
I'i---'_',;~

P.EAt·TIME SIMu'tATt-ON OF ADVANCEU
-0

MANUFAcruRI~G SY~"TEMS
1:/

Ari Edinburg



REA L •TIM E S liViU LA T ION 0 I;

ADVANCED MANUFACl'URI:NG

SYSTErr1S.

Ari ElJinburg

~ n
A project report submitted to the Faculty of E.ngineering. University of the
Witwatersrand, Johannesburg, in Pa(tial fulfilment of the reqnirements for
t ....e degree of M~ster of Science in Engin:rering, n

Johannesburg. 1991



DECLARATION

-
I declare that this project repf:h ~lmy own, unaided work. It is being _submitted
for Hie !Degree of Master of Science in Engineering) .the University of the
Witwatersrand, Johannesburg. It 11a5 not been submitted before forany degree or
examination in any other University.

-"7C{(thcQ~~r'
(Signature of candidate)

,2-L... ot~Js.~s.~1991

iii



ABSTRACT

In order to analyse and optimize the design and Opel arion
'of, Advarced Manufacturing Systems (AMS) various

_ n

simulation tdchniques are currently in USI~. However,
these methods are' generally inflexible asd are used
off-line .. ,Fn this project report, a modular, modelling ,
approach is adopted to investigate the requirements of
shop floor device models which, operate iiJ real-time.
The mocels, when connected together; simulate
the Op~!,8tion of the AMS. A suitable tecl)niqiie for
tbe development of these models is proposed. A
"simulation architecture to support the -'modeis is
discussed. It is intended that the models are! connected
on-4ine to' the AMS control system via a ~w .Area
Network (LAN). [Ac:tva;'tagcs and - appJi4zations of
this approach to AMS simuladon are discussed.
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1 INTRODUCfl:jt"L>"
J V

i

New developmerss in p:tn911vtion and manufacture have led to plosr~able and,
flexible automated manufacturing systems. Such- systeJIlS contain automated
material handli~g afld' sto~a~e systems, intelligent :processing ,centres such as
·computer nUI"rlericaHycontrolled (CNC) machines and robots along with a control

I n

system to co-ordinate anc.t)ntegrate the whole operation.

·The flexib~.Jity of these systems is apparent in their ability to take new action to
cooe with market demand for new products. This reqllires coping with the effects
of gearing up to produce n!1!Wproducts as well as the ~bility to planagemachi,ne

/ breakdovn::'~,dynamic shop\'~loorscheduling and production monitoring. This type
i .. ' , '" .c

of advanced manuJacluring>i~~'stem (~\IIS) includes a class of systems denoted by
a varjety of synonyms sudras)~exibl_eManufacturing Syste~ (FMS),;C",mputer'
Integrated Manufacture (elM.), V~iable Mission ¥Bllula~.te (V l\l'i;.!).~t;;,with-
flexibilitY and adaptabllicy beqlg'the commen element (Blocn,'1986).

Manara~ (Giuffre and Cavagnaro (1982) note that the complexity, novelty and
I\~l,. ", '; . ..-. .. c-, ,_ .'-

~hJl,;~uruldifferences atIl.·q~~gth,~controlled processes of advan~ manufacturing
\ ,

systems, has led to the devetit~pment of multifarious systems on ;lone by ont'basls,
(i

cr~ating unique sampleS wh~!Vsoftware is poor.ly maintainable ana haS ,~t.be
redeveloped at great e1l.VOnsewhen cl~anging to new applieatioili or when mod-
·to/ing exis~~ ones.' 0

Further, BrandG!ese :and Garetti (1.983)filote that this way Qfpr~d~ fr()~ one c

prototype to another is extremely costl-j~oife,:fin&JlO ~ti® of'~rience,
scale iecOnOmy, increased dependability and effectiveness of w~U ,tested and
optimized modules, Bloch, (198,5) 'states that one o,{ the major problems involved
in the control of these syste!IlS is the need tor gederaI. fltpdble $Oftvlare"c~Pllble,
?f being tailo~e~ to a wide Variety~fQPrlications. "

The task of developing an ad_~an~d manufacturing system compUter control
architecture, the shop floor layout and the necessar,y softWare for ,off':t.he·sheH
real-time shop fl.;~r control is complex. Ideas 'or PlillosoPhies d4We1oPcd towards
these aims mtt,.: ~!evaluated and, verified. On~ method of achieving this is to
evaluate proposed systems with a complete. ma~lfacturing ,system. However, the
costs involved and the disruptions to eUliting syst~~-Qw":'lbe prompitive.

1.
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In an attempt to overcome these problems, the use ..of a rea,18time, modt.dar
simulation as a development and analysis aid is proposed. The use of real-tim~
models simulating the advanced manufacturing system sbop Pooie equipment
:would provide apowerful tool, net onlyfor control system and software evaluation,
put also for evaluation of existing systems. The use of modi alar simulation provides
adY\19Cedmanufacturing system building blocks, which allow the construction and
simulation of almost any system configuration.

1.1 The Research Objective.

One system, which falls under the category of advanced manufaeruring ..simula l :'In

systems, is the programmable automation system (PAS) proposed by Bloch (1986).
1110 PAS Sj'5tem structure is illustrated in Figure 1.1.

Structure of fno
?rQwemmObl.s ~!mct11C)n -,x.tern \PA~l

(R.p~l~lJC.dfrum 9toc~~,1.986)

__,J

Control
','$y.teM

(PAS
~;I-'''' tino
System)

Pr<.)e... Proc:•••
1 2

IL__ __.r.__ --.I

r
J

The storage and transportation systc£~b.cOmprises ,of shop Boor et.!uipment units
: I

or devices such as automated stor~~e and retrieval system.s (AS/RS). ~~bot$.
s, !I



\automated guided Vehicle(SYstelTlt (AGVS) etc. The processes are. extremely
broadly based, comprising \~'~tever types o[equipment are needed to process the

'., ,~c,'~

materi~ in the PAS in questien. ,
, !] _ f (i /'0

The storage 8D4'fransportation systems and the processes cor.stit~te 'the physical
system, whi~",,~nlrolled ~Y the PA~ control system or more..a~p:oPriately. the
PAS operanng system. Bloch (1986) notes that the control, systd~ IS the element

" that, h.o,Ids the key t~ kte re:i! success of the P.~S and determines 'th~~lmits and
flexibility of the sys~em;" "

This project ,report is concerned with the development of a real-time advanced
manufacturing simulation system which will form the basis of an Investigational
tool used in evaluating the requirement'; and operational aspects of the PAS
control system and the physical system .

.' The obj~ctive of this project report is to develop a real-time modelling me..~th,Qd·fJ I,

clogy whereby each equipment type or device on tbe shop floor can be modelled.
8aSed on these modelS., a simulation system ean 'be constructed which completel~
J'epla~s th~ phy$icat system in the .,AS, thet$by fenning a logieai advanced
m~luf:a.cturin& &ys!emas .sh9wn inFigure 1.2. The simulation tber~fore re))lacef

-, i) ,!

t.he physiau system by an eqt:iWllent 10Jical system. ::ne- PAS operating SfStem
$hOUldfiat be _able to distlnauiJh bet~~en the operation ot)be physical systemand '
the lOgical system ru.nninS in re 'i"-tUne.
tri"developfAi the I'IlOdeUiltgm~o&y. each'shop floor device .Ot system,
name~Yt thc'1AGV~t the ~nveyor '!f$te~ the roboUlnd the AS/RS fdld their
8ssoclated controllers ate considetecl1n depth. The role of CNC macllina are

I ' I',

discussed.

In summary. the "objecthe L to propose a -method of "motiel consttuction.
description and ifaplementation that will constitute the advanced I1UUlWaC:turi.ng
system modelling p~OSOphy of ~he project r,eport."

3.
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(The !o9ic~'t s;,...stem
is corrs tr Jctea from

real- time \~hop
flo9r device n,"lo~eIS)

"The Logicol System

"
,I

The PAS 6peratingsyStem corfunumduet Via a looallrea~ne~tk(LAN) with
". - ..." . . • ,I "

the individu~l shop Boor d~ees which constitute the ph~ica~fYSt~;r.. lS shown
in Yigure. 1.3 The shop floor' controllers consist of pr{\g(at1l1rnabi~ logic con-
trollers (Pte), personal computers (PC), robot oontrnllel:5 arii~eNe'machine

_CQ,n~lollef$.The shop floor equipment units or systems ~~)~t (lr'~beAS/RS,
I, the AGVS, the conveyor syste~ robots and eN<=;maclWu~$. ,~ , 0)

Cant r:,,1
System

(PAS
Operoting
Syste:m-)

II

The PAS operating system exercises COp.trotby sel'!din~~priItlitives- or com-
mands.wbich constit: the smallest atomi~ action u;at a,,('f~vicecan De called
upon to perform, to the device controllers. The PA~ ~pera'ti(~ system monitors
device operatlon by status tnessages compiled by the devtce controllers.

d

----,- ..-.....
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From ~llhePAS a;chitecrure described, it can be seen th9.t the system ismodular
\1 •

and a ~~efinite,desajp,able,'interface exists between thee sh,op floor equipment 1

I' contro'i~let'5and t¥ tAS opera~ system. Bearing inmind that the simulation
syste~! architectUre should mirror the architecture of the physical system, we

I intendllto model the physical? AS based ~n the inpUtSand outputs of each shop
\1 ll :"" I" •

floor 9~vi~. a

~ ~
That ~ft the interface between each shop floor device the control system must
be m~lntained in the respective device models. The intentiol! is to individually
model'the shop' floor devices (equipme~ units and controllers) in real-time
and these models may be connected onto the LAN in place of shop floor. devices.
The Pi~S operating system would not be able to differ~n~illtebetween the
device') and their models. A collection of such models can thus model the PAS
physical system and form what is denoted as a logical system. This modelling

·1
t

._----- ......._.

I
I

I

I
J
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, approach allows the models to be ,~ighlymodular and retaiIJ} the strucm re of
the physical system in the logical s~istem.To achieve this the following is pro~
posed:

(1) The logical f.}'stemmust accurately reproduce tllfr interface between the
c PAS operating system and physical sy~rFm.ThL") the mode 10;must be able
to communicate with the PAS operat/.lg system. The logical system will

/,.., r:)
be required to execute the operatioIiI' associated with primitives sent by
the PAS operating system. Also information from the logical process must

I '(\

(3)

be maintained 50 that the PAS operating systemcan read this iuformation
for process monitoring and error detection purposes.

The models of the shop floor devices; which constitute th~ logical system,
"must be able to interface with each other nace they process a logical
representation of material. For example. In. t.ie'physical system, assume-
that a robot is to deposit a part on a conveyor. In the logical system this
would be simulated by some form of message passing between t~ robot

o model-and the conveyor model: Th~refore, " c'efl:u~e illterfaf~ -rl~ustbe
constructed between the models WhICh allows thelr L'ltercon!J,ecJlon and

~ ','!i' -,

allows the simulation of material transfer.

The last aspect to achieve thia approach is the actual mo<1dHng of the
shop floor devices. These include robots, the AGVS, conveyors, the
J\S/RS and CNC machines.

In 5ummary~the development of the modelling approach consists of three area'
of investiption.

(~)

1) The PAS operating systen;, and logical system interface.

2) Interfacing shop floor de' -~ces or systems for t.tl~ simulation of the transfer
of material between them.

Modellingthe. shop floor devices to allow real-time simulation, specific
tYpes of devices and the varfous configuration possibilities.

'The conceptual model for, each shop floor device or system is presentedin
Figure 1:4. I • '

')

\1
Iii
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Ger.e-roo.sed Shop F'loor Device
- Or Sv~tem Modetl

PAS operoting systel"T"\
'nterfoce (pf"imitives
end <levice stotus
transfer)

i--
·S.hopFloor
()r System

Device
Model
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lvIot.riof tronster
interfoce
(motor!.:)1 out)~ ~ ,_J

.·l.z.AnArehitectUre For SlmPktfo-.

1'he\)tc.posedarchitectuteflJl'sl11tUlW~dfthep~~miss~llin't&Ur~
1.5. l'ht simulatc}t is (."nnected 01l.~ to ~. PAS opetanu, jy$t_tor cOrnra! .

'. . .' , ' " , ',' "_ "", _' , "), , " " , ,", . ", ' " ',' ,,' " , ',_', , _ ' ~ ') • ,_ " " , '" .•' ~ "",_, ,,' "" '_ :, ';' ,:'" _: ; , '" r,j

$YStem..!aeh simp floor deviee mod.l can C'OUIIn11ttka~ with th~fJA! opetat1nz~~
system for tnt' ~ransfcr Of.COllb1IUds sUd .in(pmwion. 1'bt models ~ com·
munic:at~~~;.ch other, sj.~ ,the trans&r of material between them.

'"Although the concepts behi:rtd the real- time models requires that the .sitnu1atOf
always~. connectt.d on-line to the 'lAs opetatiq system. It.may be ~¢ted
on-line or off-line with respect to the 'physical system. Due to the approach adopted
inthe previous scaions the following applicatioDl insimulationof th.PAS physical
system are feasible:

II,

1.



f.!_gure~'

An A.rchitech,lre ror PAS Sirm:J!dtior~

I I PAS Ope,~ ,'9 sysl.m oj
J ~----"---T-T---..:--,_j i
I PAS LoCicol· Sy~t.em S;mUI~;or PAS Phvsico. I System II'I r ----~ r- "" - - -'I".
I I iAN III --.--...--, _- 't l~~---I '(

'~lc 6 I E-'~"" l~";'o".'
I t:J I 'OMJ\~'--j , ....._.,

I I '\t~___,...·--j_j

.- , r

(SFD~\ =~,shop floor device model
SF'C - lOhdp Hoor eql.lipment\'"nit)

I
\

Applicationsof simulation fall into fpur distinct categories: On and off line real-
time $.m:ulation. On.~ off ~inetasJr·tbu-J'f,3!-tim: simulation. .

Real-time simulatl6n refers to ilie ~.where the ~tput$ of the models o:ccUtin
me same seqUence as the outputHlftbe'\,hcp floor devices. Also, the time that the

Ii. r- ," .' ':'/,"'". ';. '. '" ;,_'C' ';'" _ ' _,r,

models tue ctfi ptovtde<u output bae4\~ III input "'in 1M sfaiW ,*0 the time
tak~ by the e~ sbo9floor~J.
Faster ihan rea1-~~ simulation refen to~Fcasewhere the ou~,tl{ the MOdels
are inthe same sequeneeas the outpUts ()f~ shop floor dtv!ces. but are genertte</I
before those of the pbylical devices. '1'his 'allows t1!~ predict\~l'f of th. futur~

" I!" c' ,·:l

behaviour of the device outputs ahead of tinie In the real system.
.-, ... ," \' ,

(;~. ,

Off-line simulation refers to tile case where t~...simulator has no ,Xnowledse of
message transttiissions between tbe PAS contra! system and the physiCl1 shop floor
devices. For 'Off-line"simulation, we auume ~bat a separa~ area of the PAS
operating system is devoted to simulation contt;pl and applications.

8.
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On-line simulation is"possible when the sUnl.llationsystemean receive messages
from the PAS control system and the actual shop floor devises.

We envisage t~~\the simulation syste~ as proposed.will find use in thefollowing
application areas:

OffwLine Simirlation

Conventional simulation applications.
Use of simulation for PAS operating system design.
Operator training.

On-Line Simulation

(1)
(2) \
(3)

System testing.
Look ahead capability.

.....Fault detection.

In all the above applicat16Ds it is ass1.'Hlied that, ~dequat~ real-time c9llipment
models olthe PAS are-avirilable. We now discuss-each application in turn.

(1)
(i

(2}

Conventiona! Simulation Applications.
The ~ rf:asoo ror Carrying OUt a .simulation is to obudn results from
whkh·'OQf:. ~ wfer .aapcetS of m. bcItl&WOU1' dthe 1**' system.

\\ " ~.

Usc ofsisnu1aU()D for PAS aperattDI Sjuem ~~ 'M.. iati~
.trj$te1n dO.iiJD re<JUire$"sU1tpI&d~.of dIo ~ si-,.. It ~
often much oasier to can, out ~ on a ~n inordet' t~
idel'.dty a auitable stmpufted model, tban it Is to,perform sudJ 'experiw
meats on the real system. It isalso custonwy to use simulation to chert

(i

'he perf0p?)snce of the proposed designs.

(3) Operator Training .

j

.-

'After the PAS shop floor devices have been commissioned and assuming
the models are accurate enough. the simulator may be used to train
operators without affecting the operation" 'of the actual PAS physical
system.

9.



.(1) System Testing, r _ ,

This application allows the 'Operating sys~m to be completely tested
before the shop floor devices are mstalled, Th., carl be used to verify
the selection of ptl-the-shelf. real-time control software for thr pat-
tieular AMS.

Look Ahead Capability.
I~ tbis applicadon we use the capability of a comp~~,er simulation to'

. predIct the outputs faster than they OCClI' ill the physical system. This c

abili ty-can be used to advantage in the controlof the devices oi~t~~shop
floor.

As an iiidicalion of the possibilities here. consider the case of the effect
of adopting a certain schedufulg d~cision. This decision can be simulated
to detf\~ne its effe~. on the' operation of the physical ,System The

c, outcome of the simulation can be used to "decide whether I)to, use the
»: particular decision or not. At a more comple~]evelt feedback fl'O~ the

dlnulator can be used ,to aut6matk811y verify that ~te operating system .
has made the correct decision. '

(3) FaultDetectfon.c

Inthis applitedon thb simulator runs in real··time Bl'd it is on-line wtth
the phytieal system. The Shop floor device fe5pOll!eJ and their timing "
can be :monitored and compared with the models and if they 'do 'not:
agree to some speeIDed tolerance., fault recovery action can be in{tiated.

The above.;tnenuoned applications give an indication. of the intended use of a
simulation !}'Stern ?ased on thO modelliug approach adopted. in this project
report. The applications presented are based on the use of multi-computer
.distributed processing systf'.ms fOrreal-time control in the process control field.
The appUcations in process control are discussed by DeAlmeida and Mac~od
(1985).

10.
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1.4 The Modufar Modelling Apprltlat~h.
- \}\ /'

The modelling approach used in this project report is ba.sed ona modular modelling
approach using an object-orieatered system decomposition methodt.~jgy based on
abstraction and lIiforrpation hiding. We Incorporate aspects of distributed simu-

(-eJation in the approach so that a real-time simulation algorithm can be formulated
,..;.-~ r , ii._

. and the resulting modular structure can pe maintained to the Implementarion
sta~.

1.41 AbstradinD A1~InfQrm~~ Hidioa.

A major approach. to problem sOl~~g 1~ abstraction, which involves model
,I' -

building. This is because a~.tr&ctio~! is the extraction of essential properties
,- II

while discardingilrelevant detail. Be~ause people manage complexity bymeans
:-1 -:- II

of abstV\Ctton, abstraction prpvides!la view of the essential components and
processes that define a ~ystem (For~! and Wiener, 1985).

. d

Infonnationili<ling makes details W.b~~hshould not ,!feet other parts ofasystemt

inaceasible .. Infonnation biding S1j!ppresses bow an object. or operanoD is
implemented thus ~ ..atteng~~Qn tbe h!f~berabstraction (Booch,"l983).

Modules fncotporate the concepts d~abstracuoJl and infotmation hidiui' This
is be~ by e~.our ab~lttactiQll$)~1JnQdules,.WQ can undeJ'$tand

• . . . • I" •. . . ..•

the essendal. o~on ()i~ tnOdilUe. }!y ,pedffq a mutJ\Jle~$ilUe~~ W¢

define Pa,rtS. Of ~ lDOdWe which ~~Y .~. otM:. ~ of,the•.~.~. ~
euentis.\.f~~tures.of !be D10dule Vi~main~ itdti 'interface ·since· we can

. r, .• . I..· .1:

identify mooul" ope~~~on fr:>m ~ts htputs and outputS. Ia this way, our
abstractions are inCOrpOrated in~~b mOdule. '

o I:

By encapsulatina our w,suacQons i,pf a real-world system into module& and
'I

specifying i 'module interfaces. we ~andefine .a system 'structure, where :he .
,I

modules and inter ..relationships dld,f.vus to understand total sy$tem operatiflCi
I\'! .... ,: ,,;" ",.I

on a module by module hasis. We aI.t1 further atructw'e our conceptualsysten
by forming lower level abstrac:t.ions.'In dlbway we caA moc:kl the real"'world I,

system at one $pecificle~l« detail ut & thne. .

11.
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The above constitutes a description of the concepts behind the modular
.1

modelling approach." The modular approach consists of i~ecomposing .the
II -I""

real-world system into modules using abstraction and infom.lation hiding. The
, -

modu Ie Interfaces are then specified which identifies how each module interacts
I

with other modules in the system.

1.4.~ Advantages ill~').,Modular MruieUine ApprQach.

Further reasons for adopting a mOdhlar modelling approach are: enllmerat!~d:
:1

1) The real-world system may be decomposed into a module structure w~kh
mirrors the structure of the real-world system. This allows modules tql be
in~{:r.i:Olmectedas would the functional units of the real-world systeni.llle
flexibility of module interconnection, coupled with the ability of I~he
simulation system to measure variables w1f;,~hare not so readily measured

" i,/ ..·.., ;1

in the real-world, can be used to identuv inflexible real-world intercbn-
. ~ II

nections.
I

2) A simulation system composed of modules with well defined or standard
int~rraces provides a flexible structure for simulation. Modules may!1 be
interconnected at will, to form the desired logical system simulation.)1

Ii

3) System maintenance is effected by the sinipl~ addition or remova] of
modules. Also imple.mentat.ian aspeCts ofmodWes may be easily chan~ged
to incorporate new concepts Or more accurate implemeiliatiorn ~~th
respect to the role of the module in the"simulation sy5teID as !ting as !~he

•. I.

module interfaces are maiatained. !

Ii

From the above, one should note that the definition of interfaces is one of ithe
most important aspects of module description since this identifies the flexibility
of the module inter~onner.tions. Ii '

I

" In this project report, the object-orientated development approach. based on
abstraction and information hiding, is adopted" as a method for system
decomposition. Object-orientated design may be identified by the foliowing
steps (Booeh, 1986):

12.



1) Define an informal strategy for th\: problem solution. Since we are us~ng /{'/)i
~.

object-orientated design as a 1ing tool. the informal strategy COfWs~ "--,.,~

of a description of the ~stem which is being modelled,

2) ·"Identifyobjects (nouns) "/;.:(1 H1 the informal strategy.

3) Establish the visibility of each object in relation to other objects.

4) Establish the interface to each object.

5) Implement each object at a software level.

Each module inthe system denotes an abject from the problem space. An object
hal two. parts: An outside view and an .inside mew.The outside view ca~tures
the .abstract behaviour of me object or module, while We iIlSide view in~icates
how this behaviour is implemented,

In this projeL"t report we are C()p,cel~ with the oowde view of each module
(the.oo.Wet(ili~~ or definitjon)witb ~ to the ~~ dpefathli syatcm. .
TM··.,lde 'riCIW(dH: .~uJ.t.ilpp!en.ntatiOll) ;, ~erW Wltn .respect ..!O

_....... "". .. C-" ' !"I I',

imp~mirtllJlGdulc ~our in terms of mQCt~le··inPuts and outputS in
tet¥..time.

