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Abstract

Thsresearblad purpose to drgigcéme for drying rubbestwdyidigying
temperatamd size of rubbethatoaifiecdisturerabber woodopétipgpckiref
this reseasels as follovip 4tudy production process of rubber wood. 2.)To study mo
rubber wood and how to reduce the moisture of the wood. 3.)To study about ruk
machine. 4.)To study theories about reducing moisture of rubberndoimet different te
to dry the wood. Temperature used for experiment were 80.,85eanidr@bbdegrees Cel
woods used for experim@ri envede2lifurtthree replibafés.plan for collecting moisture
of rubber wood at each experamalyze6rgcult of data collected. 7.)To summarize
experimental results. The result wdsysipmedrttate and sizedié&aibd
moisture of rubbel haymaropriate level of factors which made minimum moisture of rul
wa atrying tempera@@relefrees Celsius usingdizeibber wbisdeval factors
cameduce moisture of rubber wood muestsihactaly
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Normal Probability Plot
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Factor Type Levels Values
Temperature fixed 3 &80, 85, 90
size fixed 3 1.0, 1.5, 2.0
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Analysis of Variance for Moisture, using Adjusted 55 for Tests

Source DF Seg 55 2dj 55 2dj MS F P
Temperature 2 27.868% 27.8689 13.9344 24.34 0.000
size 2 47.12687 47.1267 23.5633 41.15 0.000
Temperature*size 4 0.5644 0.5644 0.1411 0.25 0.908
Error 18 10.3087 10.3087 0.5728

Total 26 85.8667

S = 0.7568698 R-Sg = 88.00% R-Sgladj) = 22.66%
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The regression edquation is
Moisture = 33.0 - 0.244 Temperature + 1.39 X1 + 3.28 X2

Versus Order
(response is Moiture)
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Fredictor Coef 5SE Coef T E
U )C‘cnstant 33.005 2.844 11.81 0.000 :A
Temperature -0.24437 0.03333 -7.33 0.000 -
H1 1.3889 0.3413 4.07 0.001
H2 3.2819 0.3525 9.31 0.000
3 = 0.724107 BR-5g = 85.8% R-3g{adj) = 83.9%
Analyais of Variance
Source DF 33 M3 F B
Regression 3 69.691 23.230 44.30 0.000
Residual Error 22 11.535 0.524
Total 25 8l.22a
Source DF Seg 3535
Temperature 1 24.100
H1 1 0.133
H2 1 45.458
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Abstract

Taguchi Method is a statisticabapprizactiné process parameters and improve the qus
components that are manufactured. The objective of this study is to illustrate the pr
using Taguchi Method to a machining or turning process operataandise orthogonal ¢
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ratio, and the analysis of variance are employed to study the performance charac
operatidhe experiment is turning the high carbon steel sizing a diameter of 25.4 n
of 470 mm by using a cudtliegofablentnigh speed steel. The machining efficiency is ev
by measuring the rate of turning scrap or MateriallRénsaakbRais, (MRR Yactors
namely spindle speed; feed rate and depth of cut were cotahtethoymabingly, a
array was selected and experiments were conducted. After coadiagiingrthe experin
Material Removal RamagMirFasured and Signal to Noise ratio (S7Thgrefmsecalculated.
the number of experiments areafferutsingnekperiment and confirmation test, it shows
the Taguchi method is useful in reducing the number of factors that does not effect
and saving the experimental time.

Keywordsaguchi method, turning processamatgrinmgduction
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Abstract

This research is aimed to develop the Chinese sausages using Quality Function De|
Design of Experiment (DOE). QFD is the tools for analyzing voice of customer. Tl
analyze the ingredient ratisdwvaioefoimcustomer. This research is started by developi
guestionnaire for collecting data to QFD phase 1.Extreme Vertices Mixture Design A
to achieve the suitable ingredient ratio. The result of this stuahe sheweffeati@FD and D
tools to improve food product and increase the customer satisfaction.

Keyword3uality Function Deployment, Product D&vielegereatsaged,
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Abstract

The defect of the manufacturing processsishanesfalime added. The case study is the
mold manufacturer that has many defects in the manufacturing process. However, these
management and do not have il finevefaienthe objective of tis mesergehthe

defect in the manufacturing process. The methodologies of this research are to study the
and type of defect, to analyze the cause, to propose the guideline of management and 1
show that whennitiachaer received the order, the purchasing department will order the
domestics and import raw materials. Next, the manufacturing process is started such a:
manufacturing process, 11 types of defitetstiverepdoetoddiAgram is used to select the
significance of defect type. There are two defect types; material scrap and improper
diagram is used to analyze the root cause. The guideline of the defeg BRnagement is
principle. The first R is to reduce the two defect types by training the new employees, che
chief, cleaning schedule for machines, inspecting the machine anocestitigehead. Moreov
defect, employémsewdisponsibilities. The second R is to reuse the defect. The defects ar
type of steel and stored in the warehouse. In addition, the storage and pick systems are
recycle. The trial assemble parts areewquddystsdiaceising in the factory and souvenirs fc
key customer. After implement tefgaisélane teby@d@eo.

Keywor@& Principle, Defect management, Mold
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Abgract

Number of product defects occur in the production of ceramic plates is higher than ¢
Therefore it is necessary to reduceal#fectfimebstudf found that this plant produces a
large quantity of ceramic plates. chinteshatierusea in manufacturing. Conveyor belts
also used to transport the materials. When some mistakes were happened, there v
products in a short peri@kcdmioglate productiorSevandiesgtes and quality tools
aredepley in this study. Improvement of walrkorghimg thomszsbesedudéehe

average defect at . BBpdoday.

Keywordkefect reduction, seven wastes, quality tools, ceramics
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Abstract

The objectivesofedsearch was to reduce a packaging defective problem in the cr
process of a case study company. From the andbsithddia jpdcletgoityelefective was
10% and used the Pareto charetiadt chagem to démalgsxblem. The general problem
was employees not have any suitable standard to set up parameters of the machir
concerned were an upper seal temperature, a miditievseat st grepeiatire, time to
close a sealspmedd of the packaging process. Design an Experiment was a tool t
appropriate set of parameters that mention above by consideration signal to noise ra
better value.

The result of the study showed tledt tharapm@tgorto use for setting up the mac
were follovaedupper seal temperature was 155 degrees of Celsius, a middle seal ter
degrees of Celsius, a lower seal temperature was 150 degrees of Cadsmisd End seal
time to close avasd).3 second and speed of the packaging process was 58 second!
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improved showed that a packaging defective dedesasaseth 227/38% foom the formel

process.
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Efficiency Improvement of the Rice weevil Removal Prototype M:
Commercial Purpose
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Abstract

This research aims to improve the affeciameyibfehwval prototype machine by usin
infrared radiation for commercial purpose. The main objective was to compare the
prototype before and after improvements. Another objective was to indicate proble
during apglto Dawk Mali 105 in the selected mill in which currently uses a vacuum pe
to protect rice weevils. The questionnaire was designed to obtain satisfaction and
after using new infrared radiation technologgnidafgréhangtahprverage score was 3.09
or 61.8 percent. After that, some improvements were introduced. After the improve
that an average score was increased to 3.70 or 74 percent. It was 0.61 points or 1.
than that the previous satisfaction. This was indicated that the user satisfied wit
application. Total cost of vacuum packing of Dawk Mali 105 was 186,600 baht per n
the total cost of infrared radiation technologyt was 851994t veabahown that the mill
can have the payback period within the first month of use.
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Abstract

The purposes of the pagstudye@ood Manufacturing Practiaeg(&6MRE ddousdiy

of Health (Thai law) and GMP CODEX (InternatiomathiegatlationjaDeddidcted and
plant model was developed co@pIRinGOMEX. The evaluation criteria for a Goc
Manufacturing Practice was pas$§/onistraaffHidadic Health. On the other hand, audit re
of GMP CODEX did not padelet#useserious defects. Therefore, the researchers intr
to develop plant layout such as increasing the manufacturing procegs flow. For the
direction of water flow to flow one way and change ventilation by use curtain to sepe
and so on. And issued records related with procdissifaysudemoriEhddikgiene
Inspection form, Raw material Inspectganédranaryl di§imasn to deasldp

ready for GMP CODEX audit in the future.

