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Evoopdatoon Xvetipoatog Oymuatomv Avtopotng
IHAofqynong og Evéhkto Xvotnpoe Katepyooiomv

I-X. BOXNIAKOZX
Enikovpog Kabnyntig E.M.II.

Hepilnyn

2ty mapodoo. epyacio yivetar KOt apynv mepovsiocn TG tEVoi0-
Yiog OV XPHOYOTOIEITOL Y10, TO GYEOIOTUO EVOS avaTHUaTOS OYnud-
v Avtouang [Aonynong yio v elomnpétnon twv uetapopikmdy
ovaykaov evog Evéliktov Zvotiuotoc Katepyooiov. Xty ovvéyela,
eetalovtal ADOELS aTOL TPOPANUOTO. THS EYKATACTOTNS CYETIKG, UE TH
oyedloon Tov OIKTOOV, THV EKAOYH LIYOVIOUOD (QOPTOEKPOPTWTHS
waletarv, v elaopdlion okxpifielag otdbusvoong, to ovoTHU TLON-
ynong twv OAII to agbotnuo. eléyyov e KukAogopiag, To oboTnue,
EMKOIVOVIOG oynuatwy kai kevipikod H/Y kaldg kot pe v aiolo-
YNON TG OYEVLOONGS LETE TPOYPGULOTOS ECOUOLWONS YPOUUEVOD TTH
ylaaooo ECSL. To televtaio katédeile ot i kaddtepn Avon ue kpiti-
pio. v mopoaywyikotyte oo EXK kot ) ywpntikotro. evolaueons
omoBOnxevons eivol 1o Otkatev@uVTiKo JIKTVO HOPPIS VYPOLUUNG LE EVaL
Oynuo. kai to 01katevOovTiKo JikTvO HOPPNS Ppdyov e dDo oxnoTa.
yio. v keAoyn mlovig aldoyng too peiyuarog mpoioviwy tov EXK.
To televtaio, Omwe ka1 n TOMTIKI] EMILOYIG OYNUOTOC KOl TOAETAG,
eival Pacikol Topayovres O10popoToinons e TeKNG ADoNG.

1. EIXAT'QI'H

To oynquata ocvtdpatng Tronynong (OAIT) eivat to mepio-
60TEPO £EEMYIEVO TEYVOLOYIKE LEGO LETOPOPAG GE GVUYYPO-
vo TEPIBOALOV Tapay®YNAS, OTMG OVTO TUTIKG £KEPACETOL
ota Evélkta Zvompoata Katepyasidv. Evéhkro Zdomua
Katepyaoudv (EZK) etvar éva odotmuo mapaymyng mov
EKUETOAAEVETOL HIKPONAEKTPOVIKT] KO pnyavoloyia, pe
GKOTIO VO EPOAPUOCTEL 1 otkovopio TG Hallkng mopoy®yng
GTNV TOPUYOYN O€ MKPEG Kol pecaiov peyéboug pepideg. H
POT TOV VAIKAV, 1 Ae1Tovpyio TV EMUEPOVS GTOLYEIDY Kot 1
pON TAOV TANPOPOPIOYV TETOL®V GLGTNUATOV TOPOUYOYNS
kaBopilovtol kot gAEYYOVTOL OO NAEKTPOVIKOVG LTOAOYL-
oTéC.

‘Eva autopoto 1 pun HEco HETAQOPAS Yio TNV eEumnpétn-
on evog EZK petagépet [2]:
® Axotépynota VAIKG omd To otafud omobnkevong oto

oTafpo mpoetoyaciog.

YroprnOnke: 9.7.1997 Eyive dexri: 19.7.1999

® [d1o0voKevég Kot maAéteg amd 10 oTobUd amobnikevong
070 6TafUd TPOETOAGING Kt OVTIGTPOPQ.

o Hui-xatepyoopéva mpoidovto TpocapLOGUEVO O TOAETEG
a6 otafud o otabud copEoVa [LE TO PaceoAdylo KGO
TPOIOVTOG.

o Epyoleia and 10 610016 amomaAeTOonOiNONG GTOVG AVTi-
GTOLY0VG 6TAOOVE KATEPYUGING.

e ’'Etoipo mpoidvta and To 6Tabpd TpoeToasiog 6Tto xdpo
amofnkevong.

® AmOPANTO VAKO Kupimg amd Tovg GTABOVG KUTEPYAGTLOG
Kot T0 oTafpd KabuplopoD TPOg TOVG YMPovg drabeons
OV amofAnTov.

®  YAKA cuvthipnong, vypa Komg K.AT.

Y10 emOpEVE TOPOLGLALOVTOL 1] EKAOYN TOPUUETPOV KOl O
oSG UOG TOV GLGTHHOTOG OYNUATMV GVTOUOTNG TAOTYN-
ong yo éva cvykekpipuévo EXK.

2. TO EXK TOY UMIST

To cvotnpa, Tov eaivetat oto oynfua 1, elvat Eva tomud
pupov peyébovg EXK yio v mapaymyn aEovosuUUETPIKOY
Kol mpopoTik®v tepoyiov. To mepiocdtepa oToryeio. TOv
glvar Mo eykateomuévo oto Ilavemomuio UMIST g
Bpetaviag. To cvompa nepthappdvet éva KEVIPO Katepyo-
owdv CNC, évav 10pvo CNC, éva otafud Kaboapiopon nue-
TOW®V Kot ETO®V TPOTOVTOV, [l pnyovn HETpNong oto-
otdoenv (CMM), éva otofud mpoocwpivig amobnkevong
TPOIOVI®MV Kol TO GTOOUO TPOETOUAGIOG EPYOAEi®V Kot
TOAETAOV OV givat Kot 0 Lovog e&umnpetodevog and avlpd-
VO SVVOLKO.