'''''' "

~~~~~~~.~by~r.(1984j~.~fi~
~!U\t, approaCh singe'ii dOws ~ to ~·"the· pUlneHsUt ~l:tnl in .
th.~ sy&tell\ and ~~ ~l~tyoftRe ~rW sya~ ftOf
<>ftiy at a conceptWlllevellYdt at .u itnptemedtadn, levefu Well.'

'/

Distributed simulation' utWzes an· architecture which is sitru1ar to that -.>( It"
o

genera! real-tittle distributed c:ouaputer control systetn (DCCS). Advantaaes
inb~reat in a DCCSsUCh as fawt tol~ increased l~n~biJity.modularity
and increased pe1form.anc:e (De Allne1d8. and MacOeOti."l98S) will .apply to
the simulation ~m.

The))ise of ."diUributet.1·~e tqDira _t &".~"",.iiftri"fe\f·
_...•••:-----" .. i I ..

real·tim,e l)r~ problems must be cwerco,Dle.Thae pru~le~8pply to

11
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both 'the PAS and the !itnwatiDn system ari'tibtclude problems sum ASsyn- 1\

chrvll\ization, flow control ~nd· the design of ~itabl~ narniua and ad~~essing
schemes (MacC.1eod, l~l"~).

n',,,1 ..',;0
The concepts of distributed simulation in terms of the PAS simulation using
Misra's tenninoJogy,.ate presented.

Each shop floor device constitutes a physical process (PP) and re~resents some
component of the system to be simulated. Each physical process -operates

". ". \il' "L ,', . '.

autonomously exc-ept tointeract with other yhysicaI processes irl,the system
The interaction is th.~ transfer 0; material or the transmission of commands
and infonnation to and from t!t(l i'AS operating sy'*em.
hi tb.e d~uibuted simulation system. 'the physical processes Are called lo"gical
prOCesseS (LP). J..ogical processes form the logical system and interact with
ft¢h other and tbe _PASoperatin& system by messagt. passing. The mes~n8es
model the in!cr~ions. ~f ~_,*ysical PtOCeMe$' Logical ~. ct:n be
turtle! ~d into a llt1taber··ttf logical processe$ (icktntUied by the
-~ mOdeBJaalppr&ch)~'

_'.. ~".-, > ,I ,.....~ ( f

.Tbe~~~ ~.te$the operation of~i ~¢(il sn~~.itireal·~'
ll:iti*~I~rt.ldjieaI"'ie~ ~.OI tl1e ~t~~.~ •.•~··.~·ttif~·.·>·~ ••·4.~,celc~~Mftt~U'~~·~~
·tho••··.,y ';t~~t~'!~~'~r8~w.a~~ u'co~~ .
u- ~ Tm<)\if:~;,~~t•.•~pf'_.., ~tweQ .tbe..~~ PP~..

·.e,';Mr-, ,. , , '. '\;,~ llJIaII'~:,r.·;,-. }lo/. .
I"" '"," ...... ~

·Nd~~~t'ltl~:<f.'.•"JFr&aYboth~c~6\ iIcmirASttPe~ ~~
poiatbf.w, but ~btVe fD1'tmlY·sW.oe-U l·Pis. ~ of'~l'P." "

.$ Chapter Sit•• "'. ,-,.,

:'his cbapter·hU·.~··lheat~ of·the ..Pqrr~e.A\l~omaHo~.
fystem (PAS) whidl.~. S)'4telUto .·Jimulttedin ~~~~. $u¢h a ~on
rill aU~~ostoftbe~"·.~ ~."ftbe· 'h$.,
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The real-time simulation of the PAS is to be based on a distribu;ed simu. ..rion
architecture. This yields many advantages inherent in a distributed computer
control S)'~tet1land provi~es for various applications ·ofreal-nrne t,no faster thart
real-time simufatiOil. n

A modular modeiling approach is proposed for modelling the const. .nts of the
PAS. The modelling approach is,based on an object-orientated system develop-
ment utilizing concepts of distributed simulation (as proposed byMisra, J.984) for
simulation Impleruentation,

1.6 The Contents Of Th~ Project Report.
- \

The structure of the project report is based on the mad -r modelltng approech,
First the model externatview aud then its intcnml view are discussed.

Ii

Ch9t...• ~·Ptemlt. Q introducUC-:l to advanced -manufaeruring. system, and ro.n
. (., . ..

&11 &MM_ of curte"tU AYS ~ .~. -Based·. OIl the literature
covued, we hisblipt tho .~ea..~ that curreat. methods are not adequate and then
'~'. a~<~Fi_"~w~h WO\ddbe~r~l. inIII~$,.!IIlulaU~.
p".pttr 3 ... tbo·~ I)'Uem bddlaa bleeD. The~ are the .modlr!~.
•~ .... to tbt'\t3W to.•·build up ..... ~ ...... BuildiAl,;l;Rock modcl$ are

.',.~ted tor tile.,., IkKlf del* under. ~ n,,, ~~ for chomi1ll
.P8rlim1.~ ..~.,are~d;I..... i .\1. I
Chap.ra 4 and, Giawss·tl!e bWldina(bJ~~nmdelinte~~. aJq,ter4 prese.
a maMfW'~"'~ce wbidl ~!IIm.au..dal ::ransf",~}tt~~eeD lllOrle1s.la., . .. i' 'i .,,1

this chapter the term "m.o.terial- i3 cletCtned. am! a comnf·:m material transfer
interface fs proposed. The inrmace opbrlOll is defined .•;n terms of a material
tran;~er protocol ra Sb"Uctur. for prjot()CX)l impl~~~~ron is su~est~.

Chapter 5 describefthe bnildioa blodcimodel ia~tfaccs rtrquired .so t4at the PAS
operati1ll system can pnt differ~nti.tf; ~ the phyiiical system and logical
systclti.·This is ~clrlcwed int~mts of control. and automatic identfficit(~on ir;terfaccs!
'A·~jsnatinterfaet is ~ dlo;cu_d Whicb moc.tels the shop floor_~~uipment and

, ' .rl

i15 cobtroller inte~io:n 'Where appllcab!C;, ."



Cnapter 6 disctisses the.requirements for building bl~k model i~pl~I!lelltation.
TItis/~ in terms ef'logical-models, rna i ..ematicalmodels and a real-time simulation
algorithm. Presenting model oH,rating information to the user during ~ simulation
run is also discussed. The implerl'l.{~~tationstructure, the logical and rnatheinatical
models for each shop floor ..device model cannot be generalised. Therefore, for
-ach shop floor device model. they are discussed in the ~'Pl 'kes associated wi tt~
this chapter, i

Chapter 7 maps an C.-, .sting distributed simulation system computing architecture
to the case of the AMSsimulation system. 're~architecture is discussed with respect
to C9nheam-g th'e logical sy~tem to the PAS operating system, logical system
construction and the animated Lt;splayof logical system operation"

Chapter B discusses workcompleted towards implementing a demonstration
system for evalu~ting model operation and hence validating the models and the
concepti. behind them, SelectJ:!on of a hardware systeIl""a softWare development
enviionmerit and a kerneliot,"demonstration model implementation purposes is
diScussed./ \I

Chapter 9!(:Onc!udesthe proie~"treport In this chapter the moden~gmethOliology
is di8c::ust(kl and .,1Mrequire ..roellts fot distribu~~imulatioD pr"s.nted. ·Areas for

c future ;tl4rk are &~.tecs and ~becon~ statamencsU3 ~de.-
ii' <

1.1:1 Abbtm!lAl19u
Ii "/1

/;1...... n' (\ -:1

:~(lUOWingjt::::: m tbis pr6jea report: c

AGVS 11~~mated guided vehicle system
A1S '~tomatic identification s stem
AMS lfd~cmcedmanufactu~:ing system I)

ASjRS ,~utomated storage and retrieval system
elM j1computer in.tegrated manufacture
CNC computer numerically controlled
CPU } centrat processing unit

II .\



processing unit.
storage a'ndretrleV~ll
Ulliver~ity 9f the WitwatersJand Technology Centre\\
\~~dM.e mission wu:wfaCUlfc. t (I ~

! I \' ;/
..,'L'1.2cIltDDtttop.llll:mJiI

DCCS
FtJls
I/~~
LAN
LP
MS-DOS r-

PAS
- pc.: '
Pin
PLC
pp

SiR
UWTec:
VMM

o

distributed computer control-system
flexible man~facturing system
input and output n

local area network
logical process
Microsoft disk oli~rating system

I~ ",

programmable "t()rnadoll:l system
persoaal ifompu.ter II

pickup and deptisit . ;
programmable logic controller
physical process

[')

I,

/1
.' '"" II ()"

1hefoBowm, tfmu U$ed i~. the.projed ropurt are &aiintd .. foll~l
r . . . . .. . " . .:. "...

Md4e1 tfUp~~~~=.==r.:".'U:;!::;!~~U:~
~ modells the "oomputor prr~ ,.tBat. r~s tbe
(f. .. " , .-,·~of~ ph)iSkal.wj.i~ii,

• :I., .,') I; '. p. '., ! i( -: .... , / --
Module A llWd~ecdeteribe,#the ~ntl~s which are uot visiblo to .th., user

and ~~ tho .~1l8l view 9f models. ~o model' J!'.t8.1.be f%1.Jlde
upof~ ot.morea~u1~ W~liChtogeiner implement them~~~J..
It- module is dependant of tbe level of ,abstraction.

J .;.!: (I "

Shuttle r- ;'Ibis;i,s a'medWlism for moVillg work-pieces ,between. work ~Us
~tMAMS. I

17.
1'\



2 OVERVIEW OF ADVANCED l\fANUFAC'fUR·

ING_SYSTEM SIl\IULAl'ION

This chapter introduces the concepts of,AMS and its constituents. An overview of
simulation tbchniques currently in use is presented. Based onthe shortcomings of
the current techniques in use, the mo~e useful aspects, wh~\~ should be incorpo-
rated in any AMS simulation, fj.fediscussed,

2.1 Introductlon To Advanced Manufacturing SY$tems.

Advanced Manufacturing Systems (Al\iS) are t1exibl~,systems which are capable
or perforrriln,g many different operations in different order, with practically no
set-UPritime between the different operations. J1!e~~ is an integrated sYJtem
of tools, materials handling devices and support equipment all under computer
eontrol, The individu8.I machlnes have.auromctic tool changers to enable ),l~mto
perfo~ icquences of ~poratioru; anc also to switch tp different tasks without
incurting se~-up ~tda~ (Browne and RathiIull. 198~). The purpose O( this is to

c achieve an efficiency comp8rabl~ to that of automated mass production (transfer
lil!e) with a high degree ott1exibility comparable to that "f a joh shop. The gene 01I
benefits of AMS are as follows (nanty. 1983):

1 {I

.\
I

More uniform and consistent ;,rOOuctS.
Llcreased reaahiUty dut: to feeobacJt.
Lead times reduced by up to So. 75%,
High utili7.ation of machine ~ools:\\

AMS can be thOUght of as a'distrlbti"'ed mamagtment iludnnatirn system l.inlqng
together i~teltigent, .s:ub-systeU'.sof maehining, welding, paintIDg, flame cutting,
sheet m(i!ta1manufa~hllin& impection. assembly etc. alongwiJt material handHDg,
id~ntificatipn ~ storage systems (Ranky. 1983) and a computer contrOl system

~ 0
to co-ordtnate and integrate the complete operation.

,~, <'-"
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An AMS consists of a number of cells. These cells are complex for a number of
reasons. They can have different physical characteristics to perform the required
conversion on workpieces or sub-assemblies. They call have a variety of inter-
connections with differe-ii" lilii1i3rial-pandling systems (robots, automatic guided
vehicles, conveyors etc.} and they have to communicate with da~!'\ processing

C) ,

networks for successful integration with the rest of the system (Raney, 1983). A
simplified illustration pf an AMS cell is shown in Figure 2.1.

---------.,

IThe AMS Cell

(Reproduced Un\")', Bto cb, 1986)

«_-".~ Data _> ,,(iateriol)

[, -T O_W_'~~:d-~:~w-.-o-rl-d---~
--+--1 w.o -- --+-~w._.. _. l__.--_._. ----,
" y ~

....._--,_i_n_p_u_tr-__, l' r~.;._ stCltioOn I

~*0-"row r ,[ •• .

Met.rlol Il. ' '·'.C. o.m,oute...r..
If'lv.mcrl)' " [..• '. co~trol

~$t.1'\1
j ,,'"T II
L_jL·:~'--------- 'lf! i/.: ," /.

L__:/, f
01ver~lon proe~_~&:i 0' Ii I
/' the cell - A J
II (~'" [1-'
---, , ,j

-- .._ ! - },\,.,..·------.ii---"'

_fL __ ..

The illustration shows a cellwith its input and output indicating its basic'fllnc;tions.
These are to perform the conversion process, to allow buffet, .storage and/or
holding of workpiece!, to provide the physlca1 Hnk3 10 the materials handlin,
system in the outside world and to provide the data conununicati,on finks to the
control s~ltem.The physicallinb allow the traftSpOrt of parts,' tools, pallets etc.

I'
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The data processing links enable communications with the databasescontaining 0

part. programs, inspection programs, robot programs, machining data, real-time
AMS control data etc; They also enable the feedback of data to the upper level
of the control hierarchy, thus providing the facility for analysis of performance for
real-time fault Tp.('.overy (Ranky, 1.983).

. Part and tool transportation inside the cell can be performed by a variety of
equipment such as pallet changing devices, automated pallet storage devices and
part changing devices along with tool changing manipulators. These devices are
necessary for the stand-alone and often unmanned operation of the cell,

The main conversion process itself can be machining (Eg: turning, milling, boring.
grinding, cutting. punching etc.) chip removal. (part washing and swart retrieval),
welding, painting, automated assembly. inspection. packaging. storage etc. The
product of the cell usually leaves through a buffer store.

n

The illpUt and output buffer stores, as well as the materials nandlin$ system, ca,D
be the ~ transport service asSumiIlg that its capacity is large enough.

The output of ~.hecell is the product of that particular module of the /"M,s. The
output will con~ist of a finished or semi.finishe~ part. The part will also be ~~so..
ciated<iwitbdaut in a computer rea4able format. This information will be used to

;:\'-_ " ' \i

detenlli~ 5ubseq;:0~nt prO(!~;~si"gfor the part and win be diStributed over the
/~w.ruiDtcatton,net~Orkal reQuired (Rank.yr' 1983). The significant componell!:i
of an AMS ar~ (i4cussed.These include:

The automated :~tollie and retrieval system (AS/RS).
'Ibe~terla1 hap.dUnt~system. r

Robots.
'111eautomatic identification system.

f~SfRSsystem~ are vital to the automate~ factory and prO'ride on·line buffers
between prod\'lctmn equipment handlin, 'small pam andunit loads of p~tl ..
cally ~y size and snape. t.n ASjRS consists of a number of Storage and
Retrieval (SIR) nlachines moving in al"les between rows of shelves containing
pallets of raw materials, in-process items, or finished goods. The f:.utomation

20.



of this process allows the maintenance Qic-~ inventory~hich is automatically
updated as items enter or leave storPtg~. ,Ji~rie~!i ll~s in the automation
of the storage and retrieval pfoce~foince information. pertaining to the goods
and inventory are made instantly;;1ivailable to the rest of the system through
computer networks. Hence d~Y.~ and.tags normally associated with manual
S)'$tems do not arise (Bloch, 1985).

2.1.2 'Material HandliRa Sy~tem

The material handling system includes robots, conveyors, part feeders,
palletizers etc. However, one of the most important is the automatic guided
ve~icle (AGV). The AGV has the ability to deliver materials over flexible routes
and to intejface automatically wuh production machinery, AGVs aile used to
deliver wo~kjn progress to.prodnction machines, to maintain small.quantities
of buffer stock on the shop floor or to carry finished goods from inspection to
shipping (Bloch. 1985).

In future. AGVs which can mov~ completely under the guidan(C ot romputers
will be used exclusively in AMS. Tbe'AGVs will move without the guiclalw;eof
buried cables or ieflecti~ strips p,kted on the .hop tlpor. Tbi.~will tfaD$form
future automated mmufacturi1,'1g' systems .into a collection cif 'flexible cells
nWdlll QW machfnc on the shop floor accessible atwill. Tbust a sinsle}cIUle,
~ highly flexible ~S will be created (Barash, 1986).
"~.... )

Al~ robots are usually p-rt\\'oi the manuf8.\.'1Uring cell, their development
is one vf the prime reasons for the existence of AMS. It is therefore, necessar),
to discuss taeir contribution.

In the: cell, robots are used .."" process macltines and more 8~:nerally as paivers!ll
trlUY~rerdevices which load machine too!s,palletize products and pick up parts
ofo/~Inveyors..With the:ir flm'billty and lbwty to dU:?licate tbe motions of the
human hand, industrial robots are ideal for the integrated ofJe'ration of the
AMS as a general material handling device.



Robots operate according to a program and are able to handle parts and
products of almost ~y shape and confi&uratiorp.. Robots can also precisely
duplicate their motion -and this _repeatabiUty allows goods of an extremely
eonsistem and high quality to be produced (Bloch, 1985) .

.1)

2.1.4 AQtfimatic ldcntitlcatiQQ Systeml \)

Automatic identi~'')ation systems are intelligent sensors on the computer net-
work that runs the automated factory. Without such systems factory automation
would be virtually impossible to achieve. The system provides information

".. .,

which allows maintenance of accurate production and inventory records and.
I

thus the ability todetermine part routii1g from one workstation to the next. P,y
closing this loop between information flow and material flow better decisions
affecting the optimumperformance olthe complete system can bemade (Bloch.
1985).

So far the elements necessary for the operation of truly- tlexible .automated
"production or manufa.cturing system have been discussed. One will nptice that
ootnpUters, which fotol an in~gr~, part of the AMS Oil«atkm. orchestrate the
contp1cte~onptocess,FlIW"e 2J fI1ustratett tbe concept of the int¥'at~d
inf!'~ an4 matuial ,flow in unmanned 6actoria. Tbe reader is toferred
to ~ (1?&l) tor ~ detaiL
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l,.2 The Need·For AMS Simulation.
~-
II

Kay and Walmsley (1982) note that the appearance of increasingly automated-
systems within the batch production area has created desigp- land operation
problems that cannot be solved by traditional production eDgi~eering methods.
In particular AMS have three characteristics that hi~1;tlightthe need for new design
and analysis tools: '\

High capital investment.
High system complexity.
High risks due to the nature of the technology.

/'1
.-The introduction of new technology and its subsequentoperation can be a daunting

'1

exercise for any company. With the sums of money involved it is impo.tant to get
it right. This applies toljthe number of machines up to the control system and not
least, to the time it t(pces to install, commission arid operate,

~)

1iypic:ally a single machine might .cost J..8Q/,OOO-:b400.000. A bu:~ systeUl may COSt
l.500,OOO to 1.10 million (Johns, 1985)J It follows that. mistakes in design -and
operation could be extremely costly. The risk of course, increases with the com .. '

" .

, plexity of !he proje~ especially where extensive intega'ated controls are involved
in an autoClated pll...'1t.

Pwmed improvements in manufactutillj etiilv"';~ncyare usufilly piecemeal, arrived
at improving tloor-to--t1oor times of individual OpefauOnB, and savinp in labour
COifs 10 the ~ble detriment ,of work in PfOWes.~ warehousina coatS. overall
CQntrol e{fort etc. Now, more thaD ever. there is a need to analyse the Q'Stem as
a whole instead of its individual elements. To as&ist this task. computer ba -ed
design and analysis tools are available to aiJ both ,ljeveiopment and understan;,ll;lg

I) I, Ii

of AMS (Kay and Walmsley; 1982).

Rahiiejat (1986) notes tha.t analytical methods have been developed to study the
system dynamics and calculate outputs. Because of the complex nature of manu-
facturing processes. suitable analytic models Cannot be easily constructed to deal
with the' gentral characteristics oi such systeDlS. In most cues ~ AU1l1~r of
asswnptions are Usually made. The major assumptions are:



Infinite caysclty Rt(ev.!O' waiting queue.
Zero detective rate.
Perfect reHability of system resources.
Normal or Poisson arrival of parts.

-" \-c..J;;'~ed transfer times and exponential processing durations.

L jle consequence of' such assumptions is ,to obtain resource utilization rates,
esti~ates of production rates and queuing t~meswhich correspond to steady state «'

working characteristics. Therefore, the use of these methods is more suitable in
L . II

prediction cit!pt\f{ormance' in systems with limited transient nature, such' as COli-

tinuous flow systems or fully automatic cells with long mean time bets, "!enfailure
\'1 • If . \ )

cllaractensucs. -
A! \

Further, R~ejat (1986) notes that; in general. the use of analytic techniques is
restncted bYlbe following:

(1) ,model~!lg constraints in solving real alld"complex problems which involve
('''',

anumb~rrofparametel'S that give rise to trar.sient behaviout, (such)as on ..line
schedu~ing) and this changes the system stace s~ace. '

I ,. , . I~

!! r, . I~"I"")' "Ii

(2) COIDpUultional CQDStraints in tile avw~te memory l1eede4 to $tore all the
;POSIlole. systetn sta~ and collfiautatlOl1$ -'it w~ll.,1$Ions fun time requi_~~..
menta which 'are necessary for executing sild1 sizeable code.

Tb.r4fo"" on.ly siUfle ,t.Utomated.lyitems can be reIWtica1ly ,~ddled lltl0 !'

a~ by~pnr~~c~tho4L \Vbi!e IChBd~.netwot,kQptun».ltion.lUld
,','app}il:d queu,einil_-8~'r.hes .olier some so_don to ~c manumcturing
pr~letnS, by and largfi th~ lack modelliraa aecu~~ bec:ause of dMdr ~erlyift.
ass~~ons (Rabnejat, 1986). ,- \\ .

Eatly AMs had, at firs4 a ver;ylowutilizatio~ fador~a fraction of the design values.
(/ ' \' ,. ' \";

Rules for scheduling the batches'for d~erent ;ar,; "typeS t}ui,t were known to work
in conveetioaal jotJ 5ifu.~ woved ~liable wb~n \4PJ'ti~d!!tQAlAS. Since event;
happened much faster inA&t~thi&n in a:OOQ\IcncionaIj'ob shop, there was nOlitn.f'l-r= '. i /1
for human intervention. II')pther words, the speed of infonnation, pt~ ,"lci
decision making as ~-e.li ~~ the memory needed for operatina _ AMs ue far
beyonO to£ human ability (Baruh, 'l986). ,



I
This is especially the case now as AMS oeeome ioore complex. nle.~ew generntion-
of ,systems at" designed to process la~ge numbers ofP1tfl typu. The menu of a
system recently commissiqned in a U.S. aerospace company reaches )00 (Ba.rnsh.
1986). Moreover today's "A.M:Snot only move workpieces but also replacement
tools in cassettes or tran.'i~rtabll magazines, The greatly increased traffic and
more qequent "last minute" changes in production orders make these systems

\'. "I' (1

highly complex (Barash, 1986).

University researchers who became interested in AMS introduced computer=
simulation ~\ a possible management and d~ign tool (Barash, 1986). Simu~
has ieneral(Q~~en applied in problem areas wher~ithe i~;~£~iablesand.their rela-
tionships are clearly understood and can be clearly statedbut where no eff1<!ient
analytical means,of problem solving exist.Th~ major advantages pf slmulatiou and
this applies in particular in the anaiysi4) of AMS. is that it permits controlled
experimentation with little or no disturbance to the actual system. A Wen designed
and implemen~~d simulation may_provide insights into the wor~"ngs Qf a ~mplex
system (f3rowne and RathUlil!, 1983).

Simulation, as wen u providin£ the optillu.an method of con:.pUing aIterIlative
system approaches during :#e design and opera.tiOtl.stages,·· also e;table increased
cxmfid~ to be devel~ at all t.vds of w.e AMS Pro~, -,---

A dynamic (aniln~cd) Jl1Iphlca1 simulatiou model, espedaHy in colour: ,js more
readily a«ept2.ble than. ieti offiaurcs.lt Stem! to ilo,axql $)'S~Ql ra~r-tr4lIl an

- ',."
abstract ~~t. He~ the U!O of $\Icl.t ~Q~ ~ gjves th, following
benofits (Mills. 1983): - ,\

',i
'/ I

(1.) seUing the concept to marta~snent. The objective.~are to sh\)w th,~ thorJ
··oughneu of .the pbmning undertaken and ro evaluate the operation of tile
}\MS,

The use of the. simulation syst.em to investigate any: ilOtCl1tial ~ttl~e(:k
area~as ~U as for developing different control and KbeduliD, Jtrategie,s.

,)

(3) The personn~l who will operate the system can ~ pven b$J)CbOIlexperience
lWng the si.mWation $)'Stem. This can reduce ~ spent comnWsioDiug the

C '$)'Stemand the time spent introducins _ 0J)ei.'att:ml to the system.
t:

(4)
( )

Monitoring the operation of the ~~S and opt.im&Jng its performance.
(\



Welch (1983) defines computer simulati9P as the process of designing and con-
structing a mathematical, logical model of a real-world system and expenmenting
with this Madelon a computer, A model is an a~";"~-,•.'tion or description of the
real-world system in terms which may be represented on a computer. 'Thus, in
order to develop a model, the system being examined must berepresented by a
set of key indicators or variables, A distinct set of these variables will define a
sy~temstate. The manipulation of thes:v,dable values will simulate the movement
of the system from one .state to anoth~?/

Being an abstract mathematical-lcglcal )teprescntation of a real system gives '
computet simulation the following advad~ages (Welch, 1983):

Ii '

(1) Vel~~itility:computer modelling is/~ersatile and may pc used to represent a
variety of teal-world systems', f .?;

Ii.,

(2) flexibility: computer, models arc flexible a,q?i may easily be altered t~

represent different si~ations or:accommod~fi~;u~~ted Informauon.
- /' \' ~'i' II /. ,.',

(3) Cost effectiv~; Experiments using COntp~er simulation. enabl ... th(f"pcr·
foqnance of a system to be readily investigated Without builgiug the Hhysiea}

P II
Ii

(\ "j system. //
c jI -. /'

(4) NO~~ ..._.tive:simu1ati~n.tx¢~!s penhil.1I ?,.tem., to .be.. de<f~A"
_updated ~t\_danaly..ed W1thQut 4iSni; ...,rt8 ~e emtmg system; .)/

; . I

c. (.5) Exhaustive: simulation e.xperime~ts may _pe pz:rfOrplOO under (every con-
ceivable set of system conditions./p~~iers or npernting COIt~itions. "

!, Inorder tp achieve !l'4e~ebenefits, t,q:~p~eal s)'5teInmust, be aCt:#vte~~ repre-
1\ seated httpe simulation model ('~;,elch.1983). II
,~ \L -~; " ,J

'llnsummary, there is no real alternative to the use of(sj~ulationowbich candem-
i,~ns~;Jtethe l?igh degree of cOrij1dence required by the le~tlt)f investmentitl AM5.

1,1 t, ,,/1 C'.. '0.. \,."

,Conventional planning techFuques have been proved unable to cope with the
d ,.' 1,::-

complex and dynamic naty:re of AMS. Additionally they cannot easily deal wit~.c:-<
il ", ", "'\

f~e total systems n.ppro29tl needed to enable these complex amalgams to be S\:,C·
~~S${ully h:u\~ed (M~~ 1~83). _.()

'i', r. ~I, /, ., ..}

. Because q,fthe oomp1exities of the system, analytical !models can be constructed
Ol'tlywith unrealistic simplifying assrlmptiona which, are ~tbest, only abl_eto anaJy~,

I: ," '.y' (, ! ---'".,-

the system at steady state. But in actual practice 'Usystem can h~l'dl~;iteach steady.
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TABLE 3.1
table of ConVl."YorSystem Building Bl~ .itModels

Model Name Descl'iptiQIl of Model Operation
-i-------t---'IConveyor rrransport This model is used'totransport material from one

J'LMOdel I,' .~j poi~t to another, in 'both directions of conveyo
m~~ . ..__:.__

'Trap Model ,'i" .. Thi' model tr'\p~material. ie: stops the material
motion and is used buffering or sorting applica

, I , '

I tions,
------4 ......:. -----

T~:,apand Clamp I111is model t1"~l)smaterial land then damps it in
\~'!odel a Jogic~ !lj defined posi1ion and orientation

Materi~l is said to be located if it is tr~PlMd and
clamped in such a,modell This model is used
an inteqace to all builditig block models whi '

I ,
require material to be li)cated precisely befor

, "

transfer. Ii
:,'

f-......;..- ...-----;.-------- ...." ------- .......
Diverging Branr.h This mtJdel is used to ~ctively divert material u

II II \

Model one of tWo po&sibledifections. '1

'..""~

3.S The R.o~t System As A Lo,ical SysteJn Buildlnl Blo(~",'\
o. c ,__, \~

\

The ;robOtsystem is :....spedal clue',,)! a logical system bmlding block.1'Ii~ robat
system building block consists of a robot . ",leI and.a robol wtI1;keeU ~.~~l ..
Sh""'4, in Figure 3.5..·· \

The robot system fJways includes a robot modelifind mayor may 11, inclutl'~~e
workcell model. Th~irobot wrjrkc~li\model is'neededfor mo<lellin~r '7ot opera~on
as »material processing device compared with robot ~peration~~purely a natei\al
h.ihdlu, device. This is the.<,~e for assemb~yan,j fa.brication processd(such ~5

sprsy peJrtting etc. These mooe!~are (.:.cussed in more de~il inA~pendixH. Since
th.~robot cl:ttltroller is d~dicated~~(' robot cont~ol it ~ included in the robQt model.



state because part types ':with different proce~sifig requirements are cdnstamly
I -

released to the system at short arid irregular intervals governed by i:he ever
changing manufacturing t'Jan. In such a situation it is more pertinent to: analyse

II ,:

th~1transient behaviour of the system. and digital simulation becomes ~he cnly
ii' '

vi~"le tool to perform the task (Cheng, 1985).
n
iii

:;1 , \, , ::

2.3\ Current Simulation Techn ,lUes Used 11:1

, Practice.
ii -, ".',1

In t
i6is section physical and digi1al simulation tec;hnilquestJsed in AMS simulation
!\ '_ ' il

are l!presented,
I, ,:-
"

~i.3.1.Physical Shny)mJmlt
II
Ii

~~relatively new method of AMS analysis ~sphysical simulation. A physical
~J\Ill\11atkmIS ~1 operational scale model of the actual AMS. When eontrolled

- _------t1yacomputer, a physt- al simulator can be used to obtain operational data from
t~~esystem This data may then be used as an aid in the design, installation and

\: I, c-. 0
operation of the actual systenfJDit(sch and Malstrom, 1985).

[\

~h}".Ai~simulators have been developed and applied for a numb~r <,cffpurposes
mcludmg: ( J

Ji
demonstrating a complex, realistic, operating facility ...

-'1(\

(1)

(2)

(3)

(4)

:-,nalysing1 ~Xperin:~entil1gwith and evru~;~~!'pgthe system design.

trai.'1it;g by providing "hands on" experience.
.: {,

de~elopmi and testing tr:~control and information system software.
I \i

Com~.lters:, ~ither mini or micraare interfaced withmodels to ~nd and. receive
l-crtt.rol dgn:::ls and commands a~d handle infol'ina.tion about the system
-operation. Computer control applied to the system may be simpler than in an
acrual facility. however. the principles of control sensing, logic and actuation
are the same. Therefore an in-depth analrsi& into the control aspects of AMS
may be ul1de11aken (Nof, Meier and Deisenroth, 1980).

c
;1

i; {, , Physical simulators can complement but not replace ahalytic techniques or
ttiji~alsimulation. Its particular strength is in analysing gener~ physical aspects
of a production facility, ie: layout, dimension, sequences of operations etc. In

\
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1Fiqure .3.5 )1--~-- ,,; , -, II
The Robot Sy~{em Buildin" Siocks

; .-;::------_....,____",,__
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I ~- 1
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I
I
I
.I,
I
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I
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I

1- Wor~cell

o

'\ \'"")

\ ... . \

3.5~11.1Sltwu ~,*-

The robOt model iOdud~ a ~pJ and' control hUerfaco. 1'_1Jsipal interflt~
models the ~obot diaital inputs ~ndOU'rputi 1'bf5 sir.dlt1a~esthe robot's • of
~tal inputs to oir~ctbranchiI~ and ~~onC(. cOntr9l. The diptal output
s~~ serve to implementoontrol 'lunru&ns fqr activities ofpeJi!pberal devices
a1\<lother pieces of equipment which oper~te in eonjUrt;1cUonwith the robot,
Hg: conveyors, part feedeflt. macllhff cycles, etc."

,-, '"

Programmable logic controllers a17~oftell cQtt,nec:tedto the rollO\ :U_igitalinputs
and outputs to augment the ~uany limited Cai<hiUties of robOt cOntrollers in

'" this respect (Thomas, V'33b). The signal interface allows connecti6u of the
PLC (see 3~6) to.the robot digital Inputs and outputs and also to sensors and
actu~tors within the ~rkcell model or s!~rrou.nding shop floor models W4chas
conveyors. etc.



developing a physical simulator, engineejs can try many alternative concepts
and eliminate the least desirable ones. An operating model can prove or dis-
prove certain assumptions and can lead to better design alternatives.

;'1__ 'i

, :'i:
. ;' :1 e

Physical simulators can play an important tole asaids in the development
and testing of all control software for an AMS. There are two aspects to this'

"application. Fi1t5t by developing and debugging control programs on a
simulator, the q~nger of damaging a. sophisticated system can be minimized.
Just as import~'lnt in this respect, is the fact that control programs can be
developed an~!,tested without having to wait un~~~>the actual facility .,.:;,
completed. COl sequently, production operations can M.rt much earlier an'
with fewer pro~ lerns. I

II. '.." ..
The objective ;bf these simulators is 1.0 provide close contact with !he

operating systelh Experimentation Witt~thl~ physical modules pJrOvide~ian
I, .. " " ,,:' "" ,'~

excellent oppor, unity toexe~,cise creative fa'li.lit'j design ideas and computer
control develo. ment, •Furthermore, wilik~,: abstract models the physical'
simulation retal'ns the relevan~'phYSical\!!properties of the analysed systen-,
and can, therefd~e,b~~ used toprepare anjij t~'it-actual control software ~cfort!
the ~).(..tual systej!~itself is inst811Fd (NodMeier and Deisenroth, 1980). .

Compared to di~~Ul1sim~latton, the ~j~~r advantage of.phYiicalsimulators'
,I I il

is that they are ~.~i$ual,active and compIlsed 0f,&ctual hardware,
;',\ i' ',I "I

The major disadvantages of phy~lcalsin;lu!1itors is their cost which may be
in excess oU lO,~QOnot including the cost·nf design and construction (Dieseh
and Malsirom, 1985). Further, physical simulatOr:; are r-:latively inflexible
after construction (Feltner and 'Wiener, 1985).

\}

2.3.2 W~ilill SinmlatioD.

There is 'a large amount of literature available on the .application of digital
simulation in A¥S design and evaluation. It .isdifficul; to provide an in--depth
overview of all these applications since many apply to specific AMS in!pl,~-
mentations, Also clue tQ the Variety of simulation languages used, it would

19.



II
The control interface models robot communication with a'host computer which
forms part of the PAS operating system, This facilitates uploa(fing and down-
loading of robot programs between the host computer and the robot controller.
Commands representing functions such as those found on teach pendants can
be sent to the robot controller frurn the hostcomputer. Further, outside sensory

, __ 'I n

computers can transmit informanon foffobot motion control via this interface,
as is the case for current vision system applications (Thomas, 1983a).

Although we have not discussed the case. of interfaces with tactile, voice and
'c-'optkai sensors, these sensors can be included ui! the robot system with the
additiW~of an' appropriate mode] and the necess~iry interfaces.

(/

~ ~. J
,.'The robo~ ~~r~Cdl model i.rlclud~sal1AI~.interface for sensors placed within
the wyrkce~\. The workcell may lndude)l~ and IlXtUres and the necessary
toolin"for rt~bot operation as a processing tool (see Appe~dix H) ..

\, \! i"7

3.6 neCNC Machine Building Block Model.

Machining $tI\tions .in AMS in~rate CNC machines These ~tations include
eqvi;P_nt to perform the following tasla:

11,-:' '"

Au~ part and tool cha~.
'!tlQl.~ 'M,lrkpioce boldins in~.
MW.rA&Tappin& Borin& ~~ .. Drilling, T'utniJl& ~ etc.

A ~;~ of a macbirWlg station is performed usin.a'tbe bui1~ lllock models
ide~d in this ehapteralongwith CNCtn~ buildingbl«k mocl~ls.A CNC .
ma<'r.ine hw"1din8 brock model is proposed '<15 lltUstrated m. Fia\~e 3.6. A major

• 0

requJrement is the ability of tlie CNC controJier to communi~~te with otaer
inteUigen.t.~eVices over L\tJs to achieve integrated manufaCturing dperatiol1.S and !

"management df'~Mor~support systems via ~e LAN (Morris~ 19M). This com-
munication reqUirement is modelled by .,the control interface ~ allows the
downlhading/\tp1oadilllOf machine programs as 'lieU as the- n...~,~et~fwmmands,

! . , If.'

:»tatus end diagnolitic information. //'
/1
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(: Ii

require a detailed knowledge of ea~h language tq understand "the modeling'
approaches adopted. This is bee..ause the majority of models are described in

. terms. of these languages. These are, therefore. not general moc~e~~hut are
dependent on the feafures of the simulation language inwhich theya;:)~written. -
'We refer the reader to a number of papers.

I
The paper by Lenz (1983) describes MAST, which is r:\)package for designing
computerized metalworking factories. The Integrated Manufacturing Model-
ling System pre -nted oy Engelke. et-al {1985) provides ~n especially useful
man-simulation j .erface. Rathmill, Greenwood and Houshmand (19~3)

Ii r, ("I 1 (

describe, the application of di)~ltalsimulation inthe de-~,~gnof the S!ca~p system
