusegndisnng
\dontdunisnisvudedudmisauuiiauesu
UtmnsdlAnvidaduuidnguanaoluilt Tng
JuABUANF T ReUs s Tuaunsuey
nyunnuniuastdavingongavn (Bangkok
Port) TulunAaeng LEUNIINTVUEEUAINI
auufiviomnsdinuldlunisvudeduanly

Yagudsznauluime 4 1dunns uaneianimg 1

2.3 muuaiintinaugAy

v
a

nsdndulaudazaaindulasiali

1Y

anudAnfuinasinisiadulassful uegify

[

an1un1sal [17] deduinueinisandulasegn
MAUALNIUINAMUEIAYAIENTZUIUNTAAUTY
WAsIzi d1uatdennadl

[

231 L USHULNEUAITNENA 8

o
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Aufanssunsvudedumegiadey 5T vins
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msdndulavunn m « m [18] uansdsnsad 11
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2o stBuUIna
9619798 W( nsJinw

o a P o w s
A19719N 11 ﬁ]’]iNLUSEJULVIEJUV’]’JWZJa”IﬂigLﬂm‘Vl

msdnduladusee
' v a
wnasinmsdnduls ¢ ¢, - C.
< 1 diz 7 dim
Cm 1/31m 1/a2m o 1

natnsuszifiuanudAgLnuenig-

LY

fndulanarunazUseiunigseaun1susesiiu

AMUAIAYUUU 9 F2AU [19] LAAIRINITIN 12

[

d. L a o
A1519N 12 SEAUNNTUIEHIUANNEIAEY

1

e ANNUY
1 ANdAgLnY
3 AUEAUILNANS
5 AMUEIAYADUTIININ
7 ANFIAYNINNT
9 audnnnTign

£

2,4,6,8 ANUEIAYIEIINNTEAUNTUTELIU

ﬁy’mfmmﬁauLﬁaummé’wﬁmmaq
inasimssnAdlareslumsmnuiugisinarhe
(Delphi method) mﬂﬁvﬁmmmﬁy’mmﬁwmﬂﬂ
fownin 17 319 20] Faudruruiivinlsinany

ARNMARDUANANLBEUNN WTDUATIVABUANADA

UYNINSVUEIEUANT 2 (A,)

Nsyuddud 1 (A) ’/\ > ‘ vl

/\

: ‘Lcufl N13VUES dm\/d(A)
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= Y oA sa o

Fadealandulumuinaeindivun [21-22] TawA
A sEnImelng Arduysalnaiiasening
seguiuguilen LLasmLﬁmmummgm

232 ﬁﬂmwfmﬁﬂmmﬁﬂﬁm%a
nasinsinaulast mundelusunsuS adLsy-
Ford vnthwihnsusualrulmdnaudy
younasinsindulasesiamualiinaswiiy
1 Tnethihminenudfresnasinsinduls
wé’ﬂ@mﬁ’mfmﬁﬂmmﬁ']ﬁzgsuanmmsﬁ
mssnaulesesiiiduandnvennasinisinauls
winth [23]

2.3.3 NTIRABUAYTINADNAR DIVBANANE
(Consistency ratio: C.R.) mﬂﬂ;ﬂwﬁﬂmmﬁwﬁ’m
Aeutunasuifianudndedie wieumnzay
semsiluldauluduneusely wiols [24] Tne
A1 CR. Foudulunuidoulviituegifurunnues
AU uisunudfynunnisanaula

Husegiliauslag Saaty [25]

2.4 nmsandulatdanidunisnisouds
Audeauuiivianzay
wdsandisanuatninaud iy
Txfunasinisiadulaundrludunsui i
nsseauladenidunmenisvudeduiniauud
DumadeniaundensinaulawuuiSesdiu
AUAAgY LT ULABIgALAR (TOPSIS) &
srwazduadal
2.4.1 adraunsngnisindulausv
ussTing1u Lilesinlsideyasine 9 lddnezidy

= =) (3 v a Y ¥ 4
maidien visenainsindulalindudeyalvieg
STUNULALINULAAIAIAUNTST 2 [26] 1ilB i = 1,

L muarj =1, ., nlagdasdaslidunuen

YUAILALSTLLIANUNSVUAIFUA VDA UNS

PP 106 Uil 13 atiuil 2 nsngiau - Funau 2562

vurnaainiseandulanidunalselevisie
AsUsERnlutInBudu [27] Avualidunig

N1svUdIdUAMIUUNTIAUUAIYUE W Nandl

q

Aoy

FEAUANENIN 5 ﬁ’JULﬁUVﬂ\W]ﬂJWUV]Uﬂ’]‘UUﬁQ?N

P

ngnazilszaudnenin 1

242 AuruA1dTuuTIvingu
dradmiinaaiudidy vy Tngununind
ﬂﬁﬁmauhﬂ%uussﬁmgwﬂmﬁuﬁmﬁﬂ
audfyrennaTinsiadulasesiiuiunasiu
wdauansdaaunisil 3 (28] 1o w, A il

AudAvosnaMIdeaulal j;j=1,2, ., n
V= WX g 3)

2.4.3 AUIUAIRANARLTIUIN (AT)
uazA1gANARLTIAU (A) g A' Wuarusuussia
%ﬂumaumuﬂwmﬂwamiuuma LLNUINIT-

a 1

Andulases dau A 1 udrUsuussiingIudag

] '
° o d

uniinfdesgalundazinusinisdndulases
) a a A LA
WARIFIANNITA 4 Wasauni1sn 5150 i Ao
] a g = ¢ .
fudeniidunanauuny nienausloviuay |
Ao mideniualdane wieldiunalselow

—{Max\/||E| M|nV||EJ (4)
f{Man||€J) MalelEI (5)
2.4.4 A1UINTLYLNNAINAQAUAR

W@auan (d) wazenumadigeay (d) lae

Wiguigusyegasening vy MU A” uag A [29]



LAAIAIENNISA 6 LAy 7o i=1, ., m;j= 1,

Lhkagr=1,..,R

(6)
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1}
=
!
<
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\_/V\.)

n 1/2

: Z WV, - Vy)? (7)

j=1

[oN
1l

2.4.5 AuuAIANLFuRNusSn g

a ad 1% o) a 14
LLU'Jﬂﬂ’JﬁLLﬂ{jiy‘Vi”l LUUNITNAITAUNLEUNG

'
I a i P

nsudeduAinisouuniisreglnanianves

&

nudanilu A uazidenszezlnalianvas

<

N19aendu A Lanenad@unisy 8 [30] Lile
i=1,.,muagr=1,..,R@Unan1sruadua
a L o [

nuuNmLIgananlziaauduiusidilng

wwAnIBuAdaymgean

2.5 mMsATesaula
Hudumeudmdunsivaeunanseny
yosr1mauiildannisnisinduladenidunis
nsvudsdudmsnuuiiotadesng q tAanas-

wWasuwlad lagyinnsiasigmnaanisanaula

v

nddmidnaudAygagau1viinisnsiagey
Fawsl 0.10 89 0.90 [23] Wi UNIN319d0 Y
ArAudunusidnlnanulAnisundginay

AmauLianisasusladilunnteuiadln

3. Wan1saiuddenazanusigna
Tudunouihduniswaninanisaiulfe

g aM Yoo gy va
mutuneunlanualisensuszendldisnis

2o stBuUIna
9619798 W( nsJinw

LDALEUNIINTVUASFUAINUUAUNT AN WY

fi518azLd8neail

3.1 NAN1539UTUTaYAvRUTUNIS
U930 UAUNIN1TVUAIFUAINN
ouw loun funuAagszeziiaInIsauds 1han
n1sdun1ualguInIsvesuTENNIalAnY du
sEAUAnEnINanBaENIINIEnINTIUTWlAlaY
nsasfiufintaauiudisinusinisuseiiiu

AnenAfIvual) LanIRInIs19n 13

M1399 13 HaN1353UTINTaYAveLdUNIS

NSYUAIRUAIM AU

A A; A; Aq
5,100 4,850 4,250 4,960
Cyp (W) 43.00 41.00 50.00 46.00
C,; (3260) 295 327 316 296
C,, (5261V) 3.06 283 353 342
Cys (5260) 1.94 165 185 1.75
C,q (52610) 3.79 356 365 3.54
Cys (326) 1.00 100 100 1.00
Cp (32610) 209 217 205 242
C,7 (3260) 400 400 3.00 3.00
Cog (52610) 1.00  1.00 1.00 1.00
Cyo (5261V) 150 150 1.50 150
Copo (52U)  1.00 1.00 100  1.00

Cyy (VM)

3.2 wan1stvuauiinaad Ay
inasinsanaulaseudsUTunalazinesi
nsinduladenauanldgnimuniivingae
nsTUAUMSEFUTUAAsE9 TisreasiBeaded
3.2.1 wansilpuisumnudfgy Lo

'
wad o

Agemyauaauinimualidiuan 17 518

1Y 4

Wlguiiguanudfnuanisandulananun

o
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mMyindulaToutannnIm uLaninsei 14

=] = a o w s
M1319N 14 Naﬂ’]'ﬁLU’iEJULVIUUﬂ’J’]@Jﬁ’mZyLﬂm%

AnudAyvesnasinisindulasesitduaniidn

YUNUNNSHRAUTINANUY LEAIHIN1TI9N 15

= H o °o W 3 v a
M99 15 U’muﬂmmmﬂmmm%miMQﬁﬂ%

msdndulaseadenuniniduies nan 584 Yiunasau
Caor Cpp Cos Gy Cos Cos Gy Cog Cp9 Cp G 067 C; 050 0.33
Cy, 1 2 3 2121 1/2 2 5 8 G, 050 0.33
Cp 1721 2 2122 3 2 4 3 G 033 Gy 015 0.05
Cp 1/31/2 1 3 1 2123 5 6 Cp, 014 0.05
Cpp 1/21/21/3 1 1/3 1 2 1 4 4 C,, 013 0.04
Cps 2 2 1 3 1 3122 3 7 Cy  0.08 0.03
Cpe 1 1/21/2 1 1/31 1 1 3 3 C,s 0.16 0.05
C; 2132122 1 1 1 6 6 C, 0.08 0.03
Cp 1/21/21/3 1 1/2 1 1 1 5 5 C,; 0.14 0.04
Cy 1/51/41/51/41/31/31/61/5 1 1 Cyg 0.08 0.03
Coo 1/81/31/6 1/4 1/71/31/51/5 1 1 C, 0.3 0.01
Co 0.02 0.01

322 wanisAtulIdIvin
ANdIAYLaLN157nII9aaUAT CR NaN1T-
Wisuisuanudidginueinisdndulandn

NUNN5-ARAULITRNTIUS U waTLNM9INNS-

v a

Andulaseudenanin lagniundArulnmen

AnudAgLnauginisdndulaiannasielusuns
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BWadiisn-tesd ndaud1uiuen C.R vastudn

'
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anudfy Wethluldlunsdnduladenid@unia

o
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NTVUAIEUAINIDUUAIIT TOPSIS Tagnuin
inugins-anaulandnuaginuginisanaulases
WFUSumdla CR. iU 0.00 Laglnadsinng-
daaulasoadinmamilan CR Wiy 0.10 el
Anduluaudeulsfismusianun
gavngUsunasiunuginisdndula

s0alAfiAYINU 1 annagusEnIadIvn

ANUAIAYRINMIINSAndUlananTuEInn

o

PP 108 Uil 13 atiuil 2 nsngiau - Funau 2562

33 wan1sandulatdaontdunig
nsvudeBuAMIsauLTIInzEY

Supeuidunisinduladondunis

nsvudsdudmsuuiiivangauiian Tagi

v v

doyaretdunienisvudsdudinisaunnagy
dndnanuddyvennuainisinduloses
Ranuau1fiansuiaufudaeds ToPsis &
wasduasil

3.3.1 KAMIAIUAUTUUTITIRg Y
aadiinanuddy Buanmsudaddiunu
ANuds (C,y) wazsragiaanlunisvudsduan
(Cpp) Wi HwnasinsdadulefiifunaUselon
fre15n19UsrRaulutiadadu waneas

ANS9N 16



M99 16 wan suUas Cy; uag Cp,

A, A, A, A,
C, 100 218 500 166
C, 411 500 100 278

seuUTuteyavreidunianis-
yudduibidussunuidestu wdendiuning
n1sfndulavsuussiiagruveanainisdndula
guiuthuinanudidysy umdndmsdaduls
U%“‘U‘Uiiﬁmgmdwﬁmﬁﬂmmﬁﬂﬁm IGINN

AN5197 17

M19199 17 wnsndnisandulausuussvingiu

daaﬁmﬁﬂmmﬁﬁm
A, A, A, A,
C, 0057 0124 0285 0.095
Ciy 0.191 0.232 0.046  0.129
Cy 0.024  0.026 0.026 0.024
Cyy 0.024  0.022 0.027  0.027
C,, 0022 0018 0021 0019
Cyq 0.016 0.015 0.015 0.015
C, 0025 0025 0025 0025
Cye 0.014 0.015 0.014 0.017
C, 0023 0023 0017 0017
C, 0015 0015 0015 0015
Cyo 0.005 0.005 0.005 0.005
C,, 0005 0005 0.005 0.005

332 NAN1IAUIUAT AT hay A
ﬁmsam]1ﬂﬂ'wﬂifuussﬁmgmdmﬁmﬁmﬁmﬂqﬂ
waztosaalundazinausinisdnduladsaunisi 4
aunsi 5 9991597 19 aansaagUléan A =
{0.285, 0.232, 0.026, 0.02, 0.022, 0.016, 0.025,

2o stBuUIna
9619798 W( nsJinw

0.017, 0.023, 0.015, 0.005, 0.005} way A =
{0.057, 0.046, 0.024, 0.022, 0.018, 0.015, 0.025,
0.014, 0.017, 0.015, 0.005, 0.005}

3.3.3 HANTSATIUINAT ) Uay d,
vausagmadenifietlumuinaaruduius

WIlNARIANIBUATYNN WaRIAINTINN 18

] ' ! a a
13199 18 ITYSYNAINAGAUARLTIVINUAY

2AUARLTIAY
A, A, A, A,
d: 0.232 0.161 0.186  0.217
d, 0.144 0.197 0.228 0.091

3.3.0 HANSANWIMAIANNAUNUS

a

WinlnduurAnituddgun ©) iedndaduy
unnen1svudedudimisauuiinangauain
svaylndignvonduvnanisyudedudynanuuil
unuidnideuanuazszezlnadigaeadunis
nMsuudsdufvanuuidunAaifay nans-
AuuAIANNdNTUSID T naLuAnISuAT Y

LEAAIAIAISI9N 19

A15199 19 AAIUdNRUS LI TndLuqIAA

WuAteymn

A, A, A, A,
c 0.384

0.550 0.551 0.296

INAITNN 22 LHUNIINITVUES
dudmaauu A, Wuduvnanisvudsdudimig
QUUTMNIZALNINNEALTLDIINT AN NFUNUS
ihlnduwiAndsuitaymgenan Tuvaeidunis

I a v 3 - aa
nsvudsduAInIsauy A ilumadenid

ATILNNZANTOIAINT LEUNNITVUAEUAIN
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auy A, Wumadenifinnumunzaudusiaud
413 UazgAvneLdun1aNsYuddumMNIauY A,

& A o W v & A |
Wunidendiduanyine Neiiosainan-
AMNANRUSIT INALLIAMISLATYRITDUEUNI
NIVUANAUAIMIAUL A, way A, SAnlndlAsaiu
1N39909LN153ASIEYANUBBUIMIVEIA RO U

warSeuisuanuLanangluiunauseld

3.4 Han153As1ziAUlD
nani1satasigiadulifiens
MSIVABUAIMBUAILNITNINTULA DN

£% '

n1sdndulandniunuatvuds (C,) tasand

[

dninaudidygean 0.67) lngnsiadeu
mMaUasuudamesaianuduiusidlnduuada
FBudtywiotminaudfyvosiuyue
gudaAsunUasdans 0.10 §9 0.90 wan s

AN5197 20

] a ¢
A15190 20 wamsiesizsianula

W, A, A, A, A,
0.10 0447 0544 0527 0333
020 0400 0549 0545  0.306
030 039 0550 0549  0.299
040 0386 0550 0551 0.297
050 0385 0550 0551 0.297
0.60 0384 0550 0551 0.296
g6r 0384 0550 0.551 0.296
0.70 0384 0551 0551  0.296
0.80 0384 0551 0551 0.295
090 0384 0551 0551 0.295

a e v
1nNan1sIATIERulagulad

a o

Wermitnanuddgvesiuueivuds (C,) e

P 110

U 13 atiufl 2 nangnew - Surew 2562

=

Faus 0.30 89 0.90 ud2A1AIIUFURUSLE
Tnduurfndsundgyuirasiarldunnseiu
A8 NILLEUNIINISVUENEUAINIOUL A, LAY
A, Wumnadeniidaauaranunsanaunuiuld
lesniAranuduiudidlnduuifnisud
JaymlndiAsariuunn

A8 UTEULTIEUAIIULANGNY
sendneAnaisanuduiusidnlnduuiAnis
wAUYnIvoILAUNIINITVUAIRUAINIIAUY A,
WAy A, ﬁﬁmmmnﬁm%mmﬁwﬁ’m%mmLﬁa

o

FUTUANININVBLAUNIINTVUASAUAIMN19OUY
edasbiunnanafusmeadanaaau (T-test) Tu
= ' & a o ~
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ABSTRACT

This research aimed to compare three methods of forecasting wind speed: Box-Jenkins
method, Winters’ additive exponential smoothing method, and Winters’ multiplicative
exponential smoothing method. Time series of hourly wind speed at an altitude of 120 meters
in Mukdahan province were gathered from research center in energy and environment, Thaksin
university during 1 June to 1 July 2015 of 721 observations. The criteria of the lowest mean

absolute percentage error (MAPE) and root mean squared error (RMSE) were used for comparing
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the accuracy of the forecasting model. Research findings indicated that for all forecasting

methods that were studied, the most accurate method was the Box-Jenkins method. This

forecasting method was 4.9216 percent forecasting error (MAPE = 4.9216) or was forecasting

error of 0.5 meter/second (RMSE = 0.5). The comparison of the accuracy of the forecasting

model for both criteria provided the same result. Therefore, it made more reliable that the

Box-Jenkins method was the most suitable method for this time series.