To TUALOTO TPOSM®PIVIG OTOONKEVGNG, TOV VILAPYOVY GE
KkG0e otafud ToL CLoTNHATOC, Eival V0 BécemV Kol amote-
AOVV 0VGLOOTIKA onpeio Topolofnc-Ttopddoong NUETOU®OY
N étolav Tpoidvimv amd Kot tpog oo Oynpato Avtduatng
IThonynong.
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2o 1: To EXK tov UMIST.
Figure 1: UMIST FMS.

INa v mnpéotepn katavomon g Asttovpyiog €vog
TETOLOV GUGTHLOTOG TAPAYOYNS KOl TOV POLOV TOV LETOPO-
PIKOL PEGOV G aVTO TapaTiOETOL 1) AKOAOVON TLTIKY CEPE
YEYOVOT®V:

® 'Eva avtikeipevo npog katepyacio loépyetol 6To oToOUO
amof1KeELONG TOV GLOTNLOTOG KOl KATAYPAPETOL Ao TO
GLOTN LA EAEYYOV.

o H xotdhAnAn moAéta kol 1010GVGKEVT] GLYKPATNONG
HETAPEPOVTOL OTO GTAOWO TPOETOLOGING.

® To mpog xatepyacio OvVIIKEILEVO HETAPEPETOL OTO GTAD-
péd mpoetoaciog, TPocaploOleTal oTNY TAAETO KOL EVI)-
LEPAOVETOL TO GVUGTIHLO EAEYYOVL.

o [ kéBe tomo avtikeévov o H/Y mpel pia AMota tov
AmapAiTNTOV 100KV oTadudv kat £tot kafopilet Tov
EMOUEVO TPOOPIOUO TOV OVTIKEWEVOL. Av ovtdg elvan
KOTEANUUEVOG, TOTE TO OVTIKEIUEVO HETAPEPETOL OTO
oToOUO TPOCWPIVIG Ao KELOTG.

o To cvomua petoeopds maporapfavel Toyxdv Ao Mut-
KOTEPYOOUEVO OVTIKEILEVO TOL Ovapévovy otov 1010
oT0OO TPOoOoPIGHOD.

® Metd 1 petapopd oto otafud Eexvdet o kKOkAOG Katep-
YOGI0G TOV AVTIKEIHEVOL EKEL. AP0V TEAEIMGEL VT, EVN-
LLEPMVETOL TO GUGTN A EAEYYXOV Kot EXOvOAoUPivovTal T
tehevtaia Tpia fpato.

® O 1elevtaiog oToblOg 0T AloTta KABE TOTOV TPOIOVTOG
glval 0 6TaBIOG TPOETOUAGING, OTOV TO KATEPYAGUEVO
mAéov ovTikeipevo oamoympiletor omd TV TOAETO Kol
LETAPEPETAL GTO YDPO OMOBNKELGNG.

3. TO OXHMA
3.1. Mopaperpor kataokevng OAIL

O kotodniotepog tomog OAIT yua ypnon oe EXK eivon
avTtdg Tov povadiaiov eoptiov, PA. oynpa 2, pe dvvatdnra
petapopds péxpt 300 kg [2].

H 6éon tov tpoydv ToUv OYNUATOG EIVOL GNUAVTIKY Yo
TNV VGTAOELN TOV GLOTHLOTOG EAEYXOV OAAG KOL Y10 TNV KO-
vOTNTA TOL Vo axodlovBel amdtopeg otpopés. Tpikvkia OAIT
etvar pio amd 11 duvatég Aboelg, oAl LILApYEL TPOPAN L
€VOTAOELOG TOV GLOTHUOTOG EAEYYOV KATA TNV OVAGTPOOT
eopd kivnong [3]. H erkpatéotepn Mo gival ot g dio-
QOPIKNG Kivnong tov 600 KOpLOV TPoYdV, Tomobetuévoy
070 TAGYL0, TOV OYNLOTOG KOl KIVOOUEVAV amd oveEApTNTOuG
KWNTNPEG GLUVEXOVG PEVUOTOG, EVA dVO OKOUT TOVTOKATED-
Buvtikol Tpoyol 6To KEVTPO EUTPOG KOL OTO KEVTIPO TIG® TOV
OYNUOTOG S1OTNPOVV THV LGOPPOTia TOL.

H evépyelo Aettovpyiag mpoépyetot amd pmoatapieg mov
drapkobv €mg 24 dpeg Kol GLVETMG TPEMEL Vo, popTilovTal.
Y10 ympo otdbuevong tov EXK tov oynuatog 1 yiveton kot
QOPTION UTOTOPLOV €T gVKOPLOKE eite 6g TANPN KVKAO.
INo pikpég eYKOTOOTACELS OVTIKATAGTOOT) LTATAPLOV [LE VEES
kot eoption Tovg off-line givar n BéAtioTn Adon.

H péyiom toyvmto tov OAII propel va givan €wg mepi-
mov 36 yAu/opo [2]. H akwvntomoinon tov oyfuUoTtog o€
TEPIMTOON KvOOVOL GUYKPOVOTNG TPAYUATOTOLEITAL LE
YPNON TPOPLAOKTIP®V LOPPNG NUIKVALVIPIKOD EAAGLLATOS
avapTNIEVOL 0TO gUTPOS Kot iow pépog tov OAIT kot pépo-
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2ynua 2: Tomro OAIT yia EXK pe pugyoviouo wong - E1Eng yio pop-
TOEKPOPTWON TOAETDV.

Figure 2: Typical AGV with push-pull mechanism for pallet loa-
ding / unloading.
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2o 3: Myyoviouol poptoekpoptwons moAETOY (o) e KoAIOUEVA
paovia, (P) pe moatpopua “yrooti”.

