
Memoirs　of　the　Faculty　of　Engineering，　Okayama　University，　Vol．　33，　No．1，　pp．　59－64，　November　1998

．Eaα靴ア．Lay伽．Link－ea’祓h＆：・hed誼ng　Prob1壱m

　　　　　　　　by　Genetic　A．　lgorithm　and　Tabu　Seareh

Yutaka　FUJIwm“ and　Hirokazu　OSAKI““

（Received　October　9　，　1998）

SYNOPSIS

In　this　paper，．we　propose　a　method　to　solve　simultaneously　facility　layout　problem　and　scheduling

problem．　About　a　initial　random　layout　planning，　the　production　scheduling　and　the　transportation

scheduling　of　AGV　4re　obtained　by　using　priority　rules．　From　the　obtained　transportation　scheduling，　the

critical　transportation　and　the　closeness　rating　are　obtained．　Facility　layout　is　renewed　by　the　combined

procedure　of　genetic　algorithm　and　tabu　search　in　order　to　reduce　the　material　handling　cost．　By　using　this

renewed　facili’ty　layout，　the　production　scheduling　and　the　transportation　schedUling　of　AGV　are　also

revised　untii　no　further　imptovement　is　possible．

●

1 INTRODUCTION

　　In　order　to　obtain　the　sub－optimal　facility　layout　solution　and　the　sub－optimal　scheduling’　which　include　both　the

production　scheduling　and　the　transportation　scheduling　simultaneously，　we　propose　a　method　which　is　consisted　of　the

facility　layout　method　by　genetic　algorithm　and　tabu　search　and　the　scheduling　method　considering　not．only　production

time　but　also　transportation　time（i）．　Transportation　time　is　affected　by　AGV（Automated　Guided　Vehicle　）　routing　layout．

In　this　paper，　the　loop　routing　layout　which　has　the　two　types　of　the　movement　of　parts　，　the　uni－directional　movement

and　the　multi－directional　movement　is　used．　And　the　three　traffic　control　pattems　for　AGV　are　also　used　in　this　paper．

ln　th’e　following　sections，　first　we　describe　the　travel　distances　and　the　travel　times　of　the　loop　routing　layouts．　Then　we

describe　the　algorithm　which　solve　simultaneously　the　facility　layout　problem’and　the　scheduling　problem．　Finally　we

discuss　the　experimental　results　of　the　facility　layout　cost　and　the　flow　time　with　regard　to　the　AGV　traffic　control　pattem，

the　priority　rules　and　the　AGV　movement　direction．

2．　TRASPORTATION　BY　AGV　AND　FACILITY　LAYOUT

2．1　Travel　Distance　and　Travel　Time

　　Transportation　between　stations　in　which　facilities　are　installed　are　done　by　AGV　and　the　facility　Mi　is　allocated　at　the

station∬｝，where　i＝1，2，…，IVs，and　STe　andルto　show　the　warehouse．　And　each．station　has　APC（Automatic　Pallet

Changer）　with　pallet　pool．　Parts　for　processing　are　canied　out　from　the　automated　warehouse　which　has　the　function　of
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Fig．2　Loop　routing　layout（multi一・direction）．

the　waiting　．station　at　the　same　tinie　and　the　parts　are　stored　in　this　warehouse　after　processing．　At　each　station，　the　．bypass

is　provided　for　the　purpose　of　getting　ahead　and’avoiding　collision　of　AGV．　The　distance　between　station　STi　and　STj　is

showq　by　dij・　which　is　an　element　of　the　distance　matrix　D，　where　i，j＝O，1，”’，Ns．

The　trav’ ?戟@distance　from　the　pick：up　station　to　the　delivery　station　is　varied　by　the　AGV　rou！ing　layout　and　the　traffic

control　pattern．　The　travel　distances　can　be　expressed　as　the　following　equations，　and　the　average　speed　through’the

accelerated　period，　the　constant　speed　period　and　the　decelerated　period　is　used　aS　the　AGV　speed．　By　this　average　speed，

the　travel　tiine　can　be　calculated　．

　　In　the　loop　routing　layout，　the　length　of　this　loop　is　set　as　L　and　two　kinds　of　AGV　routing　direction，　the　uni－direction

and　the　multi－direction，　are’utilized　in　・this　paper，　which　are　shown　in　Fig．　1　and　Fig．　2．　So　the　clockwise　routing　direction

is　defined　as　the　plus　ditection　dnd　the　anti－clockwise　route　is　defined　as　the　minus　direction　aS　a　matter　of　convenience

and　these　distances　are　denoted　as　d“　and　d’　respectively．　And　stations　are　allocated　in　numerical　order．・The　travel

