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Abstract

In today's world, most of the countries worldwide especially the developed countries
have focus on the development of logistics and supply chain management. This is because the
effective management of goods delivery and information flow could lead to operation cost
reduction due to efficient use of both human resources and natural resources. One of the key
factors promoting efficient logistics and supply chain management system is the seamless data
management through enabled information technologies in order to be able to track the status of
objects within the system including the effective monitoring of all works in process. In Thailand,
large enterprises have started to integrate information technology system to assist in the
administration. However, Small and Medium-sized Enterprises (SMEs) may not be ready to invest
in new systems that require communication technology applications as well as personnel do not
have the expertise to build the system for themselves. This research is therefore focusing on the
study of communication technology and information management system used in logistics and
supply chain management to enable Thai researchers to build in-house knowledge and able to
adapted communication system technologies in enhancing logistics and supply chain
management. It also includes studies to develop an intelligent algorithm based on artificial
intelligent approach for efficient resource allocation. The aim is to reduce the use of resources in
the operation process. The main research outcome is the prototype of automatic warehouse
management system, which provides real-time raw material tracking from entering the warehouse
until the shelf arranging process. The system should enhance warehouse management as well as
reducing possible human errors. In addition, mechanisms for route finding in batch picking process
for the large-scale warehouse have been studied. Four popular techniques are used including
return, midpoint, largest gap, and optimal routing based on GA algorithm. From simulation test,
GA algorithm allows the shortest route. Then, goods rearrangement mechanism based on batch
picking statistics has been proposed and studied. From the simulation tests, the rearrangement

process allows lower overall travelling distaince.
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uni 3

a -1

WAlulagd1saUmNALNDSBISUNTISHRAIUISSUUTARERNE
3.1 nguiiugiu

aufildsinasfienulaeg Council of Supply Chain Managerent Professionals (CSCMP) avfu

Au1AIANTEAURLIMT T UNELNIANS 138 wazauAImilunsInnisislgguniulaed

ddnaulngdeegussinaanigoiusni n153an191aslagguniu (Supply Chain Management)

u

[
IS L% a (3

ATUARUNITIANSTAAINTTUNIMUATAEITRlUNTIANT T9T0dnA9 WazNRANTTUNITINNITLATaRNd

'
a

FiansUTEaINIULazaienusmiafiuaa warid1Ayn1sYTINITNITIANITEUNIULAZANS
Jansausesnsnanglukazsenineuivn ludiveddadafindzAsounaunisnauwey N1saiuns

LagN1IAIVALNISVUEAT AN TIAAUALA ITUSEAVEA I saudlanismiupunisdsloyanionisdeans

1%
Y

TayangnnsiulidaremaiienauausiionufeiNIsvouslan [2] AuuingUssasandnues

nsdnnsratlggunufenistiusnisregnalnefngnAlasuauiianelagegasisiiaiuasAun uie

q

an

aanlinandreuladafnduaznisianmsnaldgumudundnnisiilasuanudeuuaziiuusu

Ifagrunsvansnaziaiinisvenediluagnininewing InenalnvesssuuaseunguaansinvaInvaie

(%
o

VaMNUEIAT NITUIMNS Fenssueans wazwaluladansaume ieazsesiumsdanislamnludu

[
a [

A9 MAATUA N15UFUNTONISAINUALATEYIENITNTEIBRUATLNLIZAY N1TUTUNagNSIuNg

N3¥18AUA NMIUTMIIANISIaTaRndsuiansdnassninenseliinmuaunasenitenanssulad

a s

afndeingg nInsenetayandidyniglunilgguniueg1aaTuINas LagN1sUIMISIANMIAUAIAIAGS

Y

<

<) v N ¥ 1 3 P v o w 4do 1 [% Ay
Juwsu Weninsandgmnlumusiiegasdulaintadeddyndnduegrannlumsudtyvimaiifients
Whisdeyaantuzvesladeineqluraediiunululdaztunsusgraiunifiiion1sAnn1unanis

ANTUULAENITUTINTIAN ST WaziiUsEansan dadunisldszuunsiafunasdatoyanis

[ 1

AWIUNITVDINITLUUBENNATUINIT WL ANNE Aa g1 9uIntunIsiiuUs AN A mnsindula anainy

o

Y

ardrlunsufiRnuduiiewnannisdideyaingiainld 1381333 (Real-time) yilianunsafaniy
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waznTiaaevaniuyl uenaniidaninsaseseniiienisnivaunisysufeudumsluseninanisvuds

lunsaliinn saguwUainuAeenIyMegsia

mavenilasuanufsuuinlulagulunisidrfsdeyadinarifenisldseuunisuaninanag

NTEUIUNITINAITUUUSALUNR (Automation of visibility and management process) Tunszuauns

[
4

fananansidauunslan (Barcoding) talludiunilsvastunouluni1sus® (Identification) snidunaiuiu
Tutlagdulainisumalulaglunisszyendnuaivesingaisaduninudingniefisenda RFID (Radio
Frequency Identification) 3114 wagAsuinisldausgraunsvaieiilesann walulad RFID Adefnseh

msasiavilaazainsiaisnazineninmsidunsianiiosannlaifesnisnisd@eansiuy Line-of-sight

(% ' '
a

wazdsenunsavinsfinanudualanndundesnisluraenuisianasiduiinsuenyssnnvendnsie

S¥UU RFID Usenaunie

® Tag 3e Transponder Nild@1uUsenoudoefoaneeInid (antenna) Lasdufaiunsaiiu

Y

Joyaldneudiaunn doyadildifuitu sWadudn dudn dunds a4 dadulunisldnuass

lagu1nazyinnishin tag NAIAUANFINISAARINAIULLTBI9IN tag T31A19N VUIALAN

warilvanvangguuuulildeniteanuingauiundnsiun

® RFID reader w3asigutoya Fsludagtuiinisndnsenunigly 3 sUsuundnde wuudnhn
fulAseasananitunila (Fixed readers) wuudlafs (Handheld readers) @sa1unsaunluld
awnunseeudeyaain tag ludd1agld waswuuisessunisiadeulmilaluvasdedyyin

(Mobile readers) Fatiulunsitaruuueunnuzndnisiaaaulm
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JUT 2 wansnmsnegnswesgunsalliudiuusenaundnuesszuy RFID

U7 2 gunsailidudiuuszneundnuedsyuu RFID (Waauu: Tag, 107

A749: RFID reader)

5¥UU RFID asnsadameldlunisiaauaniuziazsumisvssduavsotladeluniswdnmigeg
¥ vy oy \ o = a _a 1 ° ] Y 4
Toyanlaazdogndsludiszuuussinanaviessuuauaulaidafndlagrunisinuiuiuvesgunsal
AIUANNITNUYBY RFID LagszuudeansdeyariuinIednenauiiaines (Computer network) 30

A 1

Suwesiiv Fanrsdearsioyaiionannuaievionsdeaisuuuiiane (Wired network) #3eLA3a918n13

(% '
= ! 6 a

doansliane (Wireless network) 19y WiFi vi3eviaaesgunuy doyawmarilavgnasludamenduwisnyiinis

< v v & 1% v o a o = I
LﬂUGUE]J‘JJaLLa%LLﬂWﬂﬂﬂWUﬂMLVUI(%IWEJL‘\]']V?U'W]GUEJQU?HV]LL@%IUUWQﬂ?mQﬂﬂWﬂ']EJ

STUUNTUAAINALAZNTEUIUNITIANTLUUSR LU RN 8LATIN1TATI9Ua0 1 UE A9 E1US U
nsmuRdladainduazyiinisnsganedeyaivenisiansmamiity aelawufnvesssuuianandisiuis
5 = Y [ wa = [ a o a1 14 4
TUADUNTONTZUIUNITIUNITIANITUUUSA UGS Fadununvesnisdunaluladaisgnielamansnig

