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60405304 : Major (ENGINEERING MANAGEMENT)
Keyword : A heuristic method, A Container Loading Problem

MISS THANYATHORN THONGRIEW : A HEURISTIC METHOD FOR A CONTAINER
LOADING PROBLEM THESIS ADVISOR : ASSISTANT PROFESSOR CHOOSAK PORNSING,
Ph.D.

The container loading problem is a common problem for many other
distribution companies. The problem at hand of using pallet loading is the limit of
height of the many containers. Currently, the container loading is depended on
personal skill and experience by an employee to arrange pallets in the container. In
this research, we aim to develop the computer method and implement the space
utilization and heuristic 'method for container loading. 1) develop the computer
programming for container loading of pallets based on an appropriate heuristic and
implement the algorithm in the program. 2) to compare the developed algorithm
with manual practice. The scope of the pallets loading algorithm comprised of the
following: pallets are 7 types that differ in height to packing into 40 ft container with
high cube dimension; The stacking of pallet cannot be exceeded 3 layers and the
total of stacking height cannot be exceeded the height limit of the container. The
results of this study showed that the container loading pattern that we input to the
computer program could calculate accurately. The algorithm program could reduce
the number of containers by 10% and utilize the volume of containers by 8.33% on

average.
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AsUUAITENINNUTEmA [5]) Talandagas 90 1Hun1svUdIMImELa Fadmdunng
yudeniinnudAyRgaiagldinnngevesn1svudwnUssan o ndauunIsuuds dm0
FEINUITINN ANIIMISINAIIULUUBN Medaaunsarudsdualansniazuin  31nua
NSANYIVBISUIANSLAN NUTIRUNUNTUUEMIToNaNaIToEaY 1 g iudIukUIN1SAN
Iidseanlatedosay 5-8 uaznmnaunuauladafndsinanasiosas 10 syIeiiuyUTuu
s launndesosay 20 wanslynaAuaMudUINUSYaINIsTUdIMmELatuladannd aeals
AmunisvudsdumaiulungavldnisuudmnameianieiSeusyiny Container Vessel wag

a a oA A Y va v & A A P a a A @ 2
gsNINsRwsausINNauAgauAnlussianlngianluusiagsiafusovudmianun 13e
a < % a 1 1 o a Y @ = Ya ¥ < 1 d'
Anusouay 55 vesgsnavudmamea nsvuddlagindusdnitesasgaudndunisuudsd
A=AIN a¥070 590157 Uaeane wazuszudaaildatsdadunisvud aiesssuutiend
atdvayuszuuladadndliegiauysal waslagdunisiusoussnndumaduaiiulnegg
I Na Y =~ a M v | v Ya v v v a 1] o

53057 fAuAusUssandaduldldvudenessuudaus wildwdsuunldnisaudadig
SYUUAAUALINTY

szuunsuudsmegaudenafioldinluisnisvuds dufuuuiiawmnszdieliiie
N15UUAITEINAUAMUUANFULUY (multi-model) nion1siadeudeduausunaunymse

=

unlng) (bulk) 99038 15vudIsutlsluddnisunilslaeg1eiteniy duArnazaudazdodl
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Tolunmsvudsdudmedaudn egelsinuiisenasansessuisedssinnildesdinisesniuy
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M3und1 Terminal Design teldiaumsnzauvaludaimnssunazauinaey lngagdes

UsENoUMENINBUIRDLUDUNUAAUTININANSUILAINAZAINAN 9|
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[ Y a [

duandudnvuednaniiemanusoogiivilan (Durable Packing) lnsvuiady

Y
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wnsgrufidedldiuunsvateiign fie 813 20 Wa way 40 W fauAinanlunaesdmaeum
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Nﬁm@ﬁﬂLWﬁﬂWi@@g@JNLUHN Vl'ﬂ‘wlliﬂﬁﬁaﬁqﬂﬂ’]EJUE)fW]LLSINLLiﬂﬂr]lniﬂ'J'NLiEJQstQUﬂUImNu@EJ

N1 10 9u Jusgiulassaiiuazaiuduaes e lnegaunndeutuduny gninsae
wiansnga (slot) ebiudazgiinisdafnivegaduamaennisiaunegaumdiulvaudiae

I a % 1

= = QJ' Y] v o Y] a Y o o I3
1Usen 2 v %QﬂﬁqﬂagLaﬂﬂiguLﬂﬂﬁﬂU@ LU WiJ']EJLaSUE]U']ﬁUﬂ%@QaUQWQ@LﬁﬁNEﬁQq@ Wy
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aaa vt

fu Welaudaziindengaldlunisades@alanin (seal) narnidsldngmudtagtuiuaey
ynldnanannlunisdalondn wasinunvavsnduiisldlunisusaniuninwazdelaiinng
WeaulU WuFlectronic Seal Ma11150651980UAIETLUUDIANNTOINALNDAUNILAZARAY