Figure 3: Pallet loading / unloading mechanisms (a) roller-type,
(b) scissor type.
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ynuo 4: Zyedioon ovotiuatog axpiffovs oTaOUEVTNS UIYOVIGUOD
OO EIPIONG TOAETWV.
Figure 4: Design of precision positioning of palletiser:

VTOG HKPOSIOKOTTEG GTIG KOTAAANAES Béoet, PA. oynua 2, 1
GLUTOY0US PTAOK LAKOL evaichntov otnv mopopikpn
migon. ZOUTANPOUOTIKO HETPO ac@OAElng eival GVGTNUO
VIEPNYOV 1 LIEPLOPNG aKTVOPOALNG Yo TN GAP®OOT TOV
1dpov gumpog amd to OATIL Edv evtomiofet epnddio, ovoko-
TMTETOL 1) TOYOTNTO TOV OYNMUOTOG KOl TEAMKA 0VTO GTAHATA
AMyo mptv dtvovtag NynTikd/onTikd G Y10 VO OTOHOKPUV-
Oei o gumddo [2].

3.2. Mnyovika interfaces

Enuoavtikd tuipe tov OAIT eivon n TAatedppa / unyavi-
op6g poptoekpopTmone. H apyn Aettovpyloag kot 1 Hopen
Tov €EaPTMOVTOL OO TOV TVUTO TNG TOAETOG TPOG Ypnon. E&e-
TOoTNKOV TPES Unyovicpol [4].

O mpdTOG PNYaVIGHOG, PA. oyfiua 3(a), etval TOmog peta-
QOPIKNG ToViog e pAovAE TOL TaipVOLY Kiviom amd Kivn-
mpa tov OAIT kot ) petadidovv oto cuvepyaldpevo T
Tov otafpov tov EXK. O unyoviopdg avtdg sivarl amhog Kot
OIKOVOLKOG, 0ALG 1 akpifelo peTapopis TPEMEL VO ATOOEL-
x0el pe mpoktikég dokipéc.

O 3e0TepOg UNYAVIGHOG, PA. oynpa 2, gival UnNyoviGrog
MoNG-EAENGC Tov Tomobeteitan oTo TPUMEQ OV TEPLYPAPTKE
TOpOTOVEO Kol To omoio avePaivel kot katefaivel pEGH
VOPOULALKOV GLGTHOTOS. ALTI 1) ADom givat TOAVTAOKOTEPT
Kot otV Tpdén givar moAAEG Qopég TPOPANLOTIKE 1 Agl-
ToVpYio TOV EWOIKOV NMAEKTPOUAYVNTIKOV datdée®v mov
APNOUYOTOLEL Y10l TN LETATOTION TUAETAOV.

O tpitog unyaviopds, Pr. oxnpa 3(P), eivoar maporioym
oV mponyovpevov. O otafudg vTodoyng €xel oo TETA-
AOV KOl TGl QOPEVYETOL O UNYXOVICUOG DoMg-EAENG TOv
OAIL H Mon avt) mpoceépetol Yoo TV TepinTmon TV
oTOOUOV amobNKeEVONG TPOIOVIMV Kl TOAET®OV, OAAG OO~
Tel cupTANPOUATIKO €E0TAMGUO Yo ELTNPETNOT EPYOAELD-
HNYOVOV.

H akpifeia ToroBétnong tov pnyovicpod eoptoekdp-
twong naietdv Tov OAIl cg oyéon pe 1o oTadpd vVwodoyng
umopel vo eac@oiotel ot debTEPN KOl TPITN TOPATAVE®
TEPIMTOON HECH KOVIKOV TPOEOYMDY 6TO GTaOIO VITOdOYG
oV GLVEPYALOVTAL [LE KOVIKEG KOIAOTNTES GTO OVTIOTOLXO
onuelo Tov PNYOVIGHOD POPTOEKPOPTOAENG, PA. oyfua 4.

3.3. Zootnpa gréyyov OAIL

To dynua akorovBel yio v Thoynon tov £va KoAmOlo
mov PBpioketar 5-10 k. kGt and T0 £60(QO0G KOl GTO 0TOi0
KukAopopel pevpa téong 40 V, évtaong mepi ta 400 mA kot
ovyvotntag 1-15 KHz [1]. 'Eva (evyapt €1dikdv anviov ypn-
oponoteital ato OAII ywo Tov eviomopod tov Kolmdiov, PA.
oynua 5. H dapopd tov onudtev ard to 6o anvia sivot
avaAoyn TG S10POPAS TG OTOCTACTG TOVG OO TO KAADSIO
KOl (PNOLULOTOLEITOL GE GUGTIHO EAEYXOV KAEGTOL PBpoyov.
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2ynpa 5: Apyn avtéuarng nronynons OAIL
Figure 5: Automatic guidance principle.

Avcelg avtévoung monynong yopig kohmolo péocw laser,
VIEPY@OV, VIEPLOPNG aKTIVOBOAING K.AT. YioL TOV EVTOTIGUO
TOV AVTIKEWWEVOV TOL TePIariovtog [2] kpivovtat eEmTicég
KOl OIKOVOLUKG 0GOUPOPES, 0E60UEVOV OTL 01 S10OPOES, TOV
ektelet To OATL, eivon mpokabopiopéveg kat dev poPArénetal
enéktaon tov EXK.