in the UK. .This paper descrihes a one-off model whiclr will require extensive-
modifications to analyse system changes. 11,!cmore recenr, currently available

,', ,1' '\

AMS.~imulatifln packages incorporating graphic anirriation are ipiscllSsed by
Grant and Wiener (19f-6).

.:Browne and RatbJrull (1983; note that simulation m()\'~le!Sbuilt 1:0 date have
.1 been built on large minicomputers using specialist sirt\~ulation languages Eg:
GASP IV, Q..QER1~ Sl.Ali{. QPSSi;.,tC . In short they ~re~~mbersome to use
from a user and. romputei point of view. They~enot ~lballYuser fIic~dly and

"... \'in g~nerll only the ~lodel litlilder can use the mod!~l effectively. Models
c I·

designed to dat~ seem to be _.scful primarily in provi~\'11lantitive prt.dictions
• '. •• .: :.1 ;.

of system performance parameters.~ucb as throughput time, num~r()fmachine
tools and size OfWOTk in progress buff~r.s. However, these cha.racterislir.s. change
if the .physical layout cllaPie.~ and tl)U5 a complete re~m.Qdellil~~ effort is
necessary to accommodate the alternative layout (Barash, 1986). I.

i'

(i
2~4 P1(oblems With Current AMS Simuladon Teebblqttes.

j

In order to evaluate the general requirements for a simuiatio.n systen11,uses and
problems found in current AMS simulations are presented. Ii

o .],

(1) AMS ..systeni,'Sart: .~cOming ll)orc ~q~np~ and tht ,~(fort·.ii~~r!ved- in·
s~ulati~g a system tofllY1eve1ofde~l ~.~~rsing rapidly. 4user ..sections' n

of Code must- be writ~~(.t a~d to, handle r~~~mple~ty,ad,vaJi<.:t1l software
eagfneermgsnethcds are necessary,"] he problem is tha~ based on available
literature, no such methods are in \\idespread use.

':.'\
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CNC
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I

l'helevel of simulation detail used for CNC machines ranges from J1e capability
,\" ~

to simulate the execution of part programs (for.test'purposes) to macrlining or
manufacturing time distributions for a machining stetion. TP.i' report does not

;' I

cover the CNC machine in enough detailto determine the simulaticn model
" I'

• II r: I

requirements, '
\1.,

3.7 The E.quipil1ent Controller BuUding Block l\ifodei.
\\

(\ :

\I/e define a controI~Frmodel whi~h is responsible fortr~~lating PASI'opcrating
system commands ot ~rim~.ies h~to a sequence of signa'l~:which must~:be sent or
monitored for the low level shop floor device control. This model (~presentsCa
computing device which generates and monitors signals. The rea1.\~~orldPAS
physical system a.nalogy couJd\\~ a programmable controller (PLC) O~\a personal
computer (PC) with the properinterface. The model is shown in Figtjlre 3.7. The

" '. I

controller model is completely pefined in terms of the control ~;,ndsign~linterfaces.
The controller model is used to control conveyct ~;yster.1builmn'g b~Pck models.
the AS/RS and to interface with sensors and actuators on the shop ~,!oor.
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(2) Current AMS simulations are inflexible ..Many simulation applications apply
to specific problems in a. given AMS. Analytic tools are used to evaluate an
initial design and then, based on this, a detailed or "emulation" model is
studied. Kay and Walmsley (1982) note that "emulation" models areinev-
itably customised to individual systems: General simulation languages are
used and the problem is described in termsotthe code. Problems arise when,
the system must be updated to accommodate new technology or the addition
of new part types. This means that the initial modelling effort cannot be
used since the necessary changes cannot be accommodated easily. 'Thus the
mooelling effort must be repeated at great effort and cost.

(3) Real-Time Simulation: Current simulatiqns <10 not run irt real time although
there are simulation languages availabici!vrith a concurrent case language.

(4) Differing Levels of Simulation Detail; l1b;:.~If.1:Asof simulation are used
I', \\, li,l, iJ

in }\MS. These are:, Ii ' ,

\ I, ;1\\
a) EmuJation models for\\9b0!k ,:~U:~ayi,_.:.;f and \.i,: \,~J.!"<i,:ir!!.uli-!tioll.

\ i "; I', ~, ( f " I /

, " ,} \ ,! :'. " ''II ,', h~

.~ytic or sim\~!'lflC:U. tedmique$ fer f1to~i,iint an ~.t·::;rf"t'.!teview of,
\\ J , <I '

system.operatiok .,

c) c Dynami~!,simutatiOlt which shows "the general operu.t~:;n o[ ,;:;i.cll unit
in"themanufactu.riDg cell,1e: mo~~~~nt of parts 4l'1d' ~~~fters f.'1<':
whether :ma.eWnetools are 'oa:upied or npt.

I

There" are benefits obtained by usina an emulation model sir./~. these are
uHd tor the detailed design of tOf)otic lbanutac:turinf;:eeUs ~(rluding robot
program genrrra?on. Inthis case it isnecessary to know how e~ unit in the
cen interacts. In die,case of dynamic rllodtls; a view of each unit in the AMS
can be obtaiued along with a view of the system operation and be~ its

~\<JJ ,: , ')overall perfonnance. . .,

o

The reader 'is referred,. (0Mill~ (1983) for a discussion of the' ~s l.e.y~iS,.
of simulauoh modening ,.nd to Rathmill. GreenwOOd \~lHOU$lunand
(1983) for a description of the a~ncation of th~ 'fD.rious simwa!ion
'~modeI1ingJeve~ in the desis;n of the tJ:K. 600 Group's SCAMP sy$t~~. r ,

If 3~.
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3.8 .Simulating t£1eAMS Using Building Block Models.
• 'I

This section briefly describes !;tow a simulation of an .AMSwi11be petionned usina
the building blocks defined in this chapter.

In order to si~te an AMS. an initial plan (;;r existin~ laYQut of the s~op floor
equipmcntwill be required. Data pertaining tethe charecw'tistics oftbe shop floor
devices will also be necessary, for example. c6nvey<?f ~ea, SIR"machine speed,
etc. ./

The user will use the inter~ctive simulation systemeditor and win enter in the data{
" "\.. ~/

describing the AMS layout as well as the cbatact~risticsneeded to define ~U'\i':
operations] behaviour of the equipment in the ."'-M~;''The user ~) also specify
the material transfer interfaces, that is, the ~quipment unit Interfaces f()r the
simulation of material transfer. This will allow the' flowof material between models- " ('

to be specified and hence the flow of material over the ~iS layout to be defined.
The .AMS conveyor system will be defined using the buildi:cg block models listed
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~
(5) TqJV1'ie of queuing techniques and prcbabilitytheory of part generation and
/--~---p~ocessing time: These approaches aggregate the operation oi~heAMS and

( the results apply to steady state operation only. As any plant manager will
state, no plant ever reaches steady state since new orders are processed. w

goals must bem~t and scheduling is on-line, real-time (Feltner and WI. er,
1985). The results of these methods are therefore in doubt. Also the: arrival
.and processing times of parts are not stochastic but deterministic and based

.., on demand. The techniques of probability theory, however, are not .invali-
dated by this statement but can be used for simulating breakdowns etc, which

(6)

-
can be modelled stochastically and can be treated on an aggregate basis.

Many simulation languages are used for AMS simulation. Apart from
requirin~ta modelling expert to build models, their construction is time
consuming and unless the models are wlell designed they can be jnfletble.

i', \\

Mills (19~3) notes that one afthe mc.jor !)roblems of these languages is that
, the control and decision rules for the operation of the AM5 are included in

the model. In many cases the designer must then USC these built-in facilities
,.

rather than using contr~l rules which apply to the ~pecific AMS. This aspect
is very impot~ant becatisc one should, in model buil~, qifferentiate
between the system control and the behaviour of the shop floor equipmerrl;

(7)
C' J) 1"(\ , '\ I ,

Sl~ (l986)notes that current simulation methooologiei incorporate fbced
control strategies but do not, at (the same time -allow for the Iliut(lClatiiJn of
control func:tiOtlS which include proce..~Jplanning, schedulfnl ~d ~jng
with COtlrinpn~. In the analysis of AMS desip. and operation the simu-
lation should allow for the evaluation of CQuttol aspects for a given physi~
confipra~ and ,vice versa. This sc:paration will allow ~ft of t~
optimum hatAare wmJgW.'atiozaas well as allow the· ie_ration -of.tlptim.
ized. Di4,aular, ort..tbe-$he.lf'software for system eontto.l. .~

Current AMS optimi:Zation I?y sUnulitiop requires an iterati'i'e" process of
) '.! . I D _. ':.' . .. '

-simulating a ~ven system, evaluat/ng,tbe results, changlilg- the simulation'
':' '.", "" " // ,. .', ~\

model aad repeatingtue process. This is a time consumini method and re1i~
htavf1yon the ~~riencel('J the AMS d~gners., ",

(8)'



· . (C, c

in Sectiorre.l. Each conveyor section Wi!Jtbe characterised in terms of conveyor '
h(ngth, speed and the points at whi~h material transfers may be(\ma~e. SensGlj
and -actuators may be simulated lismg the equipment controller model.

" In the case of the AGVS, th~ user will enter in the number of AGVs, their oper-
ational characteristics such as speed, material ttansfer mechanisms-and paths of
vehicle trave], The positions on the shop floor at which q;t<Jterialtransfer is possible

, - I

will also be defined. I, {

IIi the case of the ASjR5, the user will enter in the position of the storage-rack-
and its physical dimensions. The speed of the S/Rmachin.e \\'ill also be ci\fined
along with a material transfer mechanism. The points at which material transfer
occur will also be defined (pickup and deliver points).

'A robot will-be simulated ~g the robot system buildlJS blo(,~model. Parameters
describing the «notion of the robot end-effector. win be required along with the

rJ.. ) \

coordinates of all the points on tpe shop floor v.. ;0-~i the robots envelope at which
" ' ~"

material tr~er t~kes place,.. (C~_~

A machining station will be sbr-ulated using the building block models defineu in c,

(' "':'" .!I ,: ,; !

this chapter alo~g with It C~C machine buil~Ung block model. Generally, a.
:: '" r.

machining station. Will inc1ud~c 11 CNC maehfne, a robot for workpleee loa-
dIng/unJoading and tool chanji~ A simple conveyor system will be used for
workpiece. or tool magazine buffei~ and input/oittput to and !rpm !lie Jtlochining
station. An AGV may be used to transfer workpie~ and tool magazines to and

)1, ~

from the Ir}1\chhling stati,on. "
'(\

Once all the data for th~ completed\AMS has been entered and verifird by\the
\\ \

simulation,S)'stcm, the simulation maY'~r~td. The user will select the sim\llati·t.'.~ ,
executive from where the simulation Wl,ll be initiated. 'The siplubtdol1 will 'be seh
up for one of the real ..time or fas~t th,~"real·wne simulation iapplications as \
defined in Section 1.4. The simulation WUI execute ac(,.'Ordinglywith graphi.cal

I,

results being displayed. .

3.9 Chapter Su~mary.

This chapter has introduced thee; logical system bli·Jding block roodels which can
be interconnected by the user tq/forrp a simulation d~the PAS physical system (ie:

d -.
\\
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2.5 Requirements For AMS Simulation.

The above section shows the shortcomings of current simulation methods. Based
on the points raised, a number of features that should be included in any simulation
system are enumerated.

(1) Evaluation of ControlSoftware. 'i'his is the ability to design, test and optimize
control software before system commissioning. This: ;~cludes the complete
manufacturing computer system hierarchy. This aids In the integration of
the entire manufacturing process. Lenz (1983) notes that a simulation that
aids manufacturing system design and control must be able to simulate

- "

systems and let the designer study alternative hardware and software con-
figurations.

(2) Physical System Configuration. The simulator should allow the easy
Insertion and editing of the (Configuration of different shop floor machinery
layouts and .its optimizatiorL

(3) The simulation should be at such a level of detail that it is possible to
Understand or gain imight.into the operation of at each level in the system
hierarchy:~ will facilitate !'ihe design and construction of modular Ah1Ss
which can e~ly be adapted tome requirements ofchanging technology and

n ,.

~. need to add newpart mr:! into the system menu.

(4) AnOther useful. aspect of a simulator would be the capability to usc expel'!
systems to analyse U1C 6tagos and outcomes of simulation runs. Using i~
knowledae base the system could suggest the path to AMS optimization.

(5) 'The ute of feedback for real·time monitoring and control or the AMS. TIl.i&
will'alloWaltemative sched\iling rUles to be ,,,valuated before the system is

n subjected to i.hem. Also "if the models represeet the physical. ~'Vst~msuffi-
, lJ

cieatly accUrately, then the simulator will contain ~l the infoqpation tbat
the physical syste~ should contain.i'rbus thi.~in!ormation canbe compared

\;,to facilitate on- line £aWt analysis.

(6) The simulation should, allow a customer order to be fully checked, thus
,I allowing ..11quick quotation and examination of all the requireIIl~nts

necessary to accept the'\.order. This can marlt-'.J]ze the efficiency of man-
, agement aspects and sm\\~th out the production run.



/)

~(j form the logicalsystem), The control and AIS interfaces support model com-
munication with the PAS operating system via a LAN. The sign.~jntCr~actls ~llow
controller models to he connected tocontrol other building htoclC'models and~hleit
associated peripheral devices on t; e shop floor where appropriate. The. material
transfer interface allows the transfer -flogicalmaterial between the building block
models, which comprise the logical sy. em. Each building block model represents
an entity which must be modelled to simi' hue the AMS operation in real-time or
faster than. real-time.

A short description of the steps required in simulating an MiS have been
described. Although this descriptiorris a look int~ .e future and extensive detail
is lrcking in the d~scripti.on,!Iit provides insight into the ease of constructing an

~,j II " \ I!-,

AMS simulation 'due to the modular model; \')proach.
t :

c

This completes the first stage of the modular modelling approach. The next stag-e
is thc. specification r.>f the model interfaces, This stage is discussed inChapters 4

.. and·S. -Chapter 6 dw....ussesthe requirements for ..constructing models so that they
may simulate the physical sysi,~~operation in real-tlmc or ~ter thah'real-time.

47.
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() (7) The simu1a~or should also be able to examine the AMS operation under aU
operating i4:ir~umstances (a valuable aspect of computer simulation)
including coping with machine breakdown, cemmunication failures and the
loss of p~rts on the shop floor etc.

(8) One of the most important aspects of the simulatoris the man-machine
interface. This aspect of'a simulator determines how the users will react and

II ,II

use the simulator tllU~idetermining its success as a de~ign and operation aid
in As.\1S analysis. Us~~fulpoints to note are the abIlity to construct AMS
systems using graphleal symbols) animated colour displays of the system
operation and the presentation of results in a simple and easy to understand

I,

manner. The user should be able to base his decisions on the information
il

which is immediate I)!!available, rather than on printouts of statistical data.
!/
'i

TId;) is noted by Mills (198J) who notes that simulation, particularly when
, 'i

using colour graphics, aids communlcation and helps build confidence in a
project by allowing potential problems to be recogniz~d and the appropriate
corrective actions taken. This allows management to quantify the risks
involvedr the project team to' understand the system constraints and the
opetatill8 persom!e.l to see the system's functional capabilities.

The poin~ !Ulted in the previous sedion are dcuBed to Constitute. the essential
. featureS of any AMS sirnulation. ~ poeral, the Qbj~ 0[_ aspects·are a
bettor c:oncept"_tion tlf' the ,,1U1ous~~n problems" which AMS are
required to solve (bOth physical ~tiOu nnd tDlnataemt:,l1t aspects) and

. . . i· \) ~

he'l~ to incI'eaae t~ operating flexibility of the ha.tdwart and sOftware ..~
,", . 'I

of theS}'Stt:m as a whole (BtaMolese and Garetti.. 1983).
"

To achieve ~ese aiinS this Project report has been written to lay the foundation
c for the developmeru of a simulation ))'SI:em incorporating the essential features
outlined here.

o



4 DEVEJ...OPMENT OF A CC,MMQN MATE~IAL
,', " \\~ c ( _

T~SFER INTERFACE \.\ c'

:, \
Ufe reason for adopting a rnbaUll~)~imulation approach is the development of
models which can be arbitran'intei\.~\nnected or interfaced to other models. ThJs
i~:esslential to provide th~ f1~~bmty-I\\~~dedin simulating a~anccd ~.ianufacturi~g

,.,., . .,:. 11 "

systems, This allows the ~mulati()n ti'~~\(lpewith a variety of manufacturing system
con~gur:i.Jons and ease of changing ~~ plant layout.

Since we are modelling an automated ~anufactur1ng system which consists of the
interconnection of the manufacturin.g e~l.1iprnent under discussion. it is necessary
to provide the same interface possibiliti~~s for each model. as ~sts in ~e manu-
" ' Ii.. 0,

facturing system itself, Each mooelmuSt,\thereforc. have ,a material interface for
the passage of material since, atPhYSiCall,~r~this Is how ihe shop fIOQf machinery

, is interconnected. The Interface must b<;\ ~~mmon to all mod~ls so that arbitrarr
model$ can be interconnected as long as th~\L'lterconnection isviablc.lbis section
describes the derivation of such an intcrta("e\rlled the common material interlace.
The interface models the interconnectionl\of the shop floor eq;;upment under
discussion. 1\ . ..

We first discuu·tbe model view of mateclJll tra1sf'er and tben de~ material.
Based on this we ~s the de1ivation of alfnnmon material tranSfer interface.

( ill ,

4.l Model V!ew Of Material TransfeX! ..
, II

., II

Th« transfer 01material betwGCn strop f1oo~Jde'dce~) er equipment uni~ is usually
associated with some form of mechanicat/ motion or operatien, Eg: the robot

,-, 1/ -

gripper releases or grips material, mate~'al arrives at the extreme pOint of a
conveyor . the shuttle mechanism of thei~IRS transfers a load at the extreme
point of motion. At a p}~y.iirollevel the deVices ar~ not aware of matf..f~al transfu.
they have no way of knowIng r7hetheromaterial bas been received-or delivered.
At an. informational level, however, sensors ate placed a.t strategically chosen
positions so that! It is possible to identify whether matertal has been transferred.

c;



3 SIMUlATION SYSTEM BUILDING BLOCKS
t Y-',

In this chapter the logical system building blocks are defined, The building blocks _
are defined in accordance with the shop floor devices or systems used in the AMS,
The aim is to provide building blocks which can be interconnected according to
the possible interconnections that exist in the -AMS physic, , system. In this way
the sunnlation system us~r can construct a logical system suited to his partj,cu1ffT
requirements and according to thd shop floor 1?../0ut.

Each building block constitutes a separate model or logical process (LP) which
I

must be modelled. These models and their interfaces provide the external view of
',I "

the IogiccifIsystem. That is, the view of the logical system that the user sees. In this
chapter ~\e identify the building block models for each shop floor device or system
under dis!6us,.,ionas a first step of the modular modelling approach. However, h)

'1
1 - ,y ;i -. '

facilitat~ bur discussion, we briefly describe the general building block model,
interfaces. A short description of how the building blocks will be used iJ1 con-
i' . ~

stru(:ting: a simulatiofl of an AMS is presented.

. (
3.1 Bl1Udmg Block Model Interfaees.

There-are four gener;ll interfaces that define the building block models which are
visible to the uscr.111ae are:

1)
2)
3)
4)

I _

The Control h1!terfaces.
j i _

The AutoDlati<! Id~ntification System'(AIS} Interface.
The C4mD'lOn Material Transfer Interface.
The Sipal Inwrfau.

The control interface allows the inter~rinedon ofmod~ls with the PAS operating
system for the transfer ()f Commands or primitives, shop floor device s~tu.s
information and program uploading/download~g (see Section 5~'1)rL

I.i

The 'AfS interface' models, the transfer of infohnation from iptelligent senscrs
withi~,the shop floor ~tric~or syste!D building block rrLQdelsro t~e pAS o~rattng
!))'5te~ (see St; ":'>n5.;3),

1"

"1\

The commoa material transfer interface m..odels the transfer of material5etwee.n
buil~ling block models (see Chapter 4).

3$.



'"J_"l

In this p~oject report, models are co~truCted at a physical level where the siniu-
\ lation systern user has the option of placing sensors as required. Since the models

are constructed from a physical \.de~oint, they are not aware of material transfer
and this,fact must be incorporated c~nthe models. To aehleve.this esch model hi"
four functions available which define how material is transferred between models.
These are cited material transfer functions and are made up of the following:

\ f}
1) Send Material
2,) Receive Material- .
3) Get Material
4) Material Ready_For_Transfer

These funetiqns define the procedure whereby material is transferred between
models. The ~~ions are called- at a s~cific point of simulated, motion or
operation where material is transferred irrespective of material availa)lility for
transfer.

The function' Material Ready PPt Transfer makes material available in one
IllOdGl so that it may be ~e;.t~ when the Qtber model uses the function
Get_Material (see Section 4.5.1).

In~, the above functions define howmodels transfer lnatoria.l. Inorder to '
sup~- this mooeoJ·view of material transfer an und~rlying mat_rill ttan.'Jfer
in~aee is necessary. 'Ibis interface nlodels the -i>bY'ica1 intcrccmne...'tion tor
matedal transfer betwecll shop floor d~ces and S}'Stema. .Th~ ·m~ is
described in terin.s of a llUterlal tramfer protocol (see Section 4.4).

o

As a first step indeveloping the c(~on ma.erial int~,.r ice it isnecessary to define
and model U)atcrlal used in the logical·syst~1l.t.Ttus section presents a d(lfinition
of the material and then discusses the oper.tlpl'.5 which the material is subjected
to, to achieve the manufacturing JyStem's objective. We then show that the given

. n

definition is suitable for representing tht~processing weration of each mod~l, and
hence, are suitable to fOrm the inpu~ and outputs of each modtl

II



The sigrial interface models- the interconnection of shop floor controller models
such as programmable logic controllers (PLC) ot personal computers (PC) (see
Section. 3.7) to building block models for their function control as well as the

"

interface to sensors and actuators on the shop fjbor (see Section 5.2).
" I;

These interfaces define the building block models. We note that since each building
block model is a logical process (see Section 1.5.5), the interf~ces are all 11)eSsage
passing interfaces and SUpport communication over a !.AN. The following shop
floor-devices are discussed with respect to presenti.ngth~ AMS simulation building
blocks:

1) Conveyor System.
2) "."Automated Guided Vehicle System.
3) I,Automated Star" ~c and Retrieval System.
4) (iRobots.
5) eNCMachines.

n '0

3.2 Conveyor System Bullding Bleck Models.

The conveyor system configuration will be tailored towards the particular tasks
th::..system is to perform in the AMS: 'The "unit" fun.i:tions performed by the con-
veyor system.\Vill depend on ~~e overall conveyor ~tem operation required and
its layoQ.i: on the shop floor. In order t(,1 provide for all possible layout.; and
()perati~1jlSt it. is n~essary to provide modul&r building block conveyor mod~ls
from which the user can fdrm.!he desired conveyor system or systems. The reader
is referred toM'ill.er (1983) for a briefbackifoamd of conveyor systems.We discuss
the various conveyor system building block models.

\Ve limit our discussion to the particular case of powered roller or chain type
conveyor systems.

Flezibility in. building up a con(reYOfsystem i:; provided by using modular
conveyor building block models. i,)ese model~ are identified by d~oo~posirtg
the conveyor system operations inti~atomic functions whicli will then.constitute
a ~xmveyot syS~m ouilQing block zrtodel.

! '
II



4.2.1 Material .D.efinitio.(L
- ,

In the ~~mul.Cltionof the au,t~io.at~d factQry we d~fiile material to consist, of
parts. tools 'and pallets, -1' be role of each is discussed.

Parts: A part ~t:4unit of production from the raw material m~&ittothe finished
product, i~ts undergo assembIYifaJ)Jk;\-tictrw.ruIt1at~ia{handling operations.
A part may be described in te~ (* the fa~rY;'.iti;n o~rations it has been
subjected to arid the collection of par(!-~w~¥Jffu\Vegone into it~~~~inbly~Parts
may also be subjected to transpogJY~ations. pelletizing ~nd locating oper-
ationswhich all fall under i. ,,;{:,fK[uectivename-ef material handling operations.

Tools: A~i(a meanSQf performing operations on pans. Tools may
.//~6D.ly be subjected to material handling operations.

PJll-C&- Pallets in the'!;~mulation are a general means for transporting
parts, ;.voJs and other pallets. A,\psUet may therefore only be- \ " , '

subject\~d to' material handlin~,operations. In this work a pallet
is a eoU\~ctivename for itell1s such as tote boses, cartons etc.
or eonmlp.<lrwhich is u..~ to transport mateIt.al. from eM. \\ '~" :;- \

locauon td\l~r. \' . s:

. '.. \~:
We .luve defined. ingeneraftertns, the ~'teri8.hhat the simulation l>),stE:mwill
be working with· to. arJti,we ....the prod~~on··~f.ije~ves. A more detailed
description ::J the structures u.~d. to repritlCnt materh.tl in the simulation is
discussed inAppen!Ux A ' \ ...

~. Q .• ' \,. - \,;'

4.2.2 BQtaeD_ MaBilfactudnctDrminc OperationsD.u
MmrlaJ.

('

The automated manum~rurini system performs marrj types of processing
operations on material to achieve production objectives. These operatioas,
called production processes, can be broken down into two maier types of

. operations, These are:
'I:,>

~\

') .. material ~dling operations and
~ .

2J-~'. f~cation operations.
j\,_-:;_ ...._;__._..ll -;

\\\. ,

II
'II,



F"iQure 3.1-_---'-_

Comrr.on Moteriel
Transfer Interface
(Meterie! out)

Cc)mmon Mat-er-icl
Tro ....sf.c,.· Interrace
(Moterla!

~--~------~--------~~--~------------------------~---,-j\\
II"~.:::'~OD$~=::m!!r~=

wait all /iute.rfice to ,ttie tl~~ and/or ~gc-system! .ete; identify the
ne~ bufldlnibkft mOdels. t~ life summarised in Table 3.1. and are
r.. ~ Qf Some of..ase _;eyor system functions llled in advance(l

r:: , ' "., . . ", . -c- '_ - -C< ~;':" '''' - - " (,~\
man~~~-- \T

'The intenp.on 9{ the ~"nlock models described. inTable 3.1, is to Allow
r, anycombinatipriof suChmodels to siJm~ the .. ..ration of conveyor ~ms.

Eacll ttl.odel can be desaibed as inco'fPOr&ting ancommon mateti1d transfer
interface, an AIS interface, and nsignat interface for its function co~ttoL_The
generalised conveyor system building b:loCk model is Wuatrated in rigurfl 3.1.

11"'

I
I
j

I
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c The primary processi».g operations used in fabricating material are fonningf

machining •.assembly and fini4bing. These operations are further enumerated
inTable 4.1.

Ac(.-ordingto the material descriptions and representations (shown inAppendix
.~A) it is possible to associate material with the prQCessing operations it has been
\1..---

subjected to. For example, transport operations change the location of material
on the shop floor. An assc .abled part is described by a list of its constituent

.. 11" _

parts and fabrication operations are essociated with the part according to a list
of operations it has undergone.

Inconcept, the list of parts which oonstitutes an assembled unit represents the
('\

bill of materials for the assembled unit. The list of fabrication operations
represents a route sheet (Tompkins and \Vhite, 1984). It is therefore possible
to determine where a part is, or what t~e part is. after it has undergone pro-

\ircessing operations.

A>point of note ~sthat by superimposing a bill of materials and a route sheet,
one o~.G lin operation pr~ chart (To11lPkias and White:, 1984). This chart
~ ~ ov~ of the .flow within ,', i'JC11ity. ~ume that such a chart is

. eons~ fror,n the assembly and f~rJ (~(j~ lists associated with a pan after
jt h.., &~_~ by the $imulation anJ umilll f,Diormaticn iIalso.ad~
to tbe cl;usn.ln thb ~ a latJe amount of informatiqq may ~. gathered. This
~ion would allow each part to be cbt&d to e~ure it has ~ .. rgone
the ~~ proc6SSing opotaUoos in hs production. Th~ sequencma of e~dt
prtY~'a5\~~also be checked which i1..an,utdlcation of the flexibility of tbt
m'llufac\fri.u8~m and the abilityof the contmI system to adapt tochatJgina
cir~~ ... Pu~ analysiscanyield theproducd.on tate, mat:bininl times
and .trJ.MP(ltt t4nes, etc.

~1.



3.3 AGVS Building Block Models. (J

\

The discussion on the AGVS focuses on the particular case of inductively guided
automated vehicles. The AGVS is decomposed into a number of building block,
models which facilitate the construction of the .AGVS. A building block model is
required to model a truck on the shop floor.

()

TRUC/(

I

Data Transfer Bebtem the AGYS SU))ealSOn.,CmnR]lter.. Trucks and Floor
lns£al!atlmlr

..(Reproduced From ·M»U«, 19:'''1..)
The AGVS will be made up of a number of truck models coI'l::esponding to the
number of trucks actually used in the physical system. A further model is necessary
which representsjhe AGVS floor installation and is aeeessibk. by each truckmode],
TIle floor installation model maintains a record of the paths of truck travel over

EI*ctror,,"gnetic
switchlt:l
~__..:;~_--~ r---·c-'----i
Re.d co,,(.,~u .....~--t Pllrm~p~nt '411!JMtS

Induct/VII mllgml(ic
liIIJd of the guidll li¥ir.

. .,

t----~I'~rik--
Ant~nn'4 :\ Coils int_lI'lJr.d in til.

...._::_._.-c qui. win .nd
s.fUr.,llly ContriHllldI- ...__.i~

IR {r.nsmitl ..". .' 1----...,;!'~-t:!t.I_·..._.,'-__,~____!
IR lfJt:tli.,." .•... ...._... _-I IR t'M,mitt." \\I---~---~,
I»:tll tr."SM{$!Itm (1,1....... i--_""" Inductive d.tlfl (rail'

.;;III",n1l$ _.. "";$~Of'l cirellit

.~--~----------ap.",m, unit
"VODBrd

FlPd 3.2
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1 The primary processing-operations used in fabricadng~ma.teria1 ate fl)r~"\~.
, machllrln~_assembly and finiUiing. These oper"tions are fw:tber enumerated
in 'Table 4.1;"

'~',\ n

According to thematerial descriptions.and repr; sentations (shown inA.ppendix
A) it is posSlole, to associate mat..;dal with the processing o~rations it ~ been
subjected to. For example, transport or~ratiol1$ change the location of rrJ,~terial

, )1., ,

on the shep floor. An assembled part ,is described by a list'of ~,tsconstituent
parts and fabri~tion operations are assOq.af~dwiththe part according to a list
of operations it has undergone.

r-:-:-~~

In concept, the list ~)fpasts which constitutes au assembled unit represents the
bill of ~terials for the ..assembled unit. The list of fabrication operations
represents a route sheet.(Tompkins and White, 1984). It is theref"re'possibIe

i'
to detenpin.e where a pait is. or what the part is, after it has under~Jne pro-
,ceSsing opt'iations. ' ,
,~ \

, . .. 1\ ("I"

J\~point of };luteJs that ~ superimpos!,ng a bill of materi~' " and a route sheet,

~ •.g. ~ .. n.n...•..ope...... .tau...'or. proe«.3.. . .. ..• chart (TOtnpJdnl.and WlUte,.1984). 'fbjs chart
JlV~~,,~~.., .9£ the £tow ,within a facility. ~ume that sucha .cbart 1$:J\~~t,be ~ly-tnd fabdcatic>n ~~o tiSOclated with apart aftt.t
.~-~~~)ttv~ simulation aztd tiQjiUl infonnatioo isa1~added
to tu' ;~"thi$ case a larp amount of information _y be 1;atbued~np.s
~. . wOtdd all<1w eaChpart to be checked to ensure it has ~one'" , ,the,~~~,,, ~~. in its production. The 8eqhendnl_.¢h

';',' ",", ' " : <:_ ,-, " " -', J_ ;<, ',' , '-' ',' -" _ " , • " ' ,'" 1\

~ ma, also··be checDd wblcb cis an iDdicatialt of the f1~ of the

~f~ltstdlaad thoablUtyofthe COllttol'iysteul to .~to~ng
dr~CeL~ ~·can)';"ldtheprOdu~on rate,~times
andua~I)~~~~ ....

(1)

'1.
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';',\.. .."I .

the ~bopfloor and the pla"ment of sensors and 3etuatol!'S witb.i1\. tho. !hop floor
r; '0

ir~tailation.Data can be transferred between the floor instalhluon and the savs
supervisory ~omputer (which forms part of dlC PAS operating system) ~ndbetween

--:;i!

the floor installation and the trucks.

The interaction of tPe floor installation with the trucks and supervisory computer
is shown in Figure 3.2. Basedon this, we provide each truck model withan interr\~c
,',to the floor installation model The floor installation communicates, wit¥ tb'e
supervisory computer and this is modelled by a control interface. Trucks receive
,',commands or primitives and <Sendstatus information to the PAS operating system
via radio receivers and transmitters. This' interface is 'modelled by a control
-itlterfa.ce. The AGV t;:ucklJld floor installation models are mf\9'8ted iD. Ftgure
3.3. See Appendix G. for further dilcussion of the AOVS m..xlels..

'\\ . ·~.>--c.~-----"'r;;-ig-lJ-r.-"'":3~.S-·

:rho ~GVS e;.tl!~(l£ alo~~;~

--------:-->

Common "'ot~ri~1
Transfer Interfoce

<\
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~ ,'7TA8LE 4.1 " '(

l Table of MSl1ufacturi'ng Processes c \\

H(COInpilltd from Eary 3l1d JQlmson, 1962 and Carson, Eplz an
~~YOUl1g, 1972) r " ". \\

pi' \\--0

Fabrication opc;ratfons: <:
Ii

Machining Processes :.... . "~j)
Turning \; ,
Shaping

. Grinding
Drilling

Milling
Forming Processes :
\Castirig
il

Embor,&ing
Foriiilg
~ssembl)'Proce$ses :
Welding
l'~t ',. \,-.

Flnistaml Processes:
Cleaning
Heat Treatment
Deburiing

','Spinning
, Stamping

Insertion ,:
Ri~ting

Buffing
Painting
Polishing

. \ I)

.~utertallblldllnlO~ratlolU :
"

Tra~'POrt.aUOll
\',

Palldizing
Uftilig

Locatinf~\ I

Lpad/Unload
Qperations
" iI!.:I;_'~ ... __ .....

4.2.3 s.u.mmm..
This section has defined. a model or representarton of material which is pro.
cessed by the simulated m~,nuf.~,turing system. Using this rtprese~t~~op it is
vossible to use the material defined here as the general inpu~lan~ btitputs of(,\
each equipment model. 'Ibis is because, by comparison of the inputs and

S2.
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3.4 Au';;oma~~ Stora~ And Retrl'.e'¥al,System Building Block /1
~-" ," '\ I' 'I

Models. '\' 'I I/o
\ ,/~;., ~'I

\\ " ",'. , '\, _1,,"7~ J", I, \

'The ..,r'S iFf is,made\~p of .W() builc.tma jplock models. The {ii"5t is the ttora.ge and -
retrtev.all~'i'R) ~~ "1.~e1wljic~.l=p~ ..ible forfetcb.iug and_~itmg
material ~~tthe pir~p ~d'deposit Stati!~1Sand·(9c storing or r~~rievw,maierial
at th~ re4uired location ~~l:ot)in, the stq1rage raq. The second is i\~~:st\?I'~g~\rack
structure model ~ch mqa.:!-sthe physidallayout and hence capacitY dlthe~/RS.
The. ASjRS model is illustrated in Figure 3.4. The SIR maChine is controlled bY

,_ a J?~'Cor PC model (see Section·'3.7) via the ~ign8.t'interface. ~ SIR snachhlir "
n~VSU)tsi,crack .~cture int~rface is requited to implement the model aml caf.~f
for tbe~ilnoftheSIR m\Chine acco~g!~.g,hAhep_hysietdstructureottbe' ".1(.