KeywordBvaluation, Good Manufacturidgdamactice, Pla
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Abstract

This resaaens to reduce the installation time of carbon dust protector in forming pro
problems occurring during the installation of carbon dust protector in forming process
too long time, resulting in a delay oéweeksh&mesefarchers, come up with the solution
enhancing the carbon dust protector to improve the installation processes to increas
and effectiveness of forming process. After the enhancement, we ttamreduce the ir
6,279.2 seconds to 645.6 seconds which is accounted for 89.78%
KeywordReducthe;orming process, Carbon dust protector
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Abstract

The objective of this research is to propose a methodology for designing and dev
parts integrating design for Six Sigma with ISO/TS 16949. Ttedl s ttkeatmseeber was ¢
study product. The research started with studying the current product design process
company. In step 2, the methodology for designing and developing automotive p:
following the DMADV procegn trtisexdegima and PDCA cycle to improve the manag
of product quality. The methodology also recommended appropriate statistical tool:
steps of the processes and provided verification check points that9d@nsistent with
standard. In step 3, the application of the settiodblesgasrgadormed. Result of

this study showed that the methodology for designing and developing automotive p:
research increased the design sdfipravayedt tAle continuous improvement in the de:s
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process consistency with ISO/TS 16949 standard. As the result, it encouraged the |
development processes for the automotive part industry.

Keywor&roduct design and developnientSiResigmaSIS69%#9 standard, Shock
absorber

1.030C6 O OEAL CRAIE-OBRNEOYAE VE O- UA

AN ARy déadaA- 6 84a09haafF Bei0sbiOo0s N Bbl
d6U0aU0° @6 ¢ EEIBOARY CE 608 1 BUO-(& AERAO PECRGEAA 6 6 @6 B £
Al NGURDaD&EFD F6EHERARBEDBOOUVGaE6IEOA Aeeh
éENY-éTOA&-TEAOUA@@@@G%ﬁG%W@%@M%ﬁﬁB%@®'
|
|
|

N~ NN s

s - ~ A A

00eodl Ad § VaAREREIBDUyeR@PIET 6 4a- 6 EO- UAUUAG &
uOedi Aaaﬁ@@@@@ym%%"mm&%@-abl
(Research and Technology and Develg@uohtad@®O)3 a i & U A O A E- Ao U
y&b)@UAeAEJAaEM&&E@oelmﬁaoé)aOOd?aoAUaaQb(P'Aean
@ AB a AA BEGREOOU AaaaYaeoanUaUO° A &
Tqu0| A & aakXat ébl aeorasRldctic &) ¢
AoaRA6OA64a0b" Aoé(éea@a@ﬁﬂea/bl—ﬁlew@eacell/baAeaearMEa)aJ
aadaADoEP@é ¢t EUoUBOBABAa®CO KDbubRT Ea E
tube shock absorber workihgdpAnkiple) 1 6
s A EE yBﬂC|ADa i BAVO Areiisi x
o Qo A f UuuéuoaaB@@mﬁm@@Not
5000«63645441;4}36H_323f%%59@f 0A6Aa0CoOyUBUAGAaé+ABHC
Lo rhd 80% y
e BB B )b 0 AABRIBE O E6 UAT Ea
(] T [ aee aEaAUBERCEIUCC6a0UY UC
M % K§AGOAEBAGNA GRAEGUCCO 2
03W%4555F@FWW1$ At E ®isthd 1 BY eAi - yAGOAAE
@ #0500 % Use | @ (Ollter SHel) i B¢ a6U0UaUD° y Aa

cDAdaerAd6aAda at OA

|
xn»

S
o {f)ca'b 6636 %Q

A0BBAAOCODAGAO" AGAAACAXA" 2 Ax 23 Axxaiixygpsl
aovauo°cadgi x-+EUC 23 .
L \ Of
b+ AecayUCUa6Aand }\ ' =116
AYU&UQUééeOaNBOé Pressure ./ Cylinde .U)OU&UOO
Aeoaeil OAae-1 EA0UE G g)aA—llC')
Aaboée-Aeodocad- A-Dj e 1\ 00 preseureiihg UC U é 0
RoOUGaE- AT oRa6OBEM Shambe iy UaaEE.

Azfaf 0o (REMBO ek dzadd -?\m@f
Y Ged 0 @06 (A Bt G @d AOHIBAD A BCOE G M -EaE- AT Ol

62



AbaUanEuaedsEocA6aA208E60URD
676 0 E2b5BAA EY DR D

A 4 B 6 oapoAs AOBAGyEGABACAT -SEAdG O EER &
VAzeaci UB6¢ Aamdbamy@®e GilbaatOo0mayea@ydsale- N Hed

Afdeaed¢adalUy Uuda-cBaWa/88A UBRea A ABLOUAT EAa
Aeoayace A CRAed AR A aBc0AEERS BIATRAAIGAAOD 8A0ED Dk 0
Bg CUY G e x & NiiA @eais-Maibeizo e BYA®E O AWwoE U A 6 a
O - (Babhping FEréd¥i D1 o UAAEAAARABABOCcYy A8 OA+CU
EOAAE6AAOAD-6EATERglé+-Aé6AanUe UA«
KIdkidaéy R o ¢ 7 AF8S)T AAUU ¥

y U C UAAMpEC Bz i RoOU6 O- UAUUA
Y &6 O a 000 A ox G U0 1
OB 6 UAKGAIODEdd @a a o
(Measuréd 6 &4 & (Asalyzeddaia 1°1

Aeoad-1 (EusmmeAm@Eﬂwlﬁ\/éK)Oﬂ -V AR
A6 ail Cdadept Dedignp i 1 AA QY _eauUy=Aogyg
(Primary De¥igaep 6 a(i B iArAdAld aDe s ia@@p GUOT UAG6aOCO6Yy UB UE
@ddé1i UYaec(CTaecsCDG’WbUBAUIL&LEDA ).