And v dmoyn tov hardware Tov duktdoV, TOL gival ama-
paitnto yo v avtopatn taonynon tov OATLL epappodleton
N 1éBodog g “exhoyng cuyvotntag”’, 0mov og kébe KAAdo
7OV GVYKAIVEL 6€ €vav KOWPO Tov SIKTHOV KUKAOPOPEL pELLLLL
SLPOPETIKNG cLYVOTNTOG €TCL, MOTE €KAOYN €VOG KAADOL
mpog kivnomn onuaivel ovoaotikd cuvroviopd tov OAIl ce
vt TN ovyvotnTo. Evodlaktikd, n nébodog “exhoyng kKAA-
d0ov”’ cuvvicTtatot ot dloKom TOL PELLATOG OA®V TV KAA-
dwv gvog KOUPOL €KTOG TOV TPEYOVIOG KOl TOL EMOUEVOV,
pécm €101kNg ddtaéng eykateotnuévng o kdbe kiddo. H
mpmtn pébodog ivar amhovotepn, dpa mo aSWOmoT, GALY
amotel Egyoplot] Tpoeodocia yio kibe cuyvoTNTa.

Katda ™ dwdkaoio avtailoyng marietdv petad OAIT
Kot otafudv tov EXK, kdBe maréta pépet kwdkd avayvopt-
ong &ite og programmable read only memory (PROM) toin,
mov dePaletan and tov pkpoeneepyaocti Tov OAII, eite og
bar-code.

H opBdtra g 6¢omg tov OATI eAéyyetar omd pkpodio-
Konteg Tomofetnuévoug €101, doTe va KAglvouv peETA Oomd
mieon omd KATO0 cvykekpévo onueio Tov oynuatos. Me
ToV 1010 TPOTO €AEYYETAL KOL 1] TOPOVGIN TNG TUAETAG GTN
oc®otn Béom.

3.4. Zootnpo emKovaviag

“Alaxexpipuévn” emkowvovia Poaciletor oe enaymykd 1

omtikd cvotfiuoto. Enayoywd emicowvmvel éva OATL poévo

otav Ppioketar endvm and €181KoVG BPOYOVS EPPVTEVUEVOLS
670 d4medo, 0 KabEvag amd TOVg 0moioVG EYEL CLYKEKPLLEVN

2ynua 6: MéOodog emixorvwviag OAI ue kevipio H/Y.
Figure 6: Communication of AGV and central controller.

d1evbuvon - K®dKd. AvticTol o AEITOVPYOVV KOl CUGTHHATO
LED 1 vep0Bpwv. H Béom, dpme, Tov onueiov enikotvoviog
emnpedlel v anddoorn Tov cvoTnHatog. Avtd dev cupPai-
veL pe T HéBodo TG cuvEXOVG EMIKOVOVING HECH POSIOGD-
xvoTTOV, N omoia dpws etvar gvaicOnn oe niextpopoyvn-
TiKd “00pvfo” mapayduevo omd peydAovg Kivnthpeg, e&o-
TAMGUO GUYKOAANGE®V K.AT., BA. oxfua 6.

O o1a0udg vrodoyng kot to OAIL mov ctabpedetl pmpo-
OT0 TOV, EMKOWVAOVOVY PACEL TPOTOKOAAOL OV £XEL GLVI-
Bwg avantuyBel amd Tov KaTooKeLaoTH ToL oYApatoc. Evag
duvaTOg TPOTOG VAOTOINGCTG CLTOL TOV TPMTOKOAAOL gival
pe xpron wog oepds LED kot ¢mTtokuTttdpmv 6To oynuo Kot
010 otafud vwodoyns.

TNo v emcowvovio Tov OAIT pe to mepifddiov Tov vio-
Bethnkov picpookomikd PROM pe pvAun ovvifog 1 Kb
o6mov amofnkevovial €0KOAX OTOLONTOTE OAPAPLOUNTUIC
dedopéva [4]. Otav to PROM anéyet mepimov 1 m and €1d1-
KO TOUTOOEKTT, EVEPYOTOLEITAL KOl O KMOWKAG HETOSIdETOL
TelMKkd oto cvotpa eréyyov. Tao PROMs pmopovv va tomo-
BetnBolv oe Srapopeg BEGELS TOL SIKTVOL KoL O TOUTOSEKTNG
oto Oynuo. Avayvopiciueg 0écelg pmopet va onpatodotovv
Y. MV évapén emPpdduvenc Tov OYNUUTOC TPV OTO TN
otdfuevon og éva otofud vmodoync. Avty m teyvoAoyia
O1EVKOADVEL TNV EMEKTACT] TOL SIKTVOV.

4. TO AIKTYO
4.1. Xyediaon SIKTVLOV

H dvokolia tov mpofAnpatog éykettat oto Ot dgv givan
YVOOTH €K TV TPOTEPMV 1] TUKVOTNTA KUKAOQOPiog HETAED
Spopav otofudv tov EXK kot 610 011 gumAEKETOL KOl O
T TOYpovos Kaboplopds aptfpol oxnpdatmy kot adyopifpmv
eréyyov kukAopopiog. Kat’ apynv, n vmapén evorAaKTIKOV
StdpopdV HETOED oTUOUMV, 1 HKPN andGTUCT TOV YDPOL
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QOPTIONG UaTapldV Kot 1 Bedpnon g péylotng anaitnong
TOPOy®YNG 00MY0OV o€ KoATEpa amoTeAécpata oyediaong [5].

AikTtvo omAng @opdg KukAopopiag ivol EVKOAOTEPO VL
eleyyfel amd ovtd dmhng xuklopopioag, mpokeévov mepl
peyéiov apBuov OAIL Ta éva £og Tplo oxnpato, OUMG, TO
SikTVOo ST G KuKAOPOPIaG EV YEVEL TPOGPEPETAL, YLOTE OUTTOLL-
tel Myotepa OAIL yuwo 610 TOPAY®YIKOTNTO HE TO OTANG
Popag Kot £XEL LIKPOTEPO PUNKOG KOAMOLOGEDV [6].