Keywords: Wind speed, Forecasting model, Box-Jenkins, Exponential smoothing
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2. asraaeudaauyflaeldnisnaasy
1NL5-TaA d15UNIIATI@BUNITLANUIAIUINA
LﬁaqmnaummL'aaﬂumaz%’ﬂmﬁ 29 1 Fafu
Yoyayad 1 ATT1wIu 29 Fu (n < 50) uald
n1snadeuraaaiu neldnisldisegiudniu
N1INTIVADUAMULMNAUYDIAUUUTUIIU
NANIIATIVEOUNUIT SnsuSranlunsazdalus
nasnATaLulldNeantalldin1suanias
Usni wiflanuuususiuiiu fisviuiedfay
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3. MAApUisEgIUYDIBUNTUIA LULARE
Flusmdsanidanunltuoenud Tneldadnl
Semnsimes defe n1sieTzdaunUsUTIu
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N13RATUIINNTINVBIDUNTUIAN (Y,) LB
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ﬂ’J’]ﬂJmiﬂzﬁlﬁﬁU@HﬂﬁJL’Ja’lﬁﬁﬁgdﬁ’mﬂizﬂaU
Ul ukarANUNRULUTANgAN1S LAk
35dend-1aunud (leldduuy Seasonal
autoregressive integrated moving average,
SARIMA) 33n15USuBUsEEuTA LavT g wes
FUNBIUUVUIN kazIsn1sUSuLssumBLdulA
Lam%ﬁwé’ﬂ‘uaﬁuma%qum WNTAIFUY
WensaifneAEnIsneaaiva 3 33 fnan wans
wazidenfeinded 2.1 dmSuited 2.2 ez
WunisidSeuifisuaitugndesesdauuy
wensal IneNansuINnMel MAPE wag RMSE
fidiian dydnuaidlddmiuiBnsaisiuuy
wernsafluador 2.1 uamasied
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2.1 Fmswensal
2.1.1 5Uend-tauiud

Blond-laufuddaumuizay
fuoynsunaiiihisdulsenoureuualiunay
AnufuuUInuggnia dfuuuluguily fe
SARIMA(p, d, g)P, D, Q), uanssaunsi (1) (6]
wilunsdlfieynsunanfiiissdiudszneves
wulthuitdy fuuuasannsnangudoidios
ARIMA (p, d, @) sﬁv’umaumia%'wﬁmwwmﬂiai
Ing3slend-auiudannsafnwlianissaan

\Seuans [7]

o, (B)@,(B*)(1-B)' (1-B*) Y,
=3+0,(B)O, (B’ )e, (1)

e & WNUAYNTNIAIVBININLARTA
\ndeufiinisuanuasusniuandudasefudie
Aadeinfuaud uazanuuUsusIuify
VNI

5=n4,(B)®,(B°) LN uUAIAIAH
(Constant) Ingdl p unuARAsYBIEYNTIIAN
finsd (Stationary)

¢,(B)=1-¢,B—,B> — ... ~¢,B" ULNUF7
sdunisanduiusludaisudud p nsdilad
f9N1a (Non-seasonal autoregressive operator of
order p, AR(p))

@, (B°)=1-®,B° - ®,B* - —-®,B™
wnudunsavduiuslusidusuii P nsdl
fignn1a (Seasonal autoregressive operator of
order P, SAR(P))

6,(B)=1-6,8-6,B>— .. —0,B" LN

o a a .d' Ao o o av i
ATLUUNTTERAYULAFDUNDUAUN g ﬂimlllllqaﬂ']a



(Non-seasonal moving average operator of order
g, MA(@))

©,(B*)=1-0,B°-0,B> —
~0,8% uwnumiidunisiadsindeuiidusiui Q
Nyl g@n1a (Seasonal moving average
operator of order Q, SMA(Q))

d uay D unudfuiiveanismaasisuas
HAA9GANIE ANMEIAY

B wnusiatiun1snasnads (Backward

operator) lng#l BYY, =Y,

2.1.2 35n15USutseunlgdulag

o

LAYINAIVDIIUNDILUUUIN

ATNSUSULSUAIELEULA9LAYY
ANa4UDIIULNBI BLUUUINT AU N EAUNU

Ao Y A g
puNTuIaINddluysenauvashudldumdu

wunsaaziauduwdsniugania lagh

o '

891 LVeIANURULUTANg N asBAL LIl

' = ' & w ]

1ANAIN NAIADDNTIAIUVDIAURULYTHY

X

ganaseAuwliudmlidinduaglianainiy
VaUasulachy ALuUNeINSalkandn
aunsi (2) [5]

'

t+m

=(a, +btm)+§t (2)

e a, :OL(Yt —éH)+(1—0L)(aH +b.,) ,

bl :y(al 7aH)+(17y)bH ’
S, =8(Y, ~a,)+(1-8)S, .

2.1.3 F8n1sUuiseualeidulas
LAUTAGIVIUNBTUUUAN
aa o a v v v 4%’
Bn1suTuiseusgLdulAuavy
Mdsveiunesuvuguiliauwmuzauiu

aynsuaffidiulsznouvewudlduindu

av s1BUIna
ysansise LITHC nsJNw

unsswaziianuduwdsaiuggnia lagdn
8951 IUVIANURULUTA LGN AsB AL
fAiudunseanasniuiatiuisundacly

FAILUUNYINTUILEAIAIAUNITN (3) [5]

Y. =(a, +bm)S, (3)

e a, =OL§Y‘ +(1-a)(a,_, +b,,) ,

t—s
bl :y(al 7aH)+(17y)bH )

S, :8£+(1—6)§H

a,

2.2 n151WTBULfiBuA21ugN A9V

fanuunegInsal

v
=1

n15ivenfedlddadendainuy
wensaififiannugniesuazimanzaufuaynsy
nadRISIaufisziunNgs 120 Wes Smin
unamis laenisiuieuifisudnsiiiaa
sedlusvesdoyand 2 Rusiiudl 30 Sguisy
2558 9191781 0.00 U. B95ud 1 nN3NYIAN 2558
4794387 0.00 U. 31U 25 A1 AUATWINTIRIN
F3n15n19adRe 3 33 ileruInAN MAPE uay
RMSE Tassauuunensalfilan MAPE was
RMSE ﬁ’wﬁlqm %’mﬁuﬁuwuﬁﬁmmgﬂé\'mLLax
mmxauffuawﬂﬁunmﬁqmﬁmﬂﬁqm \esannly
Amensaliisinuuansisiudeyassedeniian
\neust MAPE waz RMSE uwanassaunisil (4) uaz

(5) gua1au [5], [8]

100 e
MAPE = — Y|t 4
. Z‘, Y @)
RMSE = izef (5)
nz t=1
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e e =Y, -V, WNUANNARIALATOUY
INNISNEINTAITNI U 04 19a0 t

Y hay Y,

C BVUBUNTHLIAT Was

ANEINTAIDNTISIAY fl 1381 t
t WIUYILIAT FTAIRUA 1 89 n, lag

1 n, wudwudeyalueunIunaIyai 2

3. NANIINAADILATBAUIIUNE
a1ﬂmiﬁmmﬁnwmzmﬁmé"au"l,msuaq

aunsunadnssianedluissiuaugs

'
a

120 1uns JmMIAYNAIMIT YAT 1 ASUATUN

'
a =

fuieu 2558 4394381 0.00 W. DaTuN 29

AU 2558 9290381 23.00 U. 31U 696 AN

Fan 1 wuIn snsudranlutisiun 1 fedud
14 fqueu 2558 Juuilduanas (b, = -0.0021,

t = -3.011, p-value = 0.0029) 8nsu3raulu2s

o A

Fui 15 fedui 25 dguieu 2558 duwaliy

'
a

Wiutuega¥aLay (b, = 0.0290, t = 24.389,
p-value < 0.0001) n§iarndusasniiaud
wudltiuanasdnadanis (b, = -0.0305, t =
-8.964, p-value < 0.0001) wardns1L51aull

dulsEnauTeInUHULUIALEYNATIBYAIE

(1-¢,B-¢,B*)(1-@,B*)(1-B)’(1-B)Y,

3.1 Wan1sadIeRILUUNeINsal

ad a 1 a 4
3.1.1 wavesdUend-taunud
vlo9a1naynsuLIaIYn 4l

druvsznovrosuuildnuarAudunlIniu
gona §I3esidanuiliuesnlngnisminaniig
§16ufl 1(d = 1) wazs1daaudunlsaiy
q@maEJEJﬂimmwwaﬁmqamaﬁﬁuﬁ 1=
1,5 = 24) lansan ACF wag PACF %1a931n
nsuvastoyauansdisnmil 2 awuin eynsy
vardefldnwaslinadl (Non-stationary)
Taensl ACF wansliiuinduuseavdanduius
Tusanaseg1991 9 ﬁumaa%a;&aﬁﬂﬂg’ﬂm
MIHARIEFUT 2 WanaiaggnadIFUT 1
(d=2,D=1,s=24) lans 9 ACF uag PACF
vinmsulasdoyauansfaning 3 Sanuin
sunsuaddnvazail Jsimuadiuuy
wensaidululdSudu fe #uuu SARIMA®G,
2, 31, 1, 1),, WSaUAUUSEUIUAINISITNDS
Tngfauuunginsalfiinisifinesnnead
ﬁaﬁwﬁmﬁszﬁu 0.05 A® ALUU SARIMA(2, 2,
21, 1, 1)y haifinaviAnaada famns1edl 1 uas

A ~ 2 W vo X
naun15h (1) arunsadeuduswuulaail

=(1-6,B-0,B”)(1-©,B" )¢,

(1-®B* - ¢,B+¢,®,B” - §,B + ¢, B*)(1-B* - 2B+2B” + B’ - B* )Y,

=(1-©,B* -0,B+0,0,B* -0,B’ +0,0,B” )¢,

(1 -B* -2B+2B” + B> - B* - ® B* + ® B* + 20 B - 2®,B¥ - ®,B* + ® B” - ¢,B+ ¢,B* +2¢,B’
_2¢1B26 - ¢1B3 + ¢|B27 + ¢1(D1B25 - ¢1¢)IB49 - 2¢1<D|B26 + 2¢1®1B50 + ¢I(D]B27 - (1)1(D|B51 - ¢2B2 + ¢2B26
+2¢2B3 - 2¢’2B27 - ¢’2B4 + ¢2B28 +¢2®1BZ6 - ¢’ch1B50 - 2(])2CDIB27 + Z(I)Zq)lB51 + ¢2CD1B28 - ¢2CD1B52 )Yl

PP 122 Uil 13 atuil 2 nsngren - funau 2562

=g, -0, -0,6,-0¢_, +6,0 ,,+0,0,g 4
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Yo =(24¢,) Y, = (1420, =) Yo, + (¢, —20,) Yy + 0, Y, +(1+ D) Y — (24 ¢,)(1+ D)) Y, _ys
+(1+2¢]—¢2)(1+<1>) 6= (01 =20,)(1+ D) Yy =0, (1+ D) Y,y DY, o+ D, (2+0,) Y,
—D (1420, =, ) Y5 + @, (¢, —20,) Y, + 0,D, Y, +&, 918‘71—GZEFZ—@18t724+91®18(725
+0,0.,
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nwaznsiafeulnizetounsuIaIdnsnitansedilusfisedunnugs 120 wns

o

fuii 29 figueu 2558

3
Lo
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)
=
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o)

speed speed
O coefficient O Coefficient
107 — Upper Confidence Limit 1.0 — Upper Confidence Limit
— Low er Confidence Limit — Low er Confidence Limit
0.5
§ |
T 0 wﬂuunuﬂm 1T = ik r‘ﬂﬂuu .
£
<
-8
0.5
1.0 1.0
TT T T T T T T T T T T T T T T T T T T T T T TT T T T T T T T T T T T T T T T T T T T T T T
1 4 7 10131619 2225 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 14 7 101316192225 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
Lag Number Lag Number

A7l 2 N5 ACF waz PACF 1830Unsuliansnsniiauiissiuaugs 120 wes Weawlasdoyane

MINWAANAWUN 1 LagNaseganIaaIfui 1
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speed

O Coefficient
1079 — Upper Confidence Limit
— Low er Confidence Limit

0.5

il m - .
[0 il il Al i b o el
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Lag Number
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109 — Upper Confidence Limit
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Partial ACF

TT T T T T T T T T T T T T T T T T T T T T 17T
14 7 101316 1922 25 28 31 34 37 40 43 46 49 52 55 58 6164 67 70

Lag Number

¥l 3 N1 ACF waz PACF 9938unsuiandnsiiiaudissiuainugs 120 was eulasdeyanie

NSMINAANENUT 2 UagKar19nANIAaIRUT 1

A9199 1 AUTEUNNTITRDIUBIFILUU SARIMA(2, 2, 2)(1, 1, 1),, Luifinaia1asi

WIdwas  AR(1): ¢, AR(2): ¢, MA(1): 6, MA(2): 6, SAR(1): @, SMA(1): ©,
AUTEN 0.74021 -0.17035 0.58499 0.41351 0.18694 0.88541
t 9.572 -2.459 5.732 5.024 3.708 25312
p-value < 0.0001 0.014 < 0.0001 < 0.0001 0.0002 < 0.0001

B NUANYTEUIUNIIITMDIIINANTIN 1 ALLPRAILUUNGINTAILEAIFIANNITN (6)

¥, =2.74021Y,_, —2.65077Y,_, +1.08091Y,_, —0.17035Y,_, +1.18694Y,_,, —3.25246Y,
+3.14630Y, ,, —1.28298Y, ,, +0.20220Y, ,, —0.18694Y, ,, +0.51225Y, ,, —0.49553Y, ,,
+0.20207Y,_,, —0.03185Y,_,, —0.58499¢ _, —0.41351¢,_, —0.88541¢, ,, +0.51796¢,

+0.36613¢,
We ¥ unuAwmensaldnsniien i et t

Y,

t=j

WNUDYNITUIATBNTNIIAN 04 13a t — |
Cij
AINNITATIFADUAIIULNUITANVDIAILUY
wensalluaunisi (6) neRvnsaufidnaany-
AaALARIUF AT 4 WUl AuRaIALAAEUT
N13NsEEMITEUAIAUE wazdinisedoulwadu
fasynu Na1NNISNAITUINTIN ACF lag PACF
YDIAIAIUAIIALARBUIINNITNEINTAIFTIATNT

5 Wuq1 Aueatadeuiiniseasulunidy

P 124 Uil 13 atiuil 2 nsngrem - funau 2562

WILAUAAIALARBUIINANTHEINTAIONTUSIAN Bl 1280 t — |

s
P

Sasziu (8niugaenand 6 arduuszans
anduiusluduas duusyavisanduiusluiaung
druiunveulwmiiondntos Jlifinadous
atisla esaniBunnuduiudsznineminu-
ABIMLARDUTINIAT t fuAILARIALATEY
429179877 t - 6) wavnansnTIaaeuAy

dasenulaglynisnadausud (Runs test) WuIn



Ao sasuIna
917617378 W( nsvinw

Liifiaddayfisesu 0.05 (Z = 1.795, p-value =

0.073) AAUUAILUUNYINSUNES19T U

Li® Y. WNUAITNEIATMOASTA

t+m

15983 2 LA t+ m 1A m = 1 WnuTui 30

danumanya Tgu1eu 2558 F313@1 0.00 U.
S unudutigania a 1381 t 91888
romoq WARIRInT197 2 Feanunsnesunlean snssa
E AUVBIAINIAT 3.00 U. D9 4.00 U. LATFINIAT
E;w 13.00 4. 9 22.00 ¥. vOINNTUW AAIUINNTI
:—i Haa1du 9 iWewniledviggniaunnii 0
moq A5797 2 suflganiavedeynsualdasiiiau