AUVUsURIAUA (track and trace System) lnguinauesgauusasylauansfanini 2

s . . . 40" High-Cube 45" High-Cube
20’ Container 40" Container 9 . g .
Container Container
English Metric English Metric English Metric English Metric
Length 19"10 1/2" 6.058 m 40'0" 12192 m 40'0" 12192 m 45'0" 13.716m
External Width 80" 2438 m 80 2438 m 80 2438 m 80 2.438m
Dimensions
Height 86" 2591 m 86" 2591m 96" 2.896m 96" 2.896 m
Length | 18'8'%;" | 5710m | 39°5%%" | 12032m 304" 12.000 m 44' 4 13556 m
Interior - " al9, = om e C p— 019,
Dimensions Width 78 "%, 2352 m 78194, 2352m 77 2311m 78'% 2.352m
Height | 779" | 2385m | 779" | 238 m 89 2650m | 8'9'%" | 2698m
Door Width 78 %" 2343 m 78 %" 2.343m 76" 2.280m 78%" 2343 m
Opening Height 75%" 2280 m 7 5% 2.280m 85" 2560 m 8'5%9%," 2585 m
Internal Volume 1,169 fts 331 m® 2,385 ft* 67.5 m? 2 660 fis 75.3 m® 3,040 ft 86.1m®
Max Gross Weight 66,1391b | 30,400kg | 66,1391b | 30400kg | 68,0081 | 30,848kg | 66,1391b | 30,400kg
Empty Weight 4,850 Ib 2,200 kg 8,380 Ib 3,800 kg 8,598 Ib 30900kg | 105801b | 4,800kg
Net Load (Payload) 61,280b | 28200kg | 57,7591 | 26600kg | 58,5981 | 26580kg | 555591b | 25600kg

AN 2 918AZIBEATUIAVDIRAUAT
~ AN W aa o . Y o A o oA
30 1uR3 $9U133095 (2560). YWAG Container [6] WDalloiun 23-4-62

wWdelaann: http://goodforklift.blogspot.com/2017/09/container.html
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nsvudsdudegauauudusazdegninGedu dgaui mnguaduginGeay

38131 Term CY Ao Consignee Load and Count wnusenisatdundniseeduailurinise

Y

(Inland Container Depot %38 ICD) FafunuusmisaiduivesaniunaziSen dnwmenis

yudsuuuilin Container Freight Station (CES) lne@um Nazidu Term CY o agdoaiu

va a !

AuAUsTLMENSAISenn Full Container Load (FCL) daulu Term CFS anunsandulasiail

Y

Ju FCL uagn1sdaleanuusing (consolidated) Ao dud1osnd 1 ¢ Ju3undn Less

Container Load: LCL lnegaumgninuddld u 5 Ussuamdswioluil
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v v

1. Dry Cargoes vJuglddufiialuiilidesnissnwgamall in1sdase situvie

a a v A v v oy Y U o aw 9 va v oA a Y v
NIDNIYUL Iﬂﬂﬁu@'ﬁﬂL‘UW%LLa’Jﬁ]%fﬂaﬁllﬂ']iﬁ]ﬂ‘ﬂ'ﬁ/]ﬂu1ﬁJ11ﬂﬁu@qLa@u1ﬂ§@%8U ‘?j\‘if]'ﬁﬂ?fﬂ\‘i

q

v @

A 1 =) a ! v 1 I a 14 ¥ A
N3EANENLNITIUIAN 1198 L38N31 Balloon Bags fLI']')’NEIﬂl’ﬂu‘ﬁ@ﬂ'ﬂﬂmax‘iﬁUﬂﬂﬂU RIZE]

©

U

191l Ua A dundaniingisenin Wooden Partition wevinld wWudonluasusaniing

Y Y

92139171 Lashing WaAIAINING 3

AT 3 gauAUsELAN Dry Cargoes

fi1n: Monalj Bhujbal (2010). 40 Fott Steel Dry Cargo Container [7]

dhdadloul 23-4-2019 i¥ndsléann: https://www.indiamart.com/proddetail/a0-fott-

steel-dry-cargo-container-6435450430.html


https://www.indiamart.com/proddetail/40-fott-steel-dry-cargo-container-6435450430.html
https://www.indiamart.com/proddetail/40-fott-steel-dry-cargo-container-6435450430.html
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2. Refrigerator Cargoes 1Jufauniuszianiiiiniesusueinia fn15Usu

Y

gaunndlug Famunnsgudeannsalsu gunnilsedtes -18 ssrwalled lnaLa3es

9 Y Y 9 Y
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o @ Y A =

= a Y v 9 v a v Y ad o
NIAIMULYUUBDIY @@@%ﬂ‘Um'ﬂG]‘Vii@llﬂaﬂisﬁﬂigLLﬁ‘lWﬂqLaﬂ‘Ufﬂqﬂu@ﬂ@ LAZATADIUN A

&

a

gamaiivansliiiuanuzvesgaumaiilugauiuanaianing 4

Y
NG

—tt

g =
[ ol Chacav |
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A, sl
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Al 4 AauAYIEIAN Refrigerator Cargoes
fan: Marketing Masten (2007). Indo Container [8] dndaloTufl 23-4-2019

Wilaain: http://www.indokontainer.com/tag/harga-kontainer/page/18/

3. Garment Container {udauitesnuvudmiuldluns dnsesdudidu
Forn Tnedisndmsuuiude dnlvaidnagldiu Gufiilu Fashion waglddesnisnisiu

I A o o I | = a o g v A v w a = ' Y Y] P
LAURIBDIANLIYILAU Packlng sﬂi\‘]ﬁ]%NNaVI'I‘IWLa@N']EJU Laﬂgﬂmiﬂ ﬁﬁ@lua'ﬁﬂﬂqﬂlﬂuﬁmﬂ@ﬂﬂqwm

5

AN 5 AauA1UsEIAN Garment Container
fian: DSV global transport and logistics (2018). Garments on hangers’ containers [9]
ddadloTuil 23-4-2019 Wnisldann: http://www.uk dsv.com/sea-freight/sea-

containers/garments-on-hangers-containers
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4. Open Top Container {ug@dulugjazsioanuin 40 Wi lngazooniuuu
Lilvitindeandmsuldlunisinsdumuunlg wu w3esdns Jaldaunsavudreriulseng