Tayauszhvgunienisusulduazdnauenalnivngay nilieliszuuinnulnednludfiog1aumnass
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3.2 NUNIUITSUNTIUTINEIVDS

\fosaniagtuldiinisiunalulad RFD $aufunsdeasteyariudunesidnunldlunig
fansTodafindunntu Falifuninsinuiiiesaduildiewssialsslovdilldnnmsldinalulas
waniliteliiAnamndlaludsgussannnty Megramsanieatuitmsussduussansamlums
Uszgndldimalulad RFID Taevhlulsgniiauslulenanssnds [3] Bmsiilaniduisvilsde Total Cost
of Ownership (TCO) Baitiuntinludayaalngliddsdenatssloviunin uldanienassiads
Fananriunalulad RFID-based Internet of Thines lé¥uniseensuegiwnsnareindunidumelulad

(%

asauwmevanfddgunlussuuladafnduaznisianmsvinaleguniu

agelsAmutaudinalulad RFID-based Internet of Things agiidiudiglunisiiuussdnsain
YDITLUUNIUNIIATITINAO Uz hazaIdayaion1suaning o 1Ian93e daumsiauniddgdndiunian
AonszuIumsinaulanmgaaauazduliislissuvaunsavinulalagsnluifananuaidiuazaam

RAnaInfo1nevule

shegalusinfiiiuninisinassninensiiazdudufonssudiieqlundedudinseyillaedi
Fematunuluszuulagerdeuszaunisallunisvineu anenatssnads [4] Mfinsiauessuy
RFID based Resource Management Systern (RFID-RMS) F9gneosnuuunitiiodrelglésuszuy
finannasnsadenunanansiansninensivanganianlunsliminensdmivusas Adanis
duflunuadaduiilaglimafonuagiinseinnuiifegluguteyadldanmaFeusriumaianig

Y Y

JyeyrUsehugisendn Case-Based Reasoning (CBR) Lilan1susendanaiaiwazaununisngs tnelu

<9

A o (Y

nsnaaelinisdimalulagndiaueuiysuinissiuiulusunsualuqusaen (Forklift) iivaLivy

Useansnmlumsiasnd@uniaweesasn

dregredaluilidudiegiwuinisnuidouas auidiausn1sysauIn1sAIansnig

Jayayusehvglunssuiunisneguesssuuladainduaznisdnnisaleguniu

- SULAUDNANNITVDY Genetic Algorithm (GA) d1%5UIZUUNITNARLAZ T2 UUAUAIAIARY LA

yuunsdnasuuiarUSunandadueidedenataiiusz@nsnim [5]
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n1sinauenalniiiiendn NNR (Nearest-Neighbor Retrieval) - Inductive CBR &1%15Un15
LLﬁﬁﬁymﬂmﬁaﬂaﬁmiéﬁﬁaLﬁaLﬁmizﬁw%mwmiﬁﬂLﬁumummizwﬂﬁq%uﬁw [6]
nsldmdnnsves GA lunsuidymlunsinnssnsddelaeiidodinmnag denmsiiusze
anuianelalpeswluvagiieaiufaaainshnulaesm (7]

NM1SUNEURTIUY Fuzzy-GA Hybrid Tun1suadyvinisdanisnisidenldianaunsaluaznis
Uszlilupa [8]

n1siauendnn1sues Multi-artificial intellisence system 7t38n97 Integrated Intellisent
Logistics System (IILS) Lﬁmm%’umﬂﬁu’%mﬂa%aaﬂéﬁﬁ@mquﬂiﬂai%ﬂﬂsﬁwmus'auﬁumaq
aelugadIniue Wy CBR, Fuzzy logic, wae Artificial neural networks [9]

N19ULAURTEUU Ontology-driven case-based reasoning system Imméuﬁum’iﬁ’lmm’flu
wiunfidudouuldegnvgaaalasaniziusyuulaliafndseninassma [10]
sthiausLuUTaesiii3anin Realtime Location System (RTLS) fivhanusguumelulad RFID
wag Wi-Fi dmsumsianuaniugesingiu lngnmsiiauensuinsinnisedangaainsiuy
nszuIuNsUTuUTIIs U uidlunisifiu Banstunisfumuasfinnuaniue [11]

[ '
! = o A

= A av vy 9 ° v
widnidukwinandnideladinisiauaienisysulenalnlunisinauvesssuulagly

nannisseiienisdndulalunisuimsianisedisigania nanleeasuladinisidmealulagnig

(%

asradunazimafindugmislaygiussAvgdudsdnluegrann Tunsesvagevaniuznisinanuves

sULKAZATINTUNSWAsuLUAAinT WeTlavihdeyanlidadudeyalunaiaswnlssuianawazyi

nsdindulaluniseiuaussuvegaminzaumelusraziadudy aiviadudidiamnudululadnuinlu

nsAuaTisAumnalnlvd g iuansavdmsussuuladafnduaznisdnnisvsldaunuiimaneauiu

geamnssululszmalnedadnsiawlvimihegesing
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uni 4

1A596519AULUUSZUU RFID-based Internet of Things

a

rzfifuliinsnudeyatsasoungunisinnisnineinsiadafnddniulssnugnavnssy
yuAENAIwIIANa1 (SME) Besamfanuannvannvatedinny end 1y msumsdnnisadedud s
Umsdanisnisvudandadut Hudu mnduldfinisussgamidesugusznounisluiiiielseany
gavnTINgHAneY WievieandlafwounvesmuAdouagiaun Tagaulunsmieasusmiu

dmsuidmanglun1sadeseuuAULUUINENTINNITNINEINTBE1NYIYRAINAUTEUUTEUDNE N walUeY

'
=

ngAnEAaUANAINYTINiUNIsFRasHIuBuAesIindmsuladafnduaznisdnnisidauniu lng

M v o

naannbnazaasaunsatnluldlaassluaniuysenaunis

sruvAuluUazgutulyginisaiisssuulunsuimsdnnisadeduddmsunisuinisdnnisiu

'
[ a a o

mpAunasinlUlgluaensnds lngagiiuludignainnssuen nandnavd1e1e wasndningeInis

Jundn szuvazannsavhaunaunuszuuihuiildegaziiunisihaulesyaaadudiumnuazldnng

1% '
=

Wudeyanulusunsumeuinnesiiugudshifinsldszuudnluineiuasaumedunieidos lng

o3

v 1

wTNTLUIUNINEGNT 2 NSEUIUNIT Lawn nssurunstunisameideuingiulndigndadiunlulssny

(%
a 9

LazyinNIsARMINANIUE VTR AUTUSUAINA1SUIT UL AT VLT U luadsAuA lUaudanisTandne

]

sunslumsdmnu waznszuaumslunisidndieingiuiiothlUldluaenisudn

4.1 N199DNLUUATNIINAITNINIUYDITIUY

NVayan15UURNUITIRINIARRAMNTTULATINITORNKUUAINTINNTYINNIUYBITLUUAIN N

nsvieulugui 3
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JUT 3 ANTIUNTYINNUTDITEUUAURUY

NNFUN 3 sruUlagnInsIRzUsEnaunie

[ a a

SEUUBNALITNTDISTUNISUSUITIANITATIAUAIV YNNI DIAQAUNLTIUNITHAS AILANIT

awmelsuingavlndfgndadiunlulsesnusasyinsienuaniuzvesingAuiuguuudnludi

q

U a ¥ o

HIUSZUU RFID-based Internet of Things i3uanmsiadewingAuidndadsdud n1surduiu

vutusluadadudn waznszuunstunisidndiedngavimetlldluaienisndavsonisiu

v @

ndutnnAulTlduue Fefasldnisinniuaniusiiunistd RFID waluladsiuiunisdealsuiu

9
%

Internet Tuszuuilaziininisasiaduaniuslagld RFID reader Mawsieo Internet Tugduuuls