Amd 6hovg Tovg duvatovg KAadovg Xij mov pmopel va
ouvdEovy avd dvo Tovg otaBovg i, j evog EXK, yua mpoga-
veig AOYOLg 01KOVOpLOG KOt YDPov, LOVO Alyot TEAMKA VAOTOL-
ovvtat. I'a tovg KAadovg mov viorotovvtarl Xij=1, adlhdg
Xij=0 [5]. Evag tpomog va PpeBolv avtol eivar n eloyioto-
TOINGCT HI0G GUVAPTNONG “KOGTOVG OTOTEAOVUEVG OO TO
GBpoilcpO TAVOUOLOTUTTOV OPp®V Yo, OAa To. (e0yn KOUPOV.
Ka0e tétotog 6pog gival To YIVOUEVO TG TUKVOTNTOG KUKAO-
popiog eni T0 HEGO PNKOG TOV TEGGAP®Y GLVTOUOTEP®V Opd-
pov petafd tov dvo kopPov. H eloyiotomoinom yiveton
HEC® €LPETIKOV OAYOPIOLOL 1 LE AOYIGLUKO YPOLLLLKOD TTPO-
YPOUUATIGHOD.

4.2. Zootnpa ghéyyov dktvov

O ékeyyog Tov dictvov TepthapPdvel ELeyyo KukAoopiog
kot kaBopiopd omootong Tov OAIL

O éleyyog ¢ KuKAoQopiag YiveTal PE TO YOPISHO TOV
dwtdov og {dveg, 6mov T.y. kabe {dvn amotedeital omd Evav
KAGo. YrapEn evog OAIL oe pia {ovn onpaivel amaydpev-
o1 €16000v g avtn T {Ovn omotovdnmote dAiov OAII [2].
O éheyyog g KvuKAoeopiag pmopel va yivel gite and TovV
KEVTPIKO VTOAOYLOTN €ite amd EMUEPOVG VITOAOYIGTEG TTOV
emPAémovy TufpaTo Tov diktvov. o pikpd apBud oynud-
TOV TPOTIUATOL O KEVTPIKOG EXeyyoGs [7].

Avabeon amocToMG onpoivel ETA0YT TOV KOTAAANAOL
KEVOD OYNLOTOG KOL TNG KATGAANANG KEVAG M| QOPTOUEVNS
ToAéTag mov avtd Bo mapardpel mpog petapopd. O kabopi-
OUOG ATOGTOAMG YIVETOL GE KEVIPIKO VIOAOYIOTY), O OTOI0G
mpet “yaptn”’ Tov SIKTVOL EVIIEP®UEVO MG TTPOG T Béon
kot TV katdotaon tov kdbe OAIT [8]. Otav éva pdvo oxnua
glvar dla0éo1uo Kol TEPIECOTEPES OO Uiot TOAETEG TEPIUE-
vouv Taporofn, ot akdAovhol KavOveG HTOpPOLV VA EQUPLLO-
60obv:

maporafn Toyaiog taiétog (I11),

® mapaAafn g TAnciéotepng oto OAII morétag (112),

® 7apaAafn maAétag amd to otafud O6mov TEPUEVOUV OL
neplocotepeg maAéteg (I13),

® TopaAPn TG TOAETAG LLE TO LOKPOTEPO YPOVO OVOLOVIG
(114),

® TopoAafn TOAETOV KATd OEPE YPOVOL CVOLOVAG

TOGOGTOV TOV GLVOALKOV Ypdvov Katepyaoiag (I15),

® mopaAraPn maAétag Kotd oepd (eEotepikd kabopilopie-
yng) mpotepardtntog (I16).

Av mepipévet povo pio moAéta Ko etvor dtabécia mepio-
cOTEPO OYNILOTO, 1 ETAOYT OXNHOTOG UTOPEL VO Yivel GO
QOVO L€ TO. TOPOKAT® KPLTHPLoL:

o cmhoyf tov OAIl pe 10 pOKPOTEPO YPOVO OVOLOVNIG

(O1),
® emhoy1| Tov TANoLEsTEPOL otV TaAéta OAIT (02),

e emhoyn Tov OAII pe 10 pHeYaADTEPO GLUVOALKS XPOVO OVaL-

povig (kevo) (03).

Me v epappoyn evog (edyoug and TG Tapamdve 600 Kot-
yopieg kavovav vrapyet mhovotnta vo, eBdcel To cVoTUHY
o€ HopPN Aertovpykod adeEodov, edv:

® ()Mol 01 TPOSWPIVOl ydpotl amobnkevong eivar KaTetAnp-
pévot,

o O)la to OAII petapépovv maAéteg Kot ot ydpot omodn-
Kevong eival TANPELS.

AvaLoyot kavoveg SIETOLVV Kol TOV KaOopIGHO TPOTEPILO-
THTOV SIEAELOTG OYNUATOV GUVAVIOUEVOV GE SUCTOVPO-
o€lg - KOpPovg Tov diktvov [9].

4.3. A&LloAOYN o1 OYESLAGNOD FIKTVOV

AT 10 TOPUTAVO TPOKVTTEL OTL O GYESAGHOG TOV SIKTOOV
Kot 1 agodloynon tov alyopiBuwv eréyyov - Aettovpyiag Tov
pmopovv va yivouv pe ) Pondela Tpocopoimong.

INa t1g avaykeg g mapovoag epyaciog Kot apyiv dnut-
ovpyndnke éva LOVTELO TOV GLGTHLOTOS TOL GYNUATOS 1, pe
™ popen Ataypdappatog Kokhov Apactnprotitov (AKA),
BA. oynua 7). Me Bdomn avtd ypaetnke KOJIKOG 0T YADCo
ECSL, o onoiog ekterécbnke yia S14popeg THEG TV Kupiov
TOPAPETPOV-OESOUEV@V.