'." .' .... I_ I " ., '. J. '1 • c, '" • [".- ,', -

J.'~. St.':t Appendix F. fot'futtber ~on of the Af!R$ ~Is. . ,.
j, .•. ,

$tor09··Roc~
,~t

tf w..,iP _--"!"\
I --.....--.;;.t

;... ,'. .'\
Cq.mmc:m IttiOt.riqtlTton_ Inl_«



corresponding outputs of a model, the operation of the model can be deter-
mined. We can therefore say that the model operation. in terms of material
processing operations, is completely specified by its material inputs and the
corresponding material outputs.

!i

One further ~~pect of these representations is that a large amount of infer-
marion may be obtained from the assembly and fabrication lists pertaining to
the operation of the simulated system. This completes the firsf stage in the
definit~9n of a common material interface.

4.3 Material Interface CI(lssification.
d '

In the se'/~hd step in tne construction or a common interface, it is necessary to
, (\

compile a knowledg base whereupona solid foundation for the construction of
in·torfa~ may be based. In the case of automated inanufa"'turing equipment, 1t is

( . ",' ~i

ne,,~>.saryto d&rlve or df;d\l ee the nature of the interface and what type ofin tenaces
~ltbd roloused in 9ractice. TIns can be determined from·the knowledge base,
To thiS ;;=1{ Appendix B indudes a disC'llSSionof the varicus intel'facesciQ.3.utomated
maaufa«ur1n& systems fot material transfer. One should note that the ttrms used
.in Appendix B are. e.pproprirf.te for the physical system and not the sinutlatior., i

)iJ

a .. .a em th. cHSCt;~ionpresenteG in App«\~bt ll. an interface cl~dftca.tion
showilJat'be vari~ pouiblo equipl7'tl'lt interQltl__ om hasbeea compiled.\iThis
is shown in"fable 4.2. Tho nanuo of the intodacos.are also DoteC. n

c:

The nature of the interface is d .'Ierib:ed by on~,\of three posiibWties:

1) active-active interface.
2) "Active-pa5$ivc interface.
3) Passive·~ctfve interface.

Material tra!JJfer is from the first to the second.

This ch'U".lcteri&ticshows which equipment unit i5 r~~bie for material transfer.
For ~w:ripJe. inan llcti\re..activc interface, anAGV with a.Con.veyOf top will tra~r
m;·ten~ to a conveyor, if both conveyors Are operating}n the required direction
of motion. An r..cUve·passi-.reinterface is illustrated ",'hen anAGV with a lift/l()wer
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~. top deposits material an a conveyor. The conveyor isnot in motion. A passive-active
interface occurs when a robot picks up material off a conveyor which is not in
motion.

w ·111 au -TABLE 4.2
Material Interrace Classification

-- .... ;_.,...;=.;;:::AUM3 ... , - ...... ..,...... -----------......u
IIIlt..dt~ I'altlltn; Nlltllre or IllferflJloe«
co,...,'" IntedAC."
Co~yor;- to ,'onvej'O!'

CO!l~ 10 Robot
Conwyor to AOV
CortvcyQr to AS/RS
AGV, .......
AOV 10 CaImyot
AOV .10 P..obot
AOV to AS/as

/Il' '''''er,-,itA$/a,,_~
AB/IS to AOV.....~
ltabot;o~
ao.ot to AC'IV
ltIIIJIIt .. ~ ~................

., aottct···'

ActM;-ActiYe

P3Uivc·Active
~ctllC-Actiw. PIllIw-Actiw.
ActM-Active, PlllM-Acti\~

All "f)p.
t'aaiw-Aclive

AlI~ c.

~ Jvtlw..P ......
AA."tIw-Acriw. Actlvt-PlIIaNo

AclMl~'~
Act~.
~ ...... Att~,.

........ ~ iII .........,... ~-~~ -..~
For~a.let. tt,~..('~cyor, inttrface wW UOt be Actf.,e·~~.siu~ it wiu
be_~l}'~tto pr~.robpt to 1QcDJ.utatorlal on .•mo~~t)nv.)'Or
durina_terlll.transfer opera~ns. "lbere ara other typesof inwfaces not shown
inTable 4.2. 1;be5e are ~ whero equipment Aucb as an AOV, for example. will
interface with Ilninput/output station which is a soUd pby5ienl structure Which can
accept c loa(1 from the AOV. This 11lat.i ":1Uremain in position until it is needed

"by a,robo~ for examl)le. These type$ J)f interfaces always const:'ntte a passlve entity
in any material transfor.

In ntl1lm1U}'. tbe knowledgtfbl\se Fh)vil~es IPM foundation for f.h-e ,third and last
stage lndevelopiug a common material intorface. This laststage isthe development
of a .material transfer protoecl and a conceptual structure for SUpporUD, the
protocol.

II
II

'\'I
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4.4 Material Transfer Protocols.
,0

The actual transfer of material in the physical system is associated with a mech-
anical motion or operation. This motion CJf operation IsJ~ssociate1i solely with the
model. From the mode' interface point of view. this mechanical ,motion indicates
the models intention of ..nate rial transfer. At the ..extreme point of this motion,
coupled with certain conditions being fulfllleQ, material transfer can occur. Some
necessary conditions for load transfer are:

1) The existence of a load.

2) The equipment participating .In the interface are working lpgether to
complete load transfer.,

3) The interface mechanisms are compatible.

In modemn..~ these aspects' of the interface, which includes the nature of the.~
interface, we can state the following:

1) From a modelling point of View the mechanical motion or operation needed
for load transf"t inthe physicalsystent issimulated by the model and indicates

i 'the modol$ intention of load transfer.

(2) Tho Interface itself only becomes operational wben the simulated mechanical
motion csur.es th(' load to be atu extreme point of this motion. For example.
~ the simuhltiun tbe li..ft/lower arm of the AOV has lowered the load onto
a COnVtyof and is _bout to tcleue the load. Thu ~ the point whe.;e th~
interface becomes operational and a function defined in Sei,tion4.1'dm be
used to initiate the 4ctuul transfer.

3) The imerface is solely respopsihle for 1·ad tranSfer between models. Load
transfer b~twt"vOnmodeJs can only occur wh~n ~ondiiiollij pertaining to both
models which constitute the interf~c:e, have been fulf'J.11ed.

.~~
'lttjtansfer cannot be completed~ the interface must take appropriate action based
on wbat would occur in the physical system. The interface is thU$ concerned with
transferrir.g material once it has been releasee' by the AOV, for example. and
transt~rring it to the model the AGV is interfaced with

C /)
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The discussion above [ndicates the necessity of condition el(aluation fc: Ioad"
transfers to be successful. ...These conditions exist on both sides of the model

d

interface. This suggests that in order-to effect load transfer, each model must know
that. at a specified location, an interface exists to another model, The model
however, is not aware of who the partner is or how the partner operates ...Also.
information must be supplied to the interface by the model (or the interface must
obtain information from ,he model) to facilitate condition evaluation.

In summary, We note the need for communication between models, handled solely
by the interface and the need for certain conditions to be satisffed for load transfer:
If these conditions are not fulfilled, the interface t:l!~eSappropriate action. The
interface, therefore, supports mesSage pass1Jlgbetween models. condition evalu-
ation and taking appropriate action if llece~ary. The message passing, condition
evaluation and. fault action taken are specified in terms of a material transfer
protocol> i. i. c

The material transfer. protocol gpecifies how messages are passed, *~tth~
conditions to be ewiluated ate, what information is needed to lIW'alu~\te..the n

, \., "

con~ ?ions"and what action must be taken if the ~nditions fail. The l'r~,orol
ensures that the models are unaware Qf this since the models are only aw~·e of

.".. . : . ..' \
the ~ that th~ are attemptingJc deliver a load or h"lle ~iwd a load ~'i9g

,,' '\

thl m.au.ria1 ttU,fer ~0tI$ defided in ~ion 4.1. i - '\

i \\

1
o '\\

" \
\.
II

4A~1··~"EDI"'~ ~ CUdStJUallure ~1Ag,
v
\

Inthis section we d~~be what t;Ol1ditiot..s must be nitt for load transfer and \-, . \\' .' _-'. . . '_", , -. n

tbeactions taken if ~~ roudition5 are not met. We present sim?le, general
examples of the conditlbps titat must be ·'('valuated. In ..~rteral, conditiou
evaluation and. theaction irt~' of condition taflure is f~cific for the partners

Ii .. I) 0 r

in the interface.

The nature of the interface affe~~~the conditions that must be evaluated. For
~ptet in the case of an active·~~ interface. the model kn~ it U'lust
tr tUlSfera load (btdicated .ay 5imulatih~ the activation of ll.xnechanical motion
or process which (111minatesin lOad ti~fer). The model thus indicatos its
intention to transfer a load. However, at the e",1reme point of transfer, where

(I I



the interface becomes, acti~~ due t1i the model calling a material transfer
\'.' ""'~-____'" (,.... "

function, a number cf conditions for ~c('essfUl material transfer must be ful-
filled. Examples of.rhese conditions a;\ as follows:

1.) · The.model which1s to receive the lO~dcannot accept the load if the location
wherethe load is ro be placed is rready occupied.

~) -If the largest dimension (.ft~,;loadmakes it t-oo big to ~~lowhandling hy
the receiving model's t!.t. Ltg J'\: -chanism.

f

:3) The point ,\twhere the idad is .:~ placed is not a point where the receiving
model can accept the toad.

If80.'1)' one of the'above conditions are not met, load transfer cannot take place.
_.fn th~~rase, appropriate actio(~iimust be tliken. In the physicaksysterr; it would

,)

, be ·jlll~tto de~eh:n.ine exaetlywhat would happen to the losd, TI.)simplify
l~S.tteI'S'"U'l.\le$S the outcorr.e can be predicted, the material is assumed lost to

J ,:')' , '>", " :,"-" --_\, ,1 ,; ,(' '

the sirpulautn system. Note that. tbe riuxiel.is not infomu:d of th~ loss, since
·the r.:ridel dt~)not al~#lYShave a means of detecting this occurrence. This is
baed on the assumption that the majority ofmaterial handling operations will

.. nol.~orpctato op_ti~ ~d ~ctile ensing.

I'_ S\llJlWli'y. ~ conditions that mu~f~ tWfU1ed .and the action taken if they
i(r~ .. "'lJ?Cdlic *~~of the vari~ im«~ andctte lJso deptndent'
on load ~,~ 1'4erob:e:, for Mdl ~,shown in Table 4.2, a
(' , ''', , ' :-, - If'" , 'c "

pto~l"'~()Jl~uat ..~ ,

4.4.l Mag. EuslQl ~ Of Ibe EI'QtoeIla
-"

Informabc.n from' e,c,h pa~r- in the interface is necessary to faclliJate
Ii' , . ~

condition evaluation and .failure 'actiOn. In most, C~ fbis information is
- • /', " i.

I' ~re~t in the.matf.:rial beiui,~etrf'.d.lnformatjlon may be required on the
operating ~tate of. tPe simula~d eqUi~nt Of' ttanl~fer mechanism'S. It is also

" , " G ,(.2, , , ' »r, 1\ ,; ,,\'\ (~

necesury t(ti!Omn1Uniateto Othel mooels. me int4nt of matcriaJ transfer. To
this end, modelhandshakJlni ~tll'easage passin .. is proposed.
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4.4.3 ,MesSIlt Interpretati!Uh

We discuss message passing for each interface type:

4.4.3.1 ActiR·ActiIY~In.teda('~

In this case the first model sends a request to the second for it to accept a
load. All the necessary information for condition evaluation is passed along
with 5he request. The second interface evaluates all the conditions and
indicates to the first model if load transfer is successful or not. If the transfer
is not successful the appropriate action is taker: by the first model.

'rhe, message passing process here is the same asthe above case except Lhal,'
n()~heckinr -done to ensure that the second model has activelyparticipated
itl ~hetransfer.

Inthis ease the active interface sends a request to the passive in.t~!rface.This
is a request for i load tran!tfer from the passive side of tbe jnterface to the
,active'side. If a load is pr e:tent and ready for transfer, all necasary infor2
mation and the load is lent to the passive side. The required condi,tions are

-, ;1

checked. If tran~ier cannot occur then the active side takes apnropriate
action. '

A full protocol specification for robot/conveyor. conV'eyor/con\'~1or and,
AS/RS/C.onveyor mterface types is shown in Appendix C.

In this section we have defined a material transfer protocol. The protocol
specifies conditions which must be fulfilled for load transfer and the action
necessary if these conditions cannot be met. The protocol includes message
p&,'SSing.which defines how each side, of t~e common interface communicates,



r. r")

. SiD that tn~ nature of the physical interfaces is preserved in the modelled r

interfaces. The condi tion sectioreof the protocol is specific to the partners that
form the ~Qmmon interface, whlle the manner of message passing is specific to
the nature of the interfaces.

II

This completes the stages necessary fOf'the definition of 8. common material
transfer interface. The ideas presented here can be~rconceptualized in .the

n
(structure shown'in Figure 4;1.

1-'

I
C'~ ,

Figure 4.1
G"

Conceptual Representotion of the Mo.tenet
Transfer Int~------

MODEL
A

\' \I

TronlSter 'aspects relel;,ant
to m'Odel A

\1

Area of model
/ i~t~rocticn

j. ----

I
Common
Mot~rior
TronGfer
Interface

(
IT'005'.-: a.p.ct~"eva",
. to model ,8

4.5 A Structure For Protocol Implementation. i

,
t

" 1\

r
I
I

!
i

If

In this section' we present a Stf1:lcv.~.f'ew~ch allows th(~implementation of the
material transferprotocol, Two'su\\r.tures are described. One for active-active and
acnve-passive interfaces and the second for passive-actise int~rfac~s. The ability .
to change protocols for different model interfaces, according to a given interlace
nature, is also supPorted.

\\
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The' ~\\x)~l~"P~l};Jrepreseatation of the active-active or- active-passlve interface
" I \ ., .,

stru~F8 is S~C~~l1in F,igure 4.2. The message passing procedure, which is constant
for thl~seinttY1.dCeSirrespective of the condition/action specificarion, is shown in

\1, :- .,' \, r:

flowchart format in Figures 4.3 and 4.4.

Ac t ive+-Acttve or Active-Passive t-

lnterface Struct:.JrG

I

i
C'J; rnori Moterial Transfer Interface 'Module I

I

l.Q~d
to

,Send
~!nput

Sending,_
f!)rotocoll

. "',Od,.UleJt .,

Trcmcier i)specta
,.Ievant to
, mod.! 'A

~eF.iVingj
pi, itoeok
ModUlO I

L !
,~_J

ReCC'I~e~
Lc,'Od
Output

,
c

Tron'llrl&l" a.peetls
re •.:ovont '2 to
mo~~i a

'\\,----------~~------ ;------.----~----,~--~--~
The ro~p~ r~presentationof the passive-active interface struc~ut; is shOwn
in Figure 4.S.The message passing procedure, which is constant for ~ese interfaces

'," " !)

irrespective of.the con4ition/ action specification, is shown iiI,flowchtrt format in
Figures 4.6 to 4.7.

The ileceswy condition checki.?g an~ actiQll taken in case of con~i~on failure is
implemented nom the condition/ action spe~fica.tion section of tht ytotoco!.Each
of the inted'aces shown in Table 4.21'will have its own ptotocol for scndfq and

" '! r-.

receiYing loads. The sending anc}receiving protocol mqdulet are implemented
from a protocol' Sllecificadon. Examples of protocol ~lifications are shown in
App~ndix C. ['

)
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The models tlCtivate the material ~er interlace mociule usma the.maltri1.1
transfer ~ shown in Section 4.1. These funetiona are ,tailed at.
appropriatepoittt ofsbnulatcd modon when logicalm£tcrial ..tanst.r,ist&~.
The operatfOll,tlfoach,funCtion With respect to ~ common material tnmSfer
interlclCe'module is disalued.

I)
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4.5.t.t Send Mat«iJill
- Ii"

TbJ, function d~')()si~material in the wail td~:~l!'iInput shown inFigure
42. The interface module then takes care Of:'ll~/necessary operations for

- "- Ii

metenal.rranster,

4.5.1.2 Bmi,yc_Materiali
/&)
(/

This function fetehes material from the Rece;ved Load Output (see Figure
4.2). This function is associated with simulated n1~)tion wWch re~i~es
mater~~ In the case Where t1;ere·a no motion assoclat~d" with 'matertal
aro"al; E.g; a roboe deposits material on a conveyor (the material is "reo:Uvcdlf

by the COllYe),:or).it i$ the- responsibility of the receiving ID~l to respond
\\( . .: -_ .. _- ,\

tQ.m~~eria1ani~

. '"Thfi;~'~ ~·iD·the Ma~To.·~··fut~ f*
"·_U);r~. ~·~whetimA$eri.lteqwrcs·a·~'..:"~""'_~t_~,~ef.Who8 ~ .• ~ ,(ivea.the. p"C14t

i'.•, ~.•__ .... :~._:_daotp.,~.~~__!~rilll
.. ' . N . , .' .", '"..~;:.J.:,.....~.,.~".!U,,_~ To. 1'_",.1t~s..

:"~i:~:"I"J;tr"'.~,·.~o#:: ,,:.'
,~, . .-_, ,':-,'-.;'"s.' _-: ;,,~";.~,--{;~':r:~'~;i-:~;'\;/';_,~:,t,' '~:~¥~~:t:~,,'.·'~:~'-,r '~,''~;:::~,;~:.'~".:;"T~ : ,

n,,, _~ ~~, ",~

J:;:nusiun~tbn isil&ed by a model to f~tdt~aI from ~r ~l. ~~t'

pample, a robot fetebe$ material Ioc:l~~ on .' conv::yor. This flinction is
tbs complement to functicn (3) above. Iimatetial bas beeo. ~de ready for
tr.wter· (by the Ma"nal.;,_Ready~For_Ttamfer fuftc.'dott) and the
t),rJt"?~teriat funetion is ~ed, Bldnd tnmsfer ",1·6«w as long as aU
co~ ~ ·ar6lulfiUecL

64.
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4.6 Chapter Summary.
;i

This chapter has discussed aspects of modelling the Interfacesfor material passa&e
between models of the shop floor equipment. 111" model view hides all {
necessary error. checking fcr. material transfer. To support the model view, a
common material transfer interface module is required, The interface module
operates according to, a transfer protocol, The protocol specifies, the conditions
~?r material transfer and the actions necessary if transfer is Dot successful.

The definition (if such an inter'ace facilitates the arbitrary interconnection .of
models according to tll,e interface classification shown in Table 4.2. From this
classification, the general nature llf the interface is 'Qbserv ...d, This characteristic
is modelled in the simulation system material' transfer interface. In proposing
material transfer protocol specificati~r.sw~have attempted to model the physical

(I., :._ 1·,'_

aspects of ~terial transfer ,inJbe real-world to the greatest extenr poS5ibl~.
, ,"'I ",

In the defmition of"mate~'hi!,we have not included the orientation of materi;~~ut
have supported the matecrial's position 8.5 itmoves around the simulated shop'ti~r.
The ~ for this being' tbat(t.be models: heed.;,d to support materialooentation

:-.. . ..,'."., ".. ' co , , ,'",," , 1 1,1 r, (,

l·!)and tbe catculatiQlls invalved would prec.tUde the modolsfrom runningmreal.:time.
('I

On tbC point 01condition ~ at an interfl!~. it $11ou1d Qe noted that, from the~ , ",," .. , ,,-, ", ",: " ., ,," (~

pohtt of view of the t~ operatiag sys~ uK, P~ jaterface is supported by
an information in1erface. Tbt.;t: baso4, on seMOfSwhich dete& the presence of
materuu at the· interface. the marfaoe-uwbaDisma wlll be activated. ,If there are
mats,ill thk informaOOll interface and hence in4'orrect' ~rado1l, the .unulation
system will dete~Jbe errors by ccnditidm at the mat/trial ~~..ntetfacea not

II' \' S -_
beinamet" \' "

'I~I ',', '

In eonclusio~ a ~DU%lQD''1naterial transfer interface· bas been 4efill~. The
Interface serves ttree malor purposes:

1) The interface defines a standard which allows the arbiu,uy, yet consistent
in.tereonnection of th,. .~ models of 1M shop floor equipment.

, 11\
I( r

2) 1be~tt:rface fOffllS part of the"modelling proeea aim!e' the interface ~l1cor..
porates-the.pnysical properties inherent in .the itttef(X)~on of the shoP

!"I

floor macl1inery.
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3) Tbfi inrerfaee hides 4Lil aspects of material transfer not related to the model
itself.

Note that ..the concept 6f Passive and Active material transfer is derived from
I'

Muller's (1(~83J classification ofload transfer for driverless ttansport systems (see
n

c Figure B.I)· and has been extended in this chapter for the 5~Opt100r devices under
discussion. Further information is derived from the discussion by Groover and
Wiginton (1986) on .the mechanic. interfacing of the various systems bich
constitute an. A.t\1S.

/)



s I-~ASOPERATING SYSTEM AND BUILDING -.

B'LOCK MODEL INTERFACES

In Chapter-S, the control, AIS and signal interfaces for building block mooe~swere
'identified. These interfaces provide the simulation system user with a flexible and
~~nsistent rrl(efulS of'controlling the building block models. Further, these interfaces
ensure that \fe PAS operating system cannot differentiate between the physical
system and ~be logical system. This chapter describes these interfaces ill mere
detarl,

5.1 Contrel Interfaces

The control interface allows model communication with the PAS operating system.
"

Based on the work presented by Bloch (1986). there are three aspects that the
" '

interface .must support. These are:

1)
2)
3)

PAS commanl.!$ or primitives.
/1.

Equipment status.
PrOpml downlooding/uploading.

II
J)

Blocb q.986) sugpsts ('t,hat in order to m~tain total, automation system
tlexibilit'YMd to ensure ,that.t1l6 SYite~ coqtrol is at least as flexIble &.;ldas

1\ '

capable as the actual equipment orl the shop floor. it is important that ~!
command exists for everv capability of the shop floor eql1\i,pmf'lnt.That is, a
command or primitive, which is the smallest, ~~te action iljl'},!Jf.t the shop f1(Jot'

" . , II
equipment can he catled upon to perfoiTq. Ii

l) fl

Based OD ,SJoch"sanalogy ohh~ PAS and computer (see FtJures J.1 and 5.1),
the PAS primitives represenr tl~e·machblC ~e iDStru.:tftbnsof the. central
"proces;sfna unit (CPU). 1'bese ·;,nacbiW.fcode iu.,tructi6n.s ~~;~fixed from a ij.Scrs

., .' /(

point (;/f view, but flexibility ls obtain~d from me ~qu':ndng, le: ptogrammina
, ~·i 1\

67.



'-;, '. \) . \1

of these atomic n~ad~inecode:f1~tructions, The program execution IS controlled
J>y the PAS operating system which therefore orchestrates the operation of the
~,. /

shop floor equipment.

I
I
I--, J

Fi'1ur/'[' 5.1.:....;...z...:_",_
.'

StrlJctutl!~ of the
von:-N'e'UnjonnMCiCli"inl!!

(Reproduced tron:itnoc"h,-Y9B6)
.Ii

Control

I

I'L "" _

Primitives can be c( ected together hi sc.1uence'to fonn gr~upin8S known as
"operations" (see Blocn, 1986). An oper: '{onis theset of primitives n~ed to
direct a paf1icular machine to perform a !IJgically distinci'j9bffThese opera.tions.
are used by the PAS operating S)'5te~ to l'enoni* -a "process", ie,; the total
tra..'lSformation performed on any input into the PAS.

Shop floor equipment units typically have betWeen 10 1nd 30 primitives or
-eommands, depending on.their complexity. Also influencing the number of-
primitives is the sophistication of the equipment controllers, which men per-
form the low level equipment control,

The PAS operating syste~ needs to maintain records of the current operational
status of ihe shop floorequipment and Information relating to the equipotent
or process 0.0 the sltoPrjfloor~ describing aspects of the process, The PAS
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operating system accesses this information from the equipment controller and
updates its inteqaI data structures, which are used for.real time decision making
etc"

5.1..3 P..[~ramDowlo8diug/UplDadinL
,'-, '

One of the; features of advanced manufactudng systems is the capability- to
producea variety of products with virtually no time losses to change over f{i"Jn1

one product to the next. This permits the sysjem.to produce vaifitU...,lecomlr(-
.-:-, -I .-

nations and-schedules of produ(:ts. This capability is achieved by device con,'!
troilers which can.accept a program, corresponding to the particular product.
tF.'3.tbas been developed off-line and downloaded.directly to the manufacturing
equiplhent controller (Groover and Wiginton, 1986). The control interface
.rnust support this feature, especially in the case of robots or CNC (computer
nu~erically controlled) machlnes.

In zltm~marY~we propose a mOfielrontr()l interface whicb can support &:11ofthe
above features· and would be exactly the same as the real PA..c) control sys-
tem/ eq aipme.nt eontroller iutemc;e. Appendix D shows some eXJlJnples of the
vtfrioos" pr,imi~ ana status inforination requiremeri;,\:; for a I111mberof the
equipme.~lt or buildirtg block models under discussion.

In ufder to ItandarcJize·~ COiltrol~terface it is ~ary.tc detmt IIIpossible
pn"Uitives and status information requirements for each shop floor equipment
unit. Although such an interface may incorporate a cenain amount. of redun-
dancy~it 'l(iU aJ.iuwtotal eoatrol t1exibili~ from the point of view of t1e PAS c

operatina system.

Some of the reasQus that standard interfaces do not yet en"t are due to the fa~
\0

that no attempt bas. been made to dictate any limitations on the type of
equipment that ean be introduced into .~ automat~1 nlanutac~ &yste!ll

(Bloch ,1986). A s~"Ond reason is the proliferation ()f e. number of unique
sohJtions for diffe'rent production situatioll$.where each solution is deiipod to
measure.
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Furthermore, primitives and status information may depend on the operations
performed by the various types of shop floor 'devices. This is apparent in the

I ' /1. . . '\.

case of robots and CN'C machines. These machines are programmable {tad
hence their operations m-y vary. Also, the interface may depend on the various
equipment configurations possible. The equipment controller software may be
dedicated to each individual application, thus the primitives may vary from!hu,
ones shown in Appendix D.

In.order to standardize the C'·· , t rol interface, a survey of all possible equipment
0;

types and processes in automated manufacturing systems is necessary. From
this one can develop aset ofall encompassing priniitives and status. information
requirements for each shop floor equipment type, Since this is not Within the
scope of this work, we Jj:? ve described an interface inwhict; th..!user may develop
his own set of primitives which will form the. standard tor the particular

!i

application.

5.2 Signal,Interfaces,

"Signal" interfaces .tllow the interconnection of the equipment. 'controller. models
with the sh,.p floor equipment Q~ tsuildir.g block models.·:This miist constitute an
especially flexible int"rface since it must allow all the various equipmene con-
figurations possible to be taken into account, Fo, ezample, the real-world analogy
of this interface is the connection of motors, sensors and a'1'aators to equipment
controllers, ie: this jnterfar,e modf:ls the wkina connectiQn between ~e &hopfloor
controller and the equipment.

From the point of 'fle~'()f pte controller mode1 a primitive or command is it
macro-instruction and signals are micro- instructions. The cont{oii:1" model must

.,. tl ..,. 1,\

translate the primitives into a sequence of signals being sent or monitored, for the
, ' '"I

low level control of the equipment models. 5.2.1 Conceptual Representation Of
The Signal Interface.

The signal interface can be conceptu~ as an array.ofslgnals, having the values
of true or false. Whene~'er a state chan,p of the signal occurs a message i,lldic:~dng
this state change is sent between the controller and equipment models. For
example, to sta~,Jh'! conveyor in the forward direction, a message corresponding
to.a location wit~Hnthe signal array (the locationJdentifies which motor to start)

7(l.



,.is sent from the controllerto the equipment model ~dicating a state change from
false to true. When this signal is received by the, equipment model the conv!'!)'ot ,
operation in the forward direction can h-e simulated. The interface has an-array ~.
format so that a given signal may be associated with a specific sensor or actuator.
within the equipment model. The conceptual structure-for th~;sinterface is shown
in Figure 5.2.

----~~---------------r,
I

lit ~., tl'4 .~ interface supportS,the transfer of mesaages, ind~a
$ipal ~ of sta.~'l between the ~ntroller models and oqUip~ent or bulldmg

(I --

block modellf in both direction&.

2 3 J .. " 'TIJ.TRuEF:' SE IF~L:j--.'-'.~r'~ _0

L_ ~,~~.,----~

Si~f"lOI
Number

$i9t'lOf
;Vatu.

S.2.1 lbl Ne.e.i.flu: SJmal IDteda~i

One may argue that the definition of a signal interface advocates an e:lt,emtIy
',. . ,_ . II.:

low level approach to model construction. This may indeed be me c;~. Art
, I

alternative approach to moden~~Jthe equi~ment models, would be frOtri··tie
.level ofthe PAS primitives. The ~iroblem i:; orie of standardization of eqti!pmem:
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units and modular control sofiwaxe for all l~vels of control. Since these are not
'~I '( ~, . . -

limited in any way, the approach.of modelling from the primitive leve 1, would
limit the sc6pe ofiapplication of the models.

Further, H·~ structure proposed here, ie: the use of a signal interface, serves
two purposes. As a research tool the resulting models would be extremely
flexible in allowing all types of logical equipment configurations, which can
then be analysed to provide suitable, modular, automated manufacturing sys-
tem bui.Wing blocks, Secondly, .ss a post-design tool, the controller model
software will be available and must ee tested. Usmg this appro~ch this is

possible.

The modelling approach adopted here is feasibl» as !OU8.a5 there isno standard
fur t l_q.ipllle.ntunits and control software. Once a'standi.rd has been developed
to indicate bow PAS cell controllers, ror ~ple, eommunicates.with the shop
flOOf.O<IWpluent n1odels~ the flexibility provided by the signal interface will no

(i. . . . .,-,

lollJer be required. ··nuswill be due to the fact that equipment CQntrot will be
completely speclfied. in terms of prinutivts and eqliipment status.

~ tu~ ..ariuroent against the use of (1~i~ interface is the: set-up effort
needed to conned equipment models to coiltroller models in the simulation
i')"Stettl, as tOil iB··similar te wirifia the Ihop f100r equipment ..i'b& problem is
offset by the fact,! that the ..automated system desipers are forced not to take

I·, "i1 , , ' , ;, ".-

rlioft Cd~ k\,rrm,ni",. ~m. sit'nu1atioB. &,.~ndlYIthe use of aids 51ld!.llght
peds I11darapblc ~ Qut be u~d effecdvely tp m~;('lmlqthe sh®ilat!on
~~ration time.

'I

Tompkins and WaUat:e (1980) note that in the automat~d factory, the ability td
kni;)wwhen and Wbelii.f::,tb~ resources l,f production are needed is ofparamoullt
importanCe to achieve proper control. Detailed information on every product and
component tound in .n exploded bill of materialS as well a~ the tQols, fht\.'fes and
other production rc~urce5 must be captured and maintained on a rcal ..dmebui$, '~
This dUl be realized' by the use of ~ a~tomated identificaticn ~tem (AiS) wjth" 1\

the ~ropriatC sensors.

n.



Since the simulation system is intended as )l tool foranalysing the control of the III
-. ,', . (, i',

advanced manufacturing syste~ it: is necessary to support the use of an .~IS and
associated sensors. To a~biey~ thiswe define an IfAlS"'intenace for each equip~~nt
or.building 'block model. This interface forms thl1>oundary between th~_mlJdel
and the Al$ central Computer. It is assumed that the AIScCOlIl,pute~ will form pan
of the PAS operating sYstem and all necessary mfoqnation will be exchanged
between the AIS computers andthe PAS operating system control computerssuch

~, = ,..i,

as the PAS cell contiolter(>f' Bloch, 1986), for-example.
(i / .,.,

The inter-ace should m~bl {the co~uqi~tion between the shop' floor sensors
..

and the AlS com~uters. There-are a larae variety ot systems which rangecfrom bar
.cede, radio frequency, surface acoustical wave, magnetic snipe and machine vision
systems (Hill, ·}'985).We do nO,l atte~pt to define an interface in this wcrk but
note that it ~ necessary to support "he luS in th~ simulatton system.

Wh~r materi8I'p~ an automatic identification sensor in ap equipment
r-; mocte1. a mesa. to the (iUS computer is aenerated which co~tai(~ such .jnfOfb

mation as the unique material identity and th\; time and iocation where it i is
identifiec.i.

SA Ohapter Summary.

~ .d$ cbapt61' tiT., ~ equipment.. interW::es fOfe.a.cll eqUlpmeul. or
bui1dina blodt motte1·has'boen ~d. 1'hest include ~ contro1, lip! and
AIS·~ "

t»

The ~rol blterf.ace allowS the fatercotu*:tion of models with the actual PA...~
.. .. , ..L" .. J "

operatma system whether it is the PAS eel; controUe~. the l\GVS supervisory
computer, the storap system control computer or t1w AlS c6lil1putcr. ~ !nterface
supports all the features found inthe ~nt~rfac:ebetwur.: dRrPAS operating 5y$tem .1)

and the real sys~m. -,

The suggested· identification .interface models the uSe of au-tal_tic idt:u£ifica~
!'i~nsors.Inionnatioe on material position, identification, ete, can be pMStd to lb•.
AIS oomput.~ SO that it is possible to simlIlate feedbac:t for Ill()I'f! ettedi~
manufaCturmg !)'S\:em control. '



The signal interface forms the' boundary bC~~Neenmbdel~ of the' sliop floor
equipment (manufacturing system h~rdwal'e)"and their controllers (software
aspects). The signal interfac- is structured so that all equipment !Y}>esarid their

'-I

various configurations may be simulated. The array' structure of the interface
allows Individual 'sensors and actuators to be addressed.

~\



6 BlJIlJDING BWCK MODEVIMPLEMENTA ..

nON

At this stage offhe modular modelliag approach, the simulation system has been
developed .at tbe highest level (")f·abstraction- That is, the building olock models
have be~<~if~;tifiedand their interfaces specified. We now proceed down a level
of abstraction in order to "look" inside the models and describe how th~y are
implemented.

There are five-.~reas of concern needed to identify the internal ml)dweiOfilie
bulldiDg block models. These are:

1) J..oaical models.

2) Matb~matiCal models.

3) ~ .real-ti.mc ~ulation algorithm and fastcr~than·f>al..tlm.e si~tion
roqufrem~.

4) ModeJUna equipment breakdown.

S} 0raphka1, I.{J4..1ated display of buila.{t1I block model ~
(I

The ab<we.fom:l ~ basis for impl~dna each buildm, blopk.aocWL·Bacb is
~ (I~'-

\) .~ indIis.cbapte!:.··\

Inthis work we define a loai<:ai ~ as a \:O:l~on ofparameters or attribute.
which cbaracterise mOdels. A simulatioa $YItem user may then se'~ct SWllt Ot.ran

, Qf tbe:ae parameters together, specify their values and thuS clw'acterl$e the model
for his partiCUlar use. The logical model provides a f.ramework in which the user
selects his view of the equiptne4t or controller moee}s. It is thus up to the user to
ensure that hisi~~gical view Dlatches the pbysical SYSh,;

I, .• '

Based on ille disi;l;sMon presented by I..ennox, Thu~,.';~n and TShwele (1986)1 we
il,. . ,

pte$elit the requlrements of the 10jical modeL The 10JiaUmodel for~~ b\riIdini
blode niodel contains .& description of all the information which desaibes the
model. 1"his is ~ed from a survoyof aUthe shop door devices which perfonn

1$.



r: ~.-'-;~ ,
I' . ~ 1\

the functions that the bUUd~fgbl0f:k_"~pilllates. Examples are, possible velocities
of the AOYS,_trucks, the \I~~eS of load transfer meclW.nisms possiVle :lor

.., • i.'" /i··'the tn:cy~, etC. r-:- Ii
( .~. i

. \, '! :

The' ~tajof;!lnction cf the IJ~cal mpdc~lis to gu!q~ the simulation system user in
~~~lectionof parameters whij~hensures that the m~el \\111accurately simulate the
operation of the physical e<:~uipmel,ltthat the user is modelling. Again. using the
(AGVS as~n example, the litlgical model framework wi!l guide the user to define
.t specific truck speed if a ~)nstanf: velocity model is assumed. Also, the user will
be asked to specify which loild transfer mechanism the truck willincorporate. The
user.\1Iill be given all the ~~ions. Eg: lift/lower top" ~nveyc! section or fork lift
etc. ~ user continues thr~;>t.~ the framework until the specific model ~ user