IEFEEEEE

Date. (Day

M5AUAINES 120 WnT 1INT5MsUTuseume

AT 4 ANAIINAAIALAABUIINNITNEINTE wulAsavdmasvesiumasuuuuan

Weutunalaeisdend-1aunud dr91787 il 791987 vl
99N 99N
Rosicuat AcF Residun PACE 000w -0.52233 12.00u. -0.25343
A : 1.00 4.  -0.57331 13.00U.  0.23969
5 . i 200U 020685 14.00u. 0.61642
o [ B 3004 0.08076 15.00u. 0.92353
L . L 400u. 000150 1600 u.  1.05669
5 [ : 500U, -0.25582 17.00u.  1.08807
] o o 600 -0.52275 18.00u.  1.03096
0 i 700U -0.75328 19.00u. 088727
L T T T S e 8.00u. -0.91695 20.00u. 0.64588
. . 9.00 4. -1.05385 21.00u. 0.36575
ATINN 50510 ACF hay PACF 9¥89A1A31Y 10.00 u. -1.03257 22.00 u. 0.09255
ﬂmmmé"aumﬂmﬁwmmai 11.00 4. -0.75282 23.00 4. -0.18509

3.1.2 WavesIsn1susulseunie
Euldaaviitdevadumaduuuuin

1NN1AS1F L UUNEINT LAY

BnsvuSeumsduldnarimdwedumes

LUUUAN LA UUNEINTIAIANNIST (7)

Y.om =(6.16669 +0.00248m) +S,  (7)

INNITATIAABUAINULNULAY
YaIFIBUUNEINTAIlUANN15N (7) Inafiansand
ANPNUARIALAADUAININT 6 WU AINUARAA
\AdeuinisnIzangflITeuAIgud uLavd
n15Aaa Ul ludaseiu LasNan1snsIAEaaU

I a U £ [ 4 1 T
Anuudasenulagldnisneaausud wuin lull

L o

Hed1AgyNseau 0.05 (Z = -1.397, pvalue =
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0.162) AIUUAILUUNYINTUNAS 19T U

AINULNUTEY

3.1.3 nava93sn1sUsuSBuAeLdulALaY

Frirdevesiumaiuuuan

A1NNITAS A ILUUNEINT LAY

9N15USULS8UMELEULALAYTNAIVBIUYNDS

wuuRm LaduuuneInsaiiaaunisi (8)

Y, =(6.15589 +0.00513m)S, (8)

t+m

We ¥ WiuAIneInIaiens1visiau

t+m

a1 t+ m laghl m = 1 unuiui 30 dquieu
2558 4344381 0.00 U.

S, unuAwligania s18azidYALARIN

t
A15719% 3 Fearunsaasureladn sns1SIauves
F391387 13.00 U. 919 22.00 u. vennTu A1
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P 126 Uil 13 atiuii 2 nsngem - funau 2562

A13199 3 FrtlggniaveteunsunIans Il
NsauANEs 120 1WAs 31n38N15UTUSBUME

wWulAuafidwesiumesuuugu

, oyl . vl

%2947981 Y394381

nAN1a 9aN1a
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9.00u.  0.70959 21.00 W. 1.22272
10.00W. 078011  22.00u. 1.10126
11.00 W. 0.86530 23.00 4. 097169

INNITATIVADUAINLNUNTEN
Yossanuunensalluaunis (8) Inafiansani
A1AILARIALABBUTININT 7 NUTT AIUARIA
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WiguduianlaedsnisusuLseunigidulag
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wedidavesiumesiuunm

3.2 nan15WTeuLiisuAINYNA IV
fanuunensal
nn1ssUSeuLiguAISInuUAN
¢ v < & a Y]
WeNUINTNTIUTIETINTEAUAIINES 120

wns Jmiaynamns vestayaynil 2 Asud U7

av s1BUIna
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30 TquILy 2558 9241281 0.00 u. FeTudl 1
NINQHIAL 2558 394381 0.00 W. 71U 25 A1
Taen13AIuIuAT MAPE was RMSE luaunisd
(@) wazauns7 (5) audeu IanananIimnse
7 4 waznwd 8 Fawudn ielduuunensel
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Forecasting the export quantity of squid and products
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laAnw 3%ﬁﬁﬂiz§m'équﬂqm Ao F5Uand-1aunud (MAPE = 4.64, RMSE = 215,204)

AEARY: NMINEINTal MLuUNEINIal N3dteen Yaminuazkansio

ABSTRACT

The objective of this study was to construct and select the appropriate forecasting models for the
export quantity of squid and products. The data gathered from the website of the COffice of Agricultural
Economics from January 2011 to November 2018 of 95 values were used and divided into 2 sets. The first
set had 93 values from January 2011 to September 2018 for constructing the forecasting models by Box-
Jenkins method, Winters” additive exponential smoothing method, and Winters” multiplicative exponential
smoothing method. The second set had 2 values from October to November 2018 for comparing the
accuracy of the forecasts via the criteria of the lowest mean absolute percentage error (MAPE) and root
mean squared emor (RMSE). Research findings indicated that for all forecasting methods that had been
studied, the most accurate method was Box-Jenkins method (MAPE = 4.64, RMSE = 215,204).

Keywords: Forecast, Forecasting model, Export, Squid and products
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ANAULYIIINgANIa TneNdns1diuves

av s1BUIna
ysansise LITHC nsJNw

ANuRuLUIAINgan1adad kLl uudA A
naIfe dnsrdvesuiuLUIALn NAde
Awuilduidldiinduiazlianasmiuiaiy

o

Waguwasll Muwuunensaluansnsd [6]

=(a, +bm)+S, 2

t=17

b, =v(a,—a,_,)+(1-v)b
S =8(Y,—a,)+(1-8)S,_,
2.3 nswensallaedsnisuiuseudion
dulduavditasrasiumasiuugn
nsUfuSeuseduliuaviidmes
Jumesuuuguiianumnzauiuoynsuaiil
druusznevresuudliuiiiudunsiuazd
ANMURULUTAINGAYNA Tne@idnsndruves
AufuilsnuggniateAuuliudafinty
wIoanasnuiafiiudsundasly fuuy

NYNTOILERINIT [6]

S?Hm =(at +b¢m)§¢ (3)

e a, =(>LSYt +(1-a)(a,_, +b_,),
t—s

bl :y(al _al—l)+(1_7)b1—l )

S, :63+(1—5)§H
a

t

2.4 n15SEULIBUAUYNAB YD

Anensal

@

n153demselllafmidondinuy
nensalinuIgauivaynsuIa1UIuIw

AMsdasanUatuinuasnNdndueg Lag

nsssuLiisuATIvestoyaynil 2 AsuLRou
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FBn1sUSuBsuRndulAnartidmeumes
LUUUIN wardinnsUsudoumsdulAnavdings
VBIIUNOTUUUAN IINTUYIAIAIILLANAS

° '

FENINANIWASANYINTAULIATUIAT MAPE
waz RMSE §935n15mennsaifisian MAPE uas
RMSE snfign daduisniuszansningegn Jedl
mmmmzamﬁ’uamaunmsqmﬁmﬂﬁqm LnEual
MAPE way RMSE uanssal (6]

13
Wwag RMSE = |—>¢;
112 t=1

(@)

ny

MAPE = @z
n, =

&

t

dlo e, =Y -V, wnumituAaiaAiouann
MMINEINTal & 1A t

Y, UWIUOUNTULIAT ) 1380 t

¥, wnuAwennsal ad e t

t unuthaian dediddaud 1 8 n, Tnedl

n, Wnudnnuteyaluounsuayai 2

3. HAN1INAABILATIAUTIENA

PMNNSTRTUGNBUENISIARDULIVDS

= A

BUNTULIANYAT 1 FeAe USurunisdeeen

YaMINWarNaANA U AILALHBULNSIAY 2554

DADUAUYNIEY 2561 F1UIU 93 A1 AININN 1

PP 136 Uil 13 atiuil 2 nsngrem - funau 2562

Wyt eynsunagaitduysEneueualiy
dntudntieslutiafouunsau 2554 fufeu
$unnau 2557 wdaantunydn AUNTULIAN
wuliuanasognsdaiau Snitseynsunanyaiiss
TeuduiUsanuganiasisegaiy uenwileann

N5NAITUINTINVDIDUNTUIA WAL U VLI

FFedalansivaouitoynsuiiaiyn il

&S

d7uUs¥NoUVRILU L HNLAY A NAULUTAY
ganavsaseli dall
USununsdseanlanniinuasansueiiy

wiazUldiin1suantasusni waslauwlsusiu

v A v v o W

Wity Aisedutiodify 0.01 Fwmsraaeuaiade
Tuwsasy lneldanflidanisnidmes nuin
Usunanisdseenlunsazdianadsunnaieiy
aéﬂqﬁﬁaﬁﬁfyﬁssﬁu 0.01 (Kruskal-Wallis: x>
= 51.636, p-value < 0.0001) #UTEAITUIN
sunsunaaiildulsenouveuiliy
USuunsasesnuanuiiniasnansinaiiu

wRazinaulloUsSukulluleanalgn1snIsl

'
a

NTLaNLIUINALaEIAMNLUTUTIUYINAY 91
sefutadfey 0.01 Fmsrvasuanaieluuday
Wwou lagldaindanisfimes nudn Usunm
msdseenlundaziiouilouunwildueande
mswsiinmdsuanssiuesdited dyfisyiu
0.01 (ANOVA: F = 5.813, p-value < 0.0001)
PUNYAINUIN agmunm&quﬁﬁuuﬂiznawm

ANNELLUIANLGANA
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PPLISSSURIPE [ St S Ry st A S Gy st G R [ R A Y AL LI St G R Q) R ) J )

= [ = [ = [ = o = [ = o = [ = [

=25 9=IF Sz G=Bo9=B59=B59=B59=3BBE

E8S838383s838383s3838383s83883s833838s83838s8882

ST, I SNOSPN RO FTREPFPRI IO TN N X
Date. Format: "MMM YYYY"

v

AN 1 dnwaznisiadoulnivesaynsuiatvsuiunisdeeendaininuasndndua Adue

WRUNNTIAL 2554 Dadauiuengy 2561

3.1 nanswensallagislend-tauiud
L‘f‘iaqmﬂaqﬂiummﬁmﬁﬁdauﬂixﬂau
vaauliuuarauduLUINgINIa {3383
dauuldueeninensminanaddud 1 (d =
1) uarmdnAuluLUInIggnIAgaNtAENI TN
wasiaggaiadifudl 1 (0 = 1 ldnsal
Autocorrelation function (ACF) wa g Partial
autocorrelation function (PACF) #8431 n
mmﬂaﬁa;&ammﬁqmwﬁ 2 Fanu UNTY
nanddnuarad Faivuadanuunensald
DululeSudu Ao §uuu SARIMA (3, 1, 2)
(1, 1, 1), N¥oUAUUTZUIUAINITIEMDS Lnef?
Luunensaiffinnsfimesynaiiteddgy
58U 0.01 fiAn BIC silgm (BIC = 27.184) uaed]
A1adf Ljung-Box Q lufitfudfayfisesu 0.01
(Ljung-Box Q ®4 lag 18 = 16.718, p-value =
0.272) @ fuuy SARIMA(2, 1, 1)1, 1, 0),, laidl

NAUAIAIF Lﬁamaf\]aaU@mé’ﬂwmmm

A71LARIALAABULINNITNENTE) ST
Fodday 0.01 wud1 AuAAIALAEDUTNITLAN
493UINA (Kolmogorov-Smimov Z = 0.984, p-
value = 0.287) fin1siadeulnafudassiu
(Runs test: Z = 0.225, p-value = 0.822) 1
mLa?{awhﬁUQué (t = 0.007, p-value = 0.994)
wazdlauuUsUTIUYIAUNNGINIaT (Levene
statistic = 2.145, p-value = 0.028) ER Y
SARIMA(2, 1, 1)1, 1, 0),, bddnadaraesa &

ANULMUIEEN FI1NAUNISN (1) @U15aLTeU

1
Yo

Wuswuulasail

(1-¢,B-¢,B*)(1-@,B”)(1-B)(1-B")Y,
=(1-6,B)g,

(1-®B" -¢,B+¢,®B" - ¢,B* + §,® B")

x(1-B”-B+B")Y,

=& - elst—l
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(1-B”-B+B"-@,B” +®B* + ® B” - ® B*
-¢,B+¢,B" +¢,B* - ¢,B"
+¢,®,B" - §,® B — §,®B" + ,® B*
-¢,B* + ¢,B" +¢,B* — ¢,B"
+6,0,B" - ¢,®B* - ¢,0,B"” +¢,0B”)Y,

=g, —0¢,,
Yoo =(1+ )Y (6= 0,) Yo —9,Y s

HI+ D) Y, —(1+0,)(1+ D) Y,

(0=, )(1+ D) Y,y + 0, (1+D,) Y, s
—OY, , +(1+6¢,) DY,

_(d)l - ¢2 )(DIYI—Zé - ¢2chYl—27 +e - e181—1

Squid

O coefficient
— Confidence Limit
— Lower Confidence Limit

]

8 o 1Nl Wu\ 0 _MN o
[l HUH” -

TT T T T T T T T T T T T T T T T T T 1T T 11T
12345678 9101112131415161718192021222324

Lag Number

PNNSUNUAIUTENINTERDS axlaRawuy
wenseluanasall
Y, =0.06654Y, , +0.45543Y, , +0.47803Y,
+0.647Y,_,, —0.04305Y,_,
~0.29466Y, ,, —0.30929Y,
+0.353Y, ,, —0.02349Y, .
~0.16077Y,_,, —0.16874Y, .
+0.58932¢, (5)

We Y, wnuewensad el aan t

t

Y, WAUBUNTNIAT QU A t -
e, WIUANLARIALATEUIINATHYINTA]
Ut -]

Squid

O Coefficient
— Confidence Limit
— Lower Confidence Limit

Partial ACF
°

o [ 0 [
o= T W

0.5

- L . L s L A
12345678 9101112131415161718192021222324
Lag Number

A7 2 319 ACF uag PACF veseunsuna1inunsdeeniamilnuasnindin Weuuasdeya

MIENITUINAANLAENARNGANAGINUT 1

3.2 Han1swensallagisnisusuiseu
P y & Ao o a ¢
AELFULALAYTNRIVBIIUNDSLUUUIN
INNTASIIALUUNYINTAIALITANS
YSUSgUnI8LdUlA9LaTTANS VDI UMD S LU
Y30 WU BIC HANYINAU 26.568 wazila1ana
Ljung-Box Q liifiedAgy#isyau 0.01 (Ljung-
Box Q #4 lag 18 = 20.280, p-value = 0.161) Wi

mmaauqmé’ﬂwmzﬂuaammﬂmmﬂﬁaumn

PP 138 Uil 13 atuil 2 nsngem - funau 2562

[ o o

n1snensal fszduifedidey 0.01 wuin
AL AAIALARBUTNITUINWAIUSIAR
(Kolmogorov-Smimov Z = 0.690, p-value =
0.727) finswpdeulnududaseiu (Runs test: Z
= -0.937, p-value = 0.349) ﬁﬁ%aﬁmﬂﬁu@uﬁ
(t = 0.135, p-value = 0.893) Lazilauuususau

WA UNNII9L9a7 (Levene statistic = 1.784,



v
(YR Y

p-value = 0.074) deduAILUUNEINTIN LAl

ANILNLNTEY FILUUNEINSDIbaRInatl

Y. = (3,601,684.78404 — 25,382.07623m) +§,

(6)

dlo ¥ wnuenensel s e t + m lnedi
m = 1 unuLiouRaIAY 2561

S, unuArsvilgania s18azLdYALaRIn

A151991 1 Gearunsnesuieliin Ysuimnis

=

4999NUa1ninLasNaN A U9YaLABUTUIANDS

WaullquIsy wastiaunainuveennt dan

NN useudY 4 WesnndAvtigamamnnni 0

A13199 1 dvilngniavesaunsuiiatusuim
AsasepnUanniinuasnandug a1n3sn1susu

BSYUAIULEULALATTNAIVBIIUNDSLUUUIN

. vl - vl
32257 au
a9Ma aQn1a

A, 851,223 A, -198,123
. -386,391 @M -598,025
i 821,344 n.g. -285,239
K 54,215 7.0, 348,383
n.A. 816,657 N.e. -89,044
.. 645,389 5.0. -278,411