AafUe UAPod Laindi o & a o Ugls ¢ T A€0AaRUeUAcaT T A
E o6 AAAR @ DT R o OUOB

Yaed 0ao0O0° AT EAa o é + Acé
6680 AfTEADEVYDT UA64aOCOH Y

D

Custor\Conce\Prima\ Final\ Test/\ Posk S
need Desig/Desig/Desi alld;Laun> t. A6 T ANUNGBAOCA &

\ | -AOAGO gaeio A
auB@dMAUE | AT ° [n]aAa_@@@yérs@&'%%aniﬂAx(
Kak O@SEWSLB,B49 Zwﬁw

yaoWaNoaks @BDADVAHY YU 2 66554 x
Tu0eéoil AaaR-aidlAUOZ W THRFRS 51 1 AA (
U a d BEEss0 8y &/eRmEAs D E ANV
(Plan)) B PR EFHGheRk A (Adtidh) | k AGCRE-8ER
a0aaoyAcood-EaAdAUVABp-LVanyaalhe daed
AoctaE2A Y UA U 04 6 MRG0 @ @A ET DAAL (
éayAééﬂms’A)ﬁ‘ﬁ@@éﬁAa””'ul&@cﬂ&*f@’i},‘tﬁOf‘JoYaeoanOO
20 Aée OnA- U(FAMEAésamaE&,tbaéln&\ﬁaaAan @ U
AafiUeUAcaaGRAEA YSBEG ARG N o GBI naU
T Unao 0o HRPERYARN & B A AN BO-Ae o Aot A6adC
(Control PEa)A © 4 B 0 O U ©A @6 B Ad dFavieedo Ui o € y B
Ta-0E&mUg UDEREORRG &R0 ATBBR®AIY- pila 6 i

([an)

A6 aA
6y Ubd
8dane
AA-A

63



®D: O
ot >

e
=
T o
< M

Q©
o G

N o
& >
Be

Aeo6aUoy 0 Qa000°
B 2ed 66 a ¢ '-%5
A-C 6a+HT AAUOU

D6 aA-F

l AUe g6 E
A& G am

NN N N

6 & ESATS 166d9AB0HEAHE BEYRARIAJ0 O O °
aoUHauEEOSG A

= A=A A

T PTG < e oun-%r--.‘m'@ ,~A® A B A A
o
O6ade@aé oaRoUU EdéeBE&B & U 0NaIRE OBa gcT Ed gl
= c 3 [Z S Ik 4= o[o[g[D RS >
o 5 B ol 1 ] o = ElC|RH|BIL|28|s|E & @ |o D - e <
yAamwaiia (|8 o8| (3] |E|2|8(E|2|EI5|5 15| (2| |4(8|28 g5| |§|s
2 2|s 2 MR B R EE = 5/5|8|e | > = |5
= S| < = =2 |8 |5 [ cle|E|2 1% = |2 |5|E <|3 |9 = £
5|, |2& = Sic|5|E5|E|E | o|Z|c|B|5|8 AR S |2
~ PN LI0|3]|e c < |22 @ SI€Is|8|y|8|2|2(5(2|E N < |3 =
AsEAaaaUa FL|3|5|Ec|a(S|2|%|4 5|5 |E|RIE|Q|SIS|B|EIE|S|x|E|2|8|8 (5|2
Slo|l@|lfloe|s|E|lalo|l|z|lalc|S|6|ala|la|d|a|E|2|F|6|S|a|an|0|2
Q| AaGHG e el 010101010
2 ey 6 6/0|6]0 [
60/0|6|06 |06 0[6|6|06[06]|0 0|0 0[6|6|0|06|0|6|6|0|06|06[C6|06]|0
o] o] 60/0|06]|0
% ) [i 5 f)
|| AefRait ARD Y &ENDAG3 AeBBaEs 6106 6106 6(6[6]06]0
° EEGROW AR TR B 0 0 6|0 6|0 6|0|6|06|0 |0
;é GO0 5 5[5 5 5 AR
s Aagifedi _”“ﬂa]aea;‘ &j 22 DFMBA o) o] o) o] 60|66 0/06|6]|0 0|66 o] o)
e ~sae | AGHT AUURBAGYERYRAGLEA U 0 0|0 o) o] 6|0 o] 0 [o] 60/0]|0
VBALHTAA | e ~ < ~ = = < <
A8 e A/l (RO 6 ) 5|0 ) [ 0]0 5|0 6
aser any | PEEAEEERO0 A 6 o 5 6 56 6|6
Yedd T AU S ~ 1 ~ < <
= AEA G A 0 [BKe) o] 0[06]|0 o] o]
s e Aﬁzﬂ'ﬁ[ﬁéﬁTM‘D(SPﬁ 0|0 o) 0 o) o] o]
GOEH HiA GLUE) 0 o] 6|0 60|/6|6[06|d6]|06 0 60/6|6]|6 6|0|6|06]0 0
o A mm}' T oAU o} 0|0 (o]
g A o FRU o Gifedhae U0 6|0 0
B ativaliie o 9 . . 9 RN oL tot 1 | 10
AseamavORRMa (Control Plan [i 0 6 606 6(06]06 566|600
AT BEess601P P AP o) o) 0 o)

64



AbaUanEuaedsEocA6aA208E60URD
676 0 E2b5BAA EY DR D

EoAauU@o6¢ N Aai®6@sE@DEE & O -yEbCAAG-a WA G
U & oDMARD E & i U(ﬁqieﬁsoﬁm)éi FagiAioaadyseol AAE - yAazé
a ONCSOD/TS 16940¢ a A 0 Uy A a@p0¢E eExad2 61 8Ad0 Ayo @ A 60 Adea )
AE- @06 Eé x 6 ORDCH 3uvd B a0 Giilea eAleUsAlaERielRBEBA 60 41 1 A

b AeoaC)- i EAoaAl EaeuAA- 6 1 au—quCUC')l U A

s = A A A

AT EeUAA- 6 A=A Aedaudisel© AAaAO‘??A yARaglAeei A
AxefedEBFOAO UAU O4 6 DMAD ..A__o\a ) '..'QAAEJ A @l @

2. AU AGOAGaT T AA A WU | C 1 7
Ao CUOT Ue ODZ])/M@/AZEI}/&J@WA&»&WIZ%\A,? CX 6
EoOODBCO6A-1T ataeAoae féfsb‘ers?qéi """ Fe@a o 0¥eia 0 3¢
RO (60 aciadlemasnd iz ATESY 250404
e00A-6a0- ACoi UOacaAdae ddxWdY JAeiAule:
HAOUAUOx20Ae OAREY élandduaY & 080 DO° A A aé
AUeaU- aAi EAedva=-avya aeéTEE/SA%'?ﬁECJeUAéaTTA/

k. Aoayaocao- Upasasti1 ABADT & OmENER U6 UA G
i1 AAOUAG6aUaRNAT OyBoc] A6ay &G PaAeaiUaolan
6aaaxUn el OEUAoayaeﬂTy\g/-\aleyoL\Lp/m@i Eagil Aeefi’
BC6y U6 UAGS AU OMABN UA 6 GUIOAIAABAGEN AKX OUAT E

b \'(aeaeoBUV@ﬁéAﬁn@eg&?@@f@@%ii?EQ-

11 AADMADNRE E@6 ¢ O- 1|EOCA Y AP GESUN BellYi@ U &7 UL
Agi ea-oEYaeoanOO°O-9§3\:L2?\ 0 L;It@sé&l})s%féaiT/

Ao AoapOei Do Uagly %;f‘ g%@zéh Ocntloi o AADO
DI\/IAD&’OCEQOCOCOyUOLJ/-\Ud/-\ﬁI AtagdeUétT UAOGET |
AaenAoaanEUanyquAcEeb at)c‘bfé[g,aEL@FoAgarKU%L@AOan(

