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Abstract
The focus of this article is a proposed scheduling and routing approach for automated guided vehicles (AGVs). This
approach could be applied in a factory that has both old and new production systems in action. Both systems require

different material handling processes. High frequency transportation is required to avoid idling the production line due
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to required handling equipment being unavailable. The purpose of this study was to calculate the optimum number

of the AGVs required to ensure the lowest total idle time at production line work stations and of the AGVs.

Several dispatching rules were analyzed to achieve the best AGV scheduling rule. Man-machine charts were used

to check the working relationships between work stations and AGVs. The shortest path model was applied to find the

best route for an AGV to transport handling equipment from one point to another in the shortest time. Constraints

on the model included velocity and load/unloading-time of the AGV and the conflict-free routing.

Actual data from a manufacturing plant were analyzed for the AGV routes in both unidirectional and bidirectional

flow paths. The effect of different numbers of AGVs and proactive and reactive types of dispatching rules were

analyzed and modelled. The lowest work station idle time, calculated for a single AGV operated in bidirectional flow

paths applying the proactive dispatching rule that could achieve, was 2.98%.

Keywords: Scheduling, Routing, Automated Guided Vehicle (AGV), Idle time, Number of vehicles
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AGV - Automated Guided Vehicle Ao wirugaLas
nuonlula

IR — Idle Rate fio 80131N139199MUVBIEDTU oy AGY

PDR - Proactive Dispatching Rule fi® ﬂgmiﬁ’mumm
\B950

RDR - Reactive Dispatching Rule Aa NHN15AMUAIIY
\Wasu

SPP — Shortest Path Problem f® ‘f]amﬁﬁguqm

TIT - Total Idle Time o KIA15IUVBINTINNUIITDS

A0N197U hay AGV
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(Fazlollahtabar & Saidi-Mehrabad, 2015; Xiao et al., 2020)
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dumaieves AGV uaznuinmisedulngdnwasdest
wenniy fnuddesuutesinnfifansaninisianisng
Lazidun19wes AGY wieuiu sereanududeuves
Tanduazimouiifisiuaunn newnmedevunnvesdymil
yurnlngdu fodulusuddeves Smolic-Rocak et al.
(2010) Fafinrsandumsisiaglinguiiduneisiduiian
(Shortest path problem: SPP) iillallsfiinnsviuidumsie
Fureasa AGV unniniedu Tnesmunlinissnauleluus
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$1U398U89 Lacomme et al. (2013) AA1TUINITIANITI
MS¥UIBIT AGY anedy waziasesdnslunssuiunis
nanuuunuubiaeiios TaglalaRansauidunieds
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(Fazlollahtabar & Saidi-Mehrabad, 2015) A® A1SW1AT
mmzﬁqm%mzﬁmmam% (Mathematical optimization)
LWA1833aRn (Meta-heuristic) Yayey1Usefug (Artificial

intelligence) way N1331@94 (Simulation) Tuduwesnisin
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A3 muiﬁadauimuiﬁmiﬁmuﬂm%uﬂmmﬁﬁﬁwaa
Han1snnasdld 5 anwag (Fazlollahtabar & Saidi-
Mehrabad, 2015) léuf F2enirswaaasiaan (Makespan)
mfmLa%muﬁy’wmﬁgﬂmqafmﬁﬂ (Total weighted
completion time) 17anluaiadsvesauiignarniinin
(Weighted Mean Flow Time) LIa158ABELRAY (Mean
waiting time) nananeiaie (Mean Lateness) n1sassulyl
ViU vun (Tardiness)

o
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fisnvarlnddestulanddamluenideaduil
%Qﬂﬁlﬁmﬂﬁgaaam%amwiﬁ'u TauA Xiao et al. (2020)
IaueIsInm TN snudmiussuunsHanwuudangu
(Flexible manufacturing system) W%@Mﬁ'ﬂﬁmmiwﬂﬁ
Feuves AGV lunaientiu wWislivilderniiwesaan
anuntiosilan aelitedifnvosieuluddueu e
N1911539099 AGV SrvualidslédRanaien uazsiuiy
AGV psfimufitaviun @1 Lyu et al. (2019) Anw1n15dn
ANTNNITTNUVDRASEIINT waz AGY TUSEUUNISKANLUY
Sameu naonudumisiduiianues AGY siideslalltiAn
n1svuiuYes AGY lnefidnuisifienisuau AGV ¥
wanzay fi3l938md 8 3aRnlneldsuuuntunounis
WugN334 (Genetic algorithm) lumsymAmay wan13Ane
WUIINISLRNSIUIY AGY u1ndusinlderant1eveatian
wounanasegnaunnlugausn uadlefiusiuiu AGY unn
Fuidos 9 §n51N15ana189T19N39VR AR A DY
Yovas lumAdosinansadendiezfiusuiu AGV Aseoilo
dns1n1sanaaesianasanulddesniniesar 5 ATy
294 Lee et al. (2020) WANTUINITAMUAATITINAITIINIU
LaZLEUNIINITI9T09 AGY nanedu lnsmdnauaadand
Ingldfuvumentlamansdmsulaymauadn wayldis
i EsaRnlne dsunuuiuneumetugnssuuiety us
Inguszasdunnsiseenly de Aldineveuazaudangy
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0813 1éud Franiavaanariavan 1aises AGY uas
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annsavihnsrudneldiunm SagUszadvesnideatiuil
#1991n UL TnefiansuInITanIaITINYeInIs
Tanuvesiantnauiianfieuiazues AGY (Total Idle
Time - TIT) Wiilnann1sienuvesanidouiu AGY dud