3.3 nan1snennsallagdsnisusuiseu
frodulduavdidsasiumesuuuan
NMTASAILUUNEINTAlAL IS
ﬂ%’uﬁ'wé’h&uﬁﬂﬁqLam%ﬁ’lé’waﬁumaimuqm
WU BIC HANVINAU 26.580 waziA1ads Ljung-
Box Q lfifudndnyfisesu 0.01 (Ljung-Box Q

lag 18 = 20.625, p-value = 0.149) dlensavasu

av s1BUIna
ysansise LITHC nsJNw

o

A NYRIETBIANUARIAAADUIINNTNENT D
fiszdutdfey 0.01 WU AuAAIAATEY
ANITUANUAIUTNA (Kolmogorov-Smirnov Z =
0.593, p-value = 0.873) in1siadaulnady
fasziu (Runs test: Z = -0.520, p-value =
0.603) fiAadsinfuaud (t = 0.067, p-value
= 0.946) wazdANULUTUTIIYIAUYNFILIAT
(Levene statistic = 1.984, p-value = 0.044)
Fodusnuunensainlaianumanzay fuuu

NYINTAILANIA T

Yoo =(3,573,819.15467 — 24,886.28799m S,
(7)
Wo Y, WNNAMEINTA 181 t + m Laed

m = 1 unuhounaInu 2561

S, wnur1Rsllggnia S1uaziduaLang
FaM15199 2 Fearuisnasurelein USunwu
AsaseanUanniinlkaskan Sueivaunouiulny

fafouliguigy uazifiounatnuvesny dan

WnNiieudy q WewndlAduiaamainnnit 1

A13197 2 Avllganiavesounsutiatuuin
nsdseendamiinuazndnsine 9an3sn1susu

SeumedulAuariimdwediumesuuunu

3 fil 3 il
LU 32133

il a9n1a
1.0, 0.82067 n.9. 0.96400
.. 0.92776 a.n. 0.88691
ia. 1.16841 n.e. 0.94229
L., 1.01273 n.a. 1.06003
w.A. 1.16783 W.8. 0.95155
Tk} 1.13810 5.0. 0.91386
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3.4 HaN1SUSEULBUAINYNAB IV
AneInsal
ANASMRILUUNEINSalveIo Uand-
wuiud luaunsd (5) 33msusuSeuseduls
Lt idmediumeaduuuuan luaunsd (6) ua
FBn1sUSuGsuRndulAnartidmeumes
wuuga luaunsit (7) I wensaldimiu
E)iéﬂiiJL’Jﬁ’]‘Qﬂﬁ 2 F9@e USurmnisdeeen
Uamfinuasnandud sausiiougarnuiafou
WOAINIBU 2561 LAAIFHIATI197 3 WA
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al ¢
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Usg@ndnngagn \iipsa1nilAn MAPE was RMSE

Y
¢l

’1‘171‘ g0 n9 ai%ﬂﬂWUWﬂim%ﬂJﬂ’NﬂLLWﬂG]’Nﬂ‘U

B,

a

Yoyaasetesiian TnedTn1anensaldld
ANNAANAIAINNTTNEINTAliiEToray 4.64
(MAPE =
nswennsal 215,204 Alandu (RMSE = 215,204)

4.64) 1500 AINURAANANADIN

B3 2 inaunnlglunisiuTeuiisuaugnaes
1 v I3 a a U = o
yasamensallvnaluluTuianiafediu 9
T aenelsundstuinistend-taunudduis
ndanuningauiveunsuayaiuiniga
FnsunanisAnuasaiinuii 350eng-1auiud

Hudsifiuseansamgage oraidleannann

a &
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AsAdyad [7] la@nwinisnensaluSunmn
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1 a 4
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°
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ED.

1

WU THLLUULAY Nan1SANEINUIN 5TeNg-
udud danugndedlunisweinsaluiniian
msfinuveInyasal sugUay, 510 LIRS way

yu1sU Tanaufiva [8] le@AnwIN1sNeInIalsan
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Tumswennsalinniian fo fuuu SARIMA (0, 1, 1)
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warieey Jdu [9] leAanwinsnensalusunu
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nsdseantiudszu lngdstend-tauiud 38n1s
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Juvesuuuam wazidnisweinsalsay
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fufloungAINIeU 2561 A1 MAPE way RMSE 98935n1snensainfns)
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4291981 . — - - - -
n15devan Uang-taunud AUNBIUUUUIN Tumaiuuugu
#.A. 2561 3,537,156 3,500,058 3,924,686 3761979
W.8. 2561 3,668,723 3,366,648 3,461,876 3,353,308
MAPE 4.64 8.30 7.48
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JT1UIYU mq‘diza\‘mL'WEJL"dia‘uL‘Vlamﬁmimmmmwam‘[uﬁ\‘m%ummmmh&mm&mammus

q

13 Hleridu meleariesisidu-smdu (NR) wazinsihsuddaen (CG) vaslusunsululasvevivioniaa

a v L3

2007 wag Fnsifsudanguuuunelenily (GRG) uaz@eidanl (EV) vadlusunsululasvensiloniva

2019 anunainisandula 4 38 e 1. Susrmudnianiniian (SR, ) 2. AuAaIaeaeuduysel

] '
= N

whssiiian (MAE,,,) 3. Sasianudidaunniigauasanueainndeuduysaldnidssuuannsgium

'
N o

T (SR, waz SAE, ) waz 4. vanadedifige (47,) 1JudafdimuaiznisAunidineudil

‘min
Usgansamuiniign lnsluwdavaniun1salidnuiunsenisingy 100 seU #an15398nUINNMY
nsdnduladidun 1. e 3. 35 BV 1 Juisnswndmeuffian @aunasii 4. 35 NR Idnailunism
° |

mmauldisiiign

[ o ¢

Arddny: loanied dafiu-s1mdu nsswideen insideudanguuuunadeialy 1

Abstract

The purposes of this research were to compare the optimization for 13 benchmark
functions by solving add-ins between Newton-Raphson (NR) and conjugate gradient (CG)
methods in Microsoft Excel 2007 and generalized reduced gradient (GRG) and evolutionary (EV)
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methods in Microsoft Excel 2019. The criteria to test optimization for 13 benchmark functions

are including: 1. The most success rate (SR ) 2. The lowest mean absolute error ( MAE, ;)

min

3. The most success rate and the lowest standard deviation absolute error ( SR__ and SAE,_, )

and 4. The lowest mean time (AT, ). For each scenario that was repeated 100 times, the result

indicated that EV method is the best solution for the 1-3 criteria. However, the result of the

fourth criteria, the NR method provided the lowest time for solving solution.

Keywords: Solver, Newton-Raphson, Conjugate gradient, Generalized reduced gradient,

Evolutionary

1. uni

Tusunsululaswensiteniwa (Microsoft
Excel) tHulusunsunisvuyalusunsy
lulasgenvioanila (Microsoft Office) Tvdudl
Jouldlunisvirtsrudidneiulae
undInederdedlndlagodaanilusunsy
lulasgonvieavladaudnosdu 2007 audls
nostu 2019 Faudunestulagiu Wiyaains

o =2

wazdnAnwivasunInendelanirdluanluly

AuiaspanuLedlrndlunIaalsealfeyinauneg

Do

TuumInende wioin3esnouinnedaiusii
anunsavlilusunsusudeans (Activate) Tae
NIUTEUU VPN (Virtual private network) oty
YAAINIYeINIIUnIINe e Tadlusunsy
lulaswerivieanfiaesdulanestuniissze
wionaue luniaivadn augineraians
wminerdeidedvl S5uueiewmeufinmnesly
A1a3w191uIuNdn 200 LA30S nﬂLﬂéaaamr}?a
Tsunsululnswonvieanlavanun Tnsin3es
ARumesIwilueslfufin1sreuiiaines
(Lab computer) svdnaslulasvanieonia
2007 usluindesjulmifaginnslulasveny
aawile 2010 2013 2016 39 2019 0813lnBEN

wils wilunioswasyraainsazinduesdulad
wdudauazaInlunisldauveslddsedn
AT

Tuldsunsulalasvavionwaiuendud
(Add-ins) tipLiiuLAInsdiolun1svineusis q @1
1ld Twanesidunidulendudvadulasyani
LONGATNNAILALIBDITY 97 UDAWIBSTU 2019 71
wInededeslnifideansldauludagdu Ty
TUSHNSUKBADUAVDILDNLTALIBITY 2007 &
FBn1slun1snAnmunzfian (Optimization) 2
aa o A Y a U .

ANSUaNAD AILUULTNLEY (Linear model) way
franuulaiBdu (Non-linear model) sruuulal
a v L% 1 I3 aa 4 o aa &
FaduduuaduiSasauniaineu 2 35 Ao
U2Au-97W&Fu (Newton-Raphson: NR) Wag
nTAeuAdsyA (Conjugate gradient: CG) dulu
LI95TU 2010 2013 2016 wag 2019 lwaniesiig
lumsmenmngnanmiliouiu fe 135n15kun1s

| A aa o A o
WAL NIENgn 235n159anAe daLuy
WFardu way snuulddadu sauuuld@adu
wUadudSnispumeinau 2 35 s F5insiAsud
anguLuud19feialu(Generalized reduced

a

gradient: GRG) wa5L893Tau (Evolutionary:

v
0% s v

EV) Tudiud ik uut3uduss 4 asduiuazly
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nshumiAtneulndunouiinisduimndnd
(Simplex algorithm) tJundnuagn1sAuURI
Frmoufiazldarflimunziignaaning (Global
optimization) wae feulumsdumeneuly
Fawuuhihdaduiaduusziduiivraulalu

= '

N3NNI TIAN N AigausaziEnisld
radnsuogals

3% NR LU AT Fustaldauds
Uaqdu AnAulag Newton Tud a.a. 1669 gn
weunslag William Jones Tudl a.e. 1711 uay
o srerdesnuldguuuuiililudagtulee
Simpson ¥ a.a. 1740 [1] Faududsildlunis

1 = aa A o v ad
LAANNITNUNA8UANTDAILUT n A7 35 NR

]
ada 1 I o o

= v @) v @ = a
faudi3n9eludsnnn wilulagdundeliunide
Prunlglumuideveanuies wu wede [2] e
35 NR T wuuseawaduanluvainviniigs
aslaggniluldsiudunisduinlvaninad
o fav v a o ) ) aa
nadgnsalaanmsifeamsausuugtuneuds
(Algorithm) Tnamlnaianieds NR [Wudu
35 G JudSnrsinwnldanuiialy
WULAEINUAS NR AnAuLazNmunlag Hestenes
wae Stiefel [3] §935 CG 4 Adeflnddvaula

= '

Anwuiu wu Tnseus (4] 1618035 CG uas A
#26 (Quasi Newton) Tuldlunsuddegymian
igauuvlsifideuly Tnsldinadanisasendy
L’i"aulﬁusuaagéw L’ﬁ'aulsuﬁl,l,ﬂi'aﬂﬂwmgéw wazng
v99015ills dmsunisidensrevanuenituly
fiamsiilimaanian nadnsvessniduannsg
ANTEUTIUIUNISTITIuAES1UIUAS VD
AsmwiendulunssuIunsAumaudula

s
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3% GRG MAnfuLAzaLlag Wilde and
Beightler [5] Tnel4@o1h The name constrained
derivatives #1911 Abadie and Carpenter [6] 1)
fian3Bmstuasl4edn Generalized reduced
gradient Tnedeilldldrouauiadiagu sia
Ada (Code) gnitmunlng Lasdon et al. [7]
Lasdon [8] wag Fylstra et al. [9] Anann15Ae
ATANMUIUNTLAYUS VDIAIFIIY AUNTIDLLAN
TndrnTnguszasd 9 2g1 1101 1835 GRG 1y
Uszanuadvilggnialuiinisuendiudseneu
Y93U9yaaUNTUIATIUIU 4 YA NUINTBNS
Uszunuadvilggnialunisnensalisuen

d1uUs¥NauUnI8 GRG lAAIAANALAARUNANSIADY

' ' '
@ 1 o !

a o A aa
LQ@EJG]’W]E‘}GWJHG\’JE)EJ’N UURUYAINUINIG GRG

' ' '
aaa P

WJuisnisiidvigaiiieideuiauiuisnag
UszanauAdvilggnianiedadiunediuuiluy
waznsinmelusunsudnsagU Minitab

3% BV Busunmunlusunsulae Fogel Tu
U m.a. 1960 [11] +JudBnasiideunuy

aw a Aaa PN

n53aunsvesdildin uasiluislunisnna
LRaYANABUDIRATY (Strings of numbers) Tag

msldirndumsiu nsnaiugaznsnaneig

Wudu dJureuds BV ddnldlulyminisuidii

]
oo v

wangigafidudouunn Wy esdy [12] TéAne
MsmgUsiINEaufigaveuNIeInAels
BV 91235 BV 1TuiiTlannamesduneunism
sUsTiINEfigave aunueInIALaz NSy
UszAvsninesnluenniaeuld uenaniis
BV Wunsmanmngigauuuladldoyius vild
antunounIAIMdeyTusAduteundld
Hugu Fefulunuided Sadlaieuieuis

NR CG GRG way EV Audguinaeiussuiiiey



aussnug (Benchmark problems) 41U 13
Haymn ilomdeauin Bnslamawmnedian
91n35n156ndula (Decision method) 4 35
ﬁqﬁuimqﬂszmﬁmmmu?58‘55&Lflu
nMsFeuiiouisnismanmneiigaluym
NS uLiisuanssauy 13 Jgna fav
l9a1793595 NR war CG vaslusunsululasgoni
LlnLa 2007 Way 35 GRG way EV veslusuny

Tulaswensiiena 2019

2. 35 niun1538

TuauddedauladSnismanuunenan

q

=

4 33 Tagld YgywnausiiuSeuliisvaussous wse
Tunspdlnansisonan Hendunaeiuseuiiiou
aus5aug (Benchmark functions) 13 Wandu lag
Tuusavaaunsalisuundinsign 100 seu
Laglddmsiainudniauiniiga (Maximum
success rate: SR,.) ANNAAIALAGBUNYTE]
LQ?{EJGTIW‘V;QW (Minimum mean absolute error:
MAE,,) $ns1a1udifaundiganazaiiy
pamLAReuduysaidIuTsULIATgILANTIga
( SR, and minimum standard deviation
absolute error: SR U@y SAE, ) Way L1an
La?ilaﬁﬂ‘ﬁlqm (Minimum average time: AT, ) 1Ju
Fmsieaula fseazideamuddusdl
2.1 AnunA1U3ene (Default) ¥a4

A5N15AUNIANNBUVBY GRG, EV, NR waz CG

2.1.1 n1914735 GRG waz EV Tunns
Uszanaamidines AvuasiUiengludiden
(Options) veslwaveslisi

1) Constraint precision: 0.000001

2o stBuUIna
9619798 W( nsJinw

NUYLUA: TusAded Jeulviadu (Constraint)
Ao auLAUY (Upper bound) Wag UaULUAANY
(Lower bound)

2) Use automatic scaling: true

3) Solving limits & Max time 1¥1AU
5,000 U

4) Convergence: 0.0001

5) Population size: 100

6) Random seed: 0

7) Require bounds on variables: true

8) Maximum time without
improvement: 30

9) @MTUIB GRG fmun Derivatives:
forward and use multistart: true

10) @m5U75n13 EV Amium Mutation
rate: 0.075

2.1.2 0150975 NR waz CG Tuns
Uszanaummnsdwes nvuaaiUsesludi@en
vodlwaroslinail

1) Precision: 0.000001
NRUYULHA: ANNLELABIAU Constraint
precision 1u GRG uag EV

2) Use automatic scaling: true

3) Max time wiriiu 5,000 W1

UGN AVIUMLNELREINIU Solving
limits Tu GRG waz EV

4) Convergence: 0.0001

5) Derivatives: forward

6) Estimates: tangent

38 GRG, EV, NR way CG 38MuuUnfInau

BuAu9nA1ga (Random) AIUNITWANLINBNTU

faLilae (Continuous uniform distribution) 310
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YOULIAUU WAy VOULIAAI UaslAaziandu

WnaeUSeuisuanssauy

2.2 HanduinausiiUIeuiiisuaussous
(Benchmark functions)
Tusadeilannuatgminisnie
A I3 5o ¢ :4
winngigauilesnduinasiiuisuiguanssauy

F1uau 13 fefdu [13-15] adaynnduwuu 2

'
o A

R Tufe d =2 5 9azduasallil
2.2.1 Ackley function (AF) A9aung

#1 (1) Anaaaning (Global minimum) fig

f(x,x)=0,at x, =(0,0) for i=12

VOULIAUY LAY TOULUREAN

x, €[-32.768,32.768] for i=1,2
S(x,x,) =
1 «—ua
-0.2 Ezi:le
1l «—a
—exp 3Zi:1cos(2ﬂxi)

+20 +exp(1)

i1 (Surface) way tduTUAINLES

(Contour) U89 AF L@AIRInINg 1

30 |-

20

9920060000
00000

X2

o

000 a
1= 1210161016/0/9 9= = = ool
© 0020000000000 0

-20

T T T T
000099 @oco00ee - -0

-30

9922000000

0 0200000000000 o
© 22000000000 =" o«
00 .