Uniildl Fadparudelaen1senadIuULTRIEUNULAAIAINING 6

il 6 AauAmUsELAN Open Top Container
figin; Maik Morysse (2018). 20' Hard Top Open Top [10]
dndadlotudl 23-4-2019 Wadsldan: https://www.lotus-containers.com/pt/a-nossa-

oferta/frota/hard-top-open-top/20-hard-top-open-top/

4
N A =

5. Flat-Rack Container 1ufa7aontuUuiNg N us1una N antN-uaayvindy

Y

£
}2 1 A a o U

TnefluianinauazeinanInsgIuvesgaud uaiiitudtey (platform) dmiuldauas
Snwazidufivey 1wy 1nTesdng uvsiiu Usshunssy viesounsnnod dedudumdiiaz
yudssineiFefidu Conventional Ship uwivinuudasieizeszuudaud azsosndluy Flat-
Rack \iglvanunsadnsnaslugiuuuiidu slot Faududnuazveadeiiiugaumuanass

AN 7
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Al 7 gauUsEIAN Flat-Rack Container
fisn; Hariesh Manaadiar (2008). 20’ Flat Rack Container [11]
dndadlotuil 23-4-2019 wihdsldan: https://shippingandfreightresource.com/special-

containers/
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syTumAresnaniauddynteni sujuRnisaaidun lnglannzlegnAenaeseanis

a %

AuA luUSUUALANA1ITU ﬁqﬁuﬁﬂé’waqgﬂé’ﬂmmsymamsLﬂuﬁﬁﬁqﬁé’qﬁuﬁ%i‘]uﬁaw%

Wudundeusinseiiaduds TudsnsufiRnsadeduddesesnuuvunlvannsoviuias
Jnddulaliuignanliegnsfivseansamliinasysmawinlaianu
TogunmudulngazadsoguuiiuguuuAnvaamiaesysdudi (Unit load) Sady
wiheldlunsvuds $aifu uagrudrsdudlunuudtassnsgiu feiitealslunisduiu
ARvAUA TSy ATl Tl
1L wuzawnén wunsyus Tdaduiawndn

2. Wan (Pallet) wialdndvuinunsg
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3. WUANLUUNTILAZLUUNADY

4. Wanwuunsadould (Roll-cage)

[

= 1 a v ao aw A A v yvaa = & a o d'
FINUIYTEIWAUATNUINIIAYUAD WWLaW%u@lNWNTu’]@ﬂJW@iiWU gaLUuaan iU‘Vl?!ﬂ

>

Tun15ALIUUITYNITIANITTEUUIUDNETIDDNLUULATNINTUNN AN NS UNUILNISVUES

AILNITINLILIAININLTLIFUANIN NG 8

~ a Yl
A 8 WanyHAliNdvLALInIFIY
737: uLlaeid masUaLstu (2556). Wkan 2 119 [12] Whiadledun 23-4-62

wWnslgann: http://www.wicpallet.com/product.php

2.3 wqwﬁtﬁmﬁwﬁqﬁm%%ﬁﬂdau (Flexible Packaging)

USneg N Anwtukandunnguussiaeviingey NldmsuUIIIeImMIS

[ [ = LY a [ ¢ a X a >
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PIounsENIkuidunaradnlumdsuiunseaensankulanzuis (Alu Foil) Iaeyinnis

v

FaRnszninatusensidanudaunseldnii (Adhesive) udususyaiu nssuiutlazl

' [
a v v

ASuNUIAUNINAIRD NUNIA JaeduAuTe wasdeadunisindiu tWudu 8 nvedesnen
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ﬁﬂawﬁ@mammﬁmmz FunSRUN 19U Wdu PET (Polyethylene Terephthalate)

UNUVINTLUIUNTAUN A8LATDIRUNYTRA Gravure AIUAINANENABINTT

JUADUT 2 NTEUIUNISARFBY
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(Laminated Reel)
JUNDUT 3 NTTUIUNISHARA
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fuRduAdaU

a o Y ars =
ANNY 9 NSEUIUNITUAAALIUNAULATDU

[%
v

JUNDUT 4 NTTUIUNTYINGDS

o Y aqw ) ~ 1% 41' ° A o 19 %
u’]ﬂ'ﬂuml@ﬁmﬂﬂu@aum 3 UANLVATDINY DY LW@‘VHﬂﬁWUUizﬂU“&@ﬂﬁlﬂmumum
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aagUilugadldemsliuansdanini 10

Chun}
I

Potato

Al 10 wosussAneildonng
fisn: Food Solids (2562). Pouch Packaging [13] Wi Tuil 23-4-2019

wWnslaann: http://foodsolids.com/web/packaging.html
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2.4 NpeiuazauIdeningrdesiudymnisdnitesduinadauan

Javnnsdnausnasgduaiivarnvate o nsgaauseasdnisdniesuasiiouly
A 1 [ v a a o DY 14 [ 1 4 (% dy
auq uansneiu Jggmnisdaisesdumagaui wondu Ussianlng e 4 Yssiandadl
1. A59ALT89aUAILUUIETESE (Strip Packing)
unsdnduauwuu 1 ¢ Tanundne wazanugersil uallanueieiud gauszasdlunis

JaFesRe Jatesdumvanaaun tnglindesamisnuniiniuedesiign N15IASEILUY

[ 1

g1fiusglovidmsunsdindudignuunluraneng lnaudazngufowuas o gamng
Uangnaunnananu

2. mydaesduiuuuldgs (Knapsack Loading) Aian1saniseauuuiigau 1 ¢ uasdl

a ¥ o
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lsfidhiuliinsveandes neditiyauszasdaznaneidudendaisosdudagaud 1
USmsnaeasnniign