W. AdaeauUYDMAWVEHAOEURbHPE WAUBAREG ¢
B PO AT PO GU RN ga e 6 yRoc¢T Uao0UauEAs
Y0 CAGUIZBUA BGRUBDA AEIIYU. A 5 i Ue UA6 a7 1 AAOUAaE- A7 o
AeUAl a AaeﬁéeUaeaA TaAleyRoéT ATT UUAO0OBGAC
K . k Ua uAO AE Ao UAa3& Ol + Fo@@pup

~ oA TS - - ~

O RoREN A O0° AUAO |
aﬁO(‘)UAéEO()UOqéw%Cmﬁé'wué?@'/‘-\ééé
ao0daefiyi 6a0Ae OEDOE OééoEQo@OEK o“

>

T1 A(Béahlyn for Six Sigma: DFSS)

K . UquaOMM@UAoaAU Ua-1 a8AT E
6 Coi aoUAoaUaoUUauEYaeoan@PG)“"P'Gln

K . AUOAO CUOT UAO & B a6 ams da:@iaOx0Rkras D AL

65



AbaUanEuaedsEocA6aA208E60URD
676 0 E2b5BAA EY DR D

. y A aksdEoA U0a Oa@ae@e «fHva
EOAAGAUAREAUAD° A0 OARA DDA AUBTNTARBYEAS @

AadOoé+-AeoAanUeUAs6aT T AAUUaAE- AT orasécuauc

AanoO@CommﬂM@f“"""”@&o@oEou

4. ]AH aﬁmaﬁea(Focus Group) )\’r Ymﬁm

s A = ~ ~

6-0UAoa|TAAUUaOawmm&mmwaﬁwﬂﬁﬁ@@aﬁame
OaeEeT UA6&ae 6 EAYUADDS D BYENENEHD OO0° Yy RGCET E
dUZe UA6aOCOoYy UB UAOG ata O-ayoshnGEA&Es Ae B 6 A &
yaoala-1 a Ai-yiémﬂﬁﬁ@éﬁﬂéﬁéé©aa
b KAGERa sl0AGRO(MSA) A EYAHIA O UT a-6EA&aT U
EOOQCéAUﬂézT@B&Uo@oE@@ﬁ@ae&AééaWQ@@ﬂ
Yagoéad- AdhiEE-Veade@® oA HREDT 40 eEO0 AAG &
yAdagcT Eaogl €0 0A0- W&y & WA Adcld @CH A 6 ahd&ad
Ae6aU-6yEgét xgt 0OaKkO6 aOA NG 0UIAEESAD 4EOK
4. FagRari ABA BledvadaZ)(DFMEA) O6 aA- 71 AC61 UOyAscaeAodl
EoO@Co A DFRMEKR ABIHmEE G VE O B b AV A B ON@IY &l
@ocEﬂeaAUAoaOOpemme/Eé@mwaﬁwﬁmCOOOUA
i agi AUeaU- aAil EAe 6 a A-0aydCeadl BoyAadeal AR B)-AYo A 4
Ye& OGS Ao B BV AT AT EO- UAUUU&aOUUAUEAAR
Ae6aYdoORae6OE6OAAGAY WABYROAEUGEE - UAT EY
b .t Aoail TMBAEPUAG A DO EaYy O6AaA0AAE- yA&aABCET
EOOBCOAU-apT UPBUOOBEOUECOT a0UE6UUAOO
(Tuning War)a A6 a Ua i au AiGesskae- Aoai i AAUOUAG a
PO4DOEY @@ AO° AE - VR ol £E6 UE WA 6 & YKOAUMAD)a A U/
E6 UU4 o U@®antpidpRarce) ¢ 8 OT-B\@EEs-i eAEa 4 4 4 6N ° a4 B8
75X SUH acEaalera 1O [2Kevin, C. (2006), Automotive suspension sy:
4.6 PecalBrd (Reliability & SPEU anfné 6 UREé° 1 6yaei UE
Eo0OPCoAU-api UPGUEOUBRYOEEy AEOEGWBED OB
yRe¢ET edy Aaoinlo-YesbRadeshddic & Bhili: 5.M. (2088) PESign
(PerformaAcadin @O e T URaidbiity) Leny SixdSigmax @njted States of America: .
AT EYed 0a000° EOAAOVWiEESans,MO° A6aAe UAnaA:

= oA AR
<

a0aA0aAE(SPPEID ADTRPEESHDE 11 aaceuAUU°
O- UAOOY &6 04a0600° y UCHRNIOESITBLEBEAIG®HED @A NAC
LAY ARG Y8000 A0 A60UAUQELI AEEA§ ORAI 0¢

Eo OFC 6 Au - dAaiialyesttiSekdaoent, & &1y (ZPE0p Qumabityt Improve

O- UAUUYyR@g¢T E-~&aAil Mahwdoidee@AA Oylley sRARa datix?
A-1TAC61 UDAT Eeau AA- OMEG and FSS. ip AogrdpfQ0rgess M4z
6Coi ao0UA6aT T AAOGID sABBB)Coy U UA6aAe UAD a @«

66



AbaUanEuaedE6A B 2®aEO U D
676 0 E2b5BAA EY DR D

Aceemseaﬁamamu URecaYOYeURCEEhAGH Al P 846

Defective Reduction in Oscillation Test Process by Six Sigma Me

EoaUlUERecREAAOBd EXORYEEOa0] EE° O

+kaeroEééﬁééAaaalqu0|Aoa AOneoee/

e hY ~ 7 Y hY ~ 7 Y

Email: Jeeranuchle@gmail.com

Jeeranuch Légkassppol Kiatchafoénpdlaosirihohgthong
L bepartment of Industrial Engineering, Faculty of Engineering, Thammasat Ur

Department of I ndustri al Engineering,
Ladkrabang
Emé: Jeeranuchle@gmail.com
Ny
E 6 Aé (HOAMBTERAAA-EAOUZBOEUUAABGEEGOAUAD G

O- T EA6 & AdiMceeOAi As v @Hucd AUE EMFE A6 B Y &ed @D & A A
O0EA®-6¢& GCOAI -Kub6XoPO6aAUAOIVRIEYA & ¢
UoAaABGE OOEUOCU Aocaé+AeoAhAaoCEUsCasteoOxI
Ae6aUARa-1 E@o¢y Ad OA =+ CUAaenyBocaYaeACoaa
1 0Aa-0 1 + ¢ ByRGUyallsaenice orzalimmmAh RAC

A ~

Anﬂthéwéaﬁaaﬁmﬁmﬁaaéeam(ﬁﬁplééﬂmumwm&n Ueé UAG &
Yed Odocaol au-y06a3aEtEdARAVADPEGAOGAELD Qe
@Oeé UAeéaW@@JNéﬁUO&@deJaAOTGaAaBFEY@eNiOaafba@&)&oQc
A-6AE-E-6aATH JCRUEAARE
AanUeUAéa Hfmﬁ @&ﬂﬁhu#ééaﬁUanAUU@AoUé‘
= Al °1T 6Aa-06 1
WU:: ’c’ﬁ

-_

l! alr\ /\/Nq‘
ACoAaBe UA G a @f0sd s 80 B0/ WD HATEE e AR EAMGEIOCD
OC¢ 6 e WADAE &g d3AB®@d@ d00AI a1-000