Ta dedopéva mov amatovvIoL vl ELOUKE KOl AOYLKAL.
duowd dedopéva givar n meptypoen tov diktvov (koppot,
KAGOOL), ¥POVOL KOTEPYUTIOG KAl POPTO-EKPOPTMONG (PAGED-
AOY10) KGOE TpoidvToC, PA. Tivaka 1, puiypo tpoidviov, Toyd-
mra TV oynuatev (egetdobnkav tayvtnteg 33, 50 ko 100
cm/s) kot opBpog oynpdrov (1, 2 9 3).

Aoywd dedopéva eivar o tomog diktdov (e&etdobnkay
povokatevbuvtikdg Ppdyoc pe péorn omdoToon GTAOUMV
20.81 m, dwkotevBuvikn ypauun pe péon amdctacn otob-
pov 7.95 m kot dwkatevBovtikdc Bpdyog pe péon andotoom
otofpmv 9.61 m), kovoveg emhoyng maAétag: (kavoveg 16,
14 won I15, BA. mapdyp. 4.2) kot OAIT (kavovog O1 pe mpo-
TEPOLOTNTO GTO TOPKOUPIGUEVE OYNLLOTA 1) GTOL OVOLULEVOVTOL GE
otafpo epyaciog, kot kavoveg O2 kot O3, BA. mapdyp. 4.2),
KAVOVEG OLEAEVONG S10GTAVPDOCEDY K.AT.

Ta kprrfpla aE0AOYNONG TOV UTOTEAEGUATOV Eival TO
UAKOC ovpdV avapovig, o Pabudc ypnowonoinong twv
OAIL 1oV KAGd®V Tov SIKTVOL KOl TOV GTAOU®V KoTEPYO-
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Zynua 7: Agypopuo Koxiwv Apaotypiotitov tov EXK tov oyniuarog 1.
Figure 7: Activity Cycle Diagram of the FMS of figure 1.

Hivoxag 1: Agdouéva uiyuozog mpoioviwv EXK tov aynuozog 1.
Table 1: Product mix data for FMS of figure 1.

Llpoiov 1 Ipoiov 2 Ilpoiov 3
Karepyaoio.  |min|Kavepyooia  |min |Korepyaoio min
Ioletoroinon |3 |[loAeromoinon |3 Ioletomoinon |3
Topvevon 11 |Dpelopiopo |8 Dpelopiao, 9
Dpelopiopo. |21 |Topvevon 3 Koabopiouog 3
Koabopiouos |3 |KobBopiouos |3 Eleyyog 7
Topvevon 7 |EAeyyoc 7 |lloAeromoinon |3
KaBapiopog |3 |[aletomoinon |5 |Amob. eéodov
Eleyyog 4 |Topvevon 7
Holetoroinon |3 |Ppelapioua |8
Arnob. EE6dov KaBapiopos |3

Eleyyog 7

Ioletomoinon |3

Amob. eCodov

olag tov EXK, o ypdvog amayopevong g npdsPacng oe
KGOe KAAGO TOV SIKTVOL KOl KLPIWOG 1) TOPAYDYIKOTNTO, TOV
EZK.

O mivaxag 2 mapovotdletl Ta amoteAéopata €51 SoKLdV
TPOGOUOIMGNG Y10, Ly Ua TPLOV TPOIOVIMV LE TO 1010 péyebog
TOPTIOOG Kot LE PUCEOAOYLO TTOL QOivovTol 6TOV Tivaka 1,
vy Sidpreta Aettovpyiog EXK 8 dpeg pe sicaymyn akotép-
YOGTOV VAK®OV 6T0 GUGTN O GOLP@VA Pe kKatavoun Poisson
ot0 Tp®ta 20 Aentd TOv 8MPOL KOl HE TOMTIKY ETAOYNG
OAII avt g ghdytomg andotaong. Daiveror kabapd Ot
SEV VIAPYOVY OLGIACTIKESG SLUPOPES OGOV apopd 6To Babud
ypNoponoinong Kot v mopaywyikdotta tov EXK. Awgo-
PEG TAPATPOVVTOL KUPIWS GTO LEGO UNKOG OVPADV OVOLLOVIG
mpwv kot petd amd kabe otabud tov EXK. H Adon tov gvodg
OAII onovpyei avdaykn 2 OBécewv oamobnkevong, evd 1
Aon tov 6o OAIT anoawtel 4-5 tétoleg Bécelg katd péco
6po.
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Iivaxag 2: Hopadeiypoza amoteleoudrwv eéopoiwong tov ovotiuatos EXK-OAIL
Table 2: Sample FMS-AGV system simulation results.