3. Msdniseaduduuulads (Bin Packing) Wunsinidosdudnlagldgaudmansd &
yngfuwaiiu TaglHaufasmaunils ussasinmsdaiiosio WiaSedud o
Tngldgauditionian

4. msdnGeauumamediud (Multi-container Loading) madai3esdnumsil aderty
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ABlIEN13INLTEEUARTIan weldnailunisAuwIagin
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&

nihfinsyaedualudigniniudidie lagisuainnisdnsesduamadunianaud1dewe
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Y v v = v

YoagnALaziIYRduAItUIaeadlugddun v3esausIMnauaT FEIsNsRmuvauiag
ussgidmunglumsdaisesdumadlugdumidune sgaeddddnnugaualitdosuazivinzay

ign WeonavanunsoansunuLaziiuilsiaUsznounskAuIEy
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Alonso, M. T, et al. [14] 1a¥i1n15AN®TDY “BUUIIABINANAFANEASEINSTU

a v a

Jamnnisdaisesdumasludauaivesusenidunnszaedus” Inen1s3ase9duaAIasuuni
< U Y

| o

ndusaztigaduaiang inludnsemsdusaussnnaus Aagianskuudnaeadadu
Uiy (integer linear models) Tunisdnassudtdgumininarn Feanuudiassnananale

PINSUNVBINNA 3 WUV AB TEINARIULSVIANA (Geometric constraint) WLANEINITAIN

1%
o w v o CY

wazdndunislusaussynlaauysal dedndanuudinin (Weight constraint) AUsuenas

1%
L% ¥ o

Indrfnvesdmiinigniesiumeaevesaussnn uaztediamuanesammwain (Dynamic

I ¥ 1

stability constraints) ADAINLIUNUNINTENINNNANLANDNANLALINITLARDUINLVDIN AN

luvzsaussnnauaaiouil uardnfnaugesenianandiafeslilinugslndinesiu

o

etaatunisauadn BeprugdIdelannsantinisvetsuuuitaedluldlunsaninisdnses

dueniidmtnunn Iunsdiaufeansnagimanidvuiafiesdnseadusaussmn uas

Y I

a5 FUALANINNANNIMUA NNANEEIFLLATIMUAYAFTIBE19ATINTTIWIUNIN il

9

wisudnsesadusausmnIuam 44 A INNISANBILAEAUINYBIABLAIABS wandli
wiuIwuudtaesigninavetiulasuniseilusazaiunsevinlidnsesdudamunadugaun
Ippeawmungay

Cardoso, Rodrigo Nogueira, et al. [15] tautauslaeldisn1s@uimndnd (Simplex
Method) Faduiiienesrannlunsldfiunseuaunis (Aleorithm) dansussuunisuiaunis
\BaLdu (Solving linear systems) f\gmﬂﬁzmﬁsuamu‘i%’aﬁﬁaéfmmia%fwﬁzuumif{’fmL%EN
duuiinnaesadugdud nsldszuuaeuianmeslunsmmaumsadni Famssnedildlunis
Lﬁaﬂg‘dLL‘U‘Umﬁ‘:fﬂL%EJQLLﬁ%‘:]JG]L%EJ&‘SU‘\]%Qﬂﬁ?‘lﬂﬁﬂiﬂﬂiﬂ‘mﬂ‘iuﬁuﬁu

Bischoff and Ratcliff et al., [16] ninaueteymimudediiauifiaiuilunisinises

2 [
va v a o

wardnsesdurasauailudaURTuiivavan 12 Te laun
1. oINNANIUNITIALTLIALULS (Orientation Constraint)
nssuthminesdudi (The load bearing strength of items)
TaAinr1uN15AIUAL (The handling constraints)

2
3
q. ANULEADESYBINNTIALTEN (The load stability)
5 N133ANgUYBsAUAT (The grouping of items)
6

U31N9)N15N13aNLUUANNY (The multi-drop situations)
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7. NswUadRaLTUNUA9lugdNAT (The separation of items within a
container)
8. MsvuaiasEuYsalvesduduangy (The complete shipment of

certain item groups)
9. N199ALIENAUEIAYVDINITVUE (The shipment priorities)
10.  ANFULeUBINITIALSEN (The complexity of the loading arrangement)
11. sﬁaﬁwﬁ’mﬁmﬁmﬁfﬂmmﬁﬁuﬁw (The container weight limit)
12. msﬂsmwﬁmﬁﬂmﬂué’auﬁw (The weight distribution within a
container)

Wascher et al. [17) lddiguanisiusvszansgninetdyninisussquas dase

a o ¢ A= 1Y = =

WAninut Aouuunlgaudmenazaiusndniseiaransosduruuiadnianuals uagdn

LLUUﬁammm%’mL%&JaLLazé’J’mSm%mmsﬂmmLﬁﬂaﬂéfmwwﬁ’ug’fﬁuﬁwﬁi’magjwiﬁaﬁmmﬁﬁ’m

a

=2 ! [y ] o/ :’/ A % 1A (% 6 v d’lj
aUsrasAeeiudmsuaeassuiuy Jymveunuunsnaenmsinld nandueliladng
WiieteeNgn vasndnuuufeInsiiinisdnlanandueliliunign