’distance　of　each　transportation　directi’on　can　be　calculated　as　follows（2）

・（1）　uni－direction　transportation

a）GCT：　if　p＝〈q，　d＝L，

　　　　　　　　otherwise，　d　＝　2L

b）GCSD：　if　pTS；q，　．　d　＝　d．，　，

　　　　　　　　otherwise，　d　＝　’L　一　dpq

c）FI’CT：　if　p－Sgq　and　Q”S；d’ @，一Sd，，　l

　　　　　　　　　　　　　d　＝　dop　一dr　＋dpq

　　　　　　　　if　pntSl；g　and　dop〈d，’〈’L，

　　　　　　　　　　　　　d＝L　＋　doq　’　dr

　　　　　　　　if　p＞q　apd　OntSd，一Kd，，　，

　　　　　　　　　　　　　d＝L　＋　doq　一　dr

　　　　　　　　if　p＞q　and　dqp〈d．sL　，

　　　　　　　　　　　　’d　＝2L　＋　doq　一　dr
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（2）　multi一一direction　transportation
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d　＝　min｛d’opt　d’ 潤D｝＋Mir1｛d’D，　，dJ，，｝　＋Min｛d’曹潤@，　d一Co｝ （9）

b）GCSD：
d　＝　Min｛　d’垂早@，　d’ 垂早@｝ （10）

c）FI”CT　：
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（12）

（13）

（14）

（15）

2．2　AGV　Traffic　Control

AGV　t「affic　c・・t・ol　is　classi制i・t・thτee　typ・…i・・th・g・…dρ・11i・g　typ・（GCT）・th・g・・und　caih・9＆・p・c暉・g　th・

destination　type（GCSD）　and　the　from－to　calling　type（FI’CT）．　ln　GCT　type，　AGV　starts　from　the　waiting　station　by　the

transportation　requirement　and　comes　back　’to　the　same　waiting　station　after　carrying．　ln　GCSD，　AGV　moves　to　the

station　according　to　the　beforehand　stored　route　in　the　AGV　onboard　cQmputer　and　is　waiting　at　the　station　until　the　next

transportation　requirement　is　received．　The　waiting　station　is　not　installed’at　the　case　of　FI”CT　and　the．from－to

transportation　requirement　is　accepted　at　the　random　station．
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3．．1　Scheduling　Problem

　　A　set．of．lp．　aghip．．es　．pgrfomls　tgchpologically　ordered　operations　of　each　member　of　a　set　of　jobs．　Each　operation

has　a　fixed　duration，　no　machine　can　perform　more　than　on’ 〟@operation　at　a　time，　and　once　an　operation　has　begun　it　may

not　be　interrupted．　The　obj　ective　is　to　minimize　the　make－span，　or　the　flow　time．

　．Njobs　are　t．o　be　assjgned　to　Ns　machines　andpi・　expresses　the　number　of　machine　which　js　utilized　by　the　．iob　i　at

the　J”th　prQcess　and　it．is　the　component　of　the　process　．seqgencing　matrix　：　P＝｛pii｝，　and　the　prpcessing　time　matrix　is

denoted　as　T＝｛tiJ・｝　，where　i一一1，2，’”，N　，　j＝1，2，’”，ni　．

　　Firstly，　by　using　these　matrices，　the　production　scheduling　is　planned　considering　the　transportation　time，　and　the　job

sequence　is　decided　．　The　job　sequence　at　eagh　machine　is　expressed　by　the　sequence　matrix　VV＝｛wuv　｝，　where　wuv　means

the　v－th　job　fiumber　at　the　machine　M．　，　u＝1，2，”’JVs　and　v＝1，2，　t”，n．　．　ln　this　paper，　the　priority　rules　qf　FCFS（First

Come　First　Service），　DD（Due　Date），　SPT　（Shortest　Processing　Time）　and　CR（Critical　Ratio，i．e．　the’　smqllest　ratio　of　due

date　to　processing　time）　are　adopted　and　the　production　scheduling　is　obtained，　and　the　transportation　scheduling　is　also

calculated　by　the　above　mentioned　distances　of　equations　（1）一（15）．
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3．2　’Facility　Layout　Problem

　　Facility　layout　problem　can　be　so　described　as　to　find　the　optimal　assignment　of　Ns　facilities　toムls『stations　in　order

to　minimize　a　sum　of　distances　multiplied　by　the．　flow　between　facilities．　ln　the．facilit’y　layout　problem　in　which　Ns

facilities　are　assigned　to　Ns　available　stations，　s（i）　denotes　the　facility　which　is　assigned　to　station　STi　，　afid　also　S　＝