I: . :.1

i& lnt~e~:~ In has been chjFn or (iefine~r

In t~ \V(I!'k\\'e .haw DOt ~lrilided"compreh~. 'mWe1inionnation bas..e uponwbich
aue!1H,~ClOdel fram~~fOrkmay be constructed. However~ Appendices E to
" .• c.. ' •• " •.... _ ',' ,I .•. .... . .'. .'. . '. '

I,.itt.. tJ.·.llde.....••..~.•.....•.•..lee. Of me...~.',iU~. ts. ~~".fo. reach eq..w.ptne. • . •. nt model ®t
~ ••~ model •. ~ the eontroftei buil~ block mOdels.

,. '. . " I
1/ \

I
1,1

6l~IMod~
~,' - - -".- - - ',' !,- - - :';" - 11. -,' ,'- 'I

, . ,'i,' '.., ';_"'. '.(·Ii. (l
_ : . - -' _ -::. -__'''_ _ _,',,'- _ _, __ ~ - i __~: ___ _ _ _ /' _ '"

Ia~tMahop t'lf,X»1Irq,dpment unitsm lea1~., it is ~,.f4\ .~re
mat· ~~.~ to'~~~ lipuD'It4) ~ Wbm'-~td.. ~.".~ if;a
c:o~*'~Mjjs I ftba~lllnd •.~,·~.·'~~
Wlitat' ....... :thea., mceisbouiGge11eratf re~._saulCf!nit
(orWi~ 8S'posefbli) ~~the ~ umtwhethet the r~_ ti!l-t~ .
~l at "ttgnaior~llrttol~) TIm time condition,wtudl~,ntce~sary .
;0 relate model inputs to jnodei outputs, can be ~eneratte(rfr~~ ~¢ma!~i;'l

'modeJl.. !
i,1

,c:\

Specif1c types 'of models· specified from the foBical model may. need different
mathematical mOdels to simulate the requi:red behaviour. More exact J:11Odt.ls may ,I

be cl.lmen" under· WriQUl cireumsumces and thir mAy require extensions 10. the
u.swU mathematical mod<:~l in use, In general, me mathematical models r~uired
here, relate motion to tiD1~and arc. thus based on Newton's Laws of Mation. The

',i..
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models qay range from a simple time (4flY (for wri~invariant operations wh~re
the If operation can b.: easily mea~red from the physical system) or linear
monon models at constant velocities to models ut".eoed todesenbe robot dyii~nrlcs.

Part nf the function of a mathematical model is to. incorporate the parameters of
each logical model which allows us to distinguish between the basic operations of
each equipment or building block model type.

6.3 'Real-Ttme And Faster-Than_-Q.eal-'f;pte ~jmul~~tjon. p

This section presents the real-time simulation algorithm which forms .trlebasis for
building block model operation. More specifidWy, this is the generation of the
cone,ct sequence of output messages and their timing inerder to model the physica t
processes (~) of the MiS. W~first discuss the trq~d model descriptions for .,
~nt generation, themodelling constPlints the atlhrithm is required to_solve &.rui
then~t tQ alaorithm. The ali~rithmprcsentedis based ori the asynchroD()us
s~n:~th. d!$cussed byMisra (1984). The caseof fas'ter·tban-real-time
sinlullidOnil aI$O:di$tuS$ed. ;'i

;:",',:i<}>',:',",,":., /\_,' , ;> ,_"_'" i;., .,',' ,F; : <;' , '. ~'i! -\_',,_/ r·"" ,,', , " }
~~~,~Q the ~ 01~tn"buted~ (see l.$.~},\f~simu1atioB
~ t..UilttiDi block, mt.'<ie" are. c:aneq l()Jieal Focessea,{lP5). 'tllac x..p,
_ dle'Opttatlon at tbt co~Ddin;'PP Ott ~.Shop BOOt by ~t:
"191; AI'~blOdt mode! ~t;~.~"mr~ patsfR.fn~
FtOium exttmalviewpoin4 these m~ occur at ~te,~~ in time

.1 ~ ,

and hence thfi LPs ate discrete eyent modeis. '
'I:

~ builc.tinl bloa mode!:is cleffued interms ~fequipment states.,.model s~t~s
and a model stmemre description. E~ are considered:

The equipment states defines the physi<:al oper_tioD of the·building bloek
cmudds. For example, the conveyor transport model has ~e~ states. These
are QT;_rorward, On_Reverse and"Stop.··~. equipment $tate5 are asso-

77.



dated with commands or signals sent from, the. PAS operar'ng system or
controller models respectively. For example, signal 1 implies start the
conveyor in the forward direction. The conveyor transport model state
changes to On F()rl)~rd on reception-of this signal. The equipment states
are dependant ~n the physical (me~hanisJflS'and their associated O~I ation.

6.3.1.2 M.2d_d States;

Apart from the coCltroller building bleckmodel, all other models simulate
material and/or mobile shop floor eq!liRltilentmotion over t9,e shop floor.
Therefore, the material and.mobile equipment units. change their ..location
on the shop floor. Thelocations of simulated material andmobtle equipment

\.' - (

units at <tiscrete.,instants in time specify tht model state. The model state is
,= a.'collecti~R o~,all values needed to describe mat~rial or mobile equipment )

. • II, "overtime~'

The .]Jps. on' the shop floor have a"defined s!n:u:mm. For .extmpi<"! the
_,' placetnent of sanson (i1l. the conveyor ttansporfmode~ thestorage trtru~iure .
;! Of_AS/RS, ~ths oluavel for the AGV$ t~ca and sensor pta~ntin

,. .' /.,')

the AG'VS floor installation.

In;he ~tion thi$$UUC!tUte must be reprctente9in a conve~~tht~r."
In~.:t material position on a CQnveyorrelAtive lOa~li50t:) fqre.umple,

, " '.' (( .'. !.' .' •

may be maintained. Further, the distarice between·th eurre.nt AGYS truck
" ", '. t~·. ,

position and inbranch in the path of travel can be calculated. Thl~ ..s!. ~\cture
can thus be use<i inco~junction wi$ ~ model state to geu~rate events -.For
exar;nple, the next ev~nt for the trua is when it ':teaches tile branch ~int
where a decision must be made as .towhich path to ta"~.

'-I

The model &~r~ description is c:omp~l~ from t!l6ioai{;ll model of the
buildinghlock. Inthis way the pier may be asked to ¥pecify th."AiO'«1Sfloor
installation, for example, .which is reeordedjn the floor insWlaticn med.:l
(see Section 3.3}.



Port Repre:;amtotion ,~ f,M SimutQtbn Syste:::.
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Port !'iam. : Uoiquely icler.tifies po!"t '
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Port Located : If .p(,rl hOl; t.e!!", positl0ned and orientatedl
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as an•.environment for the implementation and operation of an AS;RSi:fiemo(J-
stratlon model. Furth..er, the tools available for software developmentmake these

, .

computers ideal for this purpose on a small scale. il
,i

. !i
a.3 [dectioYl Of.!\ Software Development And-Run-Time Envlron-

I

ment.

'JI !i

Throughout {!Ii:; work the concept of mcdularity has ht:enanopl.f..d. The <!i.lvantages
of this approach are apparent in the ease (if part;t~.,)i1iIlg.(he sinm~;riti_d!nsystem
and for.future rraintenance, no: oni, for .he simulation system software; but a;50

~! - , ,: I

for the dmcep:;~"presented in thj-; project report. '~herefore, the pos!r.ibiJity of
maintaining this modl1!<;rit'i in terms of the simulation system softw(i:re are of
primary importance. For this reas-m, the programming environment for the
Modula-? programming language has been selected.

Modula-2 wpports theT~~~cepts of modularity in that the language us~:smodu'es
for the construction of-software systems. 1\150 supported is the ability :0 compilen· n

modules separately, thus. allowing the collection of tested and verified modules in
a softwate library.

" [' ... F\ _

I' In Mod~1Ia'2, modules consist of two parts. f1~~se-~Fbiln linition Module und an
Impleraentation Module, The definition mbduly specifies the endtie, (}r the
m·.)J)jle that are available 10 the progt~mrner. This essentially specifics the module
j:;.ite·:iace•.The implementation modu i includes the code that implements these
e:ntities.d:1-~ implementation module may not be availab'e to the programmer
once th-e module har71:>een 1·erified. USIQg the module concepts of Modula-Z, the
modularity of systclllS,ar.J the concept of abstraction and inf9nnaticn .hiding are
supported. i

8.4 AMo4uJa ..Z Software Environment Feu Slmu~afilon.

There arc a number if ii1odula.·2 systems for fJ1M·PC (If compatible systems, For
the purpose of a demonstratio ..n model, we note that the model itself is made up _..

. ,
- ,-,

:>f further modules. These modules have been developed by adop~ing a process
. ,

viewpoint. That is, many of the modules which make up the model, run concur-
rently; We wish to support this !r. the simulation otherwtse the module code must

92.



The model states, the equipment states and the model structure descripti~n
constitute t~e inputs to the real-time algorithm from which it is possible. in
chnji.mctifl~ witt! inputs received, to generate the appropriate LP output "
messages.

6.3.2 liWIdiD& BI~ Mnd~l E~ l\ks~a.euAnd .Event Gener:
atimb

Events are occurrences of sensor activations and material transfers. The actual
occurrence t)f the event is manifested by associating a message with the event
and, tbl~ transmission of the message e •An even! is thus said to occur when a
m'iS5a!:e correspcttdiog to the eve ~transmittedbetween LPs. In general, an
event is ~ tuple (t,111) where t is the real-time of ocearrence of the message m.
Ir,l:l¢nene. "l.iem.euaae m may specl~ a sensor activation or materi~ transler.
~I ~, consist of l\. sent-time field and the message contents. Ft. .tner
.... &;~ " a&k;d, $Ucll II the source and destinatiOll of the message.

~.lm! pattat.a 8$ a••~ of aiUNlated material or mobile sbop floor
fP.qmpm'rmt m<*oft,"su.·,·ttM mathtttMtiGdl1li)dol$ rt~lslte~ to tim.t it i!
t*libfe to ~'lt~.Whft • MftIOl", MIl be actmued 111virtGe of the equipment
ot~i:;! ~ot1.tiq to tho.tl..-, tOtattffle,'ltll.us ~ to
~;thot4Mb1oc1i: modehtructuNWkIl N&pett t()phV'fllcat._ttoumd

//,' ,

~ p!tt~*~.ht·t 4C~t· (lbtt C'JftStltUtes the model smicture
, '/=.~~'r:=!:~u:...n:::::t::;:

ev~ ~ the basil,~WtbeaimuiatiQn of the eq~SU mode-Is in real..timc. ,
i/
II

U3 .~ arM-D.&:SlmIlId.tD "-dh,,.
/1 "

'-'110ali<lJthw propo~d by Misl ;,',(19M) specifics tbat LPs operate' .~b~
ronocsbjWith respect to eacl. other. Syncbton~tion is ac..,.t 'wed by ~eorpo--
ratinB a 'tirM field in tMssages p'ased between L.'~. In this way some LPs may
$in!~lateahud of others.



that apartJs spbJected to. For example.a spray ptdnting tool at.a robotwork-stadon
may cause a pari labri~tion-Hst to Include the entry: spray painted at work-station
4.
_j\
> .•. ,., - ,1

A tool may be subjected to maoerial hand!ing operations, A tool is represented by
thc(,st!Jl,,"tUre shown in Figure A.2. /1

A.3 Palletts.
II Ij

In the logical system, a pallet 15the general name giv:~r4to material containers and
supports. Since cit is not possible-to include all the v¢ous types of contaieers and
supports used in automated manufacturing, we generalise them ill terms of pallets. .

Therefore, a pallet may be thought of as representing totezboxes, bins. cartens.,
pallet boxes, skids, etc. Since we are not-interested in the exact physical nature of
these support! and containers, we characterise I?allets as follows:aIn the IOilcaJ
syst~m,(a pallet is a ml;':a~ io~tra&t:~ortin& storing and lo(.~tillg P~ts,}oOls and
pallets. Note that a palletctuay contaill another pallet, A pa11~t is thus ihe"support

), .. "

tl.at is used to fra.~rl.material and to structure the material it contains.
,.

J'_ pallet represelltation can 6UppOl1the ~nit load principle. A \Wit load.~ be
(,! "'_._ .. .... c" ," " ,,'.... " ",

definecI.· • the u,mt ~ be mO\'ed or hatldled at one time. In ~me atHI tbe uni.t
... '.' _,' ':.-' '. i) \\.", '_.,:_._ .. .,'" " ,.. .•.•.' "',_ '_ .,'_:. .. ......'..c,;; ',"

" load it; one it_emof prodt\ction. In other situations" th~unit load is Sf;vera! C3ttOn5
.- -\ .. ,- .. -n-_,.. _,' .,' ."

{it! thfJ ten:oioology givC:l b",re this would b., se·/oral other pallets) each contain1ng
items o~p\wluc:tiou (T,.,mpkW and Wbitef 1984).

\.. ' ,' .... , .... .. :,1 '

'\'PalletOperatlon.4.$ ~ Loaltina ~\nL
1.. . \ . . •.... .: . ... . .. '
\~.ltier.r (1!i83)llott, tba.·fm',rpbo.~~ma~·~n·
~itit)n ad orleptkm S~~lC! be dt.'ftncd.t:\\tJ~pick,,\\p pohif ct iUe t\'lbot.
1i1s must pe air1lnged so ~t therobot' wUl·~~able to pick out the parts q~e
by one, in a 5enSibl~'ar,d rl%Pt7\".PLblegripper ttl ''i,att irelationshiR' (I

I,

~ practice; palletization often provides a suit.able solution ': Parts ~n be
arranged on a pallet in a grid, Iocared on a spigot or between guides. '111erobot
can.be taught to pick u:? the parts until tbe pallet bas been empti~.

\\

\\



as an environment fOI the imp~ementation: and operation of an AS/RS demon-
stration model. Further. the to~~15available ~orsoftware developmenrmake these
computers ideal for this PUrpOI~fon 3. smal' scale.

I, 'I
~,. " I,

8.3 Selection Of A Sortw~t'eDevelopment And Run-Time Environ ..
ment,

\l ,...,

Throughout this work the COI1('l;:pt ofrnodularity has been adopted. The advantages
of this approach are apparent in ti~c ease of partitioning the simulation system
and for future maintenance, not only for tiie sjmulatio_n~ysl<~m!,{)ft.....are, but also
for the, concepts presented ih this projecereport, Therefore, the possibility of
maintaining this modularity in terms of til.! simulation ~js~~m software are 0(\

"primary importance. For this reason, the programming 'environment for th-.:'
Modula-Z programming language tlas been selected,

Modula-2 supports the concep~ Of'ituodulantyin that the !ang~agc uses modules
for the constructionof software sysrems. Also supportedis the ability to compile
modules separately, thus allowing the collection of tested and verified modules (n- '\
a software library 1,,"(

TnModula~2. modules consist of two pans. These are a Definition Module and an
Implementatioq Moduie., The detlnitioll module specifies the- entities of the

"q ,

module that are available to !~lC pro grammer. This essen tia~~yspecifies th~ madu»
interface. The implementation module includes t':le code tbat Impler. .enrs these

n 4

"entities. The implementation module may not be available. to the progra.m.rner
once the module has been verifiec;~Using the module concepts of Modula ..2, the
modulanty of systems and the concept of abstraction and information hiding are
supported.

1\'

:'8.4 A Modula-? Software Em1ronment For Simulation.

There are a number of Modula-Z systems for IBM-FC or compatible systetJtS.For
the purpose M a demorutration ITlQdel, we note that the model itself is made up

)) , i"

of further modules, These modules-have been developed by adopting"a process
viewpoint. That is, many of the modules which make up the model, run concur-

_ f',

rently. We wish to support this in the slmulation otherwise the module code must



For.ifeal.ti~e ~,.i -ulation, howeve:; De Almeida, Macl.eod and Yph1a (198\5)
propose H:mt the time 'field of output messages be compared with a g1ob~t\

"'\ ') -
real-time chick. The LP then sends the messages when the difference between
message sent-time and.the real-time clock is some defined consta»t ss. 'Thus
only when: j, \ 'I

(mess-age sent time) • (real-time) :: ss

wiHthe 'transmitting LP send t,he message to other LPs.

'The constant 5S takes into account delays in the transmission of messages. This
indicates the requirement that a L:Pmust be able to generate the message before

, ,.,;:")

~ts message transmission time, ie: the LP must be able .to sNnulate
faster-than-real-time, Another requirement is that each LP must have syn-
chronized real-time clocks ora global-time reference. Faster-than-real-time
simulation is a special case of real-time simufation and is di issed in S~ctiOlf
6.3.4.
For real-time simulation the LPs take on the properties of real-time systems.
That is, they must he able to respond to inputs and take these inputs into account
up to tlle message transmission time. &caus.c the LPs must respond to all inputs

- ("I "

we can predict model opera~ipn some time into the future. However, the LPs
,.~ "

eannerbe certain that the predictions made are correct until the events are to
be simulated by message transfe~:1 in feal-time!0:Iltis is due to the fact that all
output messqcs at tillie 1. i:u.. I~nction of inputs n~ceived up to time T.

Th~, abOve COD.$titutes a ci:m.stt·aint on the algorithm propmed by Misra (19,84),
since W'J ,u'~redjct operad~nsup to time T out if the predictions are Incorrect,
ie: some input is received between .the time of ~rediction and T, t~~~nthe LP
must be able to update the predicted messages and this may require old pre-
dictions to be discarded'and new ones to be made. ThieS i:; a difficult problem
to solve for wEich no. simple solution exists. This is discu.4iSedJ'y Misra._(1984)
in terms of rollbac~~and. r,covery. This aspect must be ind:uded in the simulanon

'I (i ,I

algorithm.

Further. because of this it is not desirable to predict too far ahead. since the
LPs may spend too lfl1uCb time gene(fating events (p_~edictions) whiCh may be
di!~~ded-later. W~ f1\\erefore impose the requ~rement tha; only one event be
predicted ahead for each ev~nt that is independent. Ail ~vents.whicb OC'''UT
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I
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G

I
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The. tbov, .. be "'alhe4. for, automattd ,mawfltturo Ifact in pitt
haMtill&Uis~fo·bOwdle~)~.bdori~~1~4OiontyCot
roVdts ~tf_iot'·'._cbbw. ~~tc. .

In tilt ,."...w.ton of"""s .d palla$, ,,~ir ;!QC'atioa~)l\ the sUp••.~ .••1$,'

spedfitdbtf JloHl!.,~ .. t4llt"rftd.j;! ~>~t ba$ ••• same .•'.~,.:
CQ-OtdirWa oI:dt6i:~"'~~ ~,.4•. ~.'~,,' ..~~~;'·
prt.t~n~f\~for. _~m ames·.~ ~ .. **,\~'~a.
~~lr~Otlof_terW.talU~\-'\~'~"
We_.·lO·... ·'WS·problt.'bJ .~.tlHl._i .6"'~ua~.
pitt; will be removed from ·the paltet in~ ... it the p&tt$ ire 1»\11 in the
pallet inthe correct initial sequence and not aecordinr. to ~itiol'! !n tbt~pillet,
then thls problem is sol\lOd. This is beC8.USt~ part location ,is modeiled as a
seq~ncePinsttJtd of in a prugra~ position. {'

II . .
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be adapted for sequenti~,'execution. ':lh~refore, the Modul.a-2 environmentmust
'I !:

support the execution of processes, Also since the simulation system is driven by
a real-time'doek, the processes must ha~e access to die system's real-time. Finally,
the models and the internal modules communicate by message passing.hence the

_I')

environment must SUppOI1 these requirements.

Modula-z provide- a number, of low-level features which includes co-routines.
How ver, a kernel written in Modula-Z, which 5UPP'()rts the Monitor concept,

\1

descrii .d by Terry (19B{;). i,deemed suitable for demonstrati<!n model imple-
mentation ptnJ!oses. Monitors allow fer inter-process cQrrlInuhi~~tiqn and hence
message J?aslng, The kernel supports time-slicing where the user s~jects the
required .ime-sliee.

The only problem. bowei·vel, is that the kernel was inipaUy written for the Volitiop
System Modula-2lmplcilnentatiou which was not avai1r:e!..:1or this project report.

Ie, I, . .; . ."

Further inveJtigation inj:Q the various implemenlatioJ'l~]iVailable found that many~(- " . _' ,. .,.. . '/, ..,

iIrpl¢mentatio~ alth~;~ugh supportjng co-roudnes, c~~ld not support 'task
~,ildlina initiate4 .by. ijl~~rru~tsWhich is neccsFY for performing task switches
atl tlle.apprt)p~""1e .tiItM:. This is mplttty the luke oi the IOTransfer primitive in
th,'_ ,kAplecne&Uu,'1lIS. HOWfNOt. the l.Dg1todt Modu!a ..Z tmplelUflI)tation w~
~:~G:w'IUch SUPrortl ,.,e ~rity'Of tbt50 ro.J,JcmeiiU- ,. ' ,

I: . 'I '"

A f'lft.ttthet problO1l1 with the lDgitec:h systemwu i~n.tffietl. The problem. being,
t~~ttheJBM..PC.mma .tem., 1.1,s.-oos, isnot re ..entrallt~TherefOre, h is not
pcj~te to pwriorm'. task switdlw~dle MS-DoS i$ in a "oiti,;&i sectio~". Hov~:ever,
~~ probl~14 b ~i.m1e iy ehe~ whet'ber MS-DOS i& in a critic&! se~tion
~~p.n~4taskm$Q." u)

Ii ..... .....•. '. . ....•11i1e kernol ~ by T6rry (1986). had to btl mottified'for eHCUtiOl'1 by the,
~~tech systemsince the L3Ji~cti and Votid()n aystem implementations are not
cHrectly o.1mPatibLo. FurJler, a me.ans for providing the aystim rea.lwtime and e.
check to 3e6 'if MS-DOS is J.n a aitical section or not, W&lr. aJded. The finaijsed
Modli1~..2 k~rnelis Sbo~ hlAppe'o4Jx J. The f~!l()wingp.~~agrapbsdescribec·t,he
cbans~ and additions tllai ~v~ becxrmade to' the '~rn~r"fotexe''U!idn'on the' '
'L~tech Mod~~Z inlPle!Ile~~tio4A~dalcsom1~rder to ~~eet the requiremen~$
p~'es~nted for demo~tr3.tiou model implementation. ,'\',

"



independently must be generated. An example of this is the materia} ;;1'nit~"on"
/" !

the transport medel of the conveyor. For _each material unit an ev~nt must be
generated since these erents are all independent. According to the above
requiremeru weeann •.)t generate more than one even; Jr a material unit since
these will be dependant QIl each other, ie: one must occur before the.other.

-
\I A simulation algorithm which takes the above into consideration is proposed

011the following page. The algorithm applies for the building block models
undet discusston. The real-time simulation algorithm allows the generation of
events based on the model states, the model structure description and the inputs

,I i

received in real-time.

We notethat.when m~~ages are scheduledfor transmission, the message with
the-shortest time until.its transmission in real-time is sent next (unless it is

'C3.l:lselled). .\ ~.o
;1-

For (aster~thaIN'ea1~tUnesimuiation we are still faoed'wi.th the con5trajntd~at
itis not possible to send output mesSllge.~for predicted ever ~ until it is known
that no furd,erJnputs wil! btl received 'Which ~ay affect the output m~.
Tbi, crmstrlint is~iftlnctiOJlof.Ithe response time of the" AS operatiDa syst6m.
Further, lPs eanno1!run _ronQUJ!)r a.s proposed by Misra (1984), since
some Us may simtq.ue ~i1ber'fn timeCWl.otbe.~.-lt ~t be uru.."'ltd llue
tHat the PAS Of*.. t~1 ~~ wiU bale lt$ oWpUts on the tU:rJeI ttiat il'lptit$

""·e'!'!-reeeived.That '~~~we ~ ~lJlle that tbe PAS opersting SYitem can
U~tify' that a ~~~ wi~ch norma!1y takes 30 SC«lnds ..to oeeur bas be~n

1/ simulated in S ~co~~s. The.refore. tIte inputs tnSit the~fAS operatin8 system
f ftceivM_incfaste; tha~\re81.umeoperatif.in m~t ~ g16\>ally synchronized. 1lrls

is to ensure tbal seqi~enceof-dedsioOi made In. real ..iline simUlation matches
1·-· \',

those ~. in faster·~th:ln·real:-tim¢simulation.



n ,

T~ the above into account. ..tbe representation of pellets is shown in Figure
A3. Pallets may only undergo material handling operations with the condition

\1
that the largest dimension of material being pur. into the pallet may not be
larger than that of the containing pallet

'there are devices whose operation fall under the C8J~gOry~ material handling
\. -,

that are used in automated systems to locate parts, containers and supports. If
a part or pallet is subjected to these operations we assume that its position and
orientabon are then ~~own. The operation may update the global co~ordinB:~~s
of the material. If the material undergoes a :!ocati.ng operation this iscCalso
reflected in the material representation.

'-----~--..--.---
r-igur~ A.3

Pallet Reore .. ntotion in the Ssm!.;IQtion ~~

!)
VI

ih. ~"'I.t dll!inee.,.'"lercrehicQj
St.rU~Uf41 of f(!rthcot port, or pollet.

"-------, (/

A.4 Summary ..

In this appendix, material as usea in tht{.simuJatCa manufacturing sy;tem, has been
defined and described. We have ~ •..presented some of the ):easor.s for the
selection of the given material repruentations. The treatment of "material" in this

1m,

c,



The module ~!LOCKwas ~tensively modified to ~low the iitlStallation of a c10ck
interrupt ~~Jer in terms of the IAghech primitives avaniable for ~!liJ.1"be.
Primitives are/id~.&:ribed in the Logiteeh library mOdule natilecl System.

')

The module ~~edCriticalSe\.1ion \\'IS added to determine I,~hetherMs.-DOS is
') . . '"in a critical ~!;ttion,Ie: M~OOS functions are be~tigexecuted at the times that a

task switt:b is Jrequired. The module CheckCritica,lSection u.~'esan undocurnented
II ,,'1

DOS call (34!~) which cllec~ ifDOS is in a crider;.l section; and thus overcomes
"Ii . . .~. ..1 ,I

the non..reen~:rancyof MS-DOS (Logitech Moduia·]'/86 User's Manual).
i!

To maintain 1)hesystem real-time, a small seeticn of code \S!~.fSadded to procedure
I: , ,

ClockHandl~;rinmodule CLOCK. The code counts the numner ot dock interI}lpts
whichoccur}n mM~pccomputers and cqm!'atib;es ther; are appr~~rnately 18.2
clock intem;(Pts per sC~~4.i\,(:I11e~H',jttationrq_lJd,ule~whi,Ch require the system
real"tim: u~~ the mo(lu!e Sysl'~mTiUle.The 'Vil( ...~ri\.neGetSystemTime inthis

I~. ti ',\, . '" " '" \':" ,,',' ',:)\) " ',J

mot:Iule, ..etl~n~sthe\'\i~.! L ',~cm~~.I.fdhatth ~:~l~~I~~~ been running.
it \. \'i" (/ ,I ',(, i'll '
!I' I I J ,;; '\'

(':I"

Becav.so of the ptOblems e~ed wi!h iheM~'~il)4~~.'~~ en'rinm.
~~ the (h~ ofdsO~{I.S'de!OOnstrat~n ,m&lel wu ~.~ .
. ftoWav~t' thit is ftljdated by the ~." l:&at em tiel ~ 'bf'''.' Of;

-r ~2~$'aftUtltiuu ~'~tLHt:laJi.,,~!t.l.~:;Ol tbt
, ~;y~JjjM;'Coopt.dWi~:t\D5l~\~ef~;,itkt;M~~t~be'_

..' .h· .. " .' " , ," .
hra:~Ut4~.~ ., I,., . , "~~~<~~=~;~~J:.~<.
.~~~oltt.~ItSlte"· ,,~,.',l'n,dlet'" . :",", "7.':,::,:);",\,
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Wl\il\; not timulatkx! enc.1in~time do
BePI!

.. Wlliie no Inputs rueived and no messages IiChc:dultd for
ollrpn
do nothinz.

F.r;d {wnile}.

,. If _,e(I) :lCM4111ed for output

Then
LP time; .. time t)r musar I~Jl5rt,i~40n: .

Sen4 all m~ Kh<:dlilcd for O\.tplit •.
Upcbte 1M LP modelltat;'1 if required.

Oenore«l new ~D'M·
Sclledule III""'" tran:miaion time(.)
ClO~In, to ~n Ihe next ""!nI(S)

"" 10 OIXUrin rul'''~1:'
&.:I {ifl.

If lIlJMf .'CUmd

..1'M1I
U ,11M: '" ti~ of Input Mellllp.

Calc. 1t1,'».tl of
-,q'lipR_llt .i

awte.:hup:
Clact:1 Itt a--ae predk'red Nyond LP

tilM

U~ LP'.ACIIMt Mit ..

o.a.m.. ..." IMJU(,') (if eq~11pmInt ~-.
~).
~ ~ lruamillim
fj1M(~)eartelpOldtat to .''ben die ~/-
.. Itt , 'lI'OIIt(.) IUe to occur in .reeJ..rb~~ . \~

~.t'IMlIl i/
a..,."- llOf( .... at tol.tM mllWl
(it~t ,late 110M).
St~ ~ trulflUllioft \ime
C:O~lI' to '!Wllell IIIe next tvonl It
to ~ f ill ri:'.!~lime.

End {CIM),.

~ta1"
EM {wbUf'J.

Bad {ltni.T'1lM Stnhlladoft AIJoritbm}.
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Appendix i$ very general and wilHequire an in depth d~o.n in..ord~iY,tGsolve
more subtle probleltl3 which arise when material representation is ~lh~idfJr~.din
greaterf;1cmil. II' n ". r'
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.9 CONCLUSIONS o

9.1 Review.

The modular modelling approa(:b has led to a number of modules being identified
each with ~.Lnumber of interfaces. The ipjtiai decomposition approach provided
building blcek models which form the basis for'the constructlon of a logical AMS
system whcise operation can thenbe !ilmulaied. The Interfaces defined for these
puilding bl6ck models allow their interconnection with tQe PAS operating system
/~or logical system control, The mooc}ls can also be connected to cacl' other to

...simulate the interaction of the physical system shop floor de~c,esWlihrespect to
materi.a1 transfer between them. A common material transfer interface module.s ~
. used to manage material passage between models and hides all aspects of materia)
tTatl.'-"fet tn., the lnqpels are not aware of at a ph~sicaHevel.

~1:' ~

The bOildi.'t&~lodcl11Odetswere furth~r ~ecomposed t~identify an internal module
5ttUttUte. The/internal modules spedfy how the building block model operation
is i41p~. 'The. ~ ..mOd\;tle struCture is based oe logi~al and m~tb.. ,

, .. _ .. " :'>, .. ':-.' .. .... .. .." ... '. .. " " '-",'. q -j .. "\ {;~.t~i"~to cater for variQ&Stypes of $hop floor .devices and their
o.h~r; ~~.loc~ modc.~J~rateslla S?Ulati~n 141aonthIDwhich
~,.J.1UildirJ&1t~~i t~puts,~ hi conjuD.ctionwith the model state and
~<s~Ctur~.~()n. generatel the necess~ outputs in real-time or
futet..daan·f.~tittle.

ii I

G, .. " :, ' ",' : h'· ~" .. _' .. :i": ;-.:

A~~.t~mlU'f;bh~ct\lte tQillPportlogicalsystclllSconstructed
ft01U~~~ ••~ndJhe:t:.~uo~Oftb~sitnulationlwbe~uproposed. (i

TLt6 ~e.aIows any LP to oo,mmun1c&tewith anyother LP;'This supports
wodei ~~nrorsimulaUnt' thepaSsaae of m~~rlal ~~~n the models
"and a11~ ~'I' to be eontiolleci by Ct)n~ner ~unding brodts; Further, !he 0

('c, ..., .. __', ,'! "', ,,'i IJ "" .. J ....' _. __ ... "C. .. I) C

r-, , architecture ~portS ~ coI~ofthe models with the PAS ()peratina system. ! '

The sbnwation 4!'cblteCtD~ tbcS maintat4S the modularity of the physical system
being simu1ate~. Buudin& block ~A,tie1stilay be totdigured foe .~ecution over a
number of proccsso""'. This ~italelrea.l ..time-or faster than real-time si~tion
and animated displays of the simulation. The use of a distributed computing system
architecture allows for the simulation applications presented in Section 1.4.

,-~,



A global time reference is proposed for the faster-than-real-time case. Syn-
chronization is achieved by a glQbal real-rime clock reference where the clock
time is scaled by a constant cpo Thus:

(logical system time) == (real-time) x q>
where (logical system time) :> (real-time)

The scale factor q> is chosen so that the l':AS operating system ~nrespond
sufficiently quickly to the logical system operation. This allowsfthe sequence'
of decisions made by the operating system in faster-than-real-time operation
to match those made in real-time operation.

i!! <~\ (\

In summary, for faster-than-real time simulation, a gli)b~~ilogical sy~tem time
reference is requir~d where system time is some multiple <p of real-time. <f> is
(j;lfunction of the PAS operating system response, the execution speed of the
individual LPs and the required speed of simulation.

6.4 ~.todellinl Equipment B!'eakdown.

An important aspect of m01'~llini autom;ned equipment units is the ability to
simu1a~eequipm~nt 'failures. In a r~ ~im~~simulation. system as proposeti ~re,'
the cffed: of breakdown will t~t the COnl4'oi ~tem in its ability to ,take contUigency

~ ,J ' -

There ate various ways of modelling equiplrnent failures 8Jld whiehever meth~, is Ij
, 1\ 'I

chosen itQIl simply}JOhnplementedby maslipulattn, model outp\lts. For exaptple,'
~\ ". . .. ' "ii '"

the failure of a conveyor ltansport model motor, can be simulated by not schedlliill;
any output'mcss&Gcs for the particular conveyor model. I'

o

'I'be user can'be given the choice of selecting which equip~~ent breaks down. the
time of break!jown and the equipmCl!t downtime. Br,~downs may also be
modelled statistically where the user provides the profj'abilitit:s for equipment

I"
breakdown. !i

Although we have not incorporated the possibility ofequij,ment breakdown. in the
internal module structure, this should not be too diffiCtJllt to add. Each LP car._ 0 ,:

inCt1lporate a breakdown routine wh.ch preveIl.~ the transmission of messages or
toe reception of inputs and hence material traflSfer or sensor ac"Jvation.

)}
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AfPENDlX B: AuroMAm~ MANuFAcrmtJNG SYSTEM INmltIi'ACES
I')' 'I

Of the interfaces tbat ~xist i,n AMS, one of the mOst important is th~ area where
Jnaterial i.~exchangedbetween shop"~requipa:ent.M4terlal awstmave between
equipqleIlt so that it can be prO(,~ to acll~yemanu~ obJ~\'es.These
types of intenaees are characterised by their operation and physical structure. To
model t~ in.te~ces and to inclu~~a1ltbe. n~ssary detail. the interfaces arc:
~ In. this appendix...Thi$ is toJ'~e a kn~. basil ",eupotl tb.
characteristics of the wte~ can ~ deduced and hence m~llcd, The vario~s
typll of inte~ are dis~

() ." ';

The ASIRS consists' of stor.le rades, a st(\)raae"and retrie",l !Ilachlne (S,'R
~)_~QIJ x,pa,t/Output (lf9) ~'-Ponsor l'i~..~and Dewsit (P{O) stations.

I;ne;S/R ~ .•.iJ ltlOWl~edaiona a r~ on the 8oor. The fnun.Cot ~ S~
'.~.~t-~~~froa.~,$~.~~~.M.~·'~"~;~~~ •.
t...~;~1lft.tAe~~.~c9f~~'~ ' •• i~'
.~,~_~ •..~~~jj) .~t&thet~t4~~"

_.r~or.~~~~~~~~~®'of~l~'~
o tllIQ~o~'fEI,~~r~~f, ...•~~~~~!~~
, Ii. -~;~;~_~~"lJl~~~~~ia.~.-.t:il

sm~,fot~}~-~:~'II~'At- ..~..\~~~(l1l;~'~~
',sm:ft¥'~ ~~ I!a~~ I\i\d 5et"~ .,:, •. ~ ~_,~,.~ Of
~:~ ... "" ')" /. _',).'"",.> ":'}'~"" _,.._, ,"' "_"''', "\ ,,; <,«.' ,•.•.,: :};

ThCt. are uri~ ~ of AS/RS. n(t unit load AS/RS is used to tCltticwe IJa~
c that are paUetized or utJidsed aDd weigh ovel'}OO j)tjunds (romtdns aru;i Wh(te,

, ..' . -. J\_, _ _ - ,': -.- _ _ "':, ". _ "_,

1"984).The mku~d, AS/RS i1appropriatf: for storin& ftnd retri~vina Sl1laU,P~rts
that can be stored ina Itorap bin or drawer ..The SIR macbineCor the minilol}d
system is ~milar to that of the utrlt Ioad~~ bowever. h iaaeneraUy eq~d

('I .!



IIt-- . .
Finally, Modula-2 has been p(o~osed as a high-level' language for expressilll the

'1nO'i1rut:G:i!xecutableform. The reason for this choice being that Modula·2 supports
the concepts of abstra¢on and infgrmation biding which forms the basis of the
modular modeUiug approach used throughout thiS project. ~odu.la-2 has also been
chosen since it supports simple real-time programming primitives which may be
extended to include advanced real-time (se~,()~rry, 198() a~d distributed real-time
programming primitives. .c_

9.2 The ModelUng Methodology.
. u

In this project report a modular modelling approach bas been used to identify the
steps necessary to coustrW.."treal-time models of AM$ shop floor devices. The
modular apPTooch has been appJied to specific systems or devices in the AMS.

\;1

Although the models for each case cannot be generalised. the steps needed to
develop n:al·tirue models for each case apply. The steps required in developi.n.g
real ...timc IIl.()dclsfOild the modelling methodalO&)' af this project report and are
enumerated in this section. .~.

() , •. 0

r't)nMcier the case c:I~modeLUnga sp«i.iic AMS shop floor d~vi~ or system..The
i1 ,-,.... .. . ... ,

step5(~cessBf)'. tf,) develOp .real·time mOdels. for 'UIC in the simulation system
archi~ atfJ.aiiol1ows:, .

1) I~.&ie bui.kIb)J ~ model(») which represent tile physif!al ~ to
be·~
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In summary, the LPs can also incorporate the requirements of modelling equip-
ment breakdowns which is implemented by interfering with the normal trans-
mission-of messages.

6..5 Graphical Animation Of Building Block Model Operatjon,
, (

II

The simulation system would be useless i~the system users cannot gain insight into
the equipment operation by means of .the building block models. Obviously;
information may be obtained from the PA~operating system monitoringprocesses
which give the PAS operating system aview of the overall process. However, the

"equipment models have one very important property. This is the ahility to R11o.~
the measurement of variables which cannot be C"asilymeasured, if at all, in the
physical system. Coupled with computer aids thy; ii~ormation obtained may be
manipulated into a format most useful to the simulation system user.

In ~~propo~d simulation system there are numerous ways of obtainin.g infer-
matii?l1 from the:.models. Sillce~we are at the level o~,;detailed m~el, operation,
tht" !~ an appropriate place t9 discuss the asp~(,.1S of pr.:senti,ng graphically

II \1

anin1rated mooel.9Pl;1.ltion in real-time.
I' _ \1

I,! .. I'-J'" \i, ,f ~" , , ) , .,.Eac~i eqlri:;;7:rtentmOG(;l contain." 'all the information necessary to describe its
t)pcrl~tion at varhb{e, ~rete instances in time. This forms the basis for an1tna.tod

I! II
disp~~YSof each equipment or builqling block model or possibly the overall shop
floori:operati01l. .. [I,. "

j!, ' "jl 'Ii , 'J ,,' \:'

Wha.jf is intcn(ied here is tc display tl~emotion of material, the ~vel of tbe_AOVS
trur~$ on the shop floor, the SIR machine in action, et.c..:rhi.s type of animation

" fonnJ.•a '1ery convenient means of liJfOviding information to the user ..However,
ther~i are problems involved and tb~eseare discussed.

17!'c~:rr"jorproblem is due to the facti[":that information necessary to describe model
ope~(~!onis only available at variabl~h discrete instants in time. Ariimated displaYs
are ~'~ntinuous and movement is de~!icted by updating the moving objects at small

•• ;'1

enough time increments on the scree!!n5(1 that the motion seems continuous to the
"."' '. I .,,' 'Iview<ir. In the simulation system presented here, the time interval between the

cllicr~fte time instances may vary ,~ tbe order of seconds or ~ven minutes.
~er~rforet to provide 2Jl animated 5;rstem will require the interpolation I)f mod,el

oper~tionbetween these intervals.
Ii

l'4.
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with additional ormore sophisticated extractOtS~id g\:(i'da'1~4Jmedlanisms inorder
- '\1'-

to meet the requirements imposed by tighter clearances, Other types Df AS/RS
c, ' " ., J"

in~ude deep lane \S/I_tS and storage caro...selS: -

,Intmacing AS/ j{ S ~nd Conveyor s,Gtems.

In many cases. AS/IlS S; rems are interlaced at the P/D stations via a conve~~
~;}1tem.In~l C8.t;eS, tbe cqnvev~r sYstem cveiffu~lly interfaces with the pickup
and discb~8c spun of the sA 2~"Sometimes, the transverse conveyor
twhicb cfosses the fron(tgf th~ sYstem) is a chain driven live roller " mveY9T

,. ( . -, ('~ ''(\

with Chain transfers and) 1conveyors bringing the material into the pickup
_, c i, '

o station. In most cits<~ a squarmg operatien Isperformed at ~e point of tl'a.'1$fer
andatmalpositioniq operation isperformed at the SIR machine pickup point.
on tlle outptlt $k1t, depo$it staUOJISopel.. te $imllz'.l'ly but do not iq~e the
pall.~(Bu4m.,l.~).

",.,' , :'>~""" i\ : ' •... '., " :...... ,"\ . " i,'

,..,..)~*~I.~U;!La...-~ Vehide Sy,,,~m (AGVS) it ne_",1IY
ff>f~'i~o(a.f.l~;mat$d iyStems. Inamt load ~'Steml, AGVS equipment "
~~.tpiq:\lp;ta~~_AS/RSables.Ho{¥ever,As-/RSthroUShput

.... ,..,:,:~., :, . .-\ ... " '-"'.-' ." .';....: -,.,"",' .... ,: .", ',.,. : .-' , '._" , -"}

suU$tllOt lJe.lhJt~ted by AGVS ~ughptlt or vehicle ',availability. One method
of~·llis i~;t6imtalla~U'~ l\lAmi.'i!er l~tween the ~fP.S

-,' , _,,_:," '.' '. . q' '.,'.' . 0 [) -, , , .' . . . :,,;1, \,

ami·<AOVS~Tta.' ,""*ts: tIatjQn. i" ~tioniCB m~o~r fundionj'
l~ectl~f9Z Ptt'1~~ffk)w qf~t~n~w\d ~~,~ 1}'\VC4lUPn.~ntto simply
dr9P.~ rk:kUPlJU\t~ Htl.,t;t4) .. ' I:.

\,

'i&.tlie~ofwait·load1, theAGV ur8t loldQU'rlei.~ rna}.' have either tift/trAVer
Ii ',", 1"( :.

tops foI::' dtposidq material on stands or pOweIi ,11 rd~ crmveyor tup~,,(j
\1 in~withromeyors. , .,1) .'

Ingent:fat, the AS/RS and conveyor interface ~ aC!ive·p'i~ve in nature. The
SfR ~hine ,'oael hapdling mechanism is'' active in that\,~t is responsible for
~ or disposing of ,,the load at tbe pickup qd dep~~sit stations and the
storqe leeations in the rack.

\ \
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transfer material if thoy do not exist already. Other interfaces may be specified
between the models which make up rl.)e physical process/land are necessary
for the device or system operation .&5 a whole. c

3) Construct a logical model of tho physical process."

1'his .step requires. an in-depth ltnalysis of shop floor devices or systems used
in practice wbich perform the same basic: function as the physical process
performs, A roUcction of all parameters needed t~describe the variations in
operaden are fonned into s. structure which leads the user in the selection
of these parameters, In this way the user specifies building block model
operation for his particular use.

4) Identify the i1ii1:ernalmodules needed for building block model implemen-
1-. ··,fl,

union.

Step$ 1 to 3 identify the external view of tlt~.building b'ock models. These
steps at\: performed under the constraint tbat ..the models identified must be
modelled t91~k exactJy the same as the shop floor device or system.

1.ll step 4 and th~ !oll~~iDgsteps, the modelling viewp{)im,~banges to fadUtate
~ implementation of the behaviour of the building block model. ~ this step
.acini $e toDowm; ... C(mSider6d and * ~eni means of ,ropre$C1)o;
tatfo.lPedB_

(i) Mathematkal.~e1:
This is tbo·llIatbematkaftepresentatton which rb~l$ the phYlica!
operation {}f the shop flpor device or system at the tequired level of
" . \I ... n

detail'

'(if) Squiptbe1lt ~~ /~
· This is t1W umndikattoc o{tho different op~ll"~'~. tolt'" r.

~k the pb)'ilcaJoperation of the shop fI.~r ~(:e or system.
(
••') ),Id 1 ,1 , ' ... .".

~ ..~••" •~\ states: . . " . \~I "
Ii "ThisiS~ representation of material. movement or mbfti equipment

motion <Nt:,' time. 'nus repr*ntation is(ttpdatect as·specified by the
real ..time simulation alioritfun.~.,- I'~, •



I \ I /

The reason forth is isthat the modelsthemselves cannot be concerned with gen-
erating the graphic information necessary since this may ensure that the models
do not run in real-time. The process must he handed over to a graphics display
module for each equipment model. The graphic display module mu~t then be
responsible for receiving system state information when available, interpolating
model operation between tir;~,-eintervals ~lld displaying this graphically in real
time.

The overhead associated with this scheme isno; minimal. The scheme requires a
graphics interface whereby each model sends the necessary state information to
the corresponding graphics module. The graphics module must incorporate the
same mathematical models as the equipment or bupding block model so that
Interpolation can '~>diperformed: The graphic module must also have the capability

,;.. I'

to ensure ,that the state of the displayed model matches that of the equipment
model at the end of the interpolation period.

The advantages of this scheme include the fact that th~graphic modules may each~ " ~
run on separate processors which leaves the equipment models free to simulate
and will aid in acbieving real time graphic displar-" ftJ$o, each eqvipment or
building blodc model operation may be displayed ~parate11 or may be.; combined
with a cenb"al graphiCS process whtch csn then display \~cd(ins of the sbop floor
witt ·eacb.·_don C(\~taining ~~number of building bii~kmodels. Finally. the
graphic modules can store the inf()rmation received $0 that tbe logical system
operatioa may be replayed off·1ine ..

The levei of graphic det~..ildepends' on the amount of U5f,ful informati()n that the
(,. .. . .,\

user needs. Obviously, the detail of m,aterl~position and orientation is not a
requi!'cmcnt of the displays for this simulation system. The now ofm.aterlal through
the system and the occurrence of real time events is important. In the case of

,c '

robots, although enough information exists to show the: detailed arm motion, only
the end 9ffectcr position is required. CNC machines am be displayed by showing
their states as busy or free andmaterialloadmg/unloading. Real time events such
.as material being lost can be depicted by.showi..ngthe material falling on the floor.

In summary.jhe role of inf(l,I'ma,tion presentation is of major importance in any
simulation, The design of an infonnation display interface occ:upies an Important '
aspect of any mode! develop!ment process. Further, the maniPiwation of raw data

,-, !i

II
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B.l 'Automated Guided Vehitle Intmaees.

The t~tortated Guided Vehicle S'Ystem (AOVS) is 4Illespecially fteXlole syscem
/1- ,

for borit.ontal tranSport and is 5Ultable for both simple transport oPerations With
?:' .. - '. ...' ',' "0 . -(?,

a .small n1.\t.abei of deStinations as well as complex and cimttally. controlled
tfaJlSPSlt pt~~~ TIle tlexibllity of the system lies in the guidance wire which
is usually responsible for the inductive steering of tIle truck (tne AGV).

']

The concept of an AGVS inciqdes all syste~ which,~e capable of functio.ID1)g
without a driver. TIle main components of an AOVS are:

1) the truck or trailer.

'2} the floor system vith the installation of the wire guidance system and the
intolllUltion transfer system. '

3) tAA19id trIlrisfer equipment which aiD'~ both on-board the truck ud/or in
.. ,~poaition.

,,4) ".~ trt.tck'bd ~r.nc comrol system.
,,":.. "_-.:::-",, ":~~",,-:,< :. _, .v . ,,; .• , .. ,\1 -, _' ,'; ,', > .• ", "'" ,"~,co. ',_ .', _o_', _ "f}-' ""'., /

~~-'~~~,t;~~nt~ng.1~'~~~
"_'.<~'!ddf;OI1 ...~~~~r"f~nuMnltlttee'.~

,~ ," "~'I .1'

;_"", 't,:/{, ,~;I
') -;,":,_,,,,,,.'>,w ;,";.", ~,"";,..., "<,

"'. n,'-'

2) ",_.IU,- 1j()1UIrtt load, hUdiit'f8 ~tetA~, ~".ac:ti\re. : I :' c,"
,." -. \' \ f (: t .f

i

!::., J~,~l
3), ~1~~IIlII~~'~;~~~ ..•.. \". ;;'Z',~YI
n..aro.4 ~ number(,fdif~terlt ~~4~Y ~ different -~ 'T:,;;\i~,;;;~,
for loadtn~.r. Tn~"are SU«1~~Iu~~ hi\~u.Uer(lt83). n.~; '~~~''~/..', j
sllmma.-y iSteproduced here inFi~ J.t '~'of~\mte~ Wbkh ~tp",
autom&t~d .manufactUI'Ulg system more than others arc &cwsed,\ I,

'Ii '

Consider th(~case where both the tmelt or the tractor train and the load iransfer
(,stat-ion are a~ve during load handling. In this case the tr..nsfer of pallets occurs
from stationl\l'y conveyors to conveyor segme~ts mounted ~n the tractor train
(chain 01' roller conveyors). The t1'al!tOrtraitlS with lifting ?latto~ are also used
to lift paUets trom stationary cbflin (;onveyors O-f ~t palle~ ~h.thel1l.

m



, Jiv) M(ldel Structure Description:
ii This is a convenient representation of the shop floor device orsystern
II "structure. The' representation facilitates the ,generation of next
!J events associat~ with material or mobile equlpment,

5) ~~fl;:lZemodel Inputs to model outputs in real-time. i

o I! I, n

tnl~ilisstep the real-time siwul,tion algorithm is used t~,rrelate model inputs
to i~~odel outputs using-the mathematical model. the c'\l:luipment states, the
m~~~elstates and the model structure representation. In this step the modules

of.l~e buildins ,block model are identified.

6) S~I~clfythe internal module interfaces.
1'1

~nlfcin~~~ ofthe in~ema1~od~es ar~ spe~fied in terms ofbowm~u!~
tllf:~~Ptber. This !MYbe~ the form()f message paSSlng or

L ;"
7) ii' ~~~At aU. the" ~q.le.c; Jdenpned" in ~ previOUS steps, tn the cbosen