5000000 c6056066aa---2c000
h T L L h

&
S
o L
S
=)

x1

Al 1 Ackley function (AF)
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2.2.2 Beale function (BeF) Auauns

7l (2) Asgananine fie

FG.x)=0at x =(3,0.5 for i=12
YOULIAUU LAY VBULIAE

x, €[-4.5,45] for i=12
f(x,x)=01.5-x +xx,)’

+(2.25-x, +x,x7)° 2)

+(2.625—x, +x,%;)°

H7 wag LduTuAINgs Yed BeF UanIfunImi 2

x1

AW 2 Beale function (BeF)

ysensise LITHC g;?ﬁ'rfvpv]a
2.2.3 Booth function (BoF) @13
7l (3) Ashamaning fio
Fx ) =0,at x =(3) for i=12
VOULIAUY UAY YBULINA
x e[-10,10] for i=12

F(x,%,) =(x, +2x, = 7)* +(2x, +x, =5)>  (3)

7 way duTuAILEs U8d BoF WAnIRsnIng 3

2000
§ 1500
X
Z 1000

500

2500

2000

1500

x2

1000

10 -5 0 5 10
x1

AMW# 3 Booth function (BoF)
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2.2.4 Bukin No.6 function (BuF) ¢4 2.2.5 Cross-in-tray function (CF) 94
aunnsi () Asgaanine fie aunsii (5) Asgaaniie fie
f(x,x)=0at x =(-10,1) for i=12 1(x],x5) ==2.06261218,
at x =(+1.34940668535334,
VOUKIAUU Kelz TBULIRAN +1.349406608602084) for i=1,2
% €[~15,-5],x, €[-3,3] VOULUAUY Lag VBULUAEIS
f(x,,x,) =100ﬁ/| x, —0.01x] | @ N E[1010] for i=12
+0.01]x,+10| S (x,x,) = =0.0001(] sin(x, )sin(x,)

SR (5)
exp(|100—, fm N
/4

7 way duduANgs Yed CF ULansfanIng 5

H7 wag duTuANEs Ued BuF Lansdanng 4

x2
K o N & o @ ®

IS

-3
-15 -10 -5
x1

M@ 4 Bukin No.6 function (BuF) 0

&

&

2l 5 Cross-in-tray function (CF)
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2.2.6 Holder table function (HF) ¢4 2.2.7 Levy No.13 function (LF) @4

auns9l (6) AWNEANNTIN Fig aumsil (7) A1Pnananing fie

f(x,x;)=-19.2085,at x, = (£8.05502,19.66459) f(x,x)=0at x =(1,1) for i=12

for i=1,2

YDULUAUY LAz VDULUREN
x, €[-10,10] for i=12

S (x;,3,) == [ sin(x; )cos(x, ) f(x,x,) =sin’ Bzx,) +(x, —1)°

[2 2
X, X |)|

exp(|1-

T

YOULUAUY LAY VOULURAN

x, €[-10,10] for i=1,2

()
(6) (1+sin*(37x,)) +(x, —1)*(1+sin’(27x,))

7 way duuALgs Y8 LF Wansisnng 7

H7 wag dutuANgs ved HF uanafanini 6

f(x1,x2)

Wi (I I\
10 450
0 8 400
2 6 350
o s
@ @ -4 300
2
O @ ’ 250
¥ o
X
8 200
© :
-10
150
-4
12
@] 6 100
14
8 50
@)
-10
-10 5 0 5 10
x1

. ’ * Al 7 Levy No.13 function (LF)

m‘wﬁ 6 Holder table function (HF)
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2.2.8 Rastrigin function (RaF) #4 Sx,x5)=0at x =11 for i=12
aun159 (8) AWNAANTIN Fig
YBULIAUY Uy VDULURAS
f(x,x)=0,at x =(0,0) for i=12
x, €[-5,10] for i=12
YDULUAUU LAz VDULUREN

£G) =20 11000, =) +(x,~1)* | 9)
x €[-5.12,5.12] for i=12

, N7 wag Lé’uﬁ’ummgn 994 RoF Wansssn il 9
S(x,x,)=10d +Zi=1 (x’ —10cos(27x,))  (8)

H7 wag LduTuAINgs Ued RaF UanRan1ni 8

f(x1,x2)

10

x2

-5
-5 0 5 10
x1

AW# 9 Rosenbrock function (RoF)

2.2.10 Salomon function (SaF) @4
o . : . .
AW# 8 Rastrigin function (RaF) Aun137 (10) Adanieniie fe

2.2.9 Rosenbrock function (RoF) #4 Fx,x)=0at x =(0,0) for i=12

auns (9) APNEANTN Fig
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x, €[4,4] for i=12

f(x,x,) =1-cos2ry(Y. " x?)

0.7 %

H7 wag duTuAINgs Yed SaF wanaianInd 10

(10)

AWl 10 Salomon function (SaF)

2.2.11 Schwefel function (ScF) ¢4

auMsh (11) AgAendng fe

f(x,x;)=0,at x, =(420.9687,420.9687)
for i=1,2

2o stBuUIna
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YOULIAUY LAY VOULUREAN

x, €[-500,500] for i=1,2

f(0,3,) =4189829d -3 xsin(yfx]) (11

7 uay dUTUANES Y89 ScF UaRIRanTdg 11

500

500 1600

400 1400

300
1200
200

100 1000

x2

0

-100

-200

-300

-400

-500
-500 0 500

x1

AWA 11 Schwefel function (ScF)

2.2.12 Shubert function (ShF) ¢4
aunsil (12) Angaendng fe
£ ,%) ~—186.7309 # x* 911U 18 AEUAU
Mdurfivnsiigalaes  for i=1,2
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YOULAUY LAY VOULUREN

x, €[-10,10] for i=12

SGix) =(3) icos(li+1x; +1))

(12)
(Z; icos((i+1)x, + i))

H7 wag LdUTUAILES ¥8d ShF UaAIRanINg 12

200

100

f(x1,x2)
o

-200
10

AW 12 Shubert function (ShF)

2.2.13 Yang No.2 function (YF) #4

auns9 (13) A1RNEANNTIN Fig

f(x,x)=0,at x =(0,00 for i=12
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VOULIAUY LAY VOULUREN

x, €[27,27] for i=12

fx) =G>

x)exp(=_¢ sin(x?)) (13)

F7 way duTuANLgs Yed YF uanafanini 13

x1

il 13 Yang No.2 function (YF)

2.3 §1ususeulunisindga
(Replication)

TusAdeiimmunsuauseulunsie
usazan1un1sal (R ) 100 sou laglunsiazsou
Avuad1U3eNeveIaIgeEn (Max time) Tuud

A¥ITNISAUMIAIMBULYINAY 5,000 FUT K30

Uszanal 8333 uit dafinanalilu 3.1



2.4 5n1sanaula (Decision method)
2.4.1 198ns1audnsalunisdum
A1MoU (Success rate: SR) NfAundigailu

AUUAITNITAUNAIMBUNTUSEANSAINUIN

Q_)Q

an laeligasdeaunisi (14) uay (15) 651

ANudNSaluNIsAUAInaU A
SR, =%><100, k= NR, CG, GRG, EV (14)

dl A o &’l d. ! é ¥ ¥
Wa § Ao FUIUATNIVIIAIAGAIININ 1ny

AN e:‘f(xf,x;)—f(xl,x2)| A e<10 Ao

' '
o =

n1smALIENgaluasiy da1igalag sy

q

€

o

R f® 31u3UsBUVRINIIHI91lunAAY

an1unsal Mviun R =100

SR =Max(SR,SR.» SRz SRy)  (15)

We SR, Ao T/NsnAngalunmvAmey
2.4.2 MAnuaa1aAdeuduysaiinde
(Mean absolute error: MAE) Ineilgnsneaunis

71 (16) waz 3FNTUszANSAmuInTignazilu

ANEATRY MAE vadusayds Aaaunisn (17)

100|f(x1’x2)i —f(xl*,x;)
= 100
k= NR, CG, GRG, EV (16)

MAE, =Y

>

P = s o A A .
W f(x,x,), A8 A1NRINgasoun 1,
i=1,2,3,..,100

F(x,x) fp AAgAaning

MAE min
Min(MAE,y , MAE ., MAE ., MAE,,,)

(17)

2o stBuUIna
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P A aa Aaa °

e MAE_, A ’Jﬁﬂ’l'ﬁVlGWl?jﬂIumiW]ﬂ”maU
2.4.3 ﬁhmwmmmmﬁaué’wﬁaidau

Lﬁ&NLU‘ummglu (Standard deviation absolute

error: SAE) lngilgnssaunisi (18)

2
SAE, = zt(l)(f(xlaxziio;mEk) ,

k= NR, CG, GRG, EV (18)

ho)
an
()]
c
=b

o f(x,x,), Ao A17A174
i=1,2,3,..,100

MAE, f8 A1a31uaaianfouduysaiiade
k= NR, CG, GRG, EV

>

a

wag WNUsEAMEAMNINTIgneia1sananis
il SR, annWigauazdian SAE,, #1dn 183N
N @ o & A P ] =]
nsiignsiaudianganasiidruideauy
INIFIUTRUUULEAIINIBTNTUIAIREUTBNTU
Jw3Bn157uns (Robust) wsaa1aaznanaleiin
2 ad S o =
VUATANTNNALUUYN (Accuracy) hay WNEIn T
(Precision) AiaARBY A1 SAE,, ANEA AIALNIT

71 (19)

SAEmin =
Min(SAE,, , SAE,,, SAE i, SAE,, )

(19)

dl' A aa oA
Mo SR, Wa¥ SAE,, A9 8n15nanaatunis

MANMDY

2.4.4 11alade (Average time: AT)
2 a ° ' =
ﬂOL?aWL9681Uﬂ73MWﬂ"l(ﬂ@‘ULLmagia‘U Iﬂﬁlllqmi

Faaunisi (20)
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1

=)

0

ng!
=~

AT, = illo ., k=NG,CG,GRG,EV (20)

(]

{ N &

adaa a a o
BNUszansnmuniigaaziduaidignves
AT daaunisi (21)

AT, =Min(ATy, AT, AT, AT)  (21)
dlo 4T, Ao Bsiiadigalunismdiney
2.5 \a3nsnaufianasildluns
Uszuana
CPU and mainboard: AMD AM4 Ryzen3 2200G
3.5GHz and ASUS Prime A320M-K
RAM: DDR4 (2400) 8 GB
Hard disk: SSD 240 GB
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] ' as ' P ' ) ¢ =
M3 NN 1 A1 SR SUEN’Jﬁﬂ’]’iW]ﬂ’]LWJJ’]%VI?}WUENLLG]ﬁ%WQﬂEU‘lJLﬂm‘VILUiEJULVIEJUalIiiﬂuz

Function NR CG GRG EV
AF 43*
BeF 100* 96
BoF 100* 100* 100* 100*
BuF 0 0
CF 100* 100*
HF 100* 100*
LF 100*
RaF 100*
RoF 98
SaF 100*
ScF 98*
ShF 100*
YF 100*

waneme: 1)
2) * BB
M3t 2 A MAE vesiBnismanvngiianveudasilaidunasiuiouiisuaussouy
Function NR CG GRG EV
AF 17.72715 17.62522
BeF 0.44868 0.46218
BoF 1.361E-11
BuF 0.05758 0.05697
CF 0.29936 0.28498
HF 13.11363 13.31175
LF 33.08004 31.28148
RaF 18.67526 14.17808
RoF | 024693 068916
SaF 0.28887 0.29688
ScF 411.33137 375.15197
ShF 158.17261 159.01208
YF 2.97483 2.40890

vanegwin: 1) Max VAR

2) * {JuishTan
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Function NR cG GRG EV
AF 3.93858 4.19389 3.79961
BeF 0.99449 0.98746
BoF U sasEir | 14sE-11 1.95E-11
BUF 0.02465 0.02273
CF 0.17169 0.19049
HF 4.89729 4.83640
LF 2756965 2931534
RaF 11.22209 9.15178
RoF . 044750 131931
SaF 0.09989 0.11785
ScF 182.38158 175.97635
ShF 25.87790 31.06219 2257442

2.13718 2.18399

YF 7
RUBLAR: 1)

2) * \§u3slien SAE shan

=] ' ' a = ax ' ] ' 5o ¢ =
A1 4 AN AT (M8 UMW) ﬂaﬂ?ﬁﬂqi‘vﬂf’ﬂLV‘&I']%VIE‘:IQ‘U@QLW]a3%\1ﬂ‘UULﬂmQ/ILUSEJ‘UWlEJ‘UﬁiJﬁiﬂuz

Function NR CG GRG EV
AF 47.37
BeF 44.23
BoF 47.61
BuF 46.85
CF 45.53
HF 35.49
LF 45.46
RaF 46.72
RoF 44.55
SaF 47.67
ScF 46.92
ShF 45.70

46.21

YF
RUBLNN: 1) Max e

2) * {JuisaTae
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> a_ da & a & a v A 2 e s
wletveudianinnuy 15% wudaduvunvuidgivilanainseulagliinioudndngines
yilaangiies lneauanaamgivesuniisadiuibiulgnuasunsadiuilunisesnvewindueidu
80 waz 120°C muafu wazauiIseuvesangiidwiuingiudu 250 seudewdl aandudnw
Wisuiluriinvesnivuzussanandug 2 9lla Ao n1vuzussyiviiainganadlnsindu (Oriented
polypropylene, OPP) uagzgenadlusinduiiadounlsunuiuatasgiiiivy Orented
polypropylene/metalized aluminium/polypropylene (oriented PP/metalized/PP), metalized
OPP (Met OPP)) slofan neeuuuvuped Jagninusnwilinigaumall 27°C Wusvaziaan 12 dUam
NUIVUNVUAITIA BT WEARIRA (a,) warAuTuLTiNTY TuraeiAiAuLdweuLYULREIana
Y . < L da o 1 a o
MABATEELLIAINITNAUINY (p<0.05) BgrelsinuruuvuReIniusnulunvuruIsINe 2 Yindaag
& A o DN 2 o o ¢
Juneausuvesiuslna nasnengnisiiuinw 12 dUani

ArdnAey: wlsihveuda vunuides Wndvgdu wedlnslndu

ABSTRACT

Hom Nil rice flour, moisture contents of 15%, was extruded by a single screw extruder to

produce an expanded snack. Barrel temperature of transition and die zones were control at 80
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and 120°C, respectively using feed rate of screw was operated at 250 rpm. Two types of the

snack packages, oriented polypropylene (OPP) and metallized oriented polypropylene (oriented

polypropylene/ metalized aluminium/polypropylene (oriented PP/metalized/PP), metalized

OPP (Met OPP)) packages, were used to compare the snack qualities for 12 weeks at control

temperature of 27°C. As a results, water activity (a,), and moisture content of snack were

increased with preservation time, while hardness of snack was decreased (p<0.05). However,

snacks of the both packages were still accepted by consumer for shelf life period of 12 weeks.

Keyword: Hom Nil rice flour, Snack, extrusion, Oriented polypropylene (OPP), Metallized

oriented polypropylene (Met OPP)

1. uni

YUNVULAEA (Snack) 1TuevinsuuLAeIfi
Anuseanstunisuslaageuaziiuwildunagd
NMINUNARS AN aBTUEe 9 199N
AnvuEUITUNIULALINAILITaNANI LY
Fuuszmaulidzaan BUNVULABINAANIIN
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Abstract

A novel organometallic ruthenium(I)-p-cymene  complex, [Ru(m’-p-
cymene)(ptu)>CIl]SH, where ptu= N-phenylthiourea, was synthesized. Its structure was
characterized by single crystal x-ray diffraction, elemental analysis and spectroscopic
techniques ("H-NMR and FTIR). The geometrical structure of the complex was tetrahedral,
distorted by 1° n-bonding to the p-cymene ring, with one chloro ligand and two molecules
of ptu ligand. Antibacterial and antifungal activities were investigated. The [Ru(n®-p-
cymene)(ptu).CI|SH complex produced MIC/MBC values of 32/32 pg/mlL against
methicillin resistant Staphylococcus aureus (MRSA), Staphylococcus aureus ATCC25923
(SA) and flucytosine-resistant Cryptococcus neoformans ATCC90113 flucytosine —
resistant, CN90113 but apparently exhibited no antifungal against Microsporum gypseum
clinical isolate.
Keywords: Ruthenium(Il), Thiourea derivative, Antimicrobial activity

1. INTRODUCTION

The pathogenic bacteria
Staphylococcus aureus (SA), Methicillin-
resistant Staphylococcus aureus (MRSA)
and Escherichia coli (EC) have a great
impact on human health. Microorganisms
with extensive resistance to antimicrobial
agents cause serious health concerns in the
global fight against infectious diseases [1-3].