AUFUNUSAY nind1enilsan dndrendefaziiy

£
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FnguszasAliamnzaudmiunismeiuiu AGV fffian
Tngnseenuuungnsiivuney (Dispatching rule) Adila
ladrewazaiusainuyszendlguulusunsunisnaiinig
Wy lulassevvienia tilelvguszneunisanunsatly

Y a

Uszandldasela uenaniludivvesnisniduniaiaves

v
=

AGV Mg HiavUssyndldiuuunisadina1ansain SPP

v
[

ANUTUNISLARBUNIULAREASIVBY AGY UITIAIRBUULY

TUSHNTUAISIINNISIY WAL

3. a1 un15998

WandunisidediosalsznoudiAgy 2 d9u Ao NS
ponuuungmMItmunnuiielfidundninausilunisfivua
PTNNTBY AGY UarMItuaduiessa AGY il
uWugiauAuLATesdns (Man-machine chart) dsa¥suu

TUsunsunrsreinnasiagninunldlunisnsiaasy

P%
=

auduiuslunsiaussninsaanfiau way AGY fAndu
vukNuaT lnevinsimseidssuiisungnisiinuneu
WaL95U (Reactive Dispatching Rule - RDR) wag N9N1s
AMMUAITULTI5A (Proactive Dispatching Rule - PDR)

AADNAUNITIATIZIMEUNIINTIVDI AGY

Tneddunsveasssuduannisiiansaniiamennsiese
ag19d18nau Tnedmualiissaniaidss (Unidirectional
flow path) 91ntufsiasandunansieiiinnududen
1A Ao MIIesaLUUEDfiAMNT Bidirectional flow path)
TnslunsazuuuaznaasisuIu AGY idnefu wadla

°

auyfgiuliindiuau AV msastiesiiaawniidululdinne
AGV uazfailsAnas 339N AGY ﬁﬁaﬁﬁqmﬁa 1
fu udrhnsiiuan TIT anduneasafiusiuiy AGV fias
1 fu Tneyn1smaasaundtasnuInsiius Y AGY ¥
AN TIT Waai F9EFANITVAABY ALANITIEATIBENTEIAY

Nan1snnadbiluiite 4.2 way 4.3

3.1 A3IUYDUIRTIINNIULALEINTINTTIINNGTY

98777997V AD LIATINUNIUINGINNNT
Mauluaandauvesnues fadunainlinsliiinnurse

a o 4

AR Fdluiitnarinanuremtinnuiiutasaaninuey
Aatuilenthiugessensiasusadulag AGY
1987779971989 AGY f8 19877 AGV 11991nn15%19
Tngaziinduiile AV ﬁ]amaﬁ@uéiamﬁaiaL’Jm"L“LJLU%u
safuldfuaanfleu niens@nd AGY nanufu AGY 819
Sududomenogiandonlas ool AGY Auduanansa
THdumald [WumstesiuldliAnnsvuiu
1987590990753 U Yesan TaTuaE AGY (TIT) fe
NATINYDINAINNUVBIENNTNU Lag AGY
nawﬁﬁmuiwﬁaﬂssuaqamﬁnﬂamﬁmu uay AGY
fl’jwmm (Total Time - 77)
P93171TIINNIUVOIFDITIIU Uae AGY (IR) v dndiu
FENINIANINAINATYINIUTRIENNTIY wag AGY AuLan

e @a1unsafudlsainaunisy (1)

R=TIT=TT (1)
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3.2 11590NKUUAYNITAINUAIIY