Bischoff, E. E., and M. S. W, Ratcliff et al. [18] lnunauavaininlunistouduni

[ (%

<

Wudguinnantsanuamnsalunisiainssduarulilunuanlaen1snedouriuiures

a ¥

Aue Tngaz0nIAalalegAINLT IS IVRIEUAT U nLasissunausatusasule wayaa

Y

[

Mdusrinuannuwdwsiifedagiinnldvhnges lnsawiregeBanisinwenass
Bortfeldt, Andreas wag Gerhard Wascher. [19] 1ana118e Jeyminisussquay
% a a ¥ Va ¥ a a a d"il aa
JaseedurasaumansaiaElusULuulgvsunsamnasiadin NFeUnsEuii
993U (Item) UIRLAN (138AINAUAINTD Cargo) Tuhandassmsedniteasluguns
aada 1 ! [ al' N ) & ,a I Ya 14 A . =
auianvunivgnineradunssdmasunsegnuian (Seni1gaunivie Containers) A
= & v o v} \ 6 va a a a o & PR
Jumsmenuduldlasng 4 lun1sdniseasassedreillviiussaniamagn feguund

= ~ v v g aa < ' A ) P

waanaziseslunslugauduasdununivuiadnldatnsananieuiuls (Overlap)

o

mesuteinulauinianvesniswidynimaidisenin sUuuunIsInEeeduan (Loading

S

Pattern) Ingu19ATedsvesidvuIn g iueavunefiagauaase o wiluuiaaseienanuig
o & Ad v a v a a v « = o v
sudenunnldlunisdntesardnseadua1voasaussnnusonan (Pallet) Feuiunld

dufumevinlvinisinieslaaanniu

£

TnsUn@narfusuvuinianeaizusnivainnals (saunden nsanay Judu)

wiolifigusnmned egalsinumedesniivuasensvilianunsofnlidngunumanid

sUnssuunsd@mae imsgdndunldiuegaunilunmaniwiamaninieuide lngenadn
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(%
A

Munudunassliiguiu wazdielvusiauiinassiugninisemiednites aunsadnses

Y

WUUAINAUYITEY WunsTnuRIveInaesdesdasesun lUiuiiuvSantdave s aua

%

nusrasavanveslymnisdnisesdasewaniuelugdudi Aslgauanenazan

[

W3InSsuazIassaNanduINuala anvisdsaninsadasesdaemadnduanadlugaui

AuardUsuIngInne
Alonso, M. T., et al. AngIdelatgntoyainaaiu1nsgu (Benchmark data set)

FenaauasgunidneilusznaulumediegeilaainnsufuiRasvianun 111 nsdl

Mg Faldannfainsusydriuvesusenimimiiinszatedua lagdeg1adanaigninyiy

a

Julngy ORTEC (ORTEC 2018) Fuluuigmnsuuinwinasilug@ervigauaiunisiiy
UszanSn1mn13uan (The optimization of production) kazdguiniuladasng (Logistic

problem) dwifunsaifiegegningldluunaanuuas Alonso et al lngilgnuszasAiivean

v v
v S A o

PuusausInn meddwdsuanignihanldluanuided Asummnuazduiuveanandin
a 1% A A U ¥ a5 o la a o w Yo o v vee

Netes lieazdassananuugsaussauaziiminuliiiulindin auggiTelads
AvuafkUsuazaun1siineved lnsdauatednnnlun1sufufase (Realistic constraints)

LEAAIAININA 12

A
v

A
v

d‘ . . o 1 1%
29 12 3Urun (Dimension) LagaLAUIv0IaDIAuTINN



fuusinaula
Xiij A8 IMIUTUVRINAATUIN j Nignangsiums / lusaussnn k
yi f9 1, Tunsalnldsaussnn k lun1sussdudn wag 0, Otherwise

Zy A9 1, Tunsaifinangniansuusiums i lusaussvn k wag 0, Otherwise

REREI0N

n; fo USunauvewdngdou |
hj A AUGNUDINERNSD |
hP @i ANUGAVBINAN p
H' fig AE9U835aUTINN

qP A9 Uminvesnan p

q; fie Uminvewansiue j

D TAINAVBIUMTNATOUTINNNUITTFAUAUE?

S

1%
o CY v a

Q¢ o WmtinvesduITAUA VLsaUTIVANSldgnUsTgAuA

D

£%
o

2
D

o w

Q, A® FndAnvesmnIBIeRU

D

=

Q, AB VNINNAVDIUNNUNVBIADUAT

[og}
o))}

1 A9 SUENINAUNTYBITAUTIYNDNE oW

(=%}
o))}

5 F9 SEEENNINIUNTIVRITOUTINNAIRE VAT

G

Db

8 AUVUIYBIAAUEAIMAY X

Gy

X
i

AD AUNUIVDIIAAUTI WY ¥

9 ANINANUDINUANTUALAUS /- TUAL X

q

=
b

'
=

8 YAnnavaInanlusumus / luwnu y

=
<
b

l

¥ A9 A1ANUAAALARDUTDIRILUTIULAL X Bl USIIUADUN

ﬁ

¥ ADAIAIILARNALAABUYBIAILUTIULAY X B USIIAUADVA
77 A8 AIMINNARIAPEDUVBIRILUSIULAY ¥ USHIRENITN
T3 A A1IAUARIAAGEUYBIFIMUSTULNY X o USIEBEAY

Linie P® ¥8UAN Lower bound 9843113U50UTIN
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aunmsilinung