Increasingly, more effective, less
toxic treatments with wider ranges of
activity are being developed from research
in pharmaceutical inorganic chemistry,
which is a branch of coordination chemistry
[4, 5]. Considered to be versatile

compounds, organometallic ruthenium (II)
complexes have been extensively studied.
Ru(Il) can be coordinated through a strong
bond with thiol groups [6] and can also form
stable complexes with several types of
monodentate nitrogen (N), oxygen (O)
sulfur (S), and phosphine (P) donor ligands
as well as with bidentate (S,0-; O,0-; N,O-
; N,N-) ligands [7-9]. Ru (II) complexes
acquire redox potential and permit electron
transfer and ligand-ligand exchange due to
the various +2, +3 and +4 oxidation states
of the complexes [10, 11]. Its inertness
towards displacement in arene substitution
makes the ruthenium (II) ion stable in the
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+2 oxidation state [7]. Geometrically
diverse Ru (II) complexes with a
hydrophobic arene ligand and a hydrophilic
metal center [12] can be stable in air [13,
14]. The Ru(ll) complexes, [Ru(n®-p-
cymene)X,]> (X=Cl, I or NCS) and
[HsRus(n®-p-benzene)s]** [13] have been
reported biologically active.

Phenylthiourea is a derivative of
thiourea. Its biological activities and
applications were reported to be antiviral,
antibacterial, antimalarial, antimicrobial,
antitumor [15-17], and antifungal [18, 19].
Phenylthiourea and Ru(Il) complexes are
interesting compounds that present
advantageous biotic activity. They are
emerging in the pharmaceutical and
medical fields through a variety of evolving
processes.

Here we report an organometallic
ruthenium compound with a half-sandwich,
tetrahedral geometry distorted by n° =-
bonding to the phenyl ring on Ru(Il). The
compound comprises one chloro ligand and
two molecules of ptu ligand. The complex
is evolving as a promising antibacterial and
antifungal agent.

2. MATERIALS AND METHODS
Material

All chemicals purchased for this
study were used as received. [RuCl(n®-p-
cymene)(pu-Cl)]. was obtained from Merck.
Chloroform, dichloromethane, acetonitrile
and diethyl ether solvents were reagent
grade purchased from RCI Labscan.

2.1 Instrumentation

The melting point of the obtained

complex was determined using Thomas-
Hoover, Unimelt 0-360 °C equipment.
Elemental analysis data was acquired by
CHNS-O Analyzer, (CEvInstruments Flash
EA 1112 Series, Thermo Quest, Italy).
FTIR spectra were produced between 4000
— 400 cm™ on a BX Perkin Elmer FTIR
spectrophotometer. Measurements were
performed on samples pressed into KBr

s1BUInA
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pellets. 'H-NMR data were acquired on
Varian BRUKER AVANCE 300 FT-NMR
equipment and 300 MHz spectrometer
using MeOH-d solvent. Tetramethylsilane
(Si(CHs)s) was used as the internal
standard. The absorption of the complex
was recorded in the range of 200 — 400 nm
on the Specord S100 model using a standard
cuvette with a path length of 1 cm.
Deuterium and tungsten were used as light
sources for ultraviolet and visible regions,
respectively.

A single crystal of [Ru(p-
cymene)(ptu)>Cl]SH was analyzed with a
Bruker APEX-II CCD diffractometer using
graphite-monochromated Mo Ka radiation
(3=0.71073 A). The diffraction pattern was
formed from 33925 reflections. The raw
data were interpreted by SMART, SAINT
v8.34A and SADABS software [20] and the
structure was solved by SHELXS [21]. All
non-hydrogen was refined by the
anisotropic thermal parameters. A riding
model was used to refine calculations with
all hydrogen atoms placed in ideal
positions. The materials and molecular
graphics for publication were prepared with
the WinGXv2014.1 [22] and Mercury3.6
[23] programs. Crystallographic data of
[Ru(p-cymene)(ptu).Cl]SH were placed in
the Cambridge Crystallographic Data
Center and can be provided on request,
using the access code CCDC1917489, via
http://www.ccdc.cam.ac.uk/data request/ci
f (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge
CB21EZ, UK.; fax: +44 1223 336 033 or
email deposit@ccdc.cam.ac.uk). The X-ray
data are presented in the supplementary
data.

2.2 Synthesis pathway of [Ru(p-
cymene) (ptu):CI]SH complex
The novel complex of [Ru(p-
cymene)(ptu)>Cl]SH was synthesized by
the reaction between N-phenylthiourea (ptu)
with dichloro (p-cymene) ruthenium (II)
dimer in a typical one-pot process, using
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a solution of dichloro (p-cymene)
ruthenium(Il) dimer (0.306 g, 0.5 mmol)
and N-phenylthiourea (ptu) (0.182 g, 1.0
mmol) in 20 ml of dichloromethane. The
solution was left to evaporate at room
temperature to reduce the mixture volume
and was crystallized by adding 3 ml of
acetonitrile. The obtained dark orange
crystal was filtered and washed three times
with chloroform (3 ml x 3). Yield: 43.45%.
Melting point: 168 — 170 °C. Anal Calcd.
For RuC24H35N4S3Cl02 (644.59): C,
45.75; H, 5.48; N, 8.69. Found: C, 45.85; H,
4.78; N, 8.83. IR: 2970 (vsp? C-H), 1529
(vC=C), 1328 (vCpr-N), 3219 (VvN-H), 698
(vC=S), 891 (vC-H bending of para
disubstituted benzene), 510 (8Ru-S) cm.
'"H NMR (300 MHz, CD;OH) 8 signals: &
(ppm): 7.47 (t, 2H, JHH = 7.5 Hz), 7.35 (4,
4H, JHH = 7.5 Hz), 7.26 (d, 4H, JHH= 7.5
Hz), 5.64 (d, 2H, JHH = 5.5 Hz), 5.52 (d,
2H, JHH=5.5Hz),2.93 (m, |H, JHH=7.0
Hz), 2.23 (s, 3H), 1.33 (d, 6H, JHH = 7.0
Hz).
2.3 Antimicrobial assay

The synthesized [Ru (p-cymene)
(ptu)Cl]SH compound was tested against
methicillin-resistant Staphylococcus aureus
(MRSA) SKI1, Staphylococcus aureus
ATCC25923, and Escherichia coli
ATCC25922 using a colorimetric
modification method of the Clinical and
laboratory standards institute (CLSI) M07-
A9 [24], slightly modified. The testing
compound was prepared in dimethyl
sulfoxide (DMSO). Minimal inhibitory
concentration (MIC) represents the lowest
concentration of synthesized compound
with violet color of resazurin indicating

PP 172 T 13 atuil 2 nangneu - Surew 2562

growth inhibition. The test media at MIC
concentration and higher were dropped on
nutrient agar plate and incubated under
appropriate conditions. Minimal
bactericidal concentration (MBC) was
verified as no growth at the Ilowest
concentration of the test compound.
Vancomycin and gentamicin were used as

the positive controls of antibacterial
inhibition.
2.4 Antifungal assay

The MIC of the synthesized
compound was tested against yeast
(Cryptococcus neoformans ATCC90113),
using a modification of the microbroth
dilution CLSI M27-A3 [25] and against a
clinical isolate of Microsporum gypseum
MU-SH4, using a modification of the
microbroth dilution CLSI M38-A2 [26].
The plates were incubated for 48 h at 35 °C
for C. neoformans and at room temperature
for M. gypseum (MG). The streaking
method on Sabouraud’s dextrose agar was
taken to determine the minimal fungicidal
concentration (MFC) of the [Ru(p-
cymene)(ptu).Cl]SH compound. A clinical
standard of Amphotericin B was used as
positive inhibitory control for yeast and
miconazole for M. gypseum testing.

3. RESULTS AND DISCUSSION
Synthesis and characterization

The novel [Ru(p-cymene)(ptu),
CI]SH complex was synthesized at ambient
temperature by the reaction of Ru(Il)-p-
cymene with the N-phenylthiourea ligand
through the S donor in dichloromethane
(Scheme 1).



[Ru(II)-p-cymene]
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N-phenylthiourea

CH,CL,, 2 h

N

[Ru(p-cymene)(ptu),CI]SH
Scheme 1. Synthesis pathway of [Ru(p-Figure cymene)(ptu).CI]SH complex

To produce 'H-NMR spectra, the
[Ru(p-cymene)(ptu).Cl]SH complex was
measured in solution in MeoH-ds. The main
characteristic peaks were identified for the
phenyl ring on Ru(Il) and the efficient ptu
ligand. The coordination of Ru(Il) with p-
ptu ligands produced a downfield shift
from 7.26 to 7.47 ppm. Similarly, the
coordination with p-cymene ligands is
located between 5.52 and 5.64 ppm (see
from Index S1). Elemental analysis results
confirmed the theoretical values for
percentages of C, H and N atoms.

The FTIR characteristic spectrum of
the [Ru(p-cymene)(ptu)CI]SH complex
(see from Index S2) displays peaks assigned
to the ptu ligand coordinated to the Ru*
metal center. As a result of this
coordination, the shift in the vC=S
vibrational frequency of the complex (698
cm') occurred at a lower stretching
frequency (789 c¢cm™) than that of the free
ptu ligand. As previously reported [27], this
shift is due to electron & back-bonding from
the d orbital of Ru** to the n* orbital of the
ptu ligand. Also, an important vibrational
frequency attributed to Ru-S stretching was
detected at 510 cm™.
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With regard to the obtained dark
orange crystal, the crystallographic data of
the [Ru(p-cymene)(ptu)>CI|SH complex is
collected in Table 1 and Index S3. The
Ru(Il) complex exhibits a tetrahedral
geometry distorted by n° n-bonding of the
p-cymene ring, with one CI atom and two
molecules of ptu contributed by the S donor
atom (Figure 1). Certain selected bond
distances and bond angles are shown in
Table 2. The Ru-Cl distance for Ru-Cl1 is
2.4160(6) A, which approximately
corresponds to distances reported for
related complexes: [(n®-p-cymene)RuCl,
(PPhaPy)], 2.4107 to 2.4111 A [28] and
[(m%-p-cymene)Ru(3-acetylpyridine)Cl],
2.3986 to 2.1970 A [29]. The interatomic
distances Ru-S1 and Ru-S2 are 2.4106(6)
and 2.3962(7) A, respectively, which are
close to distances reported for the
complexes [(n®-p-cymene) RuCl, (PPhs)
(imidazolidine-2-thione)] PF3, 2.399(13) A
[31] and [(n’-p-cymene)Ru(SCH,COO]s,
2.3943(11) to 2.3992(10) A [31]. The
distances for Ru-(p-cymene) are 2.159(2) to
2.253(2) A, which are comparable to the
distances reported for [(n°-p-cymene)Ru(3-
acetylpyridine)Cl,], 2.154 to 2.1209 A [29].
The angles S1-Rul-Cll and S2-Rul-CI1
measure  90.42(3)° and  87.63(2)°,
respectively, which correspond  to
measurements for the same angles in a
related Ru(Il) complex: 90.11(4)° in [(n°-p-
cymene)RuCl,(PPhs) (imidazolidine-2-
thione)]PFs [30]. The S1-Ru-S2 angle
measures 80.19(2)°, which is close to the
angle of 80.71(4)° in the related Ru(Il)
complex  [(n°%-p-cymene)Ru(SCH,COO],
[30]. The S atom of HS (S3’) interacts
intermolecularly via H-bonding with the
H1A, H2, and H3A atoms of the [Ru(p-
cymene)(ptu).Cl]. The distances
HIA...S3’, H2...S3° and H3A...S3" are
3.374(2), 3.175(2) and 3.240(2) A,
respectively. In addition, the CI atom
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interacts intramolecularly with the HIB
atom via H-bonding with a distance of
3.231(2) A (Figure 2, Figure 3 and Table 3).

sy

Figure 1. An ORTEP structure of the
[Ru(p-cymene)(ptu).CI]SH complex with
numbered atoms

Table 1. Crystallographic data of the [Ru
(p-cymene)(ptu).CI1]SH comple

Empirical formula C24H31CIN4RuS3
Formula weight 608.23
Wavelength 0.71073 A

Crystal system Triclinic

Space group P1

Unit cell dimensions  a= 6.6265 A

b=12.6582(4) A
c=17.6833(4) A
a=73.3800 (10)°
S=80.8120 (10)°
y="75.5900 (10)°

Temperature 273 (2) K

VA 2

Density (calculated) 1.474 Mg/m?
Absorption coefficient 0.918 mm'!
Volume 1370.31(7) A3
Goodness-of-fit on /2 1.023

Final R indices [/>20(/)] R1=0.0317,
wR2=0.0669
R1=10.0478,
wR2=0.0719

R indices (all data)
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Table 2. Selected bond lengths (A) and angle (°) for the [Ru(p-cymene)(ptu),C1]SH complex

Lengths
Ru(1)-C(17) 2.159(2) Ru(1)-C(15)  2.253(2)
Ru(1)-C(19) 2.187(2) Ru(1)-S(2) 2.3962(7)
Ru(1)-C(18) 2.198(2) Ru(1)-S(1) 2.4106(6)
Ru(1)-C(16) 2.203(2) Ru(1)-Cl(1)  2.4160(6)
Ru(1)-C(20) 2.216(2) S(3")-H(3") 0.85(4)

Angles
C(17)-Ru(1)-S(2) 124.07(7) C(18)-Ru(1)-S(2) 95.05(7)
C(19)-Ru(1)-S(2) 91.63(7) C(16)-Ru(1)-S(2) 161.98(7)
C(18)-Ru(1)-S(2) 95.05(7) C(20)-Ru(1)-S(2) 114.55(8)
C(16)-Ru(1)-S(2) 161.98(7) C(15)-Ru(1)-S(2) 150.77(8)
C(20)-Ru(1)-S(2) 114.55(8) C(17)-Ru(1)-S(1) 86.06(7)
C(15)-Ru(1)-S(2) 150.77(8) C(19)-Ru(1)-S(1) 140.98(7)
C(17)-Ru(1)-S(1) 86.06(7) C(18)-Ru(1)-S(1) 104.50(7)
C(19)-Ru(1)-S(1) 140.98(7) C(16)-Ru(1)-S(1) 97.44(8)
C(20)-Ru(1)-S(1) 163.27(8) C(16)-Ru(1)-CI(1) 110.31(7)
C(15)-Ru(1)-S(1) 129.00(8) C(20)-Ru(1)-CI1(1)  97.78(7)
S(2)-Ru(1)-S(1) 80.19(2) C(15)-Ru(1)-C1(1)  90.31(7)
C(17)-Ru(1)-CI(1) 146.74(7) S(2)-Ru(1)-CI(1) 87.63(2)
C(19)-Ru(1)-CI(1) 127.58(7) S(1)-Ru(1)-CI(1) 90.42(2)

Figure 2. Hydrogen-bond interaction of [Ru(p-cymene)(ptu),Cl]SH complex
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Figure 3. Hydrogen-bond packing interaction of [Ru(p-cymene)(ptu).Cl]SH

Table 3. Hydrogen-bond of [Ru(p-cymene)(ptu)>C1]SH complex

D-H...A Distance of  Distance of  Distance of  Angle of
(D-H) (H...A) (D...A) (DHA)
N(1)-H(1A)...S(3") 0.86 2.61 3.374(2) 148.9
N(1)-H(1B)...CI(1) 0.86 2.50 3.231(2) 143.1
N(2)-H(2)...S(3") 0.86 233 3.175(2) 166.2
N(@3)-H(3A)...S(3")#1 0.86 2.40 3.240(2) 166.2

D= N atom (donor), A= S or Cl atom (acceptor) Symmetry transformations used to generate

equivalent atoms: #1 x-1, y+1, z

3.1 Antibacterial and antifungal
assay

Antimicrobial  activity =~ was
determined by  colorimetric  broth
microdilution. The [Ru(p-
cymene)(ptu).Cl1]SH  complex showed

equal inhibition against Gram-positive
bacteria of S. aureus (SA) and Methicillin-
resistant S. aureus (MRSA) with the
MIC/MBC values of 32/32 pg/mL. The

P 176 Uit 13 atiuil 2 nangnen - Sunau 2562

[Ru(p-cymene)(ptu),ClI]SH complex also
exhibited an inhibitory activity against
yeast (C. neoformans, MIC/MFC 32/32
pg/mL) but it did not exhibit the inhibitory
activity against Microsporum gypseum
MU-SH4 clinical isolate, while the starting
materials of the dinuclear complex of
Ru,Cls(p-cymene), and free ptu ligand did
not show inhibitory activity.