@18 (1 Handheld device) wagluguuuuiiany

a A

sruvgsanainidlunisinauaniuzvesingauiinunluadsdui Feavdedinisweureteya
anuzingaunielinisyiauresssuugenduisiietteyadidluuszinanauaivlugiudeya
na1e Ingazyjswduludaniseaniuulassainuaznisinuees RFID Gate titalviszuvaiunse

aTduingauinudeantalagdnlulifuasliegnsnsuiiuluniaiass (Real Time)

4.2 N1598NKUUIASIES 19NN AT

JUN 4 uandlassadanweduaiflaesnuuuiiieliunzauiunisldauluadedud Tagay

Usgnaulumgaiusngsaail

1) @uganikIS UM AN DIRI5UNNS IHUS LUV UADLNILADS

%
Y

2) duauANMIYauYed RFID Reader 7ignfinasegil RFID Gate
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3) @UAIVANNISYINGILYES RFID Reader Mldlunsameideuingiuln
4) @uAIUANNTYINAUYBY Handheld RFID Reader wagn1sdeanstayaniu Intermnet lugaszuy
wan

5) dwdldlunsiiudeyarianun (Database)

JUN 4 1AS9a3 19N 199N AL ISUDITTUUAULUY

SUN 5 wanalasas1aneluraassuusandwisnlaoonwuuluinesessulassastanisvinaulus

Y u

7 3 lassafaneluvesseuureilnwisasguin 5 uansdslugasiiaqieglussuu Web Application Mia$1s

[y

Fusaudaszuunmsdanisaneluadiduindaduszsuuiignfiniu RFID Reader uanainilssuudsanunse

'
LY a

seefumsiWensiariuszuuneuanluauandnme tnenssuusuluutiasanunsadiinteyaingnlogn

WouraiusEUU Warehouse Management Software Lauiladinnsldauaguas Iassasianieluves

szuugendwIsUsznaulng 7 Tuganan dail

- lupalunmsamezifounsldnu

- lugalunsiiudeyaingiulunds

a [

- lugalunsdndringiugads

9 U
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lugalunsidnuagAuingdu

Tugalunsuimsdanmsnnglunds

lugalunisadanasuaniseny

Tugalunisifindeyanisiindie (Product Order) QA
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FTUUBY
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wizdiayaring
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-tdrdiays

wayn AgyRFID

Fanfufin fesm

-Aaufily ioya

Ware House Management System (WHM)

ey

i
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nufila fiays 'i‘a;_m Tmp

Sufnull ey

ddivingiu

-fafita
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sienda P
safnds
gl
dinAu diegFu

Aadieyn

dayn PO

-siatiagn

Wainya PO
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senzileu

“ufinfeys

A4l

% nagdmnenely

U

Handheld

JUT 5 lassaianngluvesssuurenduas

dulsznoumegmisgendlsuldluniswaunszuuiinmelull

- Software Platform: Java

= Core Framework: Spring Framework

Features: Authorization, Security, Resource Mapping (MVC)
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= Ul Framework: Jquery, Bootstrap

Features: Responsive Design

- Database: Mysqal server

Back End Front End

-Request

5P

-Response

-Base
Spring Framework

% Command
Jquery
-Action %
Bootstrap

JUN 6 duusenounisendnas

4.3 N1599NLUUIAIES19N19815AIS

Tuduvessniauilafinmsuszgumaiieviinisesnuuulassadafunuudviu RFID Gate uas
#dnsvmsneaesdosdiu anduldiiniseoniuy RFID Gate flazasstmdieldlunsiamuaniug
vosingiuiianiiuazooninadedudlaedalud® Uil 7 wanwuuuideafiudniu RGID Gate Fefinng
719 Radiation Pattern 41 RFID Antenna (a189107#) Wiiazduaansanseunauls Jsvanefsveuiun
AuEIn3alunsnsI9su RFID Tag Aisxiinisiudnesnain RFID Gate § annnnlassadreasifunis
Rasaianaesinu Tnsusazduagyhnisindeansonaaosyafiseduanugs 83.6 ou. uay 173.2 9.
Wlelviszuuannsansaadu RFID Tag issfumnugedoutsiunnluaufennuganiy 2 wns ognslsd

mulassasrieioanuuullanunsasesiunsususeiuvesangoiniakiazdukasyulun13 N8 Y09

a1991n1¢lA (Antenna Tilting Angle)
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250 cm

173.2 em
—
/

BB cm

41.2 emy

150 em

A

JUN 7 n1seenuuy RFID Gate

JUT 8 uaz 9 wandlAeas1aN1eNIAwIsTe RFID Gate NFas190uudIa5a



U 8 RFID Gate Minfugi3ideas1adu
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35U 9 RFID Gate MiAfueR3dea3197u
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4.4 A1SNN9IUVBITZUU Warehouse Management

1NN IMTINNTTIIUvRIsTUUTiana 1 lulesiunazsudsenaudegui 3 du ssuulaiinis

'
[ a al

PONLUULTIDTRITUNMIUTMIIANITASIAUAII I Mo TRgAunldlun1nGs dawin1sameideuingdiu

TmingndudrunlulssnunagiinsinauaniugvesingAuiuguuusnludfiiuseuy RFID-based

q

(Y

Internet of Things wagnszuruMslunsiiniedngiuiethluldluaenisndansenisiunduingaud

T4 lsinun

drusuludiwresnisamezdewingivlninaznisfinnuaniuzvesingAulunisdaiviuduns

[
[ [ a 1 v

lupdelitumnay (flow) N15v19usHAINAsSUIngAulvdngnadadunanguadn (supplier) F9azins

q

adusingAuanissaussynuazdiuintinaunisundiags lsanulaguinagiinisiinisnsivdeu

AN (Quality Control, QC) Fnguneunsunduiudnds duluenafinsamesidouingauiidilv

[
= o = L a 1

TusguunaunsonaINIsin QC TusguunadreduiiaginnisameilouilaTngAurIun15v QC Wan

q

[

Weanningauiliniu QC azdesgnadsnduluadndnuaslufinsundufudiags dalutunouselufie

nsameleuingauiinunlniwagiiun1svin QC waIHIulUIWNINIINUENA8VRY software interface

[ a | a Y v

ntwinsyndeyaingiuudazelinid1iu RFID Tag Nsluldeglunisfinaiu 9antutn RFID Tag

9 Y

mnamluiinliingauniousenisvudiadngads dunswsellidun1siUaszuy RFID tracking M1y RFID

Gate Nas1sgulasmsdanurulsunsugeaws wawihnisthingfAuniu RFID Gate 1hgnda ssuuae

a [ 1

hnsAnmuanuziasiUisuanuzvesingaudinanlaednludfainaniug ngavegnieuenags (out

q

< ! [ . 5% [ o 1 v & g a
warehouse) ¥nusgnieluada (in warehouse) uidisldszusumislunisdmivuutuag Tunisusms

nsdmiuuazianuanuznieluadazyilagld Handheld RFID Reader duflotngauidndgadaudriau

AdegyiNIsiAfioudeingRutu s lugituinanfeInisaintuagld Handheld RFID Reader lun1sgn

q

%
¥ U

PoyatuinuazIngaudimeiulaen13e1u RFID Tag vesingiuuasduniagyinisifenilandunisyn
U83a (boung) H1UNTN98 interface Y89 Handheld RFID Reader s¥uuavdatayadiuniauuguinedl