Abstract

Nowadays, the pressure of competaimnéaioommueinies had increased and more comy
customer needs in a business calls Electronic Manufacturing Service provider (EMS)
forced thrahghentire industries and organizations to improve productivity and redu
gaining a strategic competitive advantage. €dus, infysoseidiieanmuality level by
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decrease the defective rate, reduce the cost of pbqtiahtyliardpnotitsafrom
assembly process of the RF Power Suppl
enhance quality performance of any process.etfe deétieotodogyobkdm, collecting
data, analyaindatand then systematically eliminating causes of defects by using &
problem solving techniques. In the case study existing process could not able to pro
yield of assembled RF Power Supgiipml teisigptsmeis |dlhvadriep dramatically

from 97% down to 69% and resulted 447,000 baht lost per month from the cost of
study found that there are 3 factors related to the process including Relative Impeda
of transformers inddafifgzedanasnmatches. The systematic analysis of data along witl
process parameter able to focus on the correct identification of problem and then gre
optimum solution of the problem which resulted into cdrisistigprablke yialor@idrient o
Power Supply after Oscillation testing and costs reduction have achieved.
Keyword®scillation Test, Relative Impedance, Voltage Standing Wave Ratio, Six Sigl
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Abstract

This researah Epplicaticordinuous improvemenproetnmddritprovement
in a starch milie case sfadioripere was repetitiachemtiiag milling blades procedures
by a production operator and inspection by a maintenance worker. This caused exc
was also found that operators sometime did not follow an instruction method cause
milling bladesamskquently machine broken dotaw pheress efehodsy
introduced in order to recover wastes occurred in the process. The working procec
usng Kaizechniquedentify and redhstes. The standard watikingvarsuleveloped.
As a restile procedure in changing blades was reduced by 23.68 percent. Time in c
blades was redug2dfsrcent. The expenditure in maintenance of nfiltgeywas also redt
164,16623,452 Baht per $ecaml(8tion).
Keyword3ontinuous improvement, Waste, Tapioca starch
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Abstract

The purpose of this researcltevdsféxpadkagifog electronic parts product of case
studglectronic pwhufacturing. The study started with consideration production proc
process chart, analyzing theepra)tencauses by using cause and-atfgidaDiagram

the maause of waste wathdrdlelgctronic products. Bravesarssdigdicate the
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Abstract

This paper was to study the quality improvement for solving a problem in a harddisk
plant of a company. The psrpeseaofithwas to reduce defects in the process of spr
adhesive interface between Magnet and Plate using five phases improvement meth
measurement, analysis, improvenpatsedthestady found that the ingetion of gl

the plate is expected to move out of the line and the position of the adhesive. Theref
method to improve the quality by creating a standard of the pattern line and posi
adhesive to be more precise. Marsetdhersygi@m to monitor the accuracy of the sess
regularly. Having improved, the defect of VMI was reduced from 18.44% to 4.60%
OQA was reduced from 23.13% to 8.18%.

Keywordsjection of glue; Defect; Quality Improvement
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Abstract

This research project was to study the process of Small Loudspeaker Assembl
emphasizing on busines3 ipegirebdsm of critical to quality was selected to be solved |
four steps: defining phase, analyzing phase, improving phagdieantiecontrolling
manufacturing process was studiethendefeandftBatall Loudspeakas Asgehbly

t08.99 percent. The main objective of this research was to reduce the defect at least
tools such as pareto diagram, fishbone diagram, and Failure Mode Effects Analysis v
conduct this research.té&ftexf ingpsoving, the result of the defect met the aim, 5.5 perc
guide of performance was introduced for the step of controlling.

KeywordBefe@mall Loudspeaker Adsathphyone
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Abstract

The purpose of this research Increase proqueaintgyyCoynappigiogse studies to

learn of the case study. The process works at each stage of {@eepmduption proces
lumydo reduce stoppages ardonaakiotizity for the better. The design helps to prevent
roller coveDCRard which occur in this process. The study found that can reduce st
160 minutes to 0 mintieslsdhdB.15 tons / hour was AHdutpap t;m ¥ hour,

equivalent to 12.27 percent aften tifeCagiigationtrol Circle
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Abstract

This research proposes a quality fon@odenieatheal Tube Production
processase study of Medical Device Company. The defect is sealing exces:
current defective rate about 8,807 DPPM. The design of experiment is ¢
make a significant improvement of this process. The goal of this improve
reduce thalgey excess area 50% .The root cause analysis is performed by
the cause and effect diagram and Failure Mode and Effect Analysis (FMEA)
key processes input variables or factors that potentially affect to sealing
are; Didepth, Temperature, Pressureeplicane Kffactorial designs is
conducted to determine the significant factors that generate the defect. A
model is used to find the optimal process parameters which yield us the low
rate fodefect.
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The confirmation experiment is done and guarantees that new process
significantly reduce defect to 2,446 DPPM
KeywordBactorial Design, Medic&®rdeegsimprovement
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Abstract

The objective of research is to perform parameter design for rotor production proces
the desirable rotor height. The rototetddnyhtoisr dffetors namely a riveting pressure, t
height of riveting head, a distance inserter and a stamping pressure. The first ste
screening design*dairtgrial design. The result suggests that only the riveting pres
dstance inserter and the stamping pressure affect the process with the significance
step is to perform a parameter design using central composite designs (CCD) anc
method. The optimal parameters obtainsdaier 3heddHacté.80 mm and 3.2 MPa,
respectively. In order to confirm the result, a trial experiment is performed with
parameters. The average rotor height is 74 mm with the confidence level of 95% w
desirable tanmygt.ra

KeywordBesign of Experiment, Parameter Design, Rotor Production Process
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Source OF Seq 53 2dj 38 Adj MS F P
Main Effects 4 0.242658 0.242658 0.0606646 €5.35 0.000
n 1 0.07321% 0.079219 0.0792188 £5.33 0.000 |\
B 1 0.000052 0.000052 0.0000521 0.08 0.814 () I
c 1 0.0841&9 0.084169 0.0841&828 90.&7 0.000
D 1 0.079219 0.079219 0.0792188 85.33 0.000
2-Way Interactions & 0.017029 0.017029 0.0028382 3.08 0.017
L*B 1 0.000352 0.000352 0.0003521 0.38 0.542
L*C 1 0.00226% 0.002269 0.0022&B8 2.44 0.128
L*D 1 0.0031&9 0.003169 0.0031&88 3.41 0.074
B*C 1 0.001302 0.001302 0.0013021 1.40 0.245
B*D 1 0.00001% 0.000019 0.0000187 g0.02 0.888
C*D 1 0.00991%9 0.009919 0.00991828 10.&8 0.003
3-Way Interactions 4 0.01775%8 0.017758 0.0044396 4.78 0.004
L*B*C 1 0.001102 0.001102 0.0011021 1.19 0.284
L*B*D 1 0.000102 0.000102 0.0001021 0.11 0.742
L*C*D 1 0.01&502 0.018502 0.0165021 17.78 0.000
B*C*D 1 0.000052 0.000052 0.0000521 0.08 0.814
Rezidual Error 33 0.030&835 0.0306835 0.0009283
Lack of Fit 1 0.000102 0.000102 0.0001021 0.11 0.74&
Pure Error 32 0.030533 0.030533 0.0009542
Total 47 0.308081

anRYmogeoyAaoAAaAGD A ADA B
3.6 a0 &% ageaAt EAan U
yOAUBAAOGAT T U {

(@} c

e
AAUUA
A a@datral Composite DesigrsiCED) 7
Uannauou A Ovosee-oA/AAaasnia & U
REEOI A3 D 6 C A6 YaeAa A @UO-1T