However, the MIC/MBC values
of the commercial antibacterial drug like
vancomycin and the MIC/MFC values of

s1BUInA
nsJINw

15815398 UT

complex which should be able to penetrate
the cell membrane lipid layer of the studied
bacteria and yeast. The experimental data

the commercial antifungal drug revealed that the [Ru(p-
Amphotericin B indicate stronger activity cymene)(ptu).CI|SH compound showed
than  the  [Ru(p-cymene)(ptu).CI]SH  moderate antibacterial and antifungal
complex (Table 4). This might be due to the activities.
lipophilic character of the synthesized
Table 4. MIC and MBC or MFC values
Code Bacteria (ng/mL) Yeast(pg/mL) Filamentou
s fungus
(ng/mL)
SA MRSA EC CN90113 MG
MI MB MI MB MI MB MI MFC MI MF
C C C C C C C C C
[Ru(p-
cymene)(ptu 32 32 32 32 NA NA 32 32 NA NA
), CI]SH
RuxCly(p- - - - - - - - - - -
cymene);
ptu - - - - - - - - - -
Vancomycin 0.5 1 1 2 - - - - - -
Gentamicin - - - - 0.5 - - - - -
Amphotericin - - - - - - 0.25 0.5 - -

B

SA= Staphylococcus aureus ATCC25923, MRSA= methicillin-resistant Staphylococcus aureus,
EC=Escherichia coli ATCC25922, CN90113= Cryptococcus neoformans ATCC90113 flucytosine-
resistant, MG = Microsporum gypseum clinical isolate, MIC= minimal inhibitory concentration

(ug/mL), MBC=
concentration (ug/mL), NA = non active

4. CONCLUSIONS

The half sandwich [Ru(p-cymene)
(ptu):Cl]SH complex has a distorted
pseudo-tetrahedral geometry coordinated
via the S donor of the ptu ligand. The
complex exhibited moderate antibacterial
and antifungal activity against methicillin-
resistant S. aureus (MRSA), S. aureus
ATCC25923 and flucytosin-resistant C.
neoformans ATCC90113 with the value of
MIC/MBC or MFC of 32/32 pg/mL.

minimal bactericidal concentration (ug/mL), MFC= minimal fungicidal
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S1. '"H-NMR spectrum of [Ru(p-
cymene)(ptu)>CI1]SH complex in CD;OH
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S2. FTIR spectrum of [Ru(p-
cymene)(ptu)>CI1]SH complex, KBr disk

S 3. Related X-ray data

Table 2. Atomic coordinates ( X 104) and
equivalent isotropic displacement
parameters  (A2x  103) of [Ru(p-
cymene)(ptu)>CI]SH. U(eq) is defined as
one third of the trace of the orthogonalized

2o stBuUIna
9619798 W( nsJinw

X

y

z

U(eq)

NG)
)
N@)
C(@)
)
c(6)
()
c®)
)
C(10)
(1)
C(12)
C(13)
C(14)
Q(15)
C(16)
c(17)
C(18)
C(19)
C(20)
Q)
c2)
c3)
C4)

419(4)
6291(5)
1673(4)
7423(8)
9530(8)
10555(6)
9454(5)
1074(4)
3275(5)
3160(6)
4715(8)
6347(9)
6492(8)
4954(7)
-1965(4)
-989(4)
-709(4)
1422(4)
-2394(4)
2654(4)
2237(5)
-1180(4)
809(5)
-3107(5)

7056(2)
2209(3)
8170(2)
2313(3)
1902(4)
1381(3)
1282(2)
7179Q2)
8459(2)
8486(3)
8805(3)
9102(4)
9087(4)
8765(3)
3728(2)
3182(2)
3802(2)
4973(2)
5522(2)
4919(2)
3093(3)
5645(3)
5182(3)
5727(3)

3722(1)
1405(2)
2905(2)
67002)

610(3)

127303)
2008(2)
3129Q2)
2295(2)
1523(2)
951(3)

1144(5)
1899(5)
2489(3)
3888(2)
3306(2)
2502(2)
2264(1)
2867(2)
3660(2)
4742(2)
1409(2)
943(2)

1007(2)

51(1)
59(1)
58(1)
83(1)
98(2)
79(1)
57(1)
40(1)
57(1)
66(1)
95(2)
1232)
118(2)
90(1)
41(1)
42(1)
37(1)
35(1)
37(1)
40(1)
62(1)
45(1)
70(1)
62(1)

Table 3. Bond lengths [A] and angles [°]
of [Ru(p-cymene)(ptu),CI]SH.

UY tensor.

X y z U(eq)
Ru(1) 685(1)  4526(1) 3202(1)
Cl(1) 2188(1) 4246(1) 4421(1) 41(1)
S(1)  4007(1) 3649(1) 2632(1) 35(1)
N(I)  4019@) 1914Q2) 3902(1) 49(1)
C(l) 4784(4) 2282(2) 3164(2) 35(1)
S@)  2231(1) 6140(1) 2670(1) 38(1)
NQ) 62684) 1549(2) 2855(1) 44(1)
CQ) 7319@4) 1702(2) 2081(2) 43(1)
S3)  72182) 669(1) 4260(1) 104(1)

Ru(1)-C(17) 2.159(2)
Ru(1)-C(19) 2.187(2)
Ru(1)-C(18) 2.198(2)
Ru(1)-C(16) 2.203(2)
Ru(1)-C(20) 2.216(2)
Ru(1)-C(15) 2.253(2)
Ru(1)-S(2) 2.3962(7)
Ru(1)-S(1) 2.4106(6)
Ru(1)-CI(1) 2.4160(6)
S(1)-C(1) 1.710(3)
N(D)-C(1) 1.317(3)
N(1)-H(1A) 0.8600
N(1)-H(1B) 0.8600
C(1)-NQ2) 1.338(3)
S(2)-C(8) 1.700(3)
N(2)-C(2) 1.416(3)
N(2)-H(2) 0.8600
C(2)-C(7) 1.381(4)
C(2)-C(3) 1.381(4)
S(3)-H(3") 0.85(4)
N3)-C(8) 1.324(4)
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Table 3. Bond lengths [A] and angles Table 3. Bond lengths [A] and angles
[°] of [Ru(p-cymene)(ptu)>CI|SH. [°] of [Ru(p-cymene)(ptu)>CI|SH.
N(3)-H(3A) 0.8600 C(23)-H(230) 0.9600
N(3)-H(3B) 0.8600 C(24)-H(24A) 0.9600
C(3)-C(4) 1.383(5) C(24)-H(24B) 0.9600
C(3)-H(3) 0.9300 C(24)-H(240) 0.9600
N(4)-C(8) 1.342(4) C(17)-Ru(1)-C(19) 67.10(10)
N(4)-C(9) 1.424(4) C(17)-Ru(1)-C(18) 37.42(10)
N(4)-H(4A) 0.8600 C(19)-Ru(1)-C(18) 37.82(9)
C(4)-C(5) 1.361(6) C(17)-Ru(1)-C(16) 38.02(10)
C(4)-H(4) 0.9300 C(19)-Ru(1)-C(16) 78.93(10)
C(5)-C(6) 1.364(6) C(18)-Ru(1)-C(16) 68.08(10)
C(5)-H(5) 0.9300 C(17)-Ru(1)-C(20) 79.08(10)
C(6)-C(7) 1.374(5) C(19)-Ru(1)-C(20) 37.01(9)
C(6)-H(6) 0.9300 C(18)-Ru(1)-C(20) 67.75(9)
C(7)-H(7) 0.9300 C(16)-Ru(1)-C(20) 66.06(11)
C(9)-C(10) 1.369(5) C(17)-Ru(1)-C(15) 67.14(10)
C(9)-C(14) 1.384(5) C(19)-Ru(1)-C(15) 66.90(10)
C(10)-C(11) 1.375(5) C(18)-Ru(1)-C(15) 80.18(9)
C(10)-H(10) 0.9300 C(16)-Ru(1)-C(15) 36.25(10)
C(11)-C(12) 1.349(7) C(20)-Ru(1)-C(15) 37.01(10)
C(11)-H(11) 0.9300 C(17)-Ru(1)-S(2) 124.07(7)
C(12)-C(13) 1.349(8) C(19)-Ru(1)-S(2) 91.63(7)
C(12)-H(12) 0.9300 C(18)-Ru(1)-S(2) 95.05(7)
C(13)-C(14) 1.384(7) C(16)-Ru(1)-S(2) 161.98(7)
C(13)-H(13) 0.9300 C(20)-Ru(1)-S(2) 114.55(8)
C(14)-H(14) 0.9300 C(15)-Ru(1)-S(2) 150.77(8)
C(15)-C(16) 1.387(4) C(17)-Ru(1)-S(1) 86.06(7)
C(15)-C(20) 1.419(4) C(19)-Ru(1)-S(1) 140.98(7)
C(15)-C(21) 1.501(4) C(18)-Ru(1)-S(1) 104.50(7)
C(16)-C(17) 1.422(4) C(16)-Ru(1)-S(1) 97.44(8)
C(16)-H(16) 0.9300 C(20)-Ru(1)-S(1) 163.27(8)
C(17)-C(18) 1.398(4) C(15)-Ru(1)-S(1) 129.00(8)
C(17)-H(17) 0.9300 S(2)-Ru(1)-S(1) 80.19(2)
C(18)-C(19) 1.421(4) C(17)-Ru(1)-CI(1) 146.74(7)
C(18)-C(22) 1.513(4) C(19)-Ru(1)-CI(1) 127.58(7)
C(19)-C(20) 1.397(4) C(18)-Ru(1)-CI(1) 165.08(7)
C(19)-H(19) 0.9300 C(16)-Ru(1)-CI(1) 110.31(7)
C(20)-H(20) 0.9300 C(20)-Ru(1)-CI(1) 97.78(7)
C(21)-H(21A) 0.9600 C(15)-Ru(1)-CI(1) 90.31(7)
C(21)-H(21B) 0.9600 S(2)-Ru(1)-Cl(1) 87.63(2)
C(21)-H(210) 0.9600 S(1)-Ru(1)-Cl(1) 90.42(2)
C(22)-C(23) 1.518(4) C(1)-S(1)-Ru(1) 110.81(9)
C(22)-C(24) 1.526(4) C(1)-N(1)-H(1A) 120.0
C(22)-H(22) 0.9800 C(1)-N(1)-H(1B) 120.0
C(23)-H(23A) 0.9600 H(1A)-N(1)-H(1B) 120.0
C(23)-H(23B) 0.9600 N(1)-C(1)-N(2) 117.0(2)
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Table 3. Bond lengths [A] and angles Table 3. Bond lengths [A] and angles

[°] of [Ru(p-cymene)(ptu)>CI1]SH.

[°] of [Ru(p-cymene)(ptu)>CI1]SH.

N()-C(1)-S(1) 121.93(19) C(12)-C(13)-C(14) 120.0(5)
N(2)-C(1)-S(1) 121.0(2) C(12)-C(13)-H(13) 120.0
C(8)-S(2)-Ru(1) 110.86(10) C(14)-C(13)-H(13) 120.0
C(1)-N(2)-C(2) 129.1(2) C(9)-C(14)-C(13) 119.4(5)
C(1)-N(2)-H(2) 115.4 C(9)-C(14)-H(14) 120.3
C(2)-N(2)-H(2) 115.4 C(13)-C(14)-H(14) 120.3
C(7)-C(2)-C(3) 119.2(3) C(16)-C(15)-C(20) 118.3(2)
C(7)-C(2)-N(2) 117.8(3) C(16)-C(15)-C(21) 121.6(3)
C(3)-C(2)-N(2) 122.9(3) C(20)-C(15)-C(21) 120.1(3)
C(8)-N(3)-H(3A) 120.0 C(16)-C(15)-Ru(1) 69.91(15)
C(8)-N(3)-H(3B) 120.0 C(20)-C(15)-Ru(1) 70.05(14)
H(3A)-N(3)-H(3B) 120.0 C(21)-C(15)-Ru(1) 130.22(18)
C(2)-C(3)-C(4) 119.5(3) C(15)-C(16)-C(17) 120.7(3)
C(2)-C(3)-H(3) 120.2 C(15)-C(16)-Ru(1) 73.84(15)
C(4)-C(3)-H(3) 120.2 C(17)-C(16)-Ru(1) 69.31(14)
C(8)-N(4)-C(9) 125.6(2) C(15)-C(16)-H(16) 119.6
C(8)-N(4)-H(4A) 117.2 C(17)-C(16)-H(16) 119.6
C(9)-N(4)-H(4A) 117.2 Ru(1)-C(16)-H(16) 129.7
C(5)-C(4)-C(3) 120.4(4) C(18)-C(17)-C(16) 121.8(2)
C(5)-C(4)-H(4) 119.8 C(18)-C(17)-Ru(1) 72.80(14)
C(3)-C(4)-H(4) 119.8 C(16)-C(17)-Ru(1) 72.67(15)
C(4)-C(5)-C(6) 120.6(4) C(18)-C(17)-H(17) 119.1
C(4)-C(5)-H(5) 119.7 C(16)-C(17)-H(17) 119.1
C(6)-C(5)-H(5) 119.7 Ru(1)-C(17)-H(17) 127.6
C(5)-C(6)-C(7) 119.6(4) C(17)-C(18)-C(19) 116.8(2)
C(5)-C(6)-H(6) 120.2 C(17)-C(18)-C(22) 122.7(2)
C(7)-C(6)-H(6) 120.2 C(19)-C(18)-C(22) 120.5(2)
C(6)-C(7)-C(2) 120.6(4) C(17)-C(18)-Ru(1) 69.78(14)
C(6)-C(7)-H(7) 119.7 C(19)-C(18)-Ru(1) 70.65(13)
C(2)-C(7)-H(7) 119.7 C(22)-C(18)-Ru(1) 129.99(17)
N(3)-C(8)-N(4) 117.0(2) C(20)-C(19)-C(18) 121.6(2)
N(3)-C(8)-S(2) 122.6(2) C(20)-C(19)-Ru(1) 72.63(14)
N(4)-C(8)-S(2) 120.4(2) C(18)-C(19)-Ru(1) 71.53(14)
C(10)-C(9)-C(14) 119.5(4) C(20)-C(19)-H(19) 119.2
C(10)-C(9)-N(4) 122.1(3) C(18)-C(19)-H(19) 119.2
C(14)-C(9)-N(4) 118.4(4) Ru(1)-C(19)-H(19) 129.1
C(9)-C(10)-C(11) 119.8(4) C(19)-C(20)-C(15) 120.7(2)
C(9)-C(10)-H(10) 120.1 C(19)-C(20)-Ru(1) 70.36(14)
C(11)-C(10)-H(10) 120.1 C(15)-C(20)-Ru(1) 72.93(14)
C(12)-C(11)-C(10) 120.4(5) C(19)-C(20)-H(20) 119.6
C(12)-C(11)-H(11) 119.8 C(15)-C(20)-H(20) 119.6
C(10)-C(11)-H(11) 119.8 Ru(1)-C(20)-H(20) 129.5
C(13)-C(12)-C(11) 120.9(6) C(15)-C(21)-H(21A) 109.5
C(13)-C(12)-H(12) 119.6 C(15)-C(21)-H(21B) 109.5
C(11)-C(12)-H(12) 119.6 H(21A)-C(21)-HQ21B) 109.5
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Table 3. Bond lengths [A] and angles Table 3. Bond lengths [A] and angles
[°] of [Ru(p-cymene)(ptu)>CI|SH. [°] of [Ru(p-cymene)(ptu)>CI|SH.
C(15)-C(21)-H(21C) 109.5 C(22)-C(23)-H(23C) 109.5

H(21A)-C(21)-H(21C) 109.5 H(23A)-C(23)-H(23C) 109.5
H(21B)-C(21)-H(21C) 109.5 H(23B)-C(23)-H(23C) 109.5
C(18)-C(22)-C(23) 113.8(2) C(22)-C(24)-H(24A) 109.5
C(18)-C(22)-C(24) 109.3(2) C(22)-C(24)-H(24B) 109.5
C(23)-C(22)-C(24) 110.8(3) H(24A)-C(24)-H(24B) 109.5
C(18)-C(22)-H(22) 107.6 C(22)-C(24)-H(24C) 109.5
C(23)-C(22)-H(22) 107.6 H(24A)-C(24)-H(24C) 109.5
C(24)-C(22)-H(22) 107.6 H(24B)-C(24)-H(24C) 109.5
C(22)-C(23)-H(23A) 109.5 Symmetry transformations used to generate
C(22)-C(23)-H(23B) 109.5 equivalent atoms:
H(23A)-C(23)-H(23B) 109.5