Wuszuvdeansliane (WiF) ludspudeyaiiovnnmsiiudeyadely winfianuseanislunisindeudie

1%
o 1Y

noAvandunanisluadndunwmisianisaitldlaenisld Handheld RFID Reader lnanisaaun

o a

HUntnae interface ¥8d Handheld Ia tneidenldifandu unbound Tunsenidnnisynteyaingiuuay

]
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% [
o v a Y v o

Funailelinisuningivesnantuwazidenileidu bound evinisyndeyaingAudiiutuinddngdiile

q

fnsunAudstunlngd

'
[ a al

dmiuludinveanisidndneingavnethlldluaisnisndavsenishiunduingauildldnund

q

[
Y

Tupau (flow) NM3vhusunnsnsendeyaingiuasly request form H1un1elUSUATY interface &4

anadunisnseninandhenisnde deyadinanasuunngiedudledinsladassuuifinsvendndig

[

mgAuduvselyl Jauadeaunsaldaseandealdnianihsensuiiuneinieaunsogsenisinedels

9MNUTN99 interface 989 Handhheld RFID Reader &4ladin15a31958UU pickup navigation 1Ueeauld

1%
oy

sosfumsyhauldaraantu dduduiiRnuaiunsaiie Handheld RFID Reader wludindauazida
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= Impinj Speedway R420 RFID Reader (IPJ-REV-R420-GX12M1)

E‘U‘ﬁ' 25 Impinj Speedway R420 RFID Reader

Product Details

Speedway R420

Air Interface Protocol

EPCglobal UHF Class 1 Gen 2 / ISO 18000-6C

Typical Throughput in Challenging
Environment (Autoset Dense Reader
Mode for FCC)

~430 tags/second

Supported Regions

¢ US, Canada, and other regions following US FCC Part 15 regulations

* Europe and other regions following ETSI EN 302 208 v1.2.1 without LBT
regulations

* Brazil

Antennas

4 high performance, monostatic antenna ports optimized for Impinj reader
antennas (RP TNC)

Transmit Power

¢ +10.0 to +30.0 dBm (PoE)

¢ +10.0 to +32.5 dBm (external universal power supply)

Max Receive Sensitivity

-82 dBm

Max Return Loss

10 dB

Application Interface

EPCglobal Low Level Reader Protocol (LLRP) v1.0.1

Network Connectivity

10/100BASE-T auto-negotiate (full/half) with auto-sensing MDI/MDX for
auto-crossover (RJ-45)

IP Address Configuration

e DHCP

o Static

e Link Local Addressing (LLA) with Multicast DNS (mDNS)
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Time Synchronization

Network Time Protocol (NTP)

Management Interfaces

* Impinj RShell Management Console using serial management console
port, telnet or SSH

e SNMPv2 MIBII

* EPCglobal Reader Management v1.0.1

* Syslog

Reliable Firmware Upgrade

¢ Dual image partitions enable smooth transition to new firmware while
the reader is still operating.

 Scalable upgrade mechanism enables simultaneous scheduled upgrades
of multiple readers

Management Console

* RS-232 using a standard Cisco-style management Cable (DB-9 to RJ-45)

¢ Baud rate: 115200, Data: 8 bit, Parity: none, Stop: 1 bit, Flow control:
none

usB

USB 1.1 Device (Type B) and Host (Type A) ports

GPIO

* 4 inputs, optically isolated 3-30V; 4 outputs, optically isolated, 0-30V,
non-isolated 5V,

100mA supply (DB-15)

Power Sources

* Power over Ethernet (PoE) IEEE 802.3af

¢ +24 VDC @ 800maA via external universal power supply with locking
connector—sold separately

Power Consumption

Idle Typical LDC

PoE at +30 dBm 3W_ 11.5W 6w

Power Supply at +30 dBm 3W  13.5W  6W

Power Supply at +32.5* dBm 3w 15W 6w

(*maximum is 31.5 dBm for ETSI region readers)

Environmental Sealing

IEC IP52

Operating Temperature

-20 ?C to +50 ?C

Humidity 5% to 95%, non-condensing

Dimensions (H x W x D) 7.5x6.9x1.2in (19 x17.5x3 cm)

Weight 1.5lbs (24.5 0z2)

RoHS Compliant to European Union directive 2002/95/EC

- Circular Polarity RFID Panel Antenna (902-928 MHz 9 dBic CIRCULAR POLARITY PANEL)

h

gﬂﬁ 26 Circular Polarity RFID Panel Antenna
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FEATURES

> Low profile

Extremely low VSWR and axial ratio
Weather and UV resistant radome

Wide range of connector and cable options
Left hand and right hand CP versions

vV V V

SPECIFICATIONS

Antenna Part Number S9028PLC / S9028PCR
Frequency Range 902 - 928 MHz

Gain 9 dBic

Maxium VSWR 1.3:1

3 dB Beamwidth - Azimuth 70?

Front to Back Ratio 20 dB

Polarization Circular Right or Left
Maxium Input Power 10 Watts

Input Impedence 50 Ohms

Axial Ratio 1dB Typical

Weight (Kg) 2.3 Ibs (1.04)
Mechanical Size 10.2" x 10.2" x 1.32"
Antenna Connection Coax Pigtail, Rev TNC Male (others available)
Radome High Strength PC
Mount Style Threaded Stud
Temperature Operational -25?C to +70?C
Lightning Protection DC Grounded
Environmental Rating IP 54

3) RFID Reader ldlunsameuideuingidingseuu
Tudruvesgrameidouiesnnidunisaieszvuduuuuidddgunsaliadroiulugaildaiis
RFID Gate IﬂﬂﬂgmﬁiﬂuﬂﬂiaqmzLﬁﬂuﬁﬂzﬂizﬂaulﬂéha RFID Reader (Impinj Speedway R420
RFID Reader) wag enwaadayeyas (Circular Polarity RFID Panel Antenna) 8819ay 1 9

4) Handheld RFID Reader 14lun15usmsannisnnelunaadumi
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ludiuveinisusmsianisngluadsdudlunuideilldgunsal Handheld Nanuisasiaula
ATOUAGUNINATINTE RFID Tag tiabvaunsasianfuilandunisinausieadiumsiusunsy

Ingldgunsaldsseavidunsialull

- AT880 High Performance Handheld with Long Range UHF
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5U7 27 UU Handheld RFID Reader

Y

Performance Characteristics

Processor
Operating System
Memory

Display

Weight

Operating Temp.
Storage Temp.
Humidity

Drop Spec.

Dust & Water Proof

Marvell™ PXA320 806MHz

Windows CE 5.0 / Windows Embedded handheld 6.5
RAM 256MB / ROM 256MB (Max.512MB Option)
3.5" QVGA with Backlight TFT LCD

240=320 Pixel, 262, 144 Color

(VGA 4B0x640pixel Option)

280g (PDA only, without battery)

20T to 60T

30T to 70T

95% non-condensing

1.5M Drop to concrete

PG5

Physical Characteristics

Audio
Satandard I/O Port

Expansion Slot
Notification
Dimensions
Battery Supply

Main Battery

Backup Battery
Power Adapter

Phone Receiver, Stero Speaker, Ear Jack, Micropohone
USB 1.1 Client / USB Host & Serial (RS-232)

via gender cable or Cradle

1 Micro SD Slot (SDHC) ,1 SIM Slot, 1 SAM Slot
Vibrator, LED, Speaker

158mm(L) x 78mm(W) x 28mm(H)

Lithium-lon Polymer 3.7V 3,300mAh (Rechargeable)
Up to 4,400mAh({Option)

Lithium-lon Polymer 3.7V 80mAh (Rechargeable)
Input AC100V ~ 240V / Output DC5V 3A