NHNITAMUAIU AB NTEUIUNITVIAINBUVBAREAUNS
euLagmaINsThutes AGY lusuideiingnis
AVUANUYNIINUALAENAYANITIAMTINULALAITUY
(Scheduling and sequencing) ?jaLﬁquwﬁﬁﬁmiﬁmauﬂu
AN9LAZUIINIUNIN (Baker & Trietsch, 2009; Leung,
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AvuA91U RDR Wag PDR

dusvaniendmivonmn ¥gneonuuuszuilagliisios
finstowdan dwsuiBigesu ROR aldudnns First-come-
first-served (FCFS) we “saifuiliiiunouldiuuinisnon”

= < = & o v &9 Y o
LLaz‘mﬂmaL%uiuwaﬂﬂamuﬂ’mwmeWi@&JﬂUﬂI‘Wﬁﬂm'ﬁ

'
= '

“sygennanbnanannau”

q
a <

Tunsflve9351¥95n POR Aaglandnnis FCFS %30

q

! = v

“sopdufunaulasuusnisneu” Uiy wadIu
| o A 1 < o ° v a
wANFIanAe Mnbuisadundues agiuualy AGV 15U
saduvallideuliduanii “szaznieiilnaiign”
v I3 o -1 o 1
widrsaduazdeldiiy winnaliioantia1dnanuves AGY
e ngnsimuanululiasnstiazuanslnefsau (Flow

chart) saiauemeluluide 4.2 uaz 4.3

3.3 wnugllan e uag AGY vumITNIINIg

LWIBMSIVFDUANUAUNUSULLNULIAVBINLNUNAD T

U uaz AGY Tigndes wazuanudunmiidaau Tsunsy

asvimslagninnldiieaiaunugiaunaziaiosing
(T,fﬂaluﬁﬁﬂuuwugﬁiw’hqamﬁmu AU AGV) 0313
Tusunsudnunrifinafudoyaluguuuums anwnsold
Usrlewdainduaznisdaguuuuiwaiitieliifiunn
APUFLNUSVDINITVIINITIULAZLIATENI909AUTEN DY
Aneqvesszuulaagnan wonaniidsanunsadeuiduiie
MTIVFOUAINUYNADY LAZAIUITAAIUINAIVBIAITA
Usransnmuesszuu @dludidae T WWedheasanidauay
wsiug1 JUA 1 uansegsveusunianidauuay AGY 3
UAAZUTINA (Row) AZLNUTIIAT 1 FUIT Lagaziansa
F291981M13997U 1 ne fe 8 $alus ustarwdn (Column)
LARINTTINAUTDS AGY WAy wazynaaniay Tngldad

ANNUVDATALEAGDE “ANAIVN9IU” AU MEIIN991U”

3.4 msnaun N NTlGaIaugaYe AGY

Al

1. AGV fithanldlunisesnuuunisiadoud a1uisa
d1desdsvedligega 300 Alan3u dannaiilunisiadeud
52.2 WwnsAowdl uazanunsavyulaseuAuy

2. anlunn5u559@wes (Load) waztianlunisdne
d1v09 (Unload) Tne AGV fleuvinfiu e 30 Funil

3. MILARouiives AGV usazdu dosdlszoginatiugig

Yoy 30 U7

"B € b £ F sl J K LM N[0l POl s T U Vv ®lv zmm|

SRR RR R R B R SR R R v o s w
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L J
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AnpuiiafgauulusunsumnIs19iinig MS Excel Tngld
\n3esile Solver fanansluguil 2 Jedoyanandilivuusias
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Tssunsdifnwdesnsifiuiidenisnanlaenisvens
Nufununnannelulsenuanauaniie 11.5 was o1 16
was Wy 03 115 wes 817 44 s wasifiueesdns
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=

Fiutuatnnisvenenisudn (ail 2 81 17) uavanfinudu
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612 26 LoURLNT Wazge 5.5 lwufluas Sslunisvudionia
aeldsaudu (Cart) vuAndne 60 WuRWAS 817 75 Wuhwns

Wazge 75 Wwudling  nUinauaztn1niussenuseninei

e fe =SUMPRODUCT(C2:C55,02:D55)
A B C D E G H 1 ] K L M

From | To | On route | Distance Node | Net flow| |Supply/Demand| Total | 36239

7051

1

0 28094
0 7051
1 1610

1
0
0
0

s v [n ]
o |ofo |-
1

"

Set Objective: SMs1

e R T T R S R R

= O Max @® Min O Value Of:

By Changing Variable Cells:
SCSZ5C855

»

11

gLz Subject to the Constraints:

$C52:5C555 = binary ada
SHS2THS24 = 515231524 =

13

14
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Delete

o [~ [~ oo v us|e|v|w n(v|=]=

16

3U# 2 M3l Solver mAmeuveslynifduanuu MS Excel
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4.2 p3tissoniusen (Unidirectional flow path)
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