Table 4. Anisotropic displacement parameters (Azx 103) of [Ru(p-cymene)(ptu).CI]SH.
The anisotropic displacement factor exponent takes the form: —27t2[ h2a*2ull + . +2hk
a* p* Ul2 ]

ull U22 u33 Uu23 ul3 ul2
Ru(1) 22(1) 29(1) 31(1) -9(1) -2(1) -3(1)
CI(1) 35(1) 51(1) 36(1) -16(1) -7(1) -2(1)
S(1) 29(1) 28(1) 42(1) -7(1) 3(1) -1(1)
N(1) 59(2) 34(1) 41(1) -3(1) 2(1) 2(1)
C(1) 33(1) 30(1) 43(1) -12(1) -5(1) -5(1)
S(2) 34(1) 30(1) 52(1) -16(1) 4(1) -7(1)
N(Q?2) 52(1) 27(1) 44(1) -9(1) -2(1) 5(1)
C(2) 50(2) 26(1) 52(2) -16(1) 2(1) -4(1)
S(3" 161(1) 48(1) 56(1) -1(1) 8(1) 39(1)
NQ@3) 68(2) 39(1) 42(1) -17(1) -5(1) 4(1)
C@3) 68(2) 50(2) 55(2) -22(2) -1(2) 1(2)
N(4) 85(2) 30(1) 60(2) -17(1) -10(2) -6(1)
C4) 118(4) 68(2) 51(2) 21(2) 4(2) 1(2)
C(5) 129(4) 64(3) 76(3) 21(2) 47(3) -7(3)
C(6) 72(2) 51(2) 102(3) -28(2) 28(2) -4(2)
C(7) 55(2) 38(2) 75(2) -24(2) 5(2) 0(1)
C(8) 48(2) 32(1) 38(1) -10(1) -14(1) 2(1)
C©) 63(2) 23(1) 80(2) -8(1) -16(2) -5(1)
C(10) 73(2) 44(2) 76(2) -10(2) 1(2) -18(2)
C(11) 114(4) 49(2) 109(4) -17(2) 31(3) -24(2)
C(12) 89(4) 48(3) 210(7) -24(4) 38(4) -23(2)
C(13) 69(3) 53(3) 236(7) -33(4) -24(4) -22(2)
C(14) 94(3) 41(2) 143(4) -19(2) -46(3) -13(2)
C(15) 25(1) 56(2) 41(1) -1(1) -6(1) -16(1)
C(16) 35(1) 36(1) 55(2) 2(D) -11(1) -16(1)
C(17) 34(1) 41(2) 43(1) -16(1) -6(1) -12(1)
C(18) 29(1) 44(2) 33(1) -8(1) -9(1) -10(1)
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Table 4. Anisotropic displacement parameters (A2x 103) of [Ru(p-
cymene)(ptu)>CI]SH. The anisotropic displacement factor exponent takes the form: -

2m2[ h2a*2Ull + | +2hka*b* U2

yll U22 U33 U23 ul3 Ul2
C(19) 24(1) 40(1) 43(1) -7(1) 9(1) 1(1)
C(20) 22(1) 57(2) 38(1) 141 2(D) -3(1)
C(21) 46(2) 85(2) 45(2) 10(2) -7(1) 26(2)
C(22) 47(2) 51(2) 35(1) -5(1) -7(1) -12(1)
C(23) 51(2) 106(3)  39(2) -5(2) 0(1) -13(2)
C(24) 52(2) 86(2) 37(2) -5(2) -14(1)  2(2)
Table 5. Hydrogen coordinates ( x 104) Table 6. Torsion angles [°] of [Ru(p-
and isotropic displacement parameters Cymline(:)l()ptsu()lz)cg(sllj'N(l) 1E)
24 103 i u(1)-S(1)-C(1)- -20.
(A%x 10 )Xof [Ru(pycymene;(ptu)zCI]qu) Ru(1)-S(1)-C(1)-N(2) 162.60(19)
N(1)-C(1)-N(2)-C(2) 178.4(3)
H(IA) 4475 1230 4162 59 S(1)-C(1)-N(2)-C(2) -4.2(4)
H(IB) 3063 2358 4123 59 C(1)-N(2)-C(2)-C(7) 137.0(3)
H(2) 6634 892 3170 53 C(1)-N(2)-C(2)-C(3) -45.7(4)
H(3A) -958 7598 3944 61 C(7)-C(2)-C(3)-C(4) -1.7(5)
SN S S A N(2)-C(2)-C(3)-C(4)  -179.0(3)
HGA) 1035 87 3151 69 CR-CA-CH-CE)  LIEO)
H@) 6741 2665 213 100 C(3)-C(#)-C(5)-C(6) 0.2(7)
HG5) 10277 1979 112 117 C(4)-C(5)-C(6)-C(7) -0.9(6)
H(6) 11992 1093 1227 95 C(5)-C(6)-C(7)-C(2) 0.3(5)
H(7) 10153 929 2461 69 C(3)-C(2)-C(7)-C(6) 1.0(4)
H(10) 2032 8288 1386 79 N(2)-C(2)-C(7)-C(6) 178.5(3)
H(11) 4642 8817 428 114 C(9)-N(4)-C(8)-N(3) 178.6(3)
H(12) 7386 9320 751 147 C(9)-N(4)-C(8)-S(2) -0.7(4)
H(13) 7626 9294 2024 141 Ru(1)-S(2)-C(8)-N(3) 2.5(3)
gg“g D Ru(1)-8(2)-C(8)-N(4)  -178.27(19)
H(17) -33 3418 2124 45 C(8)-N(#)-C(9)-C(10) 61.2(4)
H(19) -2868 6302 2731 45 C(8)-N(4)-C(9)-C(14) -1214(3)
H(20) -3285 5303 4042 48 C(14)-C(9)-C(10)-C(11) 0.6(5)
H(21A) 2942 3612 5053 92 N(4)-C(9)-C(10)-C(11) 177.9(3)
H(21B) -3055 2544 4794 92 C(9)-C(10)-C(11)-C(12) -0.6(6)
H(21C) -890 2719 4926 92 C(10)-C(11)-C(12)-C(13) 0.3(7)
H(22) -1133 6413 1410 54 C(11)-C(12)-C(13)-C(14) 0.0(8)
H(23A) 864 5645 409 105 C(10)-C(9)-C(14)-C(13) -0.3(5)
H(23B) 2003 5183 1187 105 N(4)-C(9)-C(14)-C(13)  -177.7(3)
B Vs aiar ad C(12)-C(13)-C(14)-C(9)  0.0(7)
Egmg :324514 4522 1036 93 C(20)-C(15)-C(16)-C(17) -0.7(4)
H4C) 4332 6096 1278 93 C(21)-C(15)-C(16)-C(17)  -178.7(2)
H(3)  8350(60) -440(30 4150(20) 74 Ru(1)-C(15)-C(16)-C(17) ~ -53.1(2)
C(20)-C(15)-C(16)-Ru(1)  52.5(2)
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Table 6. Torsion angles [°] of [Ru(p- Table 6. Torsion angles [°] of [Ru(p-
cymene)(ptu)>CI|SH. cymene)(ptu).CI|SH.
C(21)-C(15)-C(16)-Ru(l)  -125.6(2) Ru(1)-C(19)-C(20)-C(15)  -54.9(2)
C(15)-C(16)-C(17)-C(18) -0.9(4) C(18)-C(19)-C(20)-Ru(l)  54.4(2)
Ru(1)-C(16)-C(17)-C(18)  -56.1(2) C(16)-C(15)-C(20)-C(19) 1.3(4)
C(15)-C(16)-C(17)-Ru(l)  55.2(2) C(21)-C(15)-C(20)-C(19)  179.4(2)
C(16)-C(17)-C(18)-C(19) 1.6(3) Ru(1)-C(15)-C(20)-C(19)  53.7(2)
Ru(1)-C(17)-C(18)-C(19)  -54.39(19) C(16)-C(15)-C(20)-Ru(l) ~ -52.4(2)
C(16)-C(17)-C(18)-C(22)  -178.7(2) C(21)-C(15)-C(20)-Ru(l)  125.7(2)
Ru(1)-C(17)-C(18)-C(22)  125.3(2) C(17)-C(18)-C(22)-C(23) ~ -33.9(4)
C(16)-C(17)-C(18)-Ru(1)  56.0(2) C(19)-C(18)-C(22)-C(23) ~ 145.7(3)
C(17)-C(18)-C(19)-C(20) -0.9(3) Ru(1)-C(18)-C(22)-C(23)  56.2(4)
C(22)-C(18)-C(19)-C(20)  179.4(2) C(17)-C(18)-C(22)-C(24) ~ 90.6(3)
Ru(1)-C(18)-C(19)-C(20)  -54.9(2) C(19)-C(18)-C(22)-C(24) ~ -89.8(3)
C(17)-C(18)-C(19)-Ru(1)  53.96(19) Ru(1)-C(18)-C(22)-C(24)  -179.3(2)
C(22)-C(18)-C(19)-Ru(1)  -125.7(2) Symmetry transformations used to generate
C(18)-C(19)-C(20)-C(15) -0.5(4) equivalent atoms:
Table 7. Hydrogen bonds of [Ru(p-cymene)(ptu),C1]SH [A and °].
D-H.. A d(D-H) d(H...A) d(D...A) <(DHA)
(1)-H(1A)...S(3") 0.86 261 3.374(2) 148.9
N(1)-H(1B)...C1(1) 0.86 2.50 3.231(2) 143.1
N(2)-H(2)...S(3" 0.86 233 3.175(2) 166.2
N(3)-H(3A)...S(3)#1 0.86 2.40 3.240(2) 166.2

Symmetry transformations used to generate equivalent atoms: #1 x-1,y+1,z

Least-squares planes (X,y,z in crystal coordinates) and deviations from them
(* indicates atom used to define plane)
4.7415 (0.0156) x + 7.1502 (0.0058) y - 5.8516 (0.0524) z=4.7415 (0.0210)
-1.0014 (0.0035) C3
0.1935 (0.0008) N4
0.0396 (0.0043) C4
0.7803 (0.0039) C5
0.5054 (0.0036) Co6
-0.5174 (0.0044) C7
Rms deviation of fitted atoms = 0.6019
- 1.9834 (0.0094) x + 10.5791 (0.0108) y + 0.5997 (0.0292) z = 8.4387 (0.0167)

* ¥ X X X %

Angle to previous plane (with approximate esd) = 75.187 ( 0.105)
-0.0021 (0.0023) C9

0.0029 (0.0025) C10

-0.0019 (0.0029) C11

0.0000 (0.0036) C12

0.0008 (0.0035) C13

0.0003 (0.0027) C14

Rms deviation of fitted atoms = 0.0017

* ¥ X X X X

P 186 Tt 13 atuil 2 nangneu - Surew 2562



2o stBuUIna
9619798 W( nsJinw

AU UTURALENSIN1SUAAUAR LA LS ABUIINA2DE19RUN LT luN1SNBES19
USLIUNIINB UL BVDIININYTAN
Radon concentration and radon exhalation rate from rock samples
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ABSTRACT

The concentration of uranium-238 in soil at the north of Yala province were high, which
may cause of high indoor radon concentration and building materials in this area. Therefore, this
research aims to study the radon concentration and radon exhalation rate from rock used for
building materials 27 samples using Close-Can technique with ATMOS 12 dpx. This study found

that the radon concentration, radon exhalation rate and the effective dose are average
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49.24+8.43 Bgm?, 16.56+3.00 mBgkg-h'and 1.24+0.21 mSvy", respectively. The radon
concentration in Lidon sub district are higher than acceptable level (300 Bq:-m™ as recommended

by WHO). For the effective dose in Lidon sub district, Kero sub district and Koto Tuera sub district

are higher than the annual exposure limit (1 mSv-y™ as recommended by ICRP).

Keywords: Radon concentration, Radon exhalation rate, Rock used for construction

Northern part of Yala Province
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sreavidoniuiuled
http://library.md.chula.ac.th/guide/vancouver2011.pdf

79819 VIULDNETE19B9

BUIHeUIaN151

suuuUugU Forusia(Author) /Aewisda(Title of the book)./ASsiii(Edition)./iflos

o

InAu(Publisher);U(Year).

fiRusi(Place of Publication):dn

Janeway CA, Travers P, Walport M, et al. Immunobiology. 5" ed. New York:
Garland Publishing; 2001.

o aassd YoyaySryeye. Lsrfindevessvuudszamnanslulsemalve. ngamnne: Sou

WAINITHUN; 2536.
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UNAIUIN5813 (Articles in Journals)

sUuUUUz1Y Fefuss(Authon)./Faunana(Title of the article)./Apnsans(Title pf

the Joumal)./fJﬁﬁuﬁ(Year); ?Jﬁ‘ﬂamWimi(Volume)(aﬂuﬁ(Nol)):Mﬁ’l(Pages).

a

¥in1 A15979, Inal Weeviny, Iugy c%‘igmiimmgqa kaTANE.ASANYIANURNI9NA
wardiunaun  wadvessesidendnsiesali. 115a1539e UNT.ATINN.
2561;12(1):119-31.

White AR, Treenate D, Kiateungwalgrai A, et al. The effects of accent
familiarity on english as  a foreign language students’ word
recognition and comprehension of the english language.  UTK Res J.

2559; 10(2):21-30.

anansatannsating (Electronic Material)

JUMUUNUFIY Wagusis (Author)./ABunAdY (Title of the article) [Uszianvasde/
Tanl/aowndiusi: driindiud; YRun (Year) Lihdsdla/cited U o Junl/an

(Available from): http:// ..o

Foley KM, Gelband H, editors. Improving palliative care for cancer
[Internet]. Washington: National Academy Press; 2001 [cited 2002 Jul 9l
Available from: https://www.nap.edu/catalog/10149/improving-
palliative -care-for-cancer.

“fudln” szuundnuseiuguamduvih SFlvsiusiansuinnsiuansisugulite
AunmFinfintuvesaulne [Bumedidn]. uuny3: avaw,; 2552, Ldhdadle 25 fla.

2554]. 1n: www.localfund.in.th/files/NHSO-intro1-6.pdf

Yy a a o -
n139198sunanuniaualun1sUsEy winasunani1suszau (Conference paper)

JULUUTIWEI Yoo, /Aoi3ea./Muln)/Feussansnis,/ussansnis./Aevide. /Ao
nsUsyYsy/ U Wow UNUseyuy/anundauseyy./anunfium./ d1iniium;,/

W/AUNTNSUAU-LAUNTNEATNE VR IUNTIONS.

o

P

YARUN./

® 5y gynsena. Coagulopathy in liver diseases. Tu: Yugdanl Inuafias, nidna

s o

wnuTud, 8udn 9MeNvs, UIIUIEANT. Vascular diseases of the liver. NM13UTEY
9115U5891U AN 4 Vascular diseases of the liver; Juil 12-14 Junau 2552;

WasyI.ngunne: anaulsadu (Useinelne); 2552. 1.1-13.
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A. @2

i

uudn

diuusenounilouunainuide unliidesdiundnge Weuldeglunszaiy

U 1 N Wit

B. &1
1.
2.

wiloun

U1 (INTRODUCTION) Lﬁumummﬁmmm;ﬂammmmwﬁauwmm
35nsAnw/A5anliunis (METHOD) (613 WuniseSuneisnisdnu vse
N3ALHUNITANNUTZLANVDIUNAIINIVINTT

NANSANYY/KANT5AEUNNS (RESULT AND DISCUSSION) tHunisiauena
athatoau mulsziulaeddunuitefianursesiuns

a3U (CONCLUSION) auussidiu uazanszdrdnyilsninnisfng

Lon&d"581989 (REFERENCES) Tdmnufinnsansivun
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HYILAIENI115INYAINT Tudsey FO9AENTINTIUDENT AMATAINIUS
HYILManI1TENTF g3na HYemans1asdesiad guiunuuv
HYeAansIasdunsa dedud WeAs1s haldu
HYILAIEanI1A15E63Ey YIeius HYIeAIans1a158an il Inen
HYILAanI1A15E8RANSA usHany wwaUsviag wud

Wge 19977 HYILAIERIINTEITING JUNIgITIel
HY8Mans1158ATITN MAINAT HYIeA1ans1a1586alTa Aeinulseieasy
fremansnansedvnag quily wgdslund aaesshuana
femans1nsdydng nuatufss JPNANTINTEATY LATYLUATNA
WLART  JARAUNUS HYemans1asdunsad usm
504A1ANT191567TYE1 1a3yann wgdnunial neduns

wsanivNgd dayaisvo HYIEAaNI1150UTAYY TTmnng
wNaIAAaNYal Wi wegien Tvalfiumy
HYILAIEanI1915693305 AuATINRII fromansnanseloan Aude
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UNANNGANT UTINT HYIuANanI1A15Ofs N FlgauuIa
HYI8AIaNI19158.59511 1385591911 HYemanI1asesned nnlans
Q'wmam’mié.afaﬁ A3todsU HYIEAANT1ANTEIYENS NeyauTiyad
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HYIeMans1a15edvId A3 HYemans1asdnsdds Aslefande
HYIemanI1a1selian wimnae HUemanssddvanayn Shude
HYIeA1anI19158lna%e ann HYIeA1anI1a1sofna AyayAn
HYILManI191589vY1 vyae HYIemans1A15E8vanan Snuidayasel
UINENIUUTET UINSLH HYIemans1a1sEnainT fulseiasy
HYILAEnI1915E8 WAL Fu A 509MEANTINIENTINIT 2edatan
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