Minimize Ykex Vi (2.1)
AUNT5TRINNA

Dikek Diel Xkij = N j € J (2.2)
Zje] hjxkij + hkai < H’yk ke K,iel (2.3)
Yie)@Pzii + Xjeyqjxiij)) < Qyx ke K (2.4)
Yie)(@Pzi + Yjeyqjxpij) (62 —pi) < Q1(62—8)yx ke K (2.5)
2je)(@Pzii + Xjey qixij) 0F — 61) =< Q2(8, — 6y ke K (2.6)
Zje] hjxkij < (H’ - hp)Zki ke K,iel (2.7
Zki SZjE]inj ke K,iel (2.8)
Q°Gy + X ie 105 4P 2ki + Vict Ljeg PF Ajxiij < (Tie 1P Zki + Yier Xje 1) Xnij +
Q) (Gx—1F) keK (2.9)
Q°Gy + X ic1Pi qP2Zki + Licy Zje] vy qjXkij = (Zie] qP Z; + Xier Zje]q]' Xgij +
Q°) (G, —13) keKk (2.10)
Q°Gy + X 1e 105 4P 2k + Bie 1 Ljey P ixnis < (Bier 4P Zki + Yier Xje 1 45 Xnij +
Q%) (Gy—1) kekK (2.11)
Q°Gy + X ie 105 qP2ki + Xict Ljey P dixnij < (Bic1 GP zri + Vet Xje 1 4q; Xnij +
Q%) (Gy—13) keK (2.12)
Vi = Vi+1 ke K: < |K| (2.13)
Vi = 1 ke K:k < Linit (214)
Xkij = 0interger ke K i€ I,je | (2.15)
vk € {01} ke K (2.16)
zi € {01} ke K,iel (2.17)

a A [ 1'% o a a Aa
2.5 NOEINLINTUNTAUNIAINBULUUEIIEAN
agda a _a = aa da v X = Y = =
6825aRn wueds WWnsnAnAuTuLieldlunsuAtymladamuislasany 39
Tufluuuinunsuueuned fauulsnsgasafnldlunisuitynnisoraluanunsaurluly
whandaymile waglianuisasuuseiuiaglammauninannseminiunass usaglddnay
lunansaigl wiesamnsaundgymndanududeuauliaunsadsussnundudimuunig

AdinAansle B83aRnd miunisinisesdudadudaudituseentu 4 wuundn q dall
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1. msdauuudaudidniae (Single-pass Heuristic) Wun1sdnlaenisanaulaerduaily

PN A = & a v a v X o a v A v v
Meilands Antuaziienn1sIndududely lnsasliindudigniasesluudioanun
v a | v a v & Y sada 1 ° v o a oA o
Ja5eelul nrsdeduAnuutiondeUszaunisalnaninasinlvaineun wieede Greedy
Algorithm

2. M39auuuIsANs Tabu Search WunismAmeulaeuseana wasduisnism 9 W
Tunsunleteymnisdanazn1sdaies n19Y191Uvee Tabu Search g 1191Ug7 ¢ Feumray
asaagliameundululauuulvnddunn lnsgeulidneulndiaininfineuidunuaqlea

| & Aaal ' °

wAvziuAnaunRgalilumhenud

3. dane3fiuuuuiiugnssu ( Genetic Algorithm) 1unsmnisdnnaesdusideuiuy
BN15V9ETIUYIR danesiuwuuiugnssuasalduntymlsvainane laldandanlaym
NIfRLazAsIAS Uty nMsvhauylnsiiugnvesnisinnassdua s1uaunileld (ns
[ 1 a a Y A U L gj -] v &
FousazuuuUTsuiieulaiuiulun eiugn sy naeRIntuagyiNIsSNaNTugE U wagnis

Y A U s 2 o a P Y aa o a

naneug nanmenIsNaNiugbuazidannsdnteanlululeun 2 35 nweveinisinises

v a 1

AARINITNN0Y UaWIINITATIINITIATEIMUUN 3 31ANTTALTEVIaBIRUUT dunis
ﬂmaﬂ’uﬁ:ﬁﬂma LADNNTSINLIINADIAUAILN 1 UL mﬂLezmsuaﬂms%’ﬂﬁmﬁﬁwé’ﬂﬁmsmagJJ
¥ ) a v Al :.’/ Y | 1 v A A a g

wanvinnsiasuwlainisansesuulmidunisanssawuulng nisdaseauulninindulae
n1sauiug uazn1snateiug st lveylulunreinisdnited Masiasaney uagnis
v a I d‘ 16 ¥ 1 ) a 6 @
Jaseavunluenotagnauly ielilvimisganud vesmeuiiawmesiny

4. A8N1TUUVDU 9 WU nsAUNILUUAULY (Tree Search Algorithm) 38n157191¢®
TUSUNTULTAUEU (Linear Programming) #3997# Dynamic programming #3814 Heuristics
ale 9 wuudunu

YuSan anssauduiau [20) leualaue. “Tunatisn1smeaneuiImesdMsun1sInts s

naavaedfligdua lnedanusyasdluniseaniuuiasiaunguLuunsdnisesduniing

Y

a a a s v

dumlagimu1isnimmisresuiiines lagldissisaind (Heuristics) lngiivadninlusu
thwiin Aen1sdniFesduiadugdudfesinlidminvesdaudliirudadiin suuuures
N139AL58duAIAIgauAIR B lRAUdatevedauAIndIn1sIaTesliauauna 21N
namsITenuIgULuunsiaSesdududlugsdudildmmundunnduliiunulunsuds
fiininsdalageideile LLazmmiamauauaqm'aamwmiﬁmuﬁaﬁLﬁm%ﬂuqmammm