Babuodg ypnoyto- 'E&odoc EXK BaBuods ypnoyto- Méaoo punkog ovpdv | Méco pnkog ovpdv
moinong EXK (%) (xoppdtio / 8mwpo) noinong OAII (%) £160000V (KOLLPLATLO) €€odov (koppdtio)
Taydmta 33 50 100 33 50 100 33 50 100 33 50 100 33 50 100
1 OAIT 52 55 56 19 20 20 84 82 75 1.65 | 2.18 | 2.78 | 1.78 | 2.33 | 2.04
2 OAIl 55 56 56 19 20 20 49 42 47 312 | 3.28 | 3.40 | 3.48 | 3.48 | 4.67
" § 7o
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K " E_ S - — —
= = i
212 E &0 = = =] :
10 = — — e [
& E 3:' T = — == " 2
O s o - = = = -
Y - = 20 = =
P ° z “‘sr | & w0 = =
A 4 1 E §IE g‘ n T :
Z E > E L
2 | §I o145 036 oM
hY =
0 e EBo Eo Ef Ef  EW E B Kaveveg emidoyfic mmahitoc-OAan
4 2 3 4 2 3 4 2 3
TGTrog oupdic ko TTAII80G oxmpdmv i
‘aouzx)-ns & 010X - N4 ®-16 1
g 9
2o 8: Exidpoon moMTiKNG ETIAOYHG OYHUOTOS - TOAETOG. 'EL BO
Figure 8: Influence of AGV and pallet allocation policy. B TO o
= ap
E 50 i E:
Y10 oyfue 8 TopovctdleTal N EMOPACT) TNG TOALTIKNG E a0 = ’-.:;% - ok
emloyng OATT kot TOALTOG GTO P KOG OLPMY CVELLOVHG TPV £ 30 == ﬁg ki
and k6Oe otabud kotepyoosiog, petd amd kébe otadud _E <0 = %=
Katepyasiog Kot 6to otabud gvdldpeong amodnikevong yo & IL- [ &S = \"'-.E
TPELG TEPMTMOGELG TTOL KpiONKov TpaKTikég Kot e&gtdodniay L] OLE a6 T
emotapéva: éva OAIT oe dwcatevBovtien ypapun, 6vo OATL Kavéveg amsheyils waAErag-OAN

oe dkatevBuvtikd Ppdyo kot tpio OAIl oe povokatevBuvri-
k6 Bpoyo. Xto oyfuo 9 mapovoidletor yo Tig 101G TPELS
mepTOOES M enidpacn oto Pabpd ypnoyomoinong Tv
OAII ka1 tov otafudv katepyoasiag tov EXK. Tounepaive-
Tan 6TL M add0oT ToL SIKTHOL e&NPTATAL TOAD OO TNV TOAL-
TIKN €MA0YNG oyNuratog Kot aAétag mov Oa vioBetndel. Ta
TOPOTAVE 1oYVOLV Y10 £V, CLUYKEKPIUEVO UTYLLO TPOTOVI®V
e xpdvoug katepyaciog Kot dtayeipiong mov gaivoviot otov
nivoka 1. o ovtég Tig ovvOnkeg éva Oymua toydINTOg
50 cm/sec apxel ylo moatikn emthoyng OAIT FIFO kot moAé-
TG GOUPMOVA LLE TOV amopévovTa xpovo katepyaciog. Emeidn
OpmG 0vTod TO Oy £xet fabud ypnoomoinong 78%, yo va
KaAv@Bel n Tepintwon peTaforng Tov HiyHaTOG TOV TPOio-
VTV, emAEyeTal EVOALAKTIKA 1 AOom tev dvo OAII pe oavri-
OTOY0. OMOTEAECUOATO OAAG LE LEYOAVTEPEG WEAAOVTIKEG
dvvatdtnrec.

®)

Zynuo 9: Hopaywyn EXK yio 1, 2, 3 OAII o¢ dikazsvQovuixn ypoy-
], dikazevBovaiko Ppoyo koi povoxatevGoviko Ppoyo.

Figure 9: FMS output for 1, 2 and 3 AGVS in bidirectional line,
bidirectional loop and uni-directional loop layout.

5. XYMIIEPAXMATA

H peiém tov ovykekpyévov EZK tov UMIST &dgiEe ta
axodrovBa:

® H oyedioon evog diktvov OAII yia éva EXK omarttet,
€KTOG TNG TANpoVG Teptypopng Tov EXK, kot Aemtopepetio-
K1 YvAOO™ TOL €00VG KOl TG TOGOTNTOS TOV OVTIKEUE-
vov mov Kotepyaletor To EXK.

® O 1omog OAII mov mpoteiveton givor povadiaiov poptiov
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HE O1KO TOV LUKPOETEEEPYAGTI] KOl TPOTYLEVO GLGTH O
TO ACQOAELOG LLE VITEPXOVC.

e To diktvo mpoteiveTar va gtvor ypoppn Surhng KotebOov-
ong v 1 OAII | Bpdyog durhrig katevBuvong ya 2 OATL

o Tlpoteivovion Tpelg PNyavIGHOT POPTOEKPOPTMONG TAAE-
TV pepopevot eni Tov OATT pe axpifeia otdbpevong tov
OAII emted&un pHEc® CLOTNUATOS KAVOV €L TOL €04
(QOVG.

o H avtopatn mhonynon Ba otnpiletor ot pébodo g emt-
AOYNG oLYVOTNTAG.

o 'Eleyyog g xukhogopiag yiveTatl [LE Y®PIGUO TOL SIKTV-
ov og {MHVveg 0md KEVIPIKO VTOAOYIOT] GE GUVEPYOTIN LE
T0 pikpoemeEepyaosty tov OATL

o H esmikowwmvio kevrpikoh vTOAOYLOTY Kot pkpogmesepya-
ot tov OAII elvon mpotdTEpo va gival cvveyng pe
padtocvyvotTeg, £6v ot Topepufolég etvor YoUnAES.

Ot alyopiBpot eléyyov o0V GLOTHLOTOG aEloA0YONKaY
péow npocopoimongs. ‘Etot fedtictonoteitot kot n Aettovpyia
tov EXK, aAld onueidvetal 6Tt To. amoTEAESHATO 1GYHOVY
HOVO Y10, éva OPIGUEVO LETYOL TPOTOVTOV.
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Extended summary

Integration of an Automatically Guided Vehicle System
into a Flexible Manufacturing System

G.-C. VOSNIAKOS
Assistant Professor, N.T.U.A.