Ad
a ¢
a ¢
a

-

UAUA6aaoyecCd a
v A4 o caioma G GAoAalalyA«
E 0 (FActoiaA BEAERN F & © 2
Bofiall PoBIBAELE C 6 U &
aﬂmmﬂﬁD aeaecou
DECO AE-4 &Rk é&BE

wﬁm&&atﬁlz 1 E=PB1.682
E = 'an&b@&%

’@ - C\ o

U

™ @
%

e |
D

3.64

ananA ol 4ai45147048( mm

AagERD
aay o1l
y @

3.14 3.5(0 4.0¢ 4.5( 4.84 MPq

112



A

@0 CEU6CA-06007 Ue U
O® & 84d B @O UBBAGACA 6 4 @
EC6aei EeaA6ax0Ox1 a4

T MY TSV WP METT T TEI p W

Min@mn 8¢ @t T8 (Ao
| TBIC RO mBre O xg(p'ou(l)

Ui AE6AUoCU3A
Co el
ARD 6Ho3.60B)zen 6 T O Kee-
Adjust aPfe® O 6 830D%& BIGATY%
O6aaeCh

A é

yiao

~

S

~

0.05

O6 Uy @680l

(Baa | HAC Ae ¢

@0g <. ] AOAlaCCoa , .
. Adaiq - . . A~ o aday
7 Xo} aay| a&ed6ado

MPa)

3.80
3.80
3.80
3.80

(mm)

73.771
73.5¢8
73.86
73.8(

(mn)

4.40
4.40
4.70
4.70

4.20 4.40 73.57

4.20 4.40 7363

4.20 4.70 73.64

4.20 4.70 73.64

OO N[O Ol W N

4.00 4.55 73.6¢

[ERN
o

4.00 4.55 73.74

[ERN
=

4.00 4.55 73.71

[ERN
N

4.00 4.55 73.67

[ERN
w

4.00 4.55 73.76

=
~

4.00 4.55 73.7C

[ERN
a1

4.34 4.55 73.47

[EEN
»

3.66 4.55 73.8¢

[ERN
\'

400 4.30 73.65

=
oo

4.00 4.80 73.83

[ERN
©

4.00 4.55 73.55

N
o

4.00 4.55 73.73

-_

@0

oy‘zmd
EUsCaoAd6a

OrRrddd AVUEAA OB
éAoUEW@%mﬁL
Lackflit ay60 9.438 -6 Ea 6 AAé

EAoclaA&aa

EuaedE6OAGAAREEOURD
676 0 E2b5BAA EY DR D

6avan

~ - \
Response Surface Regression: Response versus A, C, D ) &2l E g (0]
The analysis was done using coded units.

Estimated Regression Coefficients for Response

Term Coef SE Coef T 3

Constant 73.7139 0.01622 4545.694 0.000

a -0.1008 0.01076  -9.367 0.000

c 0.0551 0.01076 5.123 0.000

D -0.0434 0.01076  -4.034 0.002

151 -0.0152 0.01047  -1.454 0.177

o+ 0.0060 0.01047 0.572 0.580 v 7

D*D -0.0204 0.0104 -2.804 0.019 Z OC

BsC -0.0212 0.01406  -1.512 0.162 ~ N o~
A*D 0.0263 0.01406 1.867 0.091 é A (‘) U A
c*D 0.0212 0.01406 1.512 0.162

S5 = 0.0397604 PRESS = 0.0764893

E-5g = 93.69% R-Sg(pred) = £9.47% R-Sg(adj) = 28.01%
RAnalysis of Variance for Response
Source DF Seg S5 kdj 53 Rdj M5 F B
Regression 9 0.234766 0.234766 0.026085 16.50 0.000
Linear 3 0.205923 0.205923 0.068641 43.42 0.000 (
A 1 0.138710 0.138710 0.138710 87.74 0.000
c 1 0.041488 0.041488 0.0414 26.24 0.000 |§
D 1 0.025725 0.025725 0.025725 16.27 0.00 I
Square 3 0.016106 0.016106 0.005369 3.40 0.06
L*L 1 0.002523 0.003340 0.003340 2.11 0.177
CeC 1 0.001154 0.000 Yo g0
D*D 1 0.012428 0.012428 7.8 0
Interaction 3 0.012737 0.012737 0.0042 -69 ]
A*C 1 0.003612 0.00 1] .29 .
A*D 10 ”5513 0.005513 0.005513 3.4% 0.091
C*D 1 0.003612 0.00361 2.29%9 0.16
Residual Error 10 0O 9 0.01580% 0.001581
Lack-of-Fit 5 0.008476 0.001695 1.16 0.439
Pure Error 5 0.00 .333 0.007333 0.001487
Total 19 0.250575
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Abstract

Loss in 22013 of a masterbatchs manufacturer increases from 0.90% to 0.95%
respectively. The stpoydfict giveaway reduction is performed using design of exj
concept. Taabors are used forghegvedy weight controlling in E&lIkE awft draey

Desigs performed, con$idineg main controlled factors following packing process con
pressure for pneumatic cylinder operating for damper positiomirsjoat #ilindp.0 and 5.5
setting weight at 4, 6 and 8 kg which is filled at 21, 19 and 17 kg by fast filling resp
setting weight at 0.02 kgdThO3Experimental result is shown that 2 main factors, slc
setting weight and givieagvaseigdt, are affected to giveaway weight. 7 kg of slow fillir
weight and 0.030 kg of giveaway setting weight are selected for validating with 5 b
The giveaway weight is decreases to 34.13 g which cs888sEW8 Ipes yraumdtit80,8
1.89 month of payback period from an investment for machine improvement.
KeywordBtasterbatchs, Giveaway Weight, Slow Filling Setting Weight
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Abstract

Cutting tools are very important for many markxkacyles) ohdustingstools include
lathemachipeesses, and detilmglgachine operations using a deteriorated cutting tool
lead to poor papgality performance and high risk of tool damage. The life cycle of n
varies upon operating conditions. The purpose of the current study is to lengthen t
punch in the progressive die using in an automativa palitsactanafaoctpegimental
design’(8 employed to investigate the optimal factors and levels in conditions of
continuous usage. Three factors with three levels (1IHE8)BiKidohaied SKDith

(2) coating preceghacoati@y D coatamgl P\éDatingnd (3) punching sp8Bds with

40, and d4Bokes/miautlkree replicates are tested at the 95% confidence level. Finding
study revealtttieamaximum punch life cycle is foundMherthuSiw@ SKating at 35
strokiesinutds a result, the production cost can be saved 1,144,000 THB annually.
KeywordBunch, progressive die, full factorial experimental design, automotive parts
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Abstract

Due to tndine operating with many types of aircraft in each fleet (Airbus and Boeing)
common use more than one aircraft type, these reasons make difficult in demar
unscheduled maintenance and result in canmlkealiztiondeMiaimenance. Because of
component shortage from store, Cannibalization is a method to resolve problem pr:
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installed part from nonscheduled aircraft then reinstall to scheduled aircraft. The pra
on airdrahfety for flight and passenger comfort. The scope for this study presents |
method, Croston Series, which accuracy is higher than Traditional Time Series me
Heuristic solution Approach will be applied iel.pfacellyf E@Stomod the best way to
implement with error (MAPE) less than 18%. For inventory policy, the difference of
Silver ME&M) and Least Unit Cost (LUC) was proved that component with high frec
demand is ntatbgeiifor applying SM method, LUC is better way with reducing error
average.