e
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Sheng, Liu, et al. [21] Igvnsaneaes “BrsaRndaneaniudmiunseaiSesmn
ianaslugdui’ auzfiseldonnsdfnunvedsanusdanosinesinutymnisdnEom
avilugAudn TnefqeusvasdfoUiinumomandusiludaudiunsasdowniian wazm
anduanazdosgninidoaduiuiivesaud sufiesssdutuluibuniamifes Single
pallet) fiflvunwiniu ieanaududeulunisiniFosduilugaudi Tunsusudgednm

v
C% a o w

N39S InsaduAty dvedninlunsinitesfe YeaIausiIumUULLaEAIUIng
=i a & v a v ¢ a ' ! < Yy @ ] ' a o ed
YDINNANAITNLYNIRUANMENENTTviandes sgdlsinudesiulainndewdnsiueid

gniAtluMuULTRINEaNTY ansavunanlaiavaanaendadaludaatenie Tu

=2

nsuitavnaanarveeneIdelaiigisafndanediiy Fseneuldsie danediiunis
Auvwuudulyl (Tree search sub-algorithm) Tunisdmssananlugdud uasld Greedy
sub-algorithm Tun19LANYD9I198INIUULLAZATUT N LaNALRAR T ULUUN G Lagly

ADUNUMDILUNITAWIEUNE

'
a v o =% o

Fuey Fednsa, wawd yayan [22] lndanedsnisdnisesndnduantuaiuiageans
AMUANISOUNSTULITTNYe9 IS e d ua Laeldduap uIs nsAunNeA Ul (Tree Search
Algorithm) UagiSugnnasy (Brute Force) WuINARIs AN saN HaaNINHAlndAe
AU LASzezaIN1SUsEIaNaYR s N1sAUIAulsita 5 INNRe TuppuIzugnrlesy 14
srgznaIluNIsUTELNaNalidaynI 5 $AlUe ke NISANMNIR Ul lgsTasa I Newa 1

~ a a0 8 | = ada o A a o & va Y vy P
Wl 20 Fufividy eg1alsinnadinanunsadasewdn damadugaunlavangauuasi
¢ v Y v | A adax ¢ b ¢ @& = | aa Y] o
Wesi@unisldnunludgduauinndipieisisugniesydaiofiduriafiuagindnisnsauning

fulsl 1.68%
Loh, K. H., Golden, B., & Wasil, E. et al. [23] la¥n1sisiutunaulIsnisivi Ae

15N15029N159UB0U (Weight Annealing Algorithm) Tunsundeyninisiaseauuuldds (Bin

2 '
v ] Y

Packing) 1 &Il TumeuiigniauTuundiianudlaiiewasasslunsan auggidels

Fonstlunsdifined1ednuiu 1,587 n3dl lnedigausvasAlunisandnuiuvesdalnlaiiuiu

} 4 L2

wnzaulunsInemandunlagusiaann1slaiy (Violating) tazdednfinainuaiunsalu

nsdaLseavewats Felunuidel augdduldsuiuulagldisnsiugugisannuasding

a s

WUIANYBINITAIUINTNNTEURUR I TWITATa19umTnN15aUBaUTAD WANEISaRNd

wUUTYL WUIAAYDINITANNUINTNNNTBUBIUTUAD NNStdNand g nduIrdnuInasluna

o 4 1

fuand anduansunduninseninldasil vingwuuidiaualunisinsssan e
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1

asldTunmazae InawUseuisunuisaudaing (Tubu Search) HAN1SNAABIABITNNITNNTES

[
Y

Wwtinnisevgeuliulananazuidymlanmuniniiaininisauseswing (Tubu Search) 8nms

4 ¥ =3

faanusaUsyananalamsinIfIsAudasuLdntio
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lun1sfinwnisnisnereuiawesiedivdnladuladenadndunussyadduguss
aualilaeegeafiusydnsnin Aeanunsaldiuninelugaualaduen vsdualiladiuu

° va v oA v o ° Yada a a .. a
@0 waganIuINgauAIMSesauTINNLAdIuINA1an IngldigEaTann (Heuristic) &

ee N

=2

URAUNISANYINAL

2

1. Anwnsmsdaitesdumasgaun Ingldainudungveandnau

2. WWIIBNIINARUNILABSIEIENINIEITaRnUNTIETUNTTAS B IMAUTTY
a Y o Ya Yy = a a
Auendusaguasgaumlaeg19iuseansnm

3. WiguweuItn1sanEesduaasiugduangnifenudnausiuisnisnly

At wgesAulngliteyadsennIsUSURILLS

3.1 AnwIsn1sdasesdudtasgiudn Tngldatudiunyvesnidney
Tumsneisnmsdndsswiandudadugauiluanmmshauadeiy woili
LULNUATAuLazduNIsinEesRe audvinlandaasoneuszgninundaiFeanou dlu
nszvrumsinEssmanauadugaudniy devausunus saudldsuwmunisdadudi
ué nntuagdesinuiiegluadiaudusazsiaeenuinomarussglmi Tnsdnes

wazgauNandurLiazyia i laaukuntsdsdua naldussaunisallunisinseaay

v
o 174 v W td leq

AU

Founandua Flldedrinfe auaenanduagniugeuiuiaiunses

Y

(%
Y

AINAIDIGUTTYAUAT waznIsdountandudinetliinu 3 Ju Jaluwnunisdsdudiag

)}

v [l
v

dudAmainratgaugeaziidnuiunliuiuey dnnslundazassiinisussyduaadlug
UssRauA1azaesldszugaulunsdIaEedua vilminanuaitilunseuiuvesuds