Network Characteristics

WLAN

Bluetooth
Radio

GPS

IEEE 802.11 a/b/g Compliant

(Cisco Compatible Extensions Wi-Fi Alliance)
Class |l v2.1+EDR

GSM / GPRS / EVDO / CDMA / WDMA JUMTS /
HSDPA / HSPA+

Internal Antenina

Data Capture Device
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Barcode Engine 1D Laser or 2D Imager Scanner
Camera 3Mega Pixel Fixed Focus with Flash

UHF 900 Mhz Reader

Frequency 865-868 MHz

Reading range OM ~ 7M (According to Tag & Environment)

Writing range OM ~ 3M (According to Tag & Environment)

RF output EIRP Power 0.1 ~ 1W

Protocol EPC Gen2, ISO/ IEC 18000-6C, 18000-6B (Option)
Special function Anti - Collision

HF 13.56Mhz Reader

Applied RFID Tag I1SO 15693 Standard , Mifare,1SO 14443 Type A/B
Reading range Based On Tag : 0 ~ 10Cm

Gun Handle

PDA or UHF or HF Gun Handle Trigger
(Gun Handle)
Gun Handle Battery Lithium-ion 3.7V 4,400mAH (Rechargeable)

Cradle

Stardard Interface USB 1.1 Host / USB Client / DC Power Jack /
Extra Battery Charger / Serial(RS232) via gender cable
Ethernt RF45J Interface RJ-45 Ethemet Interface (Option)

5) Web Server llun1siensiouazdszananatoyafionuldain RFID Gate uagifiutoyanan
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- Dell Power Edge R320 Server
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Feature

PowerEdge R320 technical specification

Form factor

1U rack

Processors

Intel® Xeon® processor E5-2400 product family
Intel Xeon processor E5-1410
Intel Pentium® processor 1400 product family

Processor sockets

1

Internal interconnect

Intel OMI 2.0

Cache

2.5MB per core; core options: 2, 4, 6, 8

Chipset Intel CEO0 series

Memory* Up to 192GB (6 DIMM slots): 2GB/4GB/3GE/16GB/32GE DORS up to 1600MT/s
2 PCle slots:

110 slots « One x8 PCle slot with x4 bandwidth, 2.0, half-length, half-height

»  One x16 PCle slot with x16 bandwidth, 3.0, half-length, full-height

Internal controllers: External HBAs (RAID):

PERC 5110 (SW RAID] PERC HB10

RAID comimlier PERC H310 External HBAs (non-RAID):
PERC H710 6Ghps SAS HBA

Drive bays Up to eight 2.57 hot-plug SAS, SATA or 55D or four 3.57 SAS, SATA

Maximum internal storage!  Upto 16TB

Hot-plug hard drive options:
2.57 SATA, nearline SAS, SAS (15K, 10K], SAS 55D, SATA SSD
3.5" SATA, nearline SAS, SAS (15K]

Hard drives Cabled hard drive options:
3.57 SATA, nearline SAS, 5AS (15K)
Self-encrypting drives available
Embedded NIC Broadcom® 5720 Dual Port 1Gb LOM
1Gb Ethernet: 10Gb Ethernet:
Broadcom 5720 Dual Port 1Ghb NIC Intel X520 Dual Port 10Gh DA/SFP+ server adapter
Broadcom 5720 Quad Port 1GE NIC Intel X540 Dual Port 10Gb Base-T adapter
Intel 1350 Dual Port 1Gb stand-up adapter FCB/FC4 HBA:
Intel 1350 Quad Port 1Gb stand-up adapter Qlogic QLE2460 4Gb Single Port FC HBA
. 10Gh Converged Ethernet: Qlogic QLE2462 4Gb Dual Part FC HBA
/O adapter options Brocade® BR1020 Dual Port 10Gb CNA Qlogic QLE2560 8Gb Single Port FC HBA
Qlogic® QLE&262 Dual Port 10Gb DA/SFP+ Qlogic QLE2562 BGb Dual Port FC HBA
Broadcom 578105 Dual Port 10Gb Base-T CHA Emulex™ LPe-12000-E 8Gb Single Port FC HBA
Broadcom 578105 Dual Port 10Gb DA/SFP+ CNA Emulex LPe-12002-E BGb Dual Port FC HBA
Brocade 815 BGb Single Port FC HBA
Brocade 825 BGhb Dual Port FC HBA
Power Platinum efficiency, hot-plug, redundant 350W and 550W power supplies; Bronze efficiency, cabled 350W power supply
Auto-ranging power supplies
Availability High-efficiency, hot-plug, redundant power supplies; hot-plug hard drives; TPM; dual internal S0 support; fan fault

tolerance; optional bezel; information tag; ECC memary, interactive LCD screen; ENERGY STAR® caompliant

6) Workstation 1glun1510n Web Application ﬁiﬂfj’ﬂfmqmzw
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- Lenovo H50-50 Desktop (Core i7-4790, 3.6G/8G DDR3-1600/1TB, 7200RPM/NV, GT705,

2G/DT, DVD, RAMBO/802.11BGN/DOS)
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wma 2015-07-01 20150725
00:00:00.0 00:00:00.0

nAsandayanis wiin/Au Saadu

Tudu Tufude auwn | viiiaya PO

dnial msudindaysel

gﬂﬁ 34 Software interface : PO input page (519)

7) wihgenawsBumesiadmiuszuy Wn/Au Tngau

luduvesssuuilagyiminiadiggdussuuiidringavlag lun1sitningAussuuasiinis

a ada o =

audiAngingaunivuiinluludnmintu
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Sanisnunisuin/u : @ Sanidilau : e
fa ¥a RFID Timestamp amuz #iia B ¥ RFID Timestamp anama §
i 103 20151020 20:42586.0 it temiot 100 2015-10-2920:42860  NoPOfound
wmm 1001 2015-10-20 20:4256.0  rdavhimadin itemiot 102 2015-10-20 2042560 Unknow Error
i 1099 2015-10-20 2042560 Unknow Error

© Copyright 2015 Warehouse Management, All Rights Reserved Design provided by COMMUNICATION ENGINEERING NETWORK LAB (TGGS) Team_

Faadshunnia/du : @ Sandsdilamn o
Ha i RFID Timestamp amus wila i i RFID Timestamp Wnawia T
" 103 2015-10-292043:270  madndida temiot 100 2015-10-2820:42560  No PO found
e 1001 2015-10292043:27.0  madnda temiot 102 201510-2920:4256.0  Uninow Error
= 1029 201510-2920:4256.0  Unknow Error

© Copyright 2015 Warehouse Management, All Rights Reserved Design provided by COMMUNICATION ENGINEERING NETWORK LAB (TGGS) Team

EU‘V‘II 35 Software interface : PO monitoring page

waziilefaansruingiuduiRauassesinisnseniunauduaily PR fau
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nsandayanis tin/du andu

2015-10-31 20:46:28 2015-10-31 20:46:11 - ui

FaaiumsacmEio

i} sAaTanAy Hasandu WanmEn Wanadsli Fudn Fufu

103 2 Rt 100 100 2015-10-29 00:00:00.0

104 4 e 100 100 2015-10-29 00:00:00.0 2015-10-31
105 5 i 100 100 2015-10-28 00:00:00.0 2015-10-31

Hfuvin

© Copyright 2015 Warehouse Management. All Rights Reserved Design provided by COMMUNICATION ENGINEERING NETWORK LAB (TGGS) Team

£%
o o

o o R o a
NANAMNUUINUNIANINUNANHNIU RFID

Gate anpsa

Faaisunsin/éu : @ oo °
dia svid RFID Timestamp doms Hiia 7 i RFID Timestamp Wnaig
wis 103 2015-10-20 20:47:450 | rhaavhn itemiot 102 2015-10202047450  Unknow Error
wim 1001 2015-10-29 20:47:45.0 itemiot 100 2015-10-292047:450  NoPO found
= 1009 2015-10-20 2047450 Unknow Error