~~~I\ lari(Fse.
3) ~~&toCk lDodef\~Udatiuft.

~!dtb.fipilte bui1dlDcblOFk J1\ridelsare a~,f6r an types of.tattott \,\'
1J\~'i)., tINt lOPw mo.~ and .the V~OUl' intw::onnectiOllS with other

~ bURme........bI.OCk.m.add&. 'I..c :~....I ~nT uirIs'::"_..I....lic •. ""'~ • +.~~<. ,.M '; ~~~ .•~
.of~W ~t$aa4" t~ttiWawith ~~'~~ ~t1oor cioM
or syaem in·real-time. \ ' ,

V,' . , \ ..~

9) ~ ofh\lB.,bIOck ,r-.to~~~~Ol\ .tem libQq.

~ mode! validation has ti~ completed l~~~,the associa~~. modutes
operate as required, the buildirl. block model is t;1~~add(\d to the library of
the simulation system.' (~ \\

c - ;, "0,
:, '\ c.

9.3 Th~ KequiremeDts For Distrlbukd '~lmplatlori\'" AMS.
\'

" 1\>\'
" ,':, \\!-

, :s~ction 9.2 enumerates the steps needcd\in the real-tim. mode!i~pgof A,MSI\ShOp
";' . '.\ ,~, """, '::~

floor devices 'or systems. Thia ~c:tion ~r\f$Cnts the requircment,\ f1')f su(!COlSful
operation of -a simulation constructed' rJ~~autonOmous moduit4~;wbicb eoV:l- ii

\ ~"\~,



into an understandable and useful format will greatly enhance system under-
standing and give credibility to the simulatiortsystem, Therefore, the incorporation
8f graphic modul~ as described, .albeit at a high overhead, is justified.

6.6 Constructing Building Block Models.

Th~ 'previous sections have identified all the aspects which must be taken into
account to construct each building block model. Thes .. aspects identify a number
of modules which, collectively. implement the operation of each building block'
~L The internal module structur~(,of each building block must. support the
logieaJ JDDdol and the mathemadC!l1 models necessary to desCribe ·lbe physical
behaviour of the corresponding shop floor device.

In general, each building block model will include a model structure description
module and some IneaIlS of maintainIng the modelstate over time. The structures
~ssary to implement eacll building block model cannot be genera&ed and are
thus discussed in;lIl appe~,',lj·for each.case .

..the ~r -tr~model im~rnal ~tnIc:lUre11dis~ inAppondix E and -
an ~~.'of ~ model'. uperaUQn wi~b ~ to the real ..time algorithm is
presented. Tho AS/RS.· th6 AGVS, the rbOOtAnd the rontroller model mternal
mOdule.~ _;bdefty diswssed lh IN>Pt.l1dicISs F to It:~iy.

1'his.~r pte-utl the requitemen~ tor !tlleidentification~f the internal
moduloa pf tho building b~ack modols 50 that r.!~.tim(fand fl$ter-than·real·time
models may ~ developed. 'FJ,Uther~tequirerl:1\,nts for modeUina equipmc:nt
breakdowns '00 ,. means of presenting model ~1pt:ra~ol1by graphical, animated
displays ha~1ebeen d®lSSed. . \.

// "



:W~~pa1iottruclcs, wbicb·ue·fQr';'for~t;ra.fll~;r~\l*,,~is~eP
()Ut.~~Cfing th$forbattM~~n.~loadhtioff~atd·~
.b'lcb(i$(~~ by means of 1Ul additional load transfer station \\'1m lifting aad
lowtring equipmem. c,

For Mid tractors,the load '4'i~r t¥en froma console. a conveyoJi~ra ,~ing
~it wlUi enoug." clear lleightPTh~Ufti~ and lowering equipment on K~itffi.ckis
usually a\,'iive dtlring ha!1<ning.

t12.



municate by exchanging Jrnessages. These requirements are discu5.ief;!by De
Almeida, Macl.eod and 'lpma (1?85) and are presented here specifically for the

,I t! ,
case Cif AMs simulation)' /1

• 'i

"\,,! ii

T:~e requirements for, d~stributed simulation are:
i,'

:1,
\1

r1/
9.3.1 !l~ SimuJafio.n:

0) From ~;nexternal observer's point o( view, a LP at any level is
mode~jed to look exactly the same as its corresponding PP.

(li) A su~lable simulation architecture must be chosen to ensure that any
I, "

: LP 'an conimunicate with any other LP.
'I

(iii) 'A~""""Uitablealg" Qrlthm must be devised to ensure that parallelexecution
\ ~ ~'Iof:l.Ps is possible.

l(sp) ~LP falbe dWJibuted sUnu1ationmust ha~ a~ to a global
,'< I} .. l ..: .;. -co :_, 0-- .. :. / ...... ,,. ..:.." .. '. .. :..~ rl ," ..: 'r' ' '"~~~_ reference. .

1/ (I' ,

1;1

/ '>, "ei '
~i3.3,;JtfI;ICct"D.a"kal~l1- ShBwltmm

,)

(I
(i) All the general siInUla~on req\J#cm,nts.

j
(U) All the reaJ·time simula.tion requirement$.

(iii) AU the ~ mu:~texecute at tbe· same. nmltiple of~l~time ~o that
. the PAS ..(Jp~~til18 ~tem ~n maintain synchroniDtion between
~

II (\

1\ I,

9.4 Reeommen4a.tiolls For Future Investigation ..

'The areas for future inveStigation, as identified in thlc;project r(~p'ort,are presented.



Up to this stage of the work a modular simulation sYstem has been proposed where.
the advanced manufacturing system has been divided up into a number of models
called Iogical processes.' The logical processes include ioAS/RS, robot system,
AGVS1 controller and conveyor bailding block models. Collectively. these models
simulate the operation of the .4J'\ifS.

This chapter discusses a computing system architecture' that SUPPOItS the inter-
connection of tbesc models in forming the logical AMS and the ·running of the
real-th;")e otfaster~than. ..real· time simulatiao.. The computing system also supports
the configuration at the togicaI system and this is also discussed.

- 7 AN ARCHITECTURE FOR SIMULATION

. 1:...... . ... >. '"" ......

1) .~ ~~Uaftttf(1).
2) OMary server (tS).'; "'"
3). User interface/duster ~n. (trt).

~, •. ,. '. . " . ", ',' ,', '". -: ,,!j. - ,,'- -- - -', -' - • ,', -- - - - ' "

4) i~~.a units.l!achi processina um,t ~lasi'-s C'Nn memory denoted byM as 7\

.hown in·~,?l,

The unerface PU 115discussed ~re wt,il~ t'1e,(Hhcj PUs .are considertd inSection
7.2.

;)

1.1 An Architecbn-e For Advaneed Manufacturing System Simu!a ..
.~tlom-c

1~~,..'.. ..' - Ii • - . ;'. .

; ~ ar-c:bi~lN~15 adopted ditoct1y.frC?m that pI'()pO~(tOyDc Almeida
~ ~d (1935). Tli$ it .1oeally ..distributed<multiple ..proccslOl' ~P1l3
~Ul •• ~ tor roal~~. COilttol applicatiQl'i~.

,., I,I?

The atdBtectUr# of a flm;ulation ;<:}u;.tef Ij spawn in l<1gwe 7.1. The_ $imulatiOD
~i~~ lJt:~>~"'~I,~~U (PUs), wbic:h ~te QY~r
aLAN. "

Ii
1 -
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As"nnted there are no standard interfaces for sOOpfloor devk:e intercemnection
vdh host computers. In termsoftht interfacesprese~ heleastandatd~ans
fe/equipment cohtrol is necessary. This requires an in-d(epth investigation into
the primitives neCdS8CYto control shop floor devices U54ed inpractice. A set or
primitiitOSfOf each dmce must be compiled. Further, the information necessary
to maintain sufficient imQrmation relating to device operation tnUlt be speci-
fled. FirlaUy. a standard fur program dOWnloading/uploadhlg is no~ary.

~.4.2Coultrudjon Of Models.

Thi$. ~oj~ct report hIlS considered the requirements for model construction
.nth.tJ.w.objeatve beinJ to dofi'1e,a .methodolo&Y for the d~ent·of)
rett1... shOp.ttoor&Moe models~The work· p:c-.ted in this rroiect'ropon

.tmliomUo:WS gOaf and thus tho· detaU neceseaty f\)r tile ltnpl~
I"U~IJII,,(~~1.. -aJ ;~ I)'Stem bWldfIc ~. _"Js.·j~ag With. ~

·····iQlliOJIt).tDlf&· .. not· ·been..~ For. this fOCISOl1} ..-r-. ,... ," .. . ,

o

1-"

If')phicat~Oftke~.M~.,..canplVlftte~don
at an leveJsdthe·~.~.·A-tlJIIStf9t~tbis~_and
c1oriW.1s uMful ~es of system perfonnance ftom this ~n fl.an
area of fat'qte lnYestiption. . Ii • ..

) . 0

()

I I
I



\" \ " ,..-- ", (l

In S~V"J," e~ri..stks of the interface ofAGVs and other equipment on
the~cpfioor iIlclude the foi1~pos$1bilitiCs: active~pwivet passiVe-active,or
activ~e. -

Conveyors are uj~d' \'z~benmaterial is to be moved frequently between specific
poinu over ;~fIXed~ath. The ~aj()r types of conv~()rs used in automated manu- l
fa~nuinl systems

r
in~t1ud\~~.r and frf!e eomeyors.. monorail conveyo~ belt, f

\ . :. . .
roUer. trolley or tow typc'COtr/eyo1'$. i?.ecalJSe of th~ cbaractert..stics vf roller 9p/
~.~ conveyor systeIti's! they play an especially Important part in automattd

\ " \~,,' ," [I

m'~uW:turjngsystemSc <\ . • .
\' " '0,'

(..~1tiOUOWi floor traDSpOrt,rs, ,ucbas powered roller and chain oonvey~i:de
~~fortraD5pQrt. eoHec\~lW1l ~tioD.RoUer aI\4'd13m conveY1~ue
(lftn ~~ 'at the m~. \~~n a ~ aNa bd.otiacw'equ~fnt A'S

\ .. ' 'I, ". " .. . Ii . Ii.' ." .' , .. / .~~r;.·Y,i:'y,?;J:vi" r ,·t,''' ~\:.>;. ';.," ,,'Ii
\\ ,,',,\ ,;,;",.',<"j,.'.. 1/>·.··· .: \ \+. .\ ,/
"':~""'" <~_.. ',-.'.,'/::,,':: -',i, """."',' ,,,:)',",., .;". ,"\'>.::' , "{' !I"'\{~~_"Ol'I!~\\,"\ ;:G:} " .:,,:~\,""";', .r.t .

;;:':<',~\,n{\(.··.·.'.~·')):\~·>v! ..:;'::·.····'/·iS· "";)/ . ; ....~j.... ,," ·',;~'l·.".'c .•;"<'(:,;:,,,:;,.~,i~'~·'.·
\+ ••..••••••..•..•.••..••.•....•..•.•......•. '.... •..•.••. \, .•.•.•...........•.••..•..•.••.••' ..........•..•.> .••..•.••..?,~'.~~..~.-..~_..~~....'...·....·.·.4ltiertlt~~·

c •.~ •...~ .••.•.••••••••. ~.. .•. ..•. .•.••.•.••.. • \'Wlth~ }~r '••.•..•..•.••;it~~ ,;,il'\" ~ ••.• g~~~~.;~n.·.· .•·..,\.~ ~;. '.' .. ' ,;;~ •.-,.g
;.;~.;~~~ttu·.9C).~;~~~.1~:~,~,~
.fto;JJ..I..~ ..~~ «;. a.~ ~on ·and imvarc1 pobstSt ~~ ~ ~r

_",', ;",", "",' _-;'.' :'\;," :-"i." > ::-",':',", ," ">,: ' ," ""'," ' "_",, __ . -.' "!', _, ._ :" ,'_";,_ ,', "C'_' t.

lU8... rlal fr(~ ~~ to maUl ~ions.
"

Wad tr~ is .effected wben ·dle.load·~UIJ1S{)brted to tbo ~~ of·thte
COAVcy«. syatem and .~ onto the neD ,conveyor '~ ',tiM eOaveyur
HcUoll may be active while the odler ~pas&ive Ofbodl may .. -'*- (HI! .tWo
powered rollet conveyor'sectioaJ both ill moti4)n)~

111
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9..5 General ObservatioDs
"

Shapiro (1987) notes that the real value':ul computer-integrated manufacture
j.. . >.

(elM) is 'derived from ilie total integration o,f data collection and from the
automation of all aspects of themanufacturmg process, To be effective, a CI~

- system should encompass everything frq1r' conceptual design through product
delivery and include, computer-integrated~dliafting, design, engineering and test.

!

Inatrempting to provide a modular modelling philosophy which can be:integrated
into the concept of alt.~a number of implications in the work presented are noted:

n " ..

1) 'The system level ap.prond: adopted for ;i<\Ms simulation has required that all
aspects of AMS be c.'Jnsidered. This h~s precluded a detailed investigation.
However, some det';l has been presented to al1o~ discussion of the simu-
lation concepts p~:

lCl1.



B.4 Robot Interfaces.
))

..The robot, as definCd by the Robot ,Institute of P~rica., is a' programn-.&.Iioie,.
multi-function manipulator designed to move materials, parts, to?ls or'speclalised
devices thrc 19b ,variable programmed motions for{he performance ofa ~jiety
of wk$ (Productivity International, 1:98u). IndUstrial robots generally cbnsiSt of
the fr~e/stl"i.lcture, the manipulator. the t;ontmne~,the power supply and illJriGre
sophisticated roboi; a sensor syste;ql. The. manipulator is ..a servo-centrelled
mechanical arm which is capable of P9sitioning the .end effector -(&ipper) any". 5

wher~ in three dimensional space with~.nthe limits of the working envelope of th,r
robot.