Abstract

This work draws on a survey of technology applied when installing
Automated Guided Vehicle (AGV) systems to meet transportation
requirements in a flexible manufacturing system (FMS). Based on
that, a study is made of the installation of an AGV system in a par-
ticular FMS. Possible solutions are described for problems relating
to layout design, selecting and designing the proper loading /
unloading mechanism on the AGV and to ensuring parking accuracy,
to the vehicle’s navigation requirements, to flow path design, to
communication between AGV and central supervisory computer-
controller and to evaluation of the design through a simulation pro-
gram written in the ECSL language. The latter suggests a bi-direc-
tional line layout for one vehicle or a bi-directional loop layout for
a two vehicle installation using the criterion of maximum FMS
throughput and capacity of intermediate storage buffers. The
solution is based on a particular product mix; an additional influ-
ence stems from part-pallet scheduling and vehicle dispatching poli-
cies.

1. INTRODUCTION

AGV:s are the most advanced means of transport in Flexi-
ble Manufacturing Systems. They cover transport of the fol-
lowing items [2], [12], [14]: raw material, pallets and
fixtures, semi-finished palletised parts, tools, finished parts,
chip and maintenance material. This work presents design
solutions for both vehicle and system-network for a small
FMS which has been installed at UMIST in Britain. The
system is meant to produce small prismatic and rotational
parts and contains a machining centre, a turning centre, a
coordinate measuring machine, a washing station, an inter-
mediate storage station and a palletising-depalletising station
which is the only manned station, see fig. 1.

2. AGV DESIGN

Wheel location is important for vehicle stability and con-
trol system stability. The best solution is two independently
DC powered side wheels complemented by two multi-direc-

tional wheels at the front and rear. The AGV is stopped in the
Submitted: July 9, 1997 Accepted: July 19, 1999

case of emergency through sheet metal or solid elastic bum-
pers equipped with micro-switches complemented by
infrared or ultrasound scanners [1].

The pallet loading-unloading mechanism of the AGV
conforms to the type of pallet targeted. Three alternatives are
presented [7] of which the most versatile is a push-pull linka-
ge mounted on a lowering-lifting table, see fig. 2. A variation
is shown in fig. 3(b). Positioning precision of this mechanism
in front of an FMS station is ensured through metal cones on
the ground and their counterparts on the vehicle, see fig. 4.

The vehicle follows a wire buried in the ground conduc-
ting current of 40V, 400 mA and 1-15 KHz. A pair of detec-
tive inductors is used on the vehicle for tracking purposes,
see fig. 5.

Selection of the branch to be followed at a junction is best
based on frequency tuning. This is reliable, but needs a dif-
ferent frequency for each branch of the junction, i.e. more
than one power supply [1].

Communication of the AGV with the central controller
can be continuous through radio-frequencies, see fig. 6,
provided that interference from large motors, welding equip-
ment etc. is eliminated.

3. SYSTEM DESIGN

From all possible branches Xij joining two nodes i,j of the
FMS only a few are implemented. For those Xij=1 otherwise
Xij=0 [8]. One way to find those branches is to formulate a
cost function as a sum of terms for all pairs of nodes. Each
term is the product of density of traffic flow and the mean
length of the four shortest paths between the pair of nodes.
Minimisation uses heuristics.

Traffic control is based on division of the network into
zones. If an AGV is moving within a zone, no other AGV is
allowed to enter that zone. Traffic control for a system of few
vehicles is best “centralised”.

Vehicle and pallet dispatching is critical to the control of
the system. This uses a “map” of the network. The following
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rules can be applied for pallet selection : randomly, closest
pallet, selection from busiest station, longest waiting pallet
either absolutely or relative to processing time, selection
according to external priorities. For AGV selection the fol-
lowing rules apply: random selection, closest AGV to pallet,
longest waiting AGV.

A special algorithm to avoid vehicle interference at junc-
tions has been developed, including automatic selection of
alternative shortest paths.

4. SIMULATION

System design cannot be concluded without simulation
tests. For this purpose an Activity Cycle diagram of the FMS
was designed, see fig. 7, and then implemented in ECSL. The
data used concern network description, process plan of each
product, see table 1, product mix. Parameters studied were
vehicle number and velocity, type of layout (bi-directional
line, bi-directional loop, unidirectional loop), AGV and pal-
let dispatching rules (see section 3).

Results were evaluated according to the mean length of
input, output and intermediate storage queues, utilisation of
the FMS, of the AGVs and of the network branches, total
blockage time of branches and FMS output. Table 2 presents
sample results for an equal mix of the three products of table
1 for simulation duration of 8 hrs. The vehicle selection rule
used was that of shortest distance. No spectacular differences
were noted in FMS output and utilisation. The main diffe-
rences related to storage queue length and this made the one
vehicle case in bi-directional line layout the best one. Fig. 8

depicts the great sensitivity of results to AGV and pallet
selection-dispatching rules.

A velocity of 50 cm/sec was sufficient for either one or
two AGVs with the FIFO rule for AGV selection and the
highest remaining processing time for pallet selection. Two
AGVs were preferred in view of potential changes in product
mix and the associated need for spare capacity.

5. CONCLUSIONS

A unit load AGV with an on-board push-pull and lift-
lower palletiser mechanism with precision docking cones is
suggested.

Communication should be continuous and based on
radio-frequencies. Micro-switches, LED arrays and PROMs
complete the communication system.

Traffic control is based on zones supervised by a central
computer. Navigation employs shortest path and segment
blockage detection algorithms.

Dispatching rules were found by a custom developed simu-
lation program in ECSL to be a major influence on the output
of the FMS.

For a certain product mix, shortest distance and highest
remaining processing time rules for AGV and pallet selection
are consistently good choices.

Path layout should be bi-directional for either one AGV
or (if expansion potential is considered) two AGVs.
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