© Copyright 2015 Warehouse Management. All Rights Reserved Design provided by COMMUNICATION ENGINEERING NETWORK LAB (TGGS) Team

’Eﬂﬁl 36 Software interface : PR monitoring page
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Fanirunindniédu :a Faaidilamw : e
ia iia RFID Timestamp amuz iia 5 s¥a RFID Timestamp Wanuwig &
wn 103 2015-10-20 20:48:16.0  nmdnduda itemiot 102 2015-10-2920:47450  Unknow Error
wn 1001 2015-10-20 2048:16.0  nadindida itemiot 100 2016-1029 2047450 NoFOfound
i 1009 2015-10-2020:47:450  Unknow Error

Uil 36 Software interface : PR monitoring page (#19)

Y

8) wihgenawITBumeadviuTenutoyasnsglusyuy

JUN 37 wansiegenenunldlunsudniowitingaulanuneigluu

s wdstdauinadunuaang

i Aaiandu Tuduriandu Tumuaa1y iy 2
1 wa 2015-07-01 00:00:00.0 2015-07-31 00:00:00.0 A 90 Suuad i
2 i 2015-07-01 00:00:00.0 2015-07-17 00:00:00.0 i 104 uua
3 wn 2015-07-01 00:00:00.0 2015-07-18 00:00:00.0 i 103 Juua
4 wa 2015-07-01 00:00:00.0 2015-07-19 00:00:00.0 i 102 Fuua
5 Rkl 2015-07-01 00:00:00.0 2015-07-20 00:00:00.0 i 101 Juuad
] wa 2015-07-01 00:00:00.0 2015-07-21 00:00:00.0 (i 100 Tuud
7 i 2015-07-01 00:00:00.0 2015-07-22 00:00:00.0 w99 Juuad
8 i 2015-07-01 00:00:00.0 2015-07-23 00:00:00.0 AU 98 Fuudl
9 wa 2015-07-01 00:00:00.0 2015-07-24 00:00:00.0 i 97 uuah

© Copyright 2015 Warehouse Management, All Rights Reserved Design provided by COMMUNICATION ENGINEERING NETWORK LAB (TGGS) Team.

Ul 37 Software interface : report page
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nalnaurgyaaInlun1sInasmIneIns

5.1 UNi1

lupdsdudinisduaudnduianssundrdgunnlesarnduianssunldusuanuuiniianlu

[
[

Us3nANssuAgluadsdui asiuldianildlufanssunmswBudumaeziidnsduunnian faiug

(Y

deansznudouuaisqluadaduddmeduiy wazornduiuuusanulaenssvesndadudida 50

[

§ @ (3 1 = U a v (% A« 1 ! a a 14 | i =
vUasgum [12] L“U‘ULWEJ’JﬂUUﬂ’Jﬁ]EJﬁ]']ﬂUiﬂLWﬂENﬂE]UWL‘V?U‘WEN’J’]ﬂ’]iWEJUaUﬂ’lE]’]‘i]a\malﬂiJ’]ﬂﬂﬂ 63

(%
[N

Wesudvesaldinglunisaniiunisimuslupdeduai [13] slufanssulunisuiusndanalunis

[ <

91U (Productivity) IndinaglasuanugdAgdusuuin

o

WedmsgntanssdlunisugvauanisluaduszseuiinnmsagliaudAyerlsdieain

(%
a 1'% U =

U7 38 aziiuldindnsndruvesianssudeslunmsmBuduiasaneglumsifiuneds 62% fsiumnistd

[
% |

N13USURIN19198UAT I (Re-layout) n3oULiLANTEY19N15917 Slotting Optimization Tusitiuazsiuan

sunuluninsule

Travel 620%

Paperwork  10.0%

Search 16.0% Picking 120%

JUT 38 wansliiiuiadnsdiuvesianildlufanssumsmiiuaud Ysuusann [13]
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¥ [

Fedomlunsnuauiazuiuluisuuuunmmiuduiannadsduiniildegnaonaun1suiulse

susuulunsvguaue weliaunsaanszeznisiaunisdunisndvauianedduanlviuss@nsain

ganuavanaliinesmme AU aAdtlun1InBuauAlATINE BT

Wenadsguuuulummduausaziisuuuuinninglidenld Feguwuusine lladndninagdes

denldiissudsuuvuiiealaeiinuin (Mutually Exclusive) minusaiunsaldsiuiulaniuusniiy

fosnssemsldiuesusiaz laeguuuunisuduazuiseenilungulveg 4 ngu fie

1)

nsuduluudase (Basic Order Picking) Imani1sudunuudasy {Wuisnisudunninaundy

oy
o A

FuAnAumanlUnduduaimesien1sudunilsmdsdanazvduiiazsienis (line by line)
NNIILNTIUMERD UagyinnsuBumuaau (Sequence order)

madenvdududndugn (Batch Picking) Inerfvunnguuesluinedud Magyin1smeuaua

[y

e muanunBuauA AUz luvhnsvgudualagiiRoulvvesnisivunngy

'
[ [ [

N13uds TuNdedua nietuimuadeduarimuntiswedluTnedual MuuanIugnal

U
o

MvuanuEvdvaudwazuiarasmtnauazlasuteuninelud@eninndt 1 lu Wiesain

' (%
[ [V

ANSNDULAALATIILADIYINNISTNDUNa18TUTITD FIUTIRDIYINTIS8981AUNITNDURIL

1%
o < = v (7 =

ALAUINTALNU hazsloInnBvNINSouiy 9fesuAawenaNludaRadnyl A5n1sudu

¥
=

Uszinnibmunzdmsuludarenivuiadn Jausliivusziny 19Av99n1518UAUA LU
Batch Picking fie Wunstasiayyinaulal dudeds fe Aennuianainduladie wag
L BLIRYIINISARLEN

nsidenududuniauleu (Zone Picking) n1sidenuduresmuleuiidonlilunduiu lng

U
v ¥ b4 o g

NINMULAAZAUIELASUNSANUANUNSUR AR UTBIRULDIwardIdumnSauludanaluda

1% ' 2
[

NUALNAAEY kaztlosnndunIniaunu evesumawenauludsdadnil Asn1sndukuuil

wingfupasduAndvunlng Yefvein1snBukuy Zone picking A @unsadaguiuunis

Y Ay < a =

Wududildnainvane wu Fudiidesguaidufivay Feazdaaldwinaunfianudiuigy
ansavilipunisdosuwazndududilass doide Ao wilneuugne199zdneey uas

VHULIANAALEN
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4) nsidenuduauviinveanisvuds (Wave picking) nsidenudumuaiinuesnisvuds 1lu

JULUUNANTENI1INSUBULEIENRBLUU Zone fiu n1suBuiduya Batch Tnewinauusias

U2
a Y [

AuaglasunIsMvuaunsuingeuvesiies lumdgeasgndsludmtnauusasaudeas

¥ ¥
[ 0% '

lasunisimueiiufsuiaveuresnwes TuAidsdossgnadludminnuusazaumiiouniu

ANUYINIAT LY LTIUTLITOU UNEUTLITaU N1S180159nd9adUAkazsioa1nnBuduniun

[ '
A A Y aa

N3ouU F9RIUAALeNAUTUFIReDNT FTNTnBUFUAUSELAN LN ANNUASIAUAN]

U
a o o

g didadediuenmugauds @i vieiiuivesgnd Tludsadunduyieg was

v
[

usazludi@aiin1sunduauaidusiuiunaiesienis

nszvaunsiagyiliinnsusendaainnsmduauslbniausslevigegaife n1sdadunienis

A a v o & a ' a . v ' P
RYVAUATLAZNITAALNUNMUILEN LNI1ZIRAUNE (Travel Time) ﬁ"lﬂ"liﬂaﬂaﬂi@u"lﬂﬂﬁq 50% 0"