RobOt tasks faU into two categories: material handling ana fabrication. The robot \
II . -,can exeglt~ these tasks because o!)ts ability to use tools and\grippers . Grippers

are ~~ grippers and iUrfa<!e attachrri,nt type devices such as maanets "!ld
suction cups or various \tinls. 'llie mt'~hanicalcgrippers usually employ movea}Jte,
fing~r·mce, levers Md ~y one ~oootb~ might have several sets of dtese opposi~d .
t'inge1'$. Th.e ~!'S ·tJi Lt•.; robot form. the m1i:terlal tr_ansfer h.,tem.Qe with ott.~'r
eqwlJP'.-4Ot:ainc4 ..this js·...how !la~beiiaJ.snd'(ools are trtampulated. . .~'.. .. \\

•• .••• •... D • \;

.~ .•~~.~ly mtmu~ with.any ~ ¢eq~prnefit•..H~~er. rot1>t'
-,~tfates ~ •• ~ equipment Me charlcterlsod. by their pre<:&e ~tUm and.

::~~:':';:':h:~!:~_~~ti~:
. ". ... . '. •.... ". \ (.- .

....robot· Will kuow itS poaJtJor£ •• the robot auesup" to }ila: up Ulf; ~rW.
:1{ec:We of the robot repe:a~ity, tbe robot. can n.tarn loads to procr&n1med
po&itiom.

lathe we oifobot~ in~races, the J;~ lftUSt '.con~posJtloned·
Ii .I

andorltmtat~ btIOR the robot ms.ypick !,up, insome ~ ameamdfi)"*'l"ri.nB
the o.."ienwlon and position of the material is nece..~fY when the robct deposits
the I!U\t~rialon the conveyor. To' this end. stopping ao.d clamping~~evices on the
COnveyOll are used to S'LOPand then clamp materia! in position .•1J50 pallets with
parts or roo15 precl.~ly positioned in the pallet are used. The pallet is alSo stopped
and clamped in a knt-~wnp~ition. The irobot can then manipulate the individuall

.: ;.. I;

parts, This is generally the case for all robot int~rfaces_ an;~jigs and fixtures along
with customised means are used to p<>Mtion anti orientate material.

c' 1,1
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" I:

7~2 Cq,llStrudiDg A ~l)gical System For '~imulation.
" J

We disJ:uss how each processingunit (PU) in tile simulation clusteri$.used in the
,',' " . i: i" ,! ",'\ ~~

coastruction of a logical simulation system. u1~jngthe building block models or
logical processes. Ii /' «

(l ~~2.1Processing lJDib,
\ \

The building block models execute on tbe processUl..l units. The. internal
modules of the, building block models m:'t}lbe ditnibti]t*d as required over a
numberof,PUs. Alt~rnati~/ely,more than ~ne mode! may run on a single PQ.

7.Z~ M_ScCi';lf~~~~ __""
.. I .' ___

Th,e~1d,"~oekmO\l.l$andUlCiraS5tn:iaj,ed~1e~~storedinthelibrarv"
",,:.,"" ".; i', : " ," , .... '<. :. ",,:.... L ."~;V.P~,~ ~ ~ ~C, _11-'~1:,,~~d ~9VIthe model:;~,dis-

\ tril:Ju~ !qv~ t¥ ~units~Jhe ~IUles from ~'bichthe 10gi~ systc;t\~":-=j~~='1'u~~~
,I. \, I • ' i'·. I I '" '.' • • • •..• '.•. ,' • '. I" . , .1 ,

~~ .tJ'§U :~=-lclustcr confisuration pjU isused for thefoll'lWirig:
, .' ii

In.,,t~tJpt~~'''tn the_r~itsoi~teaCh equipment~r bLIilding
1'1~4ll~~1. For .. ade1so~ me ;JSfJris~ withU: thefralne\. ;)li: 0

~, ofltte o~~tIIbIock'S !oP* DlOdeL In':t!Ms ~y the specific module Char.. I:

\~ "'" actet¥~jC$~~flchoset: and ~"COJatroi, signal. AlB 8lld'material tnWfer iLter-
~\. \~aces a~'~.~~~up"11f noce1ary, e~ipJnent models which require COntrl~J)4"'r

\ "\ 1110delsa_J'ein~'tc:onne.Cled by sPe()!\inI the signal interface connections. ~:
\ \~o~~Uer~rod~\1 output.1 is contW~d tb conveyor transport medel t, input 3." t~~~belr~U£'~d usiag gr~ph'iCal_~.,· '. .

, .... '<" 0 ()

,\ dnd.~ the logi~ $yst~mhas been constructed and the di;,;trlbution of the internal
\illodul~:lof eaCi'1,huilfiin!, block model ever the processing units has been
d~cid~d~th~nece..~ary\~c\~lel are transferred to the res~e processing

_ unjt~ non) the Ubrap' s~\'yel'\PU. The user caD then specify the sWting ant;l
~ ", '. "', \\. ..... i

\~

\\ ,:
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\
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In automated manufacturing sy;;tems tht,~4)b~'tjfused to l~~. unlotd and'; to
change tools of computer ri~~merica11y"controlled {~C) ma¢li~s. These
, II12cb~es, may h~vetheir own customised lmid/unlOld and too! rehangi:!lgfacilities
but will genemny exhibit the characte~sti(S of robOt typ~ intelfaces. The robot
interface is active-passive in nature since the robot is resp()ljsiblet' in alm,ost ~J
eases, for acquiring a load and dispG~ingoof the load,

One furtber interface not yet discussed is the robot-robot interface. This is the
case where two robots manipulate and transfetIr~teriai between them, Reseerch

" • II '
is ~lrrently underway to study the. requirements of this interaction so that an
ulJders~ing of' manufacturing-devlce .co-ordination; can be .developed. It. is

\ , . .i/ "
hoped that the deductions from this study will aid the cr4velop~ent of fuHy f1e~ible
automated manufacturing systems (Hawker et-al, 1986), \\

,\
\\
\1

US.'



'." \\. \_',
., ',. \\ \

used to test the proposals put forward here. The maj~~ point is to limit tL~,~\~\;o~\~
of the development such that a woddng p.·otot~ may\,1eveloped within tht '~m6.\

, , .0\... ". '. '\ \\

frame allowable for such a development. I ~" " \ '\ \ \t
\ \ \ '\

In summary, t,his project report has Se~ee(as a vehicllfor(~cquiring a small ~~~\, \
of the extensive knowledge base needed /;n working with actvaflced mcu,lUfactur!ri~,\ I

systems. Valuable experience in the fields of software engi:neet~P&simulation andl\,\ ;'~
real-time distribured computer control systems has been gainee!., \\\

, I' ~j~i
!/" P

9.6 Conclutiini: Statements. -, l
" '\l; ,j?

InCh~pter 2. the use of physical and digital simulation for theanal~lL;~fA~S is
prescllted. Physidrl simulation prOYide;s flexibiUty.with regard to\ iiil'\~~I/ySt~m
. evaluapon and is the major advan~~ of this approach. In the case ~Kdigttz!l
simulation, the ptogramriulbility of.~he computer and ~t. man/simula,foL~inter"
fact. ~I~ it valiety of systems ~ be ~imulatcd at ai~()St, any levi of d~\tail.::;.=~~~~f~::==ur~~
~~~ l". ....... '\j . '..' .\.no !'UiwiatiOn !iystem Pr~ bere utill7a concepts ~f me,ulat modelling, .~

~~~.:;-~~=J\~=:,,"~
.telml tl1aY tie ~where cont(OI.is exerdlod f:om the li4"tUal cOt~,~ \I.'" in
~.'~t.~~reaJ.ua ~on aIowstkcootnit~~~'l1Cbe .'
~ lO its tiJtJb. ,,' / \\,"

=T==Es;:;!~=t!
in this projc(.t r~:t can be used as a design tool jdr AMS amdy!is. verlficatf~~r'
and Optr-AUati9'Q and as a research t,001 for:; / . \'••

/1' -, '\.~

1) tht stant.hurdlzauoo o(AMS building bl~~ks and n~'llcethe provislon or<
off-the-shelf software anc! /' ..

. . .1
2) ., fo~provi~ an.accepted p,nd inttl1lttid AMS cor.q-ol syst~~ stiuclure.

(i
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stop~ing t~s of the simulation run ID.'1dthe ~imnWd\)n can be initiated. Note
that the internal modules of single buildh~~block models may also be distributed

o \,':
over a number of PUs depending on pr~r~ing spee~ requirements,

The graphical output from each model Cal~,be observed by display screents)
connected to the PUs where the graphics mo~iulesare executing. Also sections
of the logical system operation may be display\~d from the dtS,,~)' scree= "Qf _
the central graphics modules. This is achieved-by dis~ the OUt1' ,t,t

number of graphics modules on one display screen, thus giving an overvi ...", ",'
the operation of sec..t:ons within the logical system.

1.3 Chapter Su~mary.
\-

In this chapter we have adopted the distributed siInt,liati(\n computing S5~,em
arc:iitoeture as prqpo&ed byDe Altneida and MacLeod (1985;, The major re~(.}ns
foradopuq tbisJlrcbi_e is.the realizationof ttMl applicatihu.& asesumerared

I,' "--,: '

inSection 1.4. ~OOly, the simulation archit~cture captures t!le modularity Qf
m..P~~ ~~ ,thu.~p~ ~, o,f.loJiQ81 syatenl confji'1ll~ti~n.Flnatly.
- iIrdd~j provides.~,.~s~ted ",ithdistributc\'i arcnitectutes,
namely., IU~larityf ~e~bllitY of commumeation,xeliability i(nd uutintainability .

. \._J - .) --, ' __ ,I - ,_ _ _
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A~~~~~;l)IX,~~~\~i"~#~~N~l'\.Adt\fATER~L I~ TI-ni SI~tJL\TION SYSTEM
',' \',\ "," \ \'. ~<~,\\ \'.;:,\ '\~:\ \\

\ '\" ".,':" -. ,,::. \\ ",: \'\ \'.'; , - \':,' , ' "(, ,', ,,:(1
,~n (.l~JPter 4, l'u~4er~~r~rO~~~s("db~lthe simut~tion system, ti~'atis. raodels of the
a~\tuaI_~~';:H~ri?llin:!~{le\~u\i~m(~~edmauufacturin~systtm,~ is classified a! a collect! ve

, '{:::\, <:, >'" ,,'i ," \':, \\,_ ," \1\'. I \'. ., ':'\\ \\

de~~riJ:)d~>.I1Of thi;~fQJlo:yi~\g : \; \
\ \"\ -\ \~"\ \,<, v/'" .. -. J\\

1,) PaIt5., '\ "\
'\ \,, '\ "

\, \ '\. ,~;,': "

, '\ v :~",I' \~p " '\\ (;;',\\ -s.
ahet~, 'I, \', " '\:~ \\" "'1" " \ \:\

\:~:!:::;:~~~~\}t:;;:~Al;~\~\:~&;'C:~~.:~ed::!;;::::t~!~:!O:~::~.
~a~turing sy~t~:tl\l~,i~;;~,}~0tl."<Jby th~ i,~;rm'1\)glc",1 system" .

.A~1;.R8rt~.•• tl~~t:~;\\\\ '\. \
\ ':, , , 1\ i:>" ~" \; c:\ \\ 'I" I, ~. r

, , I, ' c' 'I" "'\ ,,,,, '\""\ \. ,I" ,I "

" , \ "" \~" '" ,,' I,,,' I" '"'''' , "" :; 'I" 'I" I,',

<,., ?~rt~\~~' ~he units ot l>'r;jf}ii~;.;~onhft~~~\',}~\~'lls~~te\ll.A part in the logical systei;n
I'" \, ,\, "I ' \' I, 'I '\" ," 'I ,," \~" \ '1\ \i' I." • ' -,
:(\rep\e~~.nt:,\~~t¢ritll frt~~~,~fl~,l~~wst}~g~.t~~e\'~'1.rk.~~i~~estage (during processing),

~I~~~ tC\~~\fii~~~,b~dProdU~f~!y~o'~\~~m'~tl.u~\~~d\~orep~~~\~-ntparts is showu inFigure
j~\"t"" \ ~l':{/' II \;," \1"",, ,,' ,\1"" '\ '\_

.: 1\',;\1~~\ \\ I\." ii" '\~\ \ ~ .'\. ,'\. \, \, ""',,, \ I", ,,'" \\" \'1' , '
ti\\ Sij~a~\P~~*Fi~~\t'be descn~\d ~luantit~~~vel~~uf1l~):.\gtometrif,,~r solid r~mdel
\<,is ust)1); \\~e\~r\~pe ct" Fart h~\tel!~,\ of ~~\Pt~uction, t~p~ratiops it is subjected
~1'F " ex~~i~e,,,tty{~pog opel:ati~~ "clfe6",tll~ocatiOn ~"fthe part hence, t,bc
ll~~,dfo \t ~~~~;f)-oi~tinates.Th~;~ are three '~n~~ional cartesian ee-csdtnates

\t;~~~~;it~r!:~:::;:::=~~~;·::o:~~~§:o::'
1\P~'it \,als~\i.lUi\a(tedseh~ 1.11 terms or a par: list al1d a ~briCatiol) list The part;

\ li~ls!l',lW~\:'be\r~,rtlr:hicbhave been used to a.,"srble th~part under discussion.
\ The p.ar~·~~st\~l~~··~~~(wsth~~assem~l~~)seque~ce. and ~frequired, th~, time .of
\ ,'~sembiy. T~~ p¥t~is,,~anhe compared t9 a bill of materi~s, The fabrication list
\ i~\a list of all ~:rot.N~~.in~\,)perati\mswhich a part has been subjected to. An entry
lO"tJrislist lni~'t inCl~~e\iQe following: rivetL.~gat machi~ 1. The ~~I:trie;i~ionlist

x ,'; , \'.... '\';, <, \\ '~' .: , , ",,"~'j. I\,

is '~h"Ular to a roule she~t.-~nepart.list and fabrication list may on?, ':iipdiVed
~t 1~~')(J:orma:..:himng st~~10HSwhich are capable of performing th.~se operations.

\: \ ',I)

2)
3)



APk>ENDIXC
,~."

APPZNDIXoMA'fERlAL~\NSFER PROTotOL StECIFI~TlONS\. c(,.' ",'"

, 'ims appendix includes the Prot~~l specifications for three model Ll~~~Ces.
These [,"'e: \

1;\

1) ~'cnveyor/Cc')l(1!yor Interface •. \
. \

2} Automated Storage Retrieval Syste~/Conveyor Interface.
, " ",\-,,',

t '~

.') Robot/Conveyor Tnt~rface. \ \ .~
,) I}' .' . \ c .\. •

;c'!'hese examples have been chosen to mU~~{zl!eJhe i?t'otod~l s~A:i!ications, fo!'
activ('~a~ve, a(,'tiv~.p~ive and pass.ive.act~v~~~nte~ce~s. ~~robot intelface
protocol bas been !l1ustrated due to l;C_frecud rl~tutCl~The fotkr~tmafU'ethe term,s
used t~~hisappendix. ' , \

':1 eil.. .,(;." ,§) .... ) 1\
it • '. . ~\~:<>rte~.:, r" \~\)isis an}\~lat~rialhandling operationwhicb~,:,~f¢1)i~~OQlo/f$a\)~ ,O! p~le~
wJS~hrespoct \'\lU position and orientatiorLTo c~~"'~eJl:e~litlll~ tro~1tot
~tted (0 Iotatoo will require an adive operai~oli~.tbe tn•• nat. p~r ~et
on ~!lc~nveyor, a pallet or ~ is s~op~d tmd then physicaU)'damped~r'position'
~S pneumatie or other rucans.. This ine9.1os~tbepalpt ~ ;~1;witti\ a- bow.c
~jl.ad oneiltation aM hence ~te;'~~eml ttw:P.Cort~ ~o·_imal.n
. ,

this swe jip a.n~ifixtures are used, In the simuladon _m.. rmaeriaJ tllat Js put
mto'••JIt.OI &nur. ",in ~n 4s '~l'-"4" ~, r'

l.oa& \,. --;~, .
\\ /"

~~>. ' ..... '!." .•... ,:1

This refers to material which is to be tfCln$fen:edbetween buUdms blOdt..Jl1()de~
, " . ',~ \~, . - _', ',; - . ::' -_ ; ; ',' . ',' .:

Recewq or Senc.!in&Modules:
The terms receiving or sendingmodulesrefer to tbe sending and receiViJl~prot(lCol
modules ~t, exisl~tbin the common ma~~riaftr~~r .~terf~ m,~ul~(see
Chapter 4). In some cases tho terms sending Ofrecel~l~tginterf~ce nlOduiw ate

".used when the use ohhe above tttminology is confliw,.



8 MODEL JMVLEME!~!A.lION FOR DErdON-
c

STRATION OR VALIDATION PURPOSES

There are three major reasons for developing demonstration models, These are:
~( ~

1) To gain experteuce with the theoretical concepts proposed,
c "

2) Validate the modelling approach and simulation 3J~critbm.

3) Gain cre1'~bility for the modelling approach.
~

- Work has been sta:rted towaI'd~the development of demonstration models. The
'most suitable model for demonsttstioa purposes is.deemed to be the ~(RS:T,be
reason. is that this ~ysterrIJncorl)on~tesall the concepzs proposed Tb~~i!Stel5!;
requires a~t;ontfoll~rmodel a~,!ri~ i~&>rporationof ail options as spe<fJl~aby I

the ASJR.51ogicai model. Sccotuiiy, the 'possibility cf C(}JIlp~ori end int~n:on';'
'nedoBWitblile ..S/RSat uWrfJC(su Lun. 1986) formodti~ation pu~,
~ ,',,' (i

;\)

11lJ$t~dfs~W,c;::~ectidJtOf Ii COmpUt~rand ~t;yltem tdongwitb·
t~ateal ..tft:zieen~~, }~,mOdelimpleD1e~01k,;,> ... C , • r-

,"".,., _. .-

Aw~i!e~tionQJOd~oftheAij/~is ~~~heresj11lPl~operation
oftll •.PN.t(){~~~m!nd ~ial;.ttamftr 1O.n4 troJll.tll,.A,6IRS~
(" ".. i.. f. ."7\, .'_ ". ' ,_ "\ '.' ,_ - " .. . ..'" . ' __,_>.' .. "

~is.~ aswen~'I'bis-'tat.es t~e,~ndiaI at PAS pritn!,tW~",~tbe
AS/RS controUu ~el with _ocl&ted material urhrc~ and 1!e'POV8.1s. Atsb_.

Ii ,. ,

simplificci mc8J!S of monitoring the·AS/RS operation 'along with .~ensive lUll- r

mation display faciliti:a is M~·.

8.2 Se,1ection Of A ~mpute~ System.
(,

Due to the availabilitY of mM-pc computors an<i,compatibte romputcrs, which _
have.tl1e desired l1"aphic~~t:\~ilitie&, these co~ters are de~edr,~ostsuitabl~'~,

_ ; .,:'.J '..'.'



C.I T~~eMaterial Transfer Protocol Specification For A. Convey-
or/Conveyor Interface,

~, " ,~ i,,!

Ihi: spedfication describes the protocols for material transfer between two
conveyor models. ,This specification supports, an active-active interfaee. AI)

.example of this type.,of interface is the interconnection of tV/O powered roller
conveyors,

~ ~
Ir'i.ut/Outnut Polnt uefinltion.

" .!1 Points at which material is recelved.by the conveyor model are defined as
1"- "input" points. Each input point is ~haracteriseJ in terms of three dimen-

(, " .. \

sion",\:~esian eo--ordirlJ,tes. The dimtmsion of tbe input p<>intcorresponds
ttl the physical conveyer widtb. -,

~"

2) , Pobl1S at wbidrm.aterlat is transported off or removed from the: conveyor
.modelated4iined as~OLUput"ji~oiat6.Each ou.q,utpoiat is dwA~,iD
·/....... gftbr~ dir~(!anOldQ (.0>07:diwu.

3}" .'.~.~jM)int.a1dDit8e top:al ~ Jeuat!hm$,'be defi~eda, tither

" IItlllpUl pom~Mmt pqlm:::l' . c .•

, n.lI1fM/~~-"', . ' ,~·l1oW,~l()rdi_e.,"ar.~
~ .MatUtNyrelw.nct ~D on '.1oF~ral(simulated)shop a~.

<M.... ITran.r~.'sencll.COn .... ~toA.I~
I'· CotmO'or.

Ii
I)

Inthis $tCdon the mc.ssa,e pas$& et:mdfllol'le\1l1~adon Md condition failure
action for the conveyor/conveyor i~terface .is described., (j

Coudition Evaluation at tl!, Sendflll Conveyor .:

Materi?I Itraldfef is b1Jdated by the sendina conveyor model when the simulated,
diiection of conveyor moti~1l iii towards tbe output point and the load for
transfer reac~es t~e OUtput~biltt. In this cue, t'le sendiQa CODVf'YOfinterface
module sends a requeo:t to the receivinj Q)nveyo~) interface modUle for it to

,I
accept the load. The sendina conveyor in~ertace modulO sends the load to tile

111.



receiving conveyor interface t-· ')dule along with aU th~ necessary infof'tM~ion
for condition evaluation. The sending conveyor interface module then waits
for a reply.

Condition Evaluation at the ReceivingCon-,eyofc.\

Thereceiving conveyor interface module will accept the load if the following
conditions are fulfille.d. This is called condltioneealuation.

A) The sending conveyor output point corresponds to the receiving conveyor
Jnput poW (in terms p(globa1.CQ-ordinatos).

8) The. 'lOad can be handledltby the recching conveyor model (in. terms of
logical. CGlW~vorwidth). ( .,

/1 ji.. Ii
C) 1h.ti:IpUt point ;$ not o~!~kd by another ~paa;

I~!!
D) The tem\;Utl' :Oll"cyor ~Irlll$portmechanism must be 'in m.c.~on in the

,~.~'n to atocepl~~ load at the hlpUt; ~

If II b~ .uitions _ fumll~d. matbrlal trattSfer ii~L 1l1e
~.~._~ •..~ ...... pofitive reA to tlet .......
~ ••lntetf_/~

~ " . .' ,~ .. '. /') Il

·i.· <~,~ ~.t.·rA.ReceMna~·
l' 'f\Y ,,' .• ..' , . r'? . .' • . "... . 11'" . • . ...., '

"', __ . , (j,_; .,' - - ': ,C,';'_ ,.:-::,_'" __,,: _ .. •• ,' __ '.'.'.''' _ '_" _ '. _"" _ ','" .. "'_, ' . __::: ' _ ": __ , ,,-,-.,\, '. _" ,_ ,'J," ":".11'~''':'''~~_'''~~~tlmeii&''e~If ..t
Ot·~~'fa ... "" ' 'i":.'·.·.Z~~~4.~~~~~~~~_b&M.~·~~.'''! ...umpl,,··dl,•.~ •.~art diff_nt. ie: tbo convey9fS~ nofaHpd. In thiI··casetilt load i$
, .wnOd lost t(J the llimulatkm $~m. 1M reply to the' st~ cn~r
~~. fsncgatt"- .

B) Failure 4)f tbit coudJdon implies u.t the !tud. is too bij to fit 01\ the
reccMna COIMyOf: 'T'ltd load b ~. lGSt.1'he reply 'to the tending

\ ep11VOYOf indJrfaQI module is neptlve.

C) If condition (0) or (D) .fail tbml tramlfer ~ut ~ complated ..ne reG.1
world ~ is that the lOItl~ l.l9 .tthe output point of the s,J.'ldiria ..
CGnWJyOr model Tho reply to the ~ COtWeYOr inter~ moduleii

r neptive Iloq with the fact that the load is not. lott. I)

111.



Wb4n :tlM sending convcyot ilW!tfaco module. r~Y~ ..• positivo. reply, ·lo~ad
transfer is ~d to have occurred. The load is removed {tom the ~ending
(\f;j~r model. If the reply '" nep.tive the k~Mini,conveyor tnOdule deletes
the load as it is assumed ios~ ,.'& the case of the r~~y boir.JI negative with t~e
fact that the load is not lost, then \be fallo'Hing occurs;

The sending conveyor interface D'1od~'ewill be infofl'llCd by the sending con-
veyor modern material tramfer is still being aL ..npted. If this is the case, the
above process will be repeated. If not, the conveyur model' will pel'fonnc the
necet)S&~1operati9IlS on me material. such 3$ tra.nsportinJ the load awaY froPa
the output point or it wUtremain atationa.ry at the output poInt.

D

This completes the C()n~ to conveyor, actiVt·~tiVe interflct prolOWl
5{lCcl!icatiOfli! TheconceptUal rep.... WiJtlfor.tber~_erlal tnlraster
intuiaee In Ulit.caSe i5$boft·.in "'-"nl''''''

1'"1
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C.2;n~eAS/RS/Conveyor' Material Transfer Protocol Specification.

r1is specification describes the protocol for materialtrans(cr betweenAS!RS and
~q-?veyormodels. Th.is specifica rio!'! supports an active-passive illterface where the
AS/RS is the active entit!' in th.e interface., ,,~

Input/Output Point Il"eflnitlon.
"Ii

o The InputJ Qutput point definitions for the' conveyor model ate sho~ in Section
C:l. Iuput/OntpU.t POUltDefinition. The fol~& are' the defllliuoxv; for the
ASIiS! \\ (I

I,l) \ Points ,twh!ch 1lliterial isreceived by the AS/RS storage/Retriova! (S/R)
,' ni'tchi~ model are defined as H:nput" po~ts. wh pt)in~is c~1focterised

\'.,.:' ".. . ', .., """.:.' : ...: '. ':'. .... ......,' '.' : ..." ;y ..... ",.. . ..••. '< .... "" ." '....":'" .. ' , . . .', '.:_.'. '.' .,.i.:-~". ';((it1'••~ of three" dfmensi~hmrteSiIt1 ~!dhmt~", The input Roit1t
;'~.Pon.'tn ~ ptet..uppoiJit of the pieIN, and depOJit (riD) etatf~n
"Y'~"Mt'ItS.;Ttie .~. of the' iDpUt point ll"JGicatet~" lOAdsi:te

1\ ;~'~" ohhe SI~JMdline modeL
n

~r ~',"::.' ,; '. ;, : i ' ,' .. ::' '.' ;. ',,:, : ."",.'. ,', ". . .' ". . . :. .... ',. . '. !' " . . '. \:J

~!'.! 'WlUdb _l«iaf ii removed €tom·the AS/RS .-e ~ as
~(J.\f,~'.~' S_·.·.~ ..·.l)Vim·· i8 ~1t~erb06 ~ __ ;ql :brM
~pwt,..~'~J~~~~~
.."~~~~lQPf~.~~~A$~·.\ .,···.n ....~~"\).W';

)} '. ,_.~ be more man OneirJpl,it or_1ppUns or a &iV-'l()Q~;oa
":;"'~~" .• t~~~)'Oint. c.J ;':>/,~;' .,.,;'-'<fP.;: .. "".' ":>,; .•... , ..~..... ',' {;,\,:.y" ", .

r

In this teedmr,thti ~ pUslftl. 'cof~ evaluatiQl1 and cenaitbt fallur~
~ for the interface .~.~ 'Tb6. proroeoi supports a pwiv.: ..activt
iltterface for transfer from the C01W'eyGf model to the AS/RS.

" Material ttaasfer ia initiated when ~ S/l\,JIlaCltine load handlina ~~btii
h8$ t.n activated and rewas the o.~1'l\O ~int of its·.~l.~ motion t.()

pick up a load. The ASiRS feccf'linl m~te.sendI a r6i~ to tN.~r 1/

sendina module showina the mtelit to pick up a loa.<L
(i
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Condition Eva\uation at the Conveyor.
\

When the cooVCfYorsending module receives the~equest. it will send the load
and aU 1IOce5sary ·infonmtion to the ASjRS rcceliri .. g module if the follo\\ing
condidcns are met» !

), "

A) There isaload to transfer tv tht ..\!' /R~ at t}~ output point of the CQTtVeyor.
, \1

Condition Failure Action-at the Conve .f.

\\

If the above condition fails the AS/RS. rece« ':lg module is give'h a negative
reply r.bd the simulatiol1 system is iniorm~d.1f the abo~ condition is true, therr'

" J,

C IIload .. aent to theA-SIRS rcceivina module with al~necessary inform.tion
. for ~ evat!;lation on the A.S/R~! side. c ((~

Condiuon BvaltJat!on ~~th~A$/RS. "
;-- t •- - 0

If t~ MIllS receive,1 it n:egati~e r~ply.from. (;,j~conveyor, the tran5t.et cycle at
"the receiving nladUli' is tenninated. ne SIR madtir£ conun.ues operation but

Ii ,-_-_ (.) ,

Withnut a load. If aJood.ia.rf:Oeive<i the load tr3.~iel'.it said to be suw.sstW. if1\· . '..." . ,- .,

the f?HpWfna conditioDS are ruet,! -,

" ~). '.l2tc 102-1_,bee~,1~~ ,on the COlm~r'
~ .. -

8) ..•·1... 'fA ~~ ••Jl~ already Ql'l'Yina a ica4' on ~"'~~~ ..
.......1_ \i' ;

\\~.I) . ..

C) 'the Si1t~o loc~.,'ton.pm:c:b; ttl the mltpUt·pomt or theseftdin&
~; ..

. . ''1,'

Co1KHtiOf{.Fdtut :A«lOtl. eM A~)RS.

!fay of Uub above QOndi~ pol the.u• load is assume,",lost to the simulation
system and the sUnulationsys~m is iwomcd ofaw oCCWTen\~.Ifall conditions

'. ,. c I, . .
are m~t .load transfer ~ bu~t\d.anq the SIR machine l()~idblJ1dli~ mech.."

•• C . ii

WSlD (the. shuttle) qrries the lqsd. 1\

Ma.tetial Transfer Frofl' Tbe AS/Il$cTo The Cporiyor P.{odel. 0
\'"- ,- ,-.:....., ~



Condition Evaluation at the A$/RS~

Material transfer is initiate€! by the AS/RS sending module ~hen the, load
transfer mechanism bas bUn activated and has reached the extreme pomt of
its simuJ~tedmotion in depositing a lOad.TheAS/aS sending module will send

, t'. , ~, ' '.. 'I ". ' ,

a request to the conveyor receiving mc ;"J,uiefor the conveyor to accept a load
if the following conditior..s are ,fulfilled:

A)'. The SIR ~ne is ~ing a load.

Condition Failure A~on at1he AS/RS.

If the above COcditiOll £ail$ _ loIci. UUIfIsI is inftiAh4 lAd. ~ simulation
~miS'fllfOJ:~
If the ~ is.t.Dn ar.- is 1eutto tl'c~ recoMng ~le
~iNtt~~':.Ioad. ~lUdatld an'!nf~1'1'~for condition 0"~~".tto.·~,'le~ . i

... :~~~~:~: . \ '\; '..
. ~\~'J~~ ~:l~dflot4 tranMr it".l1.,~IUM~',,');,",_.. '~~._'.t: ,. . ,,'..;,'·'.."i" .. ·, ,··~,~.i "

K:~;~~i~~·~ ~·~--~ti· ...·.•,\~~_~~i.··.'",_.-it~"':':'f.';<;'> ~/~,~;~~''''ic.,~;;;,. 0 •. ~~' ••.

" ,'" . rr-' ", '

~,'-J1i,' ~~a~."1r!~.iI""~':/'",,,.:
,',,'~' 'le' .:-~' s ,'" 'til"" 'J',.,; ,". " t ,,' '" f,.;", •• "',~(1';" '., 'jy,""" . ~-~ ~J'Ot. ~ ,. ," "', '~." .
,'- ,.' , • I~' I ~

''>'1 ""':~,:, '/.,,;,{;,t;r '~',',; , ',: ;" "':;';, '; ,". " ' ~," ,,',I; ,1.,:,/,: '.\ t '

~' •• ~ctimlUt",~., ',I ;'\

. ' " ' '.," - ,::' - ,', ','" "', ~\

ff.. _oUbe""~fd.~~loMl~_IO"'·"'latJon
'~ l'be _ulatioa.,...'fnblSiOd of tho ~< It all ~ "
an. met, thenm.eo~or carrl~ the tc.d. Ii

""i~_ As/RS/~ iac.~:~ ~_ tbo.~..
coPtUlt.¢eie .... fortMeommo~_\mal~~ .... ttuh"cue
it~ til P4W'C0. h
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I AS,,<~? k COllv~yor, 1.00~
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Module'l MOdul.-
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PO•• lru; -

D I co~nveyo;~:
Sel'loinQ
Proflcc;ot
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).bi~~~;'As·
il't~,~.~~·~ ..~~I~ptpl'_~\VbCt~ •..~~~~,~.yeG~V#~"."~l~~~ _._ .-~.
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!~

The AS/RS1'~ ,.,l'f piotocol.cin~.~~.used to model the UWtec
equipment-intcrfUr~\nteprotoeol ¥rill detet:t any lncOnsist~heies-retfllh'l to

- .,/.,' , I ..' " '_ ~ , , "," [,

sensor cperation and ~out ~~nts of·thephy~~. iAteriUe.