Keywordsrequirement planning, forecasting, croston, aircraft components, rotable
interchangeable parts, cannibalization
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Abstract

There are several factors affecting vehicle volumes. Whenddgmand for vehicle
increases, transport infrastructure development, such as number of lanes, and highway
connection, needs to be prepared in advance. It is necessary to plan and predict traffic
flow in the future using existing information. In additidhe opening of the Association

of Southeast Asian Nations (ASEAN) Economic Community (AEC) is another major
factor that will cause free movement of population among the AEC countries which will
result in an increased demand of vehicles. In this work, theuat of vehicles in
Thailand and Laos, traffic flow on the border of Thaild@as, effects that may occur

after the launch of the AEC, and the ability to handle the volume of Thdikoel cross

border vehicles are studied. In order to predict traffievfla nonlinear auto regressive

with exogenous input (NARX) is utilized. The NARX model can forecast the traffic flow

on the border withte | owe st mean square errorat ( MSE) (
10724and the | owest MSE of aQBk3blaThig studjhcambg ds ¢ h e
applied to other Thailandds cross border by

each border situation.
Keywords: Forecasting, Traffic, Nonlinear auto regressive with exogenous input

136



IE Network Conference 2015
6-7 August2015 Bangkok

w
o

1. Introduction

Thailand is regaded as the center of §25§ -+-Mukdahan e
ASEAN with respectto businesstourism, X 1| — Chiangkhong . “ '
and so forth. The location of the country — § 2 A T AT e
provideseasyaccesgo various countriesin % 15 .,-.p‘”‘ ekt N “
the ASEAN region. The most popular and % 0] ol
convenienimeansof transportations ground 5 = L=
transportation. g5 M

Due to an increasein populationand 2 Lt ———o " ~
othgrcontriputingfactors,cqrrentvolume of v2ooddo 19 28 37 (M4(;3mhf)35 64 73 82
vehl_c_lesha3|ncrea_sedsteadlIye_veryyear._In Figurel Number of vehicles accessing crimsders
addition, the openingof AEC in 2015 will from the year 2008 to 2014

result in more travels among member
countries. Therefore traffic flow prediction x|
is one of methods that would assist in
planning and developing of ground
transportsas well astraffic routesalongthe
borderin the future. The borderof Thailand
can be classified into three cross border
categories, including permanent cross
border,temporarycrossborderandinformal
cross border. There is inadequate
availability of cr o s s iinfragtducture
causing congestion and inflexibilities in
logistics, freights, and neighborhood
tourism,suchasLaos,Myanmar,Cambodia,
andMalaysia. This work will befocusedon
ThailandLaos border, which is also a
pathwayto ViethamandChina.

NARX is utilized in predicting the
traffic flows. Mukdahan and Chiang Khong

i

Hidden Layer with Dela Output Layel

Figure2 Simple block diagram of NARX

2. Literature Review
2.1 Theory of Time SeriesForecasting

Time seriesrefers to information that
shows the movementwhich changesover
time as part of an ongoing basis, may be
collected monthly, quarterly or annually
dependingon benefitsthatwill be used.Four
component®f time seriesareasfollows:

1. Long term trend (T) represents
movementor changeof informationin long-

crossing point are chosen as examples in tHem |_oer|od for . e>_<ample Thai .l andos
studyas shown in Figure.Trhe information electricity consumptionjmportsof crudeoill,
tc.

and reérences used in this work have beeff .
2. Seasonal variation (S refers to

compiling from the Office of Transport and seasonathangeswhich occurredrepeatedly

Traffic Policy and Planning, Customs: N dh b
Department and other trustworthy websited! [h€ past one year and have become a

[1] to acquire the most accurate predictionsl[?attem’SUCh as rice yield is higher in t_he
It issued as a guide in developing thé‘lrst quarter of the year, salesof shopping

Thailand boders and also to accommodat(-.maII tendto_in(_:regseat the en_d of the year.
the number of vehicles that will be changin easonalariationis measuredn theform of

after the AEC in the future. seasonahde:x. L

3. Cyclical variation (C) refers to
movement that follows the cycle. This
movementcycles are said to be similar to
seasonalzariation, but havea longer period
of life.

4. Irregularvariation(l) is a variation of
uncertainty which cannot be predicted in
advance such as natural disasters,wars,
strikes[2-3].
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Fromthe aforementioned@¢omponentsif
Y representsa set of time seriesdata, the
simulation model can be divided into 2
types:
1. Additive model is a sum of the four
components

Y = T + 8 + C1)+
2. Multiplicative model is a productof the
four components
Y = T 1 8 1 cC(@)i
From equations(1) and (2), separation
of componentscan be done in several
methods such as autoregressive (AR)
models, integrated(l) models,and moving
average(MA) models. Moreover, there are
also other techniquesthat do not require a
separatecomponentof the signal which are
nonlinearautoregressivenodels(NAR) ard
NARX. Thesetechniguesiemandthe useof
computer to facilitate in solving. In this
work, NARX is selected as forecasting
methods because external factors are

utilized.
2.2 Nonlinear Autoregressive  with
Exogenous Input

Nonlinear Autoregressive  with

exogenousinput (NARX) is one of the time
series forecasting model. NARX model
utilizes artificial neural network containing
neurons, which model from the work of
humanbrain. The simple block diagramof
nonlinear autoregressive models with
exogenousnput is illustratedin Figure2 in
orderto model time seriesup. From Figure
2, we can seethat NARX consistsof two
layers,i.e., hiddenandoutputlayers.In both
layers containtransferfunctionsf O, f O,
weightW, biasvalueb, andtappeddelayline
with d buffers. Theseparameterganbe any
valuedependingontrainingprocesg4].

In the hidden layer with delay, input
datax(t) feedsinto the tappeddelayline and
the output of the tapped delay line is
weightedwith W andbecomesaninput data
of the transferfunctionf O. The output of

transferfunction is sentto nextlayer. In the

IE Network Conference 2015
6-7 August2015 Bangkok

output layer, the sameprocesswith hidden
layer is performedexceptusingthe different
valueof f O, W, andb.

2.3Related Work

Thereare a few works that focuson the
transportatia  forecasting and NARX.
Thoseworks canbesummarizedsfollows.

Wen D. and Siji H. [5] usedthe grey
Verhulstmodelto describethe development
tendency of vehicle population and to
forecastthe vehiclepopulationin the next20
¥ears in China. A nonlinear combination
orecastingmodel is backpropagationBP)
neural network. Result of the vehicle
population of China is growing up in the
next20years.

Chuanjin J. and Fugen S. [6] used
nonlinear autoregressivewith exogenous
input and chaotic time series analysis to
forecast sunspot. It is comparedwith BP
neural network and ARIMA. This work
takesthe sunspothumberin 310 yearsfrom
1700 to 2009 as time series sample. The
result shows that forecastingwith NARX
network is more accuratethan BP neural
network andARIMA model.