\5dennagnsnsImdunisfiviangan aunsatisanszeznistunisduldiluedned [14] n1san

'
= o

szaznanduauailaen1siaduniatiy 1Judsnsndantunldiusdraunsrateieansyeziainig
MuUlunszuInnIsudvaua 1nen1sianEINinn1sSIUSININUIUEUA LA b UUSUIUNADINITYIN
N33aduMaluNImEy wdseaasunIBumulawue L iieylissegnisnsuguduign

" v
1Y

N133nTUREUNIUTEANSA N Wandunnsnduidungalanmuilay Ratliff wag Rosenthal

(1983) [15] i1 6 38 il

'
S

1) S-shape Strategy : \u3sTdrefigalun1snduaua Tnsazudulununiseivemiiu
(Aisle) TiAWATRDImMEU Wuvnslumaieaintdy dvedwulifidumnlidesdlundu e
wBUAUASugATawad Luihfiasfeadunduuisnunt (Front Aisle) taue tJunisudn
wazoanuReinty aunsainldlunddudldnagnslunisuunuuitlddnludoanyu

N A = a | @ Yo g v a | a
wensailasuiianelutaanailavihliteanatlunisiisudemiusiu

2) Return Strategy : 1 u3SnsiAuLUU LA DRNTRIM L AUNSIR N NBUAUA LTI LED

WL AMSUTRIMNNARUT19NI9NLAT BellaaNL T AsuYeIn1TIebe
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3) Midpoint Strategy : AsiRuwUUTazuUsnasduAeandy 2 @ laundiuniuazdiunds

TnsaziAunselundududodludiunds (Back Aisle) Aoulimunsen1sdual udduduy

v '
a

Funmduaumnmaeluagludiusunih (Front Aisle) uasy

4) Largest Gap Strategy : t{u3%nsiAuINYTeInAuLsnasslUfidundivesndsdudineu
uiAuluvBuINzdeIeidesns nelfuandsgansnatusazdan (Block) whuilevdy
dufn annsaulunazifunduls Wonduaudiasanduluiidamienaudeenls

5) Composite/Combined Strategy : [UUITNSIAUNNANNEIUNTLAULUU S-shape wag Return

(% '
(Y

strategy Lideiu Tasgainidunisnisiiulundudunanlvlduuuny lngasiaunialunig
WeisadeniAulunduludemeils wnzautunsldnduadsdumyiiduaidiuiuann

6) Optimal Routing : Lu3EN1sTAszvndudeumnlunIsudunsnsuivnzaufianty

v a v A v A & v a 1 [ v v 1% Y]

AasduA o dun s ldululs 3 meluniswasudemis Toun Memuntn mMenunas

wagseninetemng sedldlusunsulunisuidymiieniduniananantunisiuluvguiue

TuauideiiagriinislaisnisiAvduaiuuy Optimal Routing Tun1snduduan Tagazly Ju

\WANdanedtiu (Genetic Algorithm, GA) Tuniswidunananan [16] Ingaznandluiienluiitensly

5.2 Genetic Algorithm (GA) 81%5ULUUIIABINITIANITAAIAUAT

SURUUNMIVBURUATUARIEUAIMENTTINNGNAASAUAT (Based Batching Method) agilviang
A8N19598AU LYY WU S-shape, WUU Return, WUU Midpoint, WU Largest Gap tJusiu Fagauseasd

wanfioanssaznslun1snduaumlinnian

dmdunisguuvuiinzinanesusluadaiagld Genetic Algorithm dsildodide ddatuunma
adiamniiies fanuBangu uavanunsamaaninasidunazmnadnsiananld g GA 1TuIBns
Aumnouiaianlngldvdnnisdndeniuusssumaaznannismeaneiug GA lumsiuinegg
nilaftanunsandaldind “Fiwums” eglutuneuvesnmsdumeinoy uagldsunsdalinduisnidy
NguYeINIANNAITATAILINTT (evolutionary computing) Fadlagiuduiveniuluuszaviam uaxd

nsiludssendldedranieundumsuidymnismenmunzige
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5.2.1 TURDUNITVINNIUVDY Genetic Algorithm

JUT 35 uansdunauiluves GA wazniswenlesdriuszuululananuduasaiieriinisfum

ANBUTIABINIT ANBUTBUTEUUNABINITI GA vinsAumazeglusuvedlasiuloulunguuesUsevns

(wiweuhmmeuidesnsezdondulasiulaufinfigalungy) Mtussuvazausaslaidneundogly

GA i 1awniles duanTelifogalsdenisusziiiuavesiasiulen szuvazinisidoudaniu GA N

HanduingUssasddmsuldlunisuseidiuavedastuleudasiiseasdenluiitedslul

(%
[

1)

2)

JUNDUNNTVINUIMILUVBY GA

aiUsyens tneun@agldnisdy (random)

'
Y (3 =)

UsmdulaslalsanasnguuszansiauadedlsituingUsvasd Wosmnszuulalaunsn
dladedlasiulouaiglu 6A dedulaslulesmedesinunisnensianeufiazdilusinig
Anseilenduingussaale

AINIAANLIN AUk IdINaUlUEY GA
T¥Anumsnzanyhnsdndentaslulenunieng wethunduduiuiameiug daazgnld
Dusunulunisanevenaieiugliiuudialy

ihéutulnameiuguvhnmsainsgnuay feuftinismsaeiug Taslulsufildlutuney
ifdolaslulougnuany

AAAngauvedlasliileugnuaiy lagldluneudeiiude 3)

[ '
v a

lastulayludssrinsivasgnunuiimegniaiuiilaainde 5) Ussunsieausadauyinuud

wPnUNUN senalslanzdmiutunewresnsununlagldianuminganlunisindy

(%
[

[ususignantueeulude 2) luisesq aunseislarineuidesnis mneuilaazunain
laslulwuangalunquussrinstues lnefiausaldrmanilaiduinguszasdiioidunis

Usziiunesaunleidundesnisuselu

60



a5191lszansBusu

AMHINNITAN

S = Fmevresszuy
E = ¢

szifiuailszanng

(wiiazinsTulaw) E

Y

o A
AALARN

Y o o o o ToUU
AUNILUARTBINUG

‘ U iRnIeanawug ‘
+ QAL

‘ szifiuailszanng

%
Y

SUN 39 Jumpunilves GA Aunswenlesdiiussuy

INNTLUIUNNTVRY GA Aziulgngdansndussdesviinisesuiuuiiiotn GA uld@e

- Taslulenusernswasn1snsvia
- AsUsEEiuAAMUNNS AL

- msAndenAuilinagiug

[

- UuRnIINeaneniug

9

- NSLNUN
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5.2.2 M35 (Coding)

nsUsEEndld GA dmsuuitiymmamendiafiantu uwiazdneuvestiymiidesnismasdomnn
yilidusia (Encoded) TusUnuunsiiosivesdnuseiiauendidn (String) Feanunsauvseeniiu
2 Ysziande agluguressianisisesinvesdiauniaivadln (Permutation Coding) 14U 6 2143 5
waE I UUSIATgIUEDY (Binary Coding) 11 1 0 1 0 0 1 sianuuduavgiuasstenldiutymilandu

n1smANATIgalae?l N1350eAsIE (Decoding) agaanuiegluuAtduiuiy diusianisisesaduves

farnaivanasinaglddmsudynnddnvugvesddudiuninededdasldiavsiuudy

5.2.3 AnsUseiumauiingad (Fitness Evaluation)

a 1 Id 3 a ! d! a oA a 1 4‘ d
nsUsziuamanumnganduureulunisussdiuileslulounilag fvselifednsls Weieu
Aulalulwudus Aleglunduuszyinsius Ingunfnainisusziliuaranumanzauvesdasiuleuay