Junaudinbl

gNAI0E19NITIATLIVDIANIMVTINUITY AB NUNMULHUNUTTIILYIINTFOUN LAY
Auduuugu Jauaadaiae uazinanudina1dnEeudIgauA I UE R UNIUTIYESI LRI

AT 13 Bnviarniinisiindnwiudun avdeslinsiiugussduauasyinlviiiuiindldla

Tguselownd vilviuaunulunsdeduaiadu
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AN

i

A9 13 Mydanndumlugausuuudy Tneedeuszaunisalramtnauussedaum

[

3.2 WAIWNAENINARNNMaSIEAsN1sN 983 aRnsgIeTuNsTnE B AT UTTY

a 14

fuddniaguasdaudnlaogeliuszdnsaw

U Va v

Tumsadunuidegidelaimuasinuesgussduasagannsiavesgausnld

lun1sdseandud1vuin 40 Wn ¥ila High Cube AUV LENLUNITUTIIAIGAUAIYUIA

Aga AD 1919 1,150 daduns x 813 1,150 Tadwns kasilnanugaiuandaiy 7 wuu
A7 14 Ban1sussadumviindauilauastuddudn ldfdmdndunfeddes iwesangdu
Haudidmidnukazainnsaussyasgaua neidmdnsiulifuladrdnvesdussaduam

9

wazn1staunandadliiiu 3 Ju

P —

ca' ° Aa W
AN 14 E‘UQ']&EJ\TW']La‘VWlllﬂ'J'nJijﬂLL@ﬂ@']ﬁﬂu 7 wWUU
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3.2.1 NaNN1599N1SNIEITERN

Tunsiaunsusuunsdananasgauniu fIdelaimunsdiuunsdnsese

aa a a a dgj o a [ U dy

INNIININGITEANN IﬂEJllsUum@‘Uﬂ'ﬁG’nLuuqqu@ﬂﬁalﬂu

& A o o w o A o A
YUFHDUN 1: ﬂﬂLiEN‘W']LaWWWNaWWUﬂQWNEﬂQQWﬂll']ﬂlﬂ‘ﬁ']u@ﬂ (LBULRBINUNTINN 14)

& - o = = < v o =~ ado M v v Yo v < g
Tunaun 2: dmaniinnugenandududunils dslalagniaandugdud umadutuusn
Send1tu A laglsuanndunuan 1 3nTulUTLATUAZAIUINAINEITIN B AUNUeN 1

MNANNGITINTaIaNdsliAulndninAugavewauiasaniunsiviuneui 3

1 2
3 4
5 6
7 8
9 10
. 2 11 12
13 14
15 16
17 18
19 20

o

AN 15 MIMNUARIWMLIYBIREUAT (Top View)

o '
|

Tunauil 3: innaniifiaduadosdian uedeudutui 2 Sundidu B a dunin 1

mﬂﬂuiﬂmmm%ﬁm’mmmgﬂmmmwwLa‘m o ALAUIA 1 mﬂmmquéﬁlmﬁu

L2 %4

931 mmmqwm@ﬁué’wzﬁuﬁumﬂﬂﬁﬂ”umauﬁ 4 UAMINAINGINUANTIN 2 FULAiY

[

a o ya v ) & ° v a ° 1 Y] a o 3

Szmmﬂmmmgjwaq@aum WﬂLawmﬂanu%g]ﬂmlﬂﬁmLi*&NIiJGHLLMUﬂWJﬂﬂlUI@EJLim/n“m
& d'

ANVUNDUN 2

Tupauil 4: ihwianfidmiugadesfigaindenazdililigninsedudaus o

'
=

Fui 3 [undtu C g fwnrdedl 1 3ntulsuNIUILATIMNAIINGTIN l fAunLeil 1 v
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AuETINliRuTaiinANgeauA TUSLNTUILNEANITIATEY 0 Fuen 1 uae

o o = o 1 v o 9(; gj d‘ = gj dl !

nsiaises a duddduddall Inevignantuneuil 2 fetunsuil 4 uininaugaves
IS o w £%

WUANTIN 3 FuAUTRIARANgBLdauAT wandenaniazgniludaSsludiumia

TmldalulneiSuving1anTumaui 2 (TUABUAINAIEILNSOREAILAGININA 16

Tunaudl 5: asrageunanidilulagninEes mnliduening Wideunduluduneudn 4 us

mnilueningligan1siuwazLanisn1sinses

AT 16 I1a093URUUMIIAE eI NanaslugaumieIsn1neEtadn
aflsdumneouiznislunuidedldgnideuduldsunsudieniwl Visual Basic for
Applications (VBA) Gullunrwififieglu Microsoft Excel 2010 pdudvinliusendieesly

foaduanttanglunisanniluswnsuwsagndla

1NN1TDTUE ARSI UNDUVDIIBN5TITARNAMTORE U ULNUNINNST L laeran ndg
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3.2.2 Mslgaulusunsudniesduinagaua

] A a v o A a v va v a & A
YUADUN 1 LﬁJﬂ'ﬁI%\ﬂﬂIﬂiLLﬂiiﬁ]ﬂLsﬁﬁﬂu@qaﬂaﬂu@'ﬂﬂﬁﬂqiﬂaﬂﬁaﬂﬂiﬂﬂ‘l@ﬂ@u

TUSHASUAININA 17

Arrange
pallet into
container

program

i 18 lepeuvedlsunsun1sdnsesdumasgaun

M998 UTINYMKIN Sheet 1 UBlUTHNTUTULIUANIAININT 18

AutoSave (8 o) s TunssiaimAusnedud - Excel A Premsit Wanitthanya B8 -
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