TeerachaiL. [7] used the nonlinear
model applies the NARX and polynomial
equationfor forecastingthe latex volume.
The model uses correlation of
meteorologicaparametedatasuchas mean
air temperature, mean dew point
temperatureand etc. The resultsare found
that the errorsare not over + 5% compared
with therealvolumeof latex.

3. Implementation
3.1Data Collection

The datausedin this work have been
compiled from the Office of Transportand
Traffic Policy and Planning,Customs
Department, Transport Statistics Sub
Division, Planning Division, The World
bank, and ASEAN-Japan Transport
Partnership.These agencieshave collected
statisticalinformationon numberof vehicles
accumulatedwithin the country, values of
Gross Dometic Product (GDP) of each
country in ASEAN region, number of
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vehicles access crossborders as well as
infrastructureandtransportof Thailand
This work is primarily focused on

Thailand and Laos, where the variables us

in the forecast are 4 inputwariables,

including cumulative number of vehicles in

Thailand andLaos, Thai | an dpers
Capita, a n d Laoso
access ThailandLaos border  which
Mukdahanos

checkpoint a& selected as samplefor

GDP p
output variable is the number of vehicles

checkpoin
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Table 1Training Conditions

Conditions Mukdahan | Chiang Khong
Hidden Neurons 10 10
1 Delay 2 2
Y NARX Model | Openloop Openloop
Input 841 4 841 4
Target 841 1 841 1
Grhinkhg Set 80% 80%
e Yalidat@nsSgs i| t &% Th &%
Test Set 20% 20%
4 Reguisy ch i

o an%< Kho_ng%c“)s
After training the NARX model with the

forecasting. Monthly data from January 200g0ndition provided in Table 1, the output of

to December 2014 are used.
3.2 Transportation Forecasting

This work has applied the NARX for
forecasting traffic flow in ThailandLaos
bordercrossingpoints. The neuralnetworks
which is usedin the work will adjustW in
accordanceo the nodes.The adjustmentis
basedon differencesof the output y(t) that
was calculatedfrom four input variablesand
onedesiredvariableby predicing oneborder
atatime.

Data as describedn Subsetion 3.1 are
appliedto neuraltraining processof NARX
model. In this work, there are four input
datasetscalledfi i n paodbree outputdata
set called At ar gEhese data sets are
randomlyseparatednto 3 parts,i.e., training
set,validationset,and testset. The training
setindicatesthe neuralnetworkto recognize
a relationshipbetweenthe input and output
produced by the operloop model The
validation set is data set for verifying
accuracyof the data. The testsetis a data
setusedin neual network testingthat have
beenpredictedby neuralnetwork. Thereare
various conditions that need to be set
beforehandjncluding numberof neuronsin
the hiddenlayer, delays,modelvariationsof
NARX, numberof input, numberof target,
numbersof training set, validation set, and
alsotestset. The training conditionis shown
in Tablel. Bayesianregularizationis an
algorithm approachusedin this paper.It is
suitablefor limited amountof dataset, noisy
data, and free validation data. This method
may be time-consuming than other
algorithmg[8].

the NARX model is obtained as presented in
this section.
4.1 Time-SeriesResponse

Graphsrespondto the outputand target
of the training data and test data by the x-
axisrepresentshe numberof monthsof data
andthe y-axis representshe traffic flow by
targetandoutput. Thesevaluesaresimilar as
seenin Figures3 and4.

4.2 Regression

Correlationcoefficient (R) is a measure
of linearrelationshipof two variablesin this
caserefersto Targetand Output. The value
of Mukdahanand ChiangKhong correlation
coefficient are 0.96428 and 0.96432,
respectivelyasshownin Figuresb and6.
4.3Error Autocorrelation

Figures 7 and 8 illustrate error
autocorrelationwhere the y-axis represents
the lag and the x-axis represents the
correlation.We canseethatmostof the error
autocorrelationvalues are smaller than the
confidencdimit value.
4.4Mean Square Error

The error occurredin the meansguare
error(MSE) is calculatedby the equation3

MS B BiN:GJ-YoZ' @)
where
T is volume of traffic flow from the tget,
Y; is amount of vehicles calculated by the
model,
N is number of data.

The lowest mean square error of
Mukdahanos isd.n7edwkilp the n t
lowe st mean square error
checkpoints 0.2351.
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5. Effects of AEC to Border Crossing

Points
Thailand is a member of AEC. The

objectiveis to establisha single market by

having the same rules and regulations.

Comparedwith other membersof the AEC,

Thailand has advantagesn many ways, for

example, the location where we are

becoming the center of transportation;
borderingthe mostcountriesin the regionas
well as becoming a production base of
industrial and agricultural products. These
strengths make Thailand have a high
potential for the AEC economic,i.e., trade
and investment.Thus, it is significantto be
prepared in opening of the AEC in

Decembe31, 2015.

This section presents examples of
impact placeon ThailandLaos bordersafter
opening of the AEC. Based on the
information collected from Nong Khai
checkpointwhichis a permanentheckpoint
with the first TharLao Friendship Bridge
connectingto Vientiane, passportholders
can passthe immigration. However, those
who do not have passportor border pass
mustbe obtainedat anotheroffice awayfrom
the border checkpoint. Nong Khai
checkpoint is divided into immigration
sectionand customsvehiclescheck section.
The vehiclescheckpoint hasthreechannels
for personalehicle,onechannelfor busand
coach,and one channelfor diplomatic. The
immigrationprocedurdakesabout5 minutes
per person.The customsvehiclescheckwill
takeabout15 minutesto inspectonevehicle.
Upon completion of these procedures,
travelersare now able to crossto the Laos
side.

From the foregoing, it is observedthat
Nong Khai checkpointis experiencingthe
following issues:

1. People without passport will be
required to obtain border pass at
another place; border pass cannot be
issuedright awayat the checkpoint.

2. Customsvehicles check channels are
not enough. It may cause delays
processif thereis a large number of
vehiclescrossing.
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3. Peoplewithout vehicles will have to
gqueueto buy bustickets.

The openingof AEC will increasea number
of vehiclescrossingthe bordersaccordingto
the forecastin Mu k d a hand Ghsang
K h o n ghéckpointswhich will affect the
traffic flow at border crossing points and
may be furtherdelayin proceduresPotential
of the bordertoday may not be sufficient to
accommodatemore vehiclesthat are rising.
Therefore, it is necessaryto study and
improve the borderof Thailandto be ready
for thenearfuture.

6. Conclusion

This work usesNARX to forecastthe
traffic flow of Mukdahanand ChiangKhong
checkpoints. For Mu k d a h eéeckpsint
results, we can see tha graph pattern is
consistedonly of trend signal. While result
of ChiangK h o n chéckpointconsistedof
trendandseasonasignals.

The correlationcoefficientR is equalto
0.96428and 0.96432.This implies that the
targetand outputhasa positive relationship.
In addition,the MSE is aslow as1.0724and
0.2351,holding that the forecastis accurate
andcorrect.

Forecastingof the traffic flow could be
the prophetto give benefitsto the countryto
prepare for the improvement and
developmentof the border of Thailand to
better devotedin the AEC to come. The
forecast using NARX is a new and
interestingmethodologywhich can be used
to forecastingotherconstraints.
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