[

Usznaulunien1sAmuiua1ved 2 #endu dufe Wenduinguseasd (Objective Function) wag ety

q

fuupAIALNzay (Fitness Function) Tae?l Heiduinguszasadudiuddalunszuiunis GA

5.2.4 Msfintdonaneiug (Selection)

nsfmdenaneiug Wunszurumsililunsdndeniasiulen edezlildlaslulunidfian lng
yhmsdadenanuszansianue daslulsufigndnidonasgninlududuimunaeiug vio vew
(Parent) tleldlunnslvddagnuanulusudaly GA azvinmsdadenareiuglagaziiansaniainaiy
wnzanvedaslilsuiug dlastulelmiidaummnzandia dgeumneismsdulaslalendiiflentad
wlsignuanu (Offspring) Tuduauiiunnnin

Jupaunlglunisanaanaenusnaclrlalasluleunftulsenausey 2 Tuneutiufe

3

1) msimuadilenta P lunisgnandeniiiedusiuilinaneiugliiulaslulsy

2) mswdasatona P luiludnnuvedasluleugnva

TutumauNSANEBNAINETI GA 32]UAILENNE P WIUANAMNUMLNEEN HAaNSANNNISARLADNAD
Pwugnraunaglannlasiuleunus lasluleunilonialunisgnAndonasaziidnuiuvedasiulay

ANVAUTEINY AIUAITILTIABIRIUUIABNNTALIUMAN P Mlvu ey
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TAstulan

[[[[TF——» alenmapr —» UIUGNHAIY

ATANMNIUNNZAN qu

JUT 40 msmvuadlenia P iteldlutuneunsdnden

nsivuadilonta P lunisgadadeniildfunsuatevag 1 1wy 38n1sudadudndau
(proportionate) A5vasluanwiull (Boltzmann) 35n159ASUAY (ranking) LazA5N1IMIITU (tournament)
"8 drumsuvasalenia P luludnulaslulsugnvaiu siefieniinisdnsedis (Sampling) azld
1590919803187 (roulette wheel sampling) %3935n5zUrUN19HudNATOUTINIINE (stochastic

universal sampling #58 SUS) tJuu

5.2.5 Mstnuangiug (Crossover)

§ @ a

nstuaewugiluisnissiudludasslasiuley (Recombination operation) Tngyinn1557u

]

(%
o

dadossenindlastulyuduiniaaeiug dudaedlaslulanduly wWelinaredulastulougnuaiu

[
Y o

laslulgugnuanuilaninnstiuangiugiaziiiugnssuanduinllinaeiiugegludi lneuninaluasd

n1simuesasInIsidnaetugieigsdulngagldanuiiazndu (Po) Wufinundnsidingtn

Bmsihmstwaneiugilaasuuudssialuil
1) nsviesealawosuuugaiies (Single-Point Crossover)

n1sviasedlaesuuuyaiien laslulougnuatuaziateiugvesudavauininegetisaznile
du dnlulunisviasealanesineundasliunainnisduden fegravainisinasealonasiuuyn

Welanslanagui 41
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AUA UL

JUN 41 AsedlalinsiuugaLfen

2) myhesegleveiuunaleyn (Multiple-point Crossover)

f1sufegnIsasealanesuunateqn Auuanslusui 38 Ndnsldadanivun 3 9n

%
v A

aetiulastulesgnuanuarianeiugvesiuniineguinnimilidi ndnnsidenynvednsoaloniasiull
agvatauuy uiazuuuaglinasian1sildsuulas vesaneiuglulasluleugnuanuiuansieiueanlusieg
ada & aa Y o d = s o s o

Tndwewasilundeuldmlufenisdudenynasealaiies msiasealaesuuunanginaslinaves
anvaIuNdANUTaINa1enIINITYINATeEleLIaTHUUALALT SuaEiinalin1TgitndA1nauvesTTUL
anusanseuAguiunvesmnaulaundwy egelsimunsvhasealonesiuunaeyn doiliinns
WasuuUaswedastuleugnuaulauinniinisviasealerieswuugaiedty 91avgvilvilleniadesuy

= [

yosrmeundeglulasiulaugnuanulaludnsiiganitguiu
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Auiaaenu T3 TuTsugnriay

SUN 42 Asealelisuuunaleyn

3) ASDELDLIDSLUVALNLELD (Uniform Crossover)

nsvhesedleresuuumiekasialeyn In1sivungesneilineuiingyihnisadudiugosves
lasluleuigaiug Basnandanuuandrsliainnisiasealeesuvvainate ndgnesnuwuulin
yavulastulgnannsaidugadild TunisdfuRaziinisldasealonesunaniniafings (cross-over

mask) Belunisviasealanes dmsissinanazidurdaluunsiazivuinsiuiudnminfuaiue1Iues

5§

1aslulay Arvesins1sfiduntedngg asidudvenienisasealaneiseninssusiiinaianug s

]

feg1alugui 43 e dumbafidonsadiandu 1 lesluleugnuanuazliainnisadudiudosvediasiulay

s v o 1

4 ) a Y] d' [ 2= < v I3 1 I v
Auillnangiug drsuwndanuuaniandu o laslulougnyaiuazdinsdudiugesvealasiulyudu

3

Mtlaaneiug Inglidinsadudiuusesnsla

1 ‘ ‘ Y o A v d
AUNUUATIINUT

‘ Ll

2|

[ofofo[1[1][1[1]0fofo]1[1] — umad

1] | | [ ]
| ‘ | — Tns TuTwugnraiu
2

JUN 43 asealaliasuuuaiaue
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5.2.6 §wngu (Mutation)

&) 1

Auntududsnswusiudunsediudesvadlasiuloy Fearuisalssuisulanunisnatewus

3

a = oy

Y99AINTINTUN9TIMeNTULDY UnRLAI9m51N15YITmTuasiiaifaudnefn #399199znailainainy
| 2 o a v O a1 v Y a Y a a Y a ) <

PYragdulunsyiduntuduieitdes o1dundurenisiddsunUasdululasiulaunas Juntuazidunis
WasunUaadeiavvedastulouiues mslunsliifud suvedasluloudfodnlussuuitaves

AU Imes Aauandlugun 44

n1svidamduidieuiatioudunisiniuluddneuvesssuuiduiieniunisiiasealoties
wendloluantiu TundudiaunsagniinsanlunsyilinAnrnumainvanstulunguuszeins fina

TmneuinTulunseuIuNIsves GA ATOUARUNUNINITAUNIAINDUTIINIBIT

TasTaTandn (11000 (000 (10 (1)
TnsTuladilnd - [C10C1 00000 (A (0 (1)

JUN 44 msuUsiuguluiundu

Jupsunsviasealenestazinvduiunisadiisuasnisdsunlamesduiniaaenug 3
inadulaslulaugnuaiu msvhesealonesiinalilasiulougnvauldsuaneiuganduinda lag
Tnslulgugnuanuazlasudiuifnndiugesvessuininaeiudly Tuvasiinsidundulunisadi

Anuwdsiutululasiuleugnvaiy W liinUssunnsindnaninau

5.2.7 TN (Replacement)

msunuiiuduneundinini GA lalasluleugnuauseuiosuds uazeziilasiulongnuaiu

Tnitlluwnunusznnsguin uszasAlunisununtuasutedmag nanfensilasiuleugnuaiumn

wiufidszmnssuneu ssvilivssannsiulnivszneuludmelastuleulmig Jadulaslulaunfininnge
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ca 1 £ A
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