｛s（0，s（2），．．．，s（Ns）｝　denotes　the　assignment　vector　of　the　facility　layout．　ln　this　paper，　we　use　the　total　closeness　rating

which　consisted　of　the　closeness　rating　of　processing　and　the　closeness　rating　of　transportation　instead　of　the　flow

between　facilities．　The　objective　function　of　facility　layout　can　be　expressed　in　the　following　equation　（16），　where　dij　is

the　distance　between　stations　STi　and　STj　and　TCRs（i）．a）　is　the　total　closeness　rating　between　facilities’s（i）　and　sO）．
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　　TCRs（i）sa）　consists　of　the　closeness　rating　of　processing　and　the　closeness　rating　of　transportation．　The　former　closeness

rating　’is　defined　as　the　number　of　transportation　obtained　from　the　technologically　determined　processing　sequence．　And

the　latter　is　defined　as　the　number　of　the　transportation’of　AGV　which　has　no　waiting　time　until　the　beginning　of　the　next

process　after　the　transportation　of　a　job．

　　For　searching　the　optimal　or　sub－optimal　facility　layout　solution　，　Genetic　algorithm（3）　（hereinafter　abbreviated　as

GA）　and　tabu　search　are　adoptecl　in　our　procedure．

　　GA　is　one　of　the　random　search　method　based　on　the　mechanics　of　natural　genetics　and　natural　selectiori　by

reproducti’en，　crossover　and　muta｛ion　，　and　ifi　this　algorithrn　the　change　’of　generation　is　repeated　and　the　individuals

which　have　the　higher　fitness　are　increased　and　finally　the　sub－optimal　solution　is　obtained　among　these　individuals．

　　When　GA　is　applied　simply　to　the　facility　layout　problem，　the　probability　for　the　infeasible　solution　to　be　derived　may

be　high　because　of　the　oocurrence　of　individuals　which　have　the　lethal　gene，　that　is，　the　infeasible　solutions　of　the　facility

layout　problem．　So，　the　coding　method　to　convert　to　the　string　of　chromosome　is　used　to　make　the　application　of　GA　to

the　facility　layOut　problem　possible．

（1）Make　the　facility　standard　’list　in　which　suffixes　of　the　notations　showing　the　facilities　are　arranged　in

　　alphabetical　order　．

（2）Convert　the　ordinary　number　from　the　beginning　of　the　facility　standard　list　to　the　string　of　the

　　chromosome　，where　the　element　of　the　facility　standard　iist　is　eliminated　if　it　has　been　already　coded．

（3）Make　the　genetic　operation　such　as　crossover　and　mutation　to　these　strings．

（4）After　the　genetic　operation，　transform　strings　to　the　allocation　vectors　inversely．

　　GA　searches　the　solution　widely　among　the　population　一〇f　solutions　and　extends　the　search　space　by　generating　new

generation．　But　in　GA，　there　is　a　possibility　of　the　premature　convergence．　Therefore，　in　our　proposed　procedure　to

determine　the　facility　layout，　the　appToach　in　which　both　GA　and　tabu　search　are　combined　together　’is　used，　where　the

solution　by　GA　is　used　as　the　initial　solution　fo’　r　tabu　search．

　　Tabu　search　was　introduced　by　Glover（4）　as　a　technique　to　overcome　local　optitnum　solution．　This　search　is

characterized　by　forbidding　some　search　direction（move）　at　a　present　iteration　in　order　to　aVoid　cycling，　but　to　be　able　to

escape　from　a　local　optimal　point．　Tabu　size　is　a　parameter　which　means　the　length　of　a　tabu　list．　Scorin－kapov（5）

experimentally　obtained　the　results　about’tabu　size　that　if　it　is　too　small，　cycling　will　occur　and　conversely　if　it　is　too　big，

it　will　restrict　the　search　enough　to　skip　better　local　minima　of　the　objective　function　value　space．　Therefore　the　half　of

the　nUmber　of　facility　Ns　／2　is　used　as　the　tabu　size　in　this　paper．
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3．3　PropQsed　Algorithm　To　Solve　The　Problein　Combined　Scheduling　and　Facility　Layout

　　The　optin．i．al　or　sL，b－optiir．i．al　of　scheduling　proble・rr．ii　and　facility　layoL，t　problen．　are　reso！ved　guimL，ltaneoL，一quly　hv　y　the・

following　procedure　for　a　given　process　sequencing　matrix，　a　given　processing　time　matrix，　a　given　distance　matrix　and　a

given　closeness　rating　matrix．

Step　1．　Determine　an　initi41　layout　vector　Si　randomly　and　its　cost　Ci　．　And　calculate　closeness　rating　of

　　　　　　transportation　from　process　sequencing　matrix．

Step　2．　Set　the　optimal　layout　vector　S＊＝Si，　the　minimum　cost　C＊＝Ci　and　the　minimum　flow　timefi＊＝oo．　And

　　　　　　set　tabu　size　ts＝Ns／2．

Step　3．　Calculate　transportation　time　between　every　two　facilities　of　a　given　layQut　vector　Si　based　on　the

　　　　　　equations（1）一（15）．

Step　4．　Determine　production　scheduling　and　transportation　scheduling　by　one　of　priority　rules　and　obtain　the

　　　　　　maximum　flow　time　fri　among　fiow　time　of　every　jobs．

Step　5．　lf，fri〈Lfr“，　set．fr’＝fifi，　S“＝Si　and　C＊＝Ci，　then　go　to　Step6．　Otherwise，　go　to　Step　10．

Step　6．　From　the　obtained　scheduling，　deterrnine　the　closeness　rating　of　transportation．

Step　7．　Calculate　the　total　closeness　rating　from　the　closeness　rating　of　processing　and　that　of　transportation．

Step　8．　Apply　GA　to　layout　vector　Si　and　select　a　best　solution　SJ・　among　altematives　by　GA．　Furthermore，　apply

　　　　　　the　tabu　search　with　tabu　size　ts　to　SJ・　and　obtain　a　best　solution　Sk　and　its　cost　Ck．　And　set　Si＝Sk，　Ci＝Ck

　　　　　　and　put　Si　into　the　tabu　list．

Step　9．　lf　Ci　〈　C＊，　go　to　Step　3　for　iteration．　Otherwise，　go　to　Step　10．

Step　10．　Finish　this　procedure　and　S＊　and　C＊　are　obtained　as　the　optimal　layout　vector　and　the　minimum　cost

　　　　　　　respectively．

4 COMPUTATIONAL RESULTS

　　The　sample　problems　in　which　AGV　routing　layout　of　loop　type　has　Ns＝7　stations　and　the　number　of　job　N＝5　are　used．

The　scheduling　and　facility　layout　were　planned　by　using　three　AGV　traffic　control　pattern　，GCT，GCSD，FI”CT　and　four

scheduling　priority　rules，　FCFS，　SPT，　DUEDATE，　CR　in　order　to　investigate　the　effect　of　these　factors　to　the　flow　time　of

the　obtained　scheduling　of　sample　problems．　And　in　GA，　the　generation　change　is　set　up　at　10　and　the　probability　of

mutation　is　set　at　590，　and　in　tabu　search，　the　maximum　iteration　is　set　at　10．　The　speed　of　AGV　is　set　up　at　10　mfmiri　in

eyery　traffic　pattem．

　　Fig．3　shows　the　results　of　the　layout　cost　and　the　fiow　time　of　DD　priority　rule　and　GCT　traffic　control　pattern．　These

values　of　the　initial　layout　by　pseudo－random　number　are　28．83　and　72　respectively．　These　values　are　decreased　with　the

repetition　of　the　procedure　and　finally　converge　to　the　best　solution　after　5　iterations．　ln　the　change　of　the　layout　cost，　the

vertical　reduction　shows　the　effect　of　tabu　search　which　improves　the　layout　solution　introduced　by　GA．　Furthermore，　in

Fig．4　the　improvement　ratios　of　GA　and　tabu　search　in　this　case　are　shown　and　the　improvement　ratio　of　tabu　search

exceeds　that　of　GA　in　every　repetition．　From　these　results，　it　is　clarified　that　the　combined　approach　of　the　wide　rage

search　of　GA　and　the　narrow　range　search　of　tabu　search　is　more　efficient　than　the　independent　approach　of　these　search

methods．

　The　effect　of　the　priority　rules　in　scheduling　is　shown　in　Fig．5．　The　minimtim　flow　time　of　both　AGV　uni－direction　and

multi－direction　loop　routing　layouts　is　obtained　in　FCFS　and　also　the　minimum　layout　costs　are　also　obtained　in　FCFS．

Therefore　FCFS　performs　the　best　among　these　four　priority　rules　in　this　case．　And　in　every　priority　rules，　both　the　layout

cost　and　the　｛　ow　time　of　thc　multi－direction　AGV　transportation　are　superior　than　those　of　the　uni－direction　AGV

transportation．
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Furthgrmore，　from　the　comparison　of　the　layout　・costs　and　the　flow　time　of　the　AGV　control　patterns　using　GCT，GCSD

and　FTCT，　the　values　Of　GCSD　perforrn　the　best　among　these　three　A6V　control　patterns．
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5． CONCLUSIONS

　　ln　this　paper，　we　proposed　the　method　to　make　the　scheduling　plan　and　the　facility　layout’　plan　simultaneously　in　the

case　of　the　AGV　loop　routing　layout．　ln　making　the　facility　layout　plan，　the　procedure　combined　genetic　algorithm　and

tabu　search　is　e血ploygd．　The　compptational　results　show　the　effectiveness　of　the　proposed　scheduling　and　facility　layout

method．　．
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