,_,I

Mast

S~orQS" ,'lA~ I

~).Ft$l'j!'i.ve. ._,,_~
// M9cl\it'\1!
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( \,_

Robqt M\ ~'nputl?utPut,Point Definition.
\L,_ il

, , . '."-1 (!I '\j

Since the robot Iliaterl~ n,.anipulating mechanism is the "robot gripper whith
meves in the robot wo~k..space, the robot model material Interfaces dol il0,l
occur at Waned locations. The interface location call va!}' ~cr:()~dingto the
robot progr2<t:l currently being executed, TherefOre., it is necessary to be able
to determine the robot model's') intent {Of material transfer according tq,;the
robot. program. Therefoee, the robot-model input/ output points are' definbd as
follows:

1) - A robot:'outp'Ut" point occurs when tt.lerobot model in.:iica~~!itscinterit to
~t tnaterh..l. This occUrs when the lObo! zripper moves from a closed
state to an open ~tate (releases the load it.is calr;ing) and the robot is

//_ Ii ,..

,~DI a load. <:

l)y ~\~~inpt( Peint,oo:ws w:betthe robOl-model metiCates i{$'u.at -to ii

;~;pl~.,~8L Tbit ~;u-hvbelt:the robot sriPget nwv- from aJ;l open _\
-:)~;-"~",,~cl"W... ,(JripI.'·dte ipId).

.- .. '~-- ".- " .. ~-' . '" .. "... . .... :;. .. , '.,- -. 'I" -',

:<i-~::~"~~.:~';,:.;{';.~5~~::~~!'-;';'''~;:~T5,;' :'~~"'~' :::>;

~':~irma "£heR.bot M04;lelTo Other M....
,,;~:'~:;...., >/;>".:\_,;>:~t,~~~;i;:':+~r'':.._'-:'\i '5\r;r'-.,>' -.:" :,.,.., .;,";\.-'" .' C',\' .,:,," .• ,. "".~;

. (, "
}".1-

_.. ,'.. :. .. .... '.'.' .' .. _.' '.. '. "~.'. ......, .·.c..~+~~~~~~~~~l$~~
~~~~,~,~~~~I,~.p1,~~,~ltOthe: ~,~,.~,- ~'~.ataad.~bldwiUbo._lJonl~dlche~'
~~~~ttonfor~tion eval~,*~,.~'~~i$eJ~&a'_,~t.t~WUlontYw;"n~ iftho,robot hM.load t() Qcpo$it.
n.~~lot.ft lMlC_ seudiDg ~cc pro;oc,."( apedt'icatio~

Loacl,~r .From Other Mod •. To The lobQt Model.

This ~ a peuive.,~e interfa(" hence the robot model i~tiates load transfer
'when aa outpUt pObil iatleflned. The robotmodel"$ receiYiha lflO\iule will ~
a ~_ ,to the tm.rfIce pIrtiiu fndit:ttift& me robot's intent tOpkk up a load.
'Ille rcc.i\.-mj moci",Je ends' all the 'necessary inf~mwion'··"for eondltiori
evaluation at the interface partnor~

12S.



r0 ' .

, '7.:' \', II .

The robot rec:iving interface module ~hen waits for ~ reply. If the reply h
negative, the robot model continues bperanon without th~ load and" .ttl.;>- ,

f 'i G :. ;,

simulation system is informed o( the occurrence. 1jUs CC'Jn1pletes.the robo;
re!!Civi~\.8 interlace ptotocol s~i~catio~. p - - , ,

- \ "

- I ,. "

Loaa Transfer From The Robot Model To A Convey-or P"lodel..
U _ "'/t'

\'\
11'

,
The conveyor receiving ~odule !~'ait$ for a. request ~{)m the robot sending
II ' ,,' .r ,)

lllooule. When ~~request is mceh ed.it Unpiles that the robot wishes to deposi;
A .,

a load on the cOnveyor. On receipt ()f tbe request, tt,_{:conveyor rece:ving module
r- mu$t evaluate the foUowingconditions fot;sueeessful load transfer:

- ~nditiQn Bvafclation at the Conveyor.

'O!J.tJ:di·~.tromfer, there~.·.Ocam. fotpr~·~.A ()CQll'S ~~.
',' .. , : .. ,:., " ", .. ...• .. .. , '" ,". .. " .. r ..,' .. I~

.~"; •. tie~r input point. Case B~:u.fS if thete is nQ mat'~
I)' _'_- "', ;:---__,''_';.:, ,._ _ _ '" - - -',- - - - - - '.' - II _;

.~ •.~.~~\.
·.'~_.\~~,pGbi>Id~·_!OU:lta.,·~ ..·.taid to,'.' -:t~~tt~~~are_ .
","~~ _, ',_ ,_:/~,:_'7--';t,~~-',·;'~:~:,--".~,.,;,J{·':':?:l:-:I:,_ -,.~~,',;~ '<:_.<'t::',';'/{,-_".:-,,:<,:---:-',-: ..-- • ,< ;

~'i.'· .~~.. \It.~.(Qft'~~tht~. Ol.~pQbat. .. ,ir"l.~" "~'}\?(";' ~,*'~_~..: -i·,·~;.l.":T~:·:·,;;~.l,..,::{' ~:.,..*;.
·.·,'·'>"7';(,'·:.··· ••·.1/·,·;.' ("';'}""'" ,. ',"'," ... ' •..•...' ...•.. > ..••...•.. n .......•.•..
,~.; ,~t~~'8t"~.~;~ ro1:Iot .. 4tiat& .... ,....', <,:<{', ,

\, .4.), Ittl8 ~')Q.1aib ..the bd is aIeumod lost to the simulation, 1)'StCm. . I,

~e ~ WQ1'ld ~ Us .that &.be gripper .. at the wrOI12 location. and
hernee drops the load at an unknOWD loeation..

B) If this ¢9nditionfails the 10&4 isi~ tost t9 -~ ~tiQl1, ,,,10m.
The'tAAl 'NOrid .~~ " lhal the PQSi~®I w~dtinthe P'\~.twaere the
~ua lead is to be. placed is not known. . ,'lei

\ -,
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F:allure of conditions (C) and ..(D) implies a lead.less.In aU cases of condidon
"

failure, t!1esimulation system is informed. If all conditions are fulfilled the load
hom the robot model will be placed-in the pallet on the Wnveyor.

, ." " J)
C.ASE 13:No maierial.a~ input point.

In this case, l(~~dtranst~r .~,said to have occurred if the followiilg conditions
are Ii:'J.et~

A) Th(! conveyor input poinr corresponds to the robot output point.
~.j \ I ... •

B). 'The loaa from the ro~t can be handled by the conveyor .

.CQqCiitiQnFailure AdjQn at m;ecaveyo:' for Case' B.

Jl&nJ one al~ditipn fails the load is as~ lost to the simulation system~
'," . ., " . ,': ", ., ',"1

~; ~tio:11 sys;ten\ is informed.. If aU conditions are met the pallet is
c ,~,.' , -, ': ii ' ' /; , ' , ,

:~~~'!i~ ~r. 'Ibis, completes the protocol spe(:ifica.ti~ ofthe
~"",~~@\ce. ,1\

";~;-{i\_:,:,,';'>:f~':',~:>,'.>:,< ,,':., _':: >, ,;'.,--"--_ -," ,-~, :

, ,,~ret' From A COnw.,or Model To The &Gbot ModeL
-,,'_:l~':;:,'.~~:~z\'~,~+:,-, - :,:?; ...•"~_«<::I!-Ir'} . \,:;~~iJ/;~<':',<

\'- :.'_:,-'-:, ': ,::,.;\:-~;:":,,,' '; ,.':, '.'. ',_: -, " '.- -: _:' '<.., '.... '.' .'. . ", ,:,>

",_,~.~~~, __ 'lor.rt~, .•flaJb die> robot r~Mfta
' ,.~," . ;~ifl~lt~~~'robot .. rs~~tto~
, .,. . > ' ~!~.~~~sendf.~~thedinlCDSi()n
'~." < ," •• ,,',';' if_f'.s~ robot ~ erllf tuude $tOOl wlth((~
~,_j;.{.~t.;~~itH.·,~,.,~.·,8Ibdu.lr:wst

-' , ';, __',. II , '.' _,' " -, _. _ " .. . "" ,; .. ' _ -'. . ':pr~~,.~\~ if~t l$.oomater1ai attbe conveyor O\l'~ut "
l'Oint Cue~~ if there ~ a pallet at ~CQaveyot.output point and case
j ~.,if ~ Isl part At tJae. conVeyOr c$tput pOint.

~,) , ", , ,. Y, ' •

CASE. k No ma~1 at conveyor ouqNt ~:JnL_
,. -

" ,This J$ ..~ tb~ first ~ to be eva1UJUed.'b ,Jore is.no.1o&dfor ~, the
li_Jaticu.JJSt~ i$~ &tad tho robot ftCCivin& 1Il0<hUe iI"sent a noptive
reply. If thore is a load them",~ 2 Md 3 ire evaluated. 0

,CASE 2: Pallet at ec:m.veyor C)Utput point
(r ." ""', " '-- . '.' - r:

\ \

1%7. I)



Within this case there are two further cases for evaluation. Case A occurs.when
the gripper can handle the palletand case B OCCllfS when the gripper cannot
handle the pallet (the palletis too big for the gripper).

\1

CASE A: Gripper can handle pallet.

In this case load transfer i~said to have occurred if the following conditions
are met;

A) The robot input.p6in~ corresponds with the f/nveyor putpu; point.
, . II.

B) The pallet r the conveyor has been located.

Condition .failure Action For Case A

If anyone condition fails. no load transfer is said to have occurred. i~er\

$jmulation system is informed and the robot receiving module is sent a negative
reply. No material is assumed lost. If·both' conditions are met then the pallet

~ c\

i., transferred to the robot. Ii

CASE B;,Gripper cannot handle pallet. .

In"tbis case. load transfer is said to have occum.d if the followiDi conditions \
are. met:
A) T!lIl r'~t input point corresponds with,the conveyor output )'I:Oillt.

B) The pallet has"been loCated.

,p> The pallet is n.t)t empty.
,1_ .... \

D) ~ robot gripper can h~le the first load in~thepallet material ~

.-Condition FailUt'e Action For Case B•

.If any one. ~ondition fails, then no load ttj"1Sft"r occurs. lb.e ~ation Gy5tel'l((.
is iDform~.i and the robot -module is se t a n.eptk-e r~F1Y.No material ijl
RSSUllUtd lost. . ~c •.

\~~"'\ ..

1£ ~ con.ditio!l$ are fulfilted the first -load (part or panet) in the contlking -,
pallet's mat,~ list is transferred to the rahot receiving module.

CASE 3: Pl.lrt a~~nveyor input point.

SnccegftlIpI:.rt transf~~ is said to have occurred if the foU~ conditiODS are
m=t:

1l1.



I)

-c-> ~QI.\ 17~1t;conveyor output~int corresponds to the robot .iUput J)Oin~,
I.

6)" The part has been iii)Cated.

{.J The robot gripper can han41e the part.
)i . ",'

(Jondition Action Failure For case 3.'J" " ... ··1:

'\ If anyone of'the above conditiomfaU, no part transfer is said to have oecurre-],
The robot receiving module is sent a negative reply and the, simulation syst~~ll

r-' "isinformed.1f all conditions are fulfilled then a part is transferred to the robot i
receiving interface module. Thiscompletes the protocol specifkation~~3rthei

I ,conve>;msending interface. The eo~~ptual representation for the complO~

\,':lnai~a1 interface for the robotlCqnveyor_in~roonnection is showninFiguf~
I - . n I

\:' 4 " , - /'
( ,-, ~ \\ -
~) ., I

~~ ---j
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APfENDIX Q: CONTROL INTERFACE PRIMITIVES AND STATOS INFOR-
MATION

This ~ppendix illustrates the PAS primitives or commands for the equipment types
underdiscussion in thi$ project report.

D.l Conveyor Systems.

C.oaveyor systems liUpport a number of operaticM which need..to be coutro: d.
These operations include:

T~ation.
~tion Or bufferm••
"sq~,
~.amd _&rib_non.
~~ ~tiOllma of mat~ ~ wi~ ,Uu:to~'Gk:Wtd by
, ',>,' """"," ••... """':~.' n'~!,~~ .....,....",.).
p.t·~

:; ·"':::;-S,·:';t\,(,, "'; '~/>"4\;"~'

A.:,~'8tpr .. u.#t~~~ "teinitiate ... opeJlalioGs···aad~
i+,~·1Otded1O~~~H ..W$oftbeupDdonstcthePAs~
~A~'ofptimid\lfA.j)rtbe.~nv.yor~arc~Ull'&blfD.l.

"", '".". _'.~.c., ',-.- I'

.u,

• " ..... ' - v.... '.4

1

< -41

SIftl _...,..1G .... 4i~" ... t 'Start ~.ll'I .....
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StatLlS iruormation wotdd indicate the if thejy.&ttm is 1:)usy executiri8"a commano
Y':'.. ." 'I .. ',I

or when the command bas 'leGle:xecuted, Eg: ]'alletCiamped, which indicates the
completion of a clamping o~ration.

it2 Automated Storage and Ret;riev1l1~»ystems.
i)

The primitbe} used to ~ntl'oJ the AS/RS system with respect 't.o the ,A$/RS
fun ..:tiotJ~are shown inTabl¢ D.2.,
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These primitive» are used at the OWfec FMS find are described in detail by tun
, (~~). TheU' ...vrec AS/RS is interi:aced witha conveyor s}'stem and henee a
number of t_heseprimitives apply for this partkular ~~~For real-time decision

<. ""~.

malciJ;l&the status infonllation might incl1:de whether di\e 'S/R mad.tine is busy
executing a command, responses on completion of a command or failure'' of
operations as monitored by i~e AS/RS controller.

D.3 Automated Guided Vehicle Syste\\ns.
I', ·\1

In the c:ase of U>eAU V S. only.!i~l.tctivel.f~.lided syst~ms are ~nsi.dered. The
ttUcbf)fth~AGVS.haveold)oardeontrolsystemSwhicbcanperformthefollowing
('Iperatians (Muller, 1983):

1) 5tce~ c:on~oi\vhich keeps the tftlek on course,
, ..... ' ''; If.... '

2) Rr)).JlO~trol ~td~ btinp the .tnJtk tbrO:lP the nttworkCto the preOeter~
"; ';~~~,nisft.tMtion.eca bo,porf~.;hy a,~ ~~r

. ("1 . . '0 II ...

~tside 'the trU&
l1 .~. ~nttol ~cb .am suuu. upu. truck mOtar" .~. *,,~.at"s,

~ and stopS _.~ ,as, {wt~ of t~ tram.e situatl~ ,

4) "~~~r etin~,w)Ji~ ._,~~ ofiUlau~_ ~~;
..~~~~~~of't1~cN,*. /

,--,,;:<(i-i ...,}{:;---_'?;',}~· ;,__',;/_))J:-,--'}---.;,/~- -_"\~-",'- :_-';~:t' 1",:;\,.,,1'->-''-'"'''\''' "_ .', -' '_. ':{,_,,;-:I,l>:i:,'-._ 'I~'>:"'z_ ', (I

~ ••*e .&boj.~.~_ are ~td the tr~ tbtLprlttdtiw.S ..~ iu
T~D.3 ... po$Iible. status ~~n~ include me tn1¢k idem:to..Uon. it

1:. . ,.... ',-" :'-, '," ;, ",-,' ,; .. ,.... . P. ..,' I

tho tnu:k .. bPay. the .completion I)f a C:C~18nd wt&d'the t;:UtTentlo~tion of tb'~
~

D.4 P.obtU or CNC Machine Primitives.'
,.
i-

",

n

'Robots and CNC machines operate ae«mtin,S to.,ft pr~ which·definei the
particular operations that the equipment is to pedcrm in, tPe context· qf ~ cen'
operation. Robot or C" .~ macbines must int~ with oriler ~Ui~flt ~

\ .
duril:Ja operation excc\..Jon. A means of ~ncinc ''de eq\4pment is n,~eSW)'
and hcn~ primitiv~ ~e required. The {:frimttivesand st4tus.lliformatiol' needed·
in l~C case 'of t."'NC"tm\cmries or robots will de~nd on the oper'.1ti'~n uf the

l) \\ n

131



I'ffIIX"IDliD 0.1_ (VA" P ; PROC);
8sc:HN o

P ,. Cl.trmtt",~
!ND~

(.~- -
BEGlH

NPtoa: .. G;
P'sIMdon- :.. e;
OtrreatID :w ta';

(. I!ftd of }(.ernel -'"----,-

PROCIPUD Till:; ('
e ail ~ .r--- ac ifIctInce 'of this a~a
~tWti.al.e to ~ ..1ISOIUtM: lIdditiolt tQ Stopfroc:ca .)
VAR

Ac:t~ : P'iWC;

.)

B&ill'!
~tPICXqll(At:nIPlOl:Ul); Attll.tPnx~;

SlopP ....
;,;vr, TllIi;

• I ~ s.n~ (P; 'ROC; p.l~C'.Aimtl"AL;
htHHIter: ADDRESS);

(' ..... ;._, ... "., .... ~P,~ N,
~.t~.~)
v/d..

.. ',.. :~
,t.""!ltIlL,· .;-:~

.: ,W~~;. !~ ...~,.f '.' :
'.fI!.~'~";"""

" ;c "J~~i.l1t~ C08BG1N'); Q.It_'.' .' ••~.~'" ·trJI'
, '~~f~f~~))1;,);'.... ~'.~'!.(9 .. IrlIo t~,.·) I !i

..., ,t- ~~ :. JrtfL:
~ .:.~t..Il.'!I :'",,-__ !

~:._~\A_:.N; ...•
.~ \"N~,ltO-~:':.NU.o

'8C>:'} ,Jj"'j "'~;.- - ;',' ,_11 __ ", ,,) -- ""- jl

~ \'ht.ic, ~i'.t:~ N,iNci,~.~);
'~'p};.,.\ ,

BNO~

PIOCmuu C08eG1M;
UGIfiI

,c.dfm1 :. nue
BND COt:;u1N;

171



equipment ~~~"esirlterfac~d together; These primitives and the status message
I ", .. ,

requirem~' -(5win be application dependenland hence we do not attempt to show
:-: " '1.\ ,; Ii

a set of primlitiv~ tor this case. '.
(\... -

TABLED.3
cTabieof AGVSPrlmttifts.
(C~ntpl~-rrom MuUtr,I\1983)

~Explanation~-------------------~--~-Ghto a spodfied ~on

Inhiate ,transfer "mechanism to drop off"I----.-.~--.-~~:::::.;~\~OP..ofi---I
o ~*"~tfi>"on ~. riPt~. ,sitt."..... """'·.t_·-';-/,~'~.. ;:.j-"1ipit'''t~i , __ ,::L"';"" ',~ ",' '_"-_ .. ,;"...... ~_....;_t;itir_'f_1

1atti_ ~~stn.to pkk\tp loa4 ••.
" ~ ~ ihe terti$1d side.~_, _or ......... ..,_ ......... _ ........,. ... ! ............ , _
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APPENflIX E: THE CO~"YOI\ 'rnANSPORT Mt)IJF;i. ~MPLEMENTA·
TION

'. ,'. \ .'.

This appendix discus,~ the deve!opm.ent of the ~~rt model's futemal modvl~
structure.In ~e discu.ttSion, the m8J9t aspects needed ~pdevelop the st..'"'Uctut(;. as
disr.:usacd i:tChapter 6, are pte!ented aloq witb an e~s;mpie'If model opo...~tion.
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1) 1'ruspo~ m.edel equipment states:

The tlransp9rt model ~,¥scribed by three operatiOOalstates. Tho$-l are:
On_ Forward.
On. Reverse.
Sto!'.

-2) ,~.1odehtate:
\I('}

The model state is described ill terms of a material list which includes all
materla1"on" the transport model.and a nuniber of attrib~tes associated with
the material. This is the location pf each material unit on the conveyor ref-
'ere~ ti)' a convenient pointllOll the ~:~yor and whether materia! is

t>lockedot .not. The •.~ IIbl~ke4' attribute is needed for taL:ins inlo
-,··~~t·u..·car.e.Wbore 'ma~tW cannot leave tDe,cOmeyot (if the rcctiYing

model·~ a~pt dle •. terial). Tile list also include$ the
"·;"C;1~eGwid) tfiImated.. Plpte £.1~t.__terial

, . '.' ,·"1,' ..' '.'.

"' •• t E:v.nl 1c.r
~gl I."'.~, . ',."

.. ot.,.~at &tet..._
{iIto .... :f c,r ,,~t)

()_'I

1.15.,
"
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'END DalIot:afe;

PltOCEDUU A~ (Six: cARDINAL) ; BOOLBAN;
VAll

CutNct : HBAl';
BEGIN

Cumat :.. cHcapTop;
WHiLE (COn'Clll < > N'lL) Sl.ND (Size, Cumftt '",BlocltSiill) DO

Cun'Cllt : u CUn'Cr.t~.Next
END;
IP Cumtnt .. NfL \

l'HEN (. ~ for <.: ~~w :aize of bkldt ~)
RETUR."'i·t:'''".:;;...Available(Slze)

ELSE
0; IF (_"rl'Cllt~.Free <;-. NIL

1'HEN (" can re~ ell! slot .)
_ RETuRN TRUE

i.!tss (. mus, use !I new slo! or ImcxJ\

lUITURN Stor,rtgeA ....iili*<Size)

) ,

\

END

8Eall'll
HMpTop : .. NIL

END SdtStenp.c

IMP1~AI1ON M{)DlJLJ: S)'smI.t'l"lnte(1}J
~. . . n

( ~ f)i1M ti~ to 1M
~ ~\ •• ) 1,1

"',

PIlON ~mct JMPOl.~ f3k1WI'sm.'_ ~;

JiJlOC.'S8U11 ~VAa n-fe;'_' :SIoaocIftJ;(.,..... ~~ ...~.."'-*
..... t...i beI"r.~. fit .1M*l1l~
»..., PIJ ... lit - ... .NfiJ.:l'I 10 Jet .,.." .• ,~~)'''''
CONSr

NIut~'.~
VAJt

~"ka, T..,-nca : ~
T~;~*;

BBOlN
T~.c:. f'LOAT(~TldJ:a)/18.l;
(. !,8fl'Pl'OI 11.2 docit tkU pet; IIQI:Iftd oJ
Til,~ :- (PLOA1'(~.Unltl))·
W~llOIrcUMJlIU +'TcmpSec0a4a; .

£INtI a.... m11me;

ENJ)~n...

,)



,Ii

.The ..model structure description is a eonveniem mC'7,~${If representing the
trans-port model's physical structure. This includes the' logical ~nveyor
length, the material arrival point or the mat~rial departure point and sensor
placement along the conveyor logicallength.

E.4 Relating Inputs To Outputs ..

The relation between u;puts and OUtput5 }s.best illustrated in tclIDS of the internal
modut. structUre of the conveyor tr~rt building block model. ~ is shoWll r-

in f'i&W'e &2. TIle .modules are de;.;o;rlbed•
• . 1". .. ;1

F"lgt.J;e ~2

Conveyor. Tronspor.t Mod.t "

·'---1

$..,nf$Qr
Mod\Jle

AIS.,.
n·uHfst:'lQIJS
~Y)d
$i~no! ...'. '"
f"rressogft
Q..,t('j

5:.,~nt
M.$S09·~··
o.

Mote'rlol
Monogement

Module
Mot.,1'iQI .transfer
nfunction eoll •

.The state generation module tranSlates incoming signAls into Ute appropriate
'e(iUIpment st&te5. The sensor module conw.r!. m.odels of aU the sensor units that
the u.se~ has placed along the logical conveyor length. Event lDessq~ which

I·
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"
i) indicate the.activation of sensors are translated by the sensor module-Into the

appropriate signal or A,lSoutput messages, The material mapage.nent una informs
the e-ventgen~Jation module of material"an1va15 ~4" in the case of maffriai being
blocked •.whether or not material has been transported off the conveyor via the
common material transfer interface.

The event generationmodule receives material which arrives and adds this to the
C :'" !.I

material list. This module generates the next event for each material unit using
the ~el state and the model structure de~cription maintained in the structure
desCription and model state module. The next event(~''-'~,:~sensor a(.1i~~tions or

,_;,_j 4 ;"i,('".-; r,

material trWlSfers off the conveyor. If ~terial beco~tw. :orOcked at the conveyor
output point, no material transfet can take place and material aecumulates at the'
output pomt. If material is blocked, the material 1!'.ana.~ement module informs the
eventgenerati9n m09we, based on the management moouJes interaction with the
cOmmon mat~rial transfer interface modUle. In this way~ the event generation
.~ ~ Id~rt~e inittnal events to' rnanagc.9locked material.

The mocIel ~e .00. ·me t'Il&terieJ !fIt reprc5cD~tio~ 1$ maintained in the
s~ 4esorlPtioa .. ~ 'tate module. ~ modei state.!! updaMd b,. the
$\'e•• ~.tiOl\ modUle. This ~le is responsible fOr supplying tM common
~~~~.w.i$ inlt)rmatio(lntp.ded fOrc:on.1ition~ation wben
m-rill trclafer occurs.

\ r ,~ : v

"l'be e~ntpneradon modu!e inoorporata the reel·time simulationalpithn'i and
. .•.. ' • ... '. . pthe ma~rnatlc.l m€ldel.An example is pr~ted which itlusttatlS the operation

of this modulo since it forms tbe besis of the transport model operation ..

COnsider a traDtpon model'confiaured by the user as shown in Figure B.3. 51 and
II

52 are mlSOrS wh,i~ a~ adqted when material passes by. AlI eVentS are ref·
erenced ·to the eoriVeyo{ transpOrt model input point which has eotweyor co-or-
dinate·· O. The conveyor eo-ordinates are related to tM $hop floor alobal
co..ordinates IS shown. For this exampl~, a co.Qltant tranSport ~ed of 1m/s has
been selected,
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MODULE CLOCK lQod(Pfliority); ("-IBM PC depcndaht-')

iMPOKI' NEWPROCElk 1'P.ANSfEP., IO'TRANSf'ER. ~RQCESS. ADit, SlZS.
WORD, ADDRESS. OBTREO, SB'I"'REO. SWl. AX, ES, ax. ..
Wl'itCLIl •. 'fClmiMl, SctDcvio.leSiaN6, ~tDevkeScaIIlS,
~lat~l:VcctO'I, Rt.sroreJntctrupiV~tor,
InItaIlfUudl~i, UnilWallHAndlcr. WritcStl"inlo
C'.utftllt, MaxC'..ard. GIOb.rIime;

EXPOkT
OiubtcOdet, DiAble;

CoNn,
CocklVOI:tW .. ~H; e-IBM PC del**nt-')
0kCcMt .1;
00ckDt:rica ., 0; e-Ood: ~b num'''~r-·)
0isIKI1c • PALS£:;
EmbIe ... TRUF.;

VAR. I '1
OldlMerl »tVeetoo'
~.
AcCMted
cirNsP

il: ADDRESS;
: BOOI.J!A.N;

": BOOa'AN;
: AIUtA'Y ilL'K'9J OP WORD;

( .. ptDCCI5 .,..1",., ~)
~,
at'Dct ' : CAMJNAt;
(* ~ tcr~·."-.~···).
~'/:.:; .~.,fII :~

~c.~~'f
,(6 ~'~'~' __ .. ~
"~~ ~ .... ilJJ¢Sh,-,.~ ). ',

- . (~

..~. ~;~ ~ OBT'llJG. r.t1l,. AX, as. IX:
~.IIt., •• .cUOl1t

_',"'..'''.\f.;t,

.n,j. .
··~····laPotNTalt·TO.~

vIJ.
\\~ ........ ~ .:

\... .~MSS;seJFt c~.

s.~AX.~
~N2tK);

.] arlp8O(BS. ......-cwEiHll
orri~x. .ax.6PNBr);
IltCnt),~ :* ~tr.( .. )¢~ OIaOidcl&c_ r
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F'i!iUr. E.;;
.r)

TrOMport Modei Co"{O;gul?~. E:)(o""'pl~

Material
Inp·.It"
Point

Conveyor
~O""Ol'di1"\ot·1~._, ,.-- __ "_,..__ ._.,.._, _,,.

o ~
• ,(~ t .y t.t 1)

Motlllriol
OutPl.lt
P1?int

5~ j

" -
(1) ForQ)~ri8l arrival, tbeluasa'je is M(~). ~ ~ootf41 that the

.pse islI*tated ~tnaleriaJurival~tbttie l"'~tbat
the LP ~Yec1 the~. m b t.,material nllM and' is the
-~ state (blocke4 01" .,00, t). 1his xnessqe rontaibS aU the
;'" ,',.. ", , .

info~n needed from th~material manqement unit.
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PROf;EOUlU:,SetOoct «('.()\1M: CARDINAL);
BBOlN

OkPcriod :. ('.omll

E~P SeIOoclt;

?ROCEDURE DbabieClodt;
" .BEOIN

ENfJ i)bab1cO-xk;

PROCmURl.' Cloi:IrHaIl4I4r,
(. ckd incuJUpt lIandler Llult &eta tile Mrt rea4y
proeess .)
BEGIN

1~l(a~l'tIc:'lISI, O«klV~);
(. ~hI tJOdr haIIdIet permaMl!tly to tM dock

illtfll'l."Vll( vecwt.·)
u,·n

.(l:rF;.ANSnR(~ t.J_"'~ OocltIVe.."tor);
Cllncat".~ :. Uler~
INC(CikTICt);

wrm GIob&lT!me DO
~);
.... "1i$l. It'tA'ax<'MO 'THEN
" .....,.. .~",0;

'~)I_:,
~.rwkh"f1t,(QI1.ct .. t::l\PedoC' ) l1iI!N

~ t-O;
• .,.~ .. TfIl~

...,.,...~ ~r,.~~1
UJIfftL,~.~
...,.,.. '* ~.~

f'!!iD;..,_
1,!Ni) (,' •." "}

1N1)~\ .,~-~. ((.,._ .dGdr~ ~.~.)
BBo"'" .'

iFNOT'~ n!SIIt'
~~Vt.$lf(Ooe&lVICtW. OIdItI~Vec:tOt);('·e. Old _"TIIjK I~pt ~ .)
ac~:w.(~~ ~-);
(. cave. oItj ~ 'JtaM
(~ ~/Dirabted) .)

~ (~.~. AD~a.nll.,.sm!(a.KWSP),
QockP"'¥ttI);

(0 __ tile Noc~..ap;~' ret &. CIO:It IIMdtIr ..•)
s.tDeYlr.dlltVl(~. DiabIe);.
(. cillblc dodt illlerNpca ')
TRAN!PER ~ ~);
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(1) For: equipment state inputs, the message is E(t,s). E denotes a
message from the. equipment state generation module. t is the
real-time of arrival of the message and s is the equipment state
(On Forward, OnReverse, Stop).

2) Output Messages.

The output mesiages of the event generation module are defined as
follows:

(i) For material transier '; 'f the transport model, the message is
MO( t,m}. MD denotes a- material output message.} is the
real-time of material transfer and m is the name of the material
whi~his to be transferred,of{ the conveyor transport model.

(ii) For sensor activations, the message is S(t.ms). Sdenotes a sensor
activation message. t is the real-time of activation of the sensor,
Inb the name of the material which caused the sensor activation
.aPd J .is the name of the sensor (51 or 82). The m field has ~~n
included in the message for clarity only.

,/
F~ ttic ~ of ~.e e:wnpie. the inputs and their arrival times at· the
~~~~ere~lnT ..bleE.l.lnput~esaremadeupofmateria\
arrtvall :~~ ~(In terms of oqWpmentstates for the aample) for
m.odel control.

Event C~nerattcn Module Inpnt/Outpct Sequence.

The operation of the event generation module for the ,input messages, as
Specifitl!'j.in Table B.l, i~shown in tabular form in Table B.2. This table shows
h~·. the inpiit messa,es are used to ,ener.:ue output mesS38es using the reer-
time simulation algorithm shown in Section 6.3.3.

The Messages Pr~ictcd And Not Sent are, stored in the next tlvent field of th,"
material list. These m~es are sent at their predicted times as long as th"y·'
~ave not been cancelled previously. The MCSS3ge! Sent column iD. Table E.2

!39.
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e ua.fc:t ((I!Ittol to~. I;lock handler .)
~Il8((."JoQ:DnicrJ, EMbIe)
e .dow_ ~ ;1\1l~rNpU O}

1'IM'Ie it-}
liNe ta.tC.kKiI;

.~UU TctmOc£k;
(0 r.tmitIItc d'IcI do::Ic balldlet procea ')
BBO!N

11'M'lM'ted lliEN
AA:liola\..ed ;. fAI.5B;

Se'~'itatU$(a(V_IDevice. Okl.~U>cW:e.~va);

C' rt.sture the: origli:I.I statull
(ii1terrup!l F.naNed/Dfubled) .)

lluto:elnl$rruptVect-:.r(OocU Vector.
(0 l'IIKll'C tile oriprIaJ value ·of tbe

~ ~tQ;:')
eN> (. !f 0)

.eND~k;
~ ....
.,.~: ... ~..;

J~ :.. 0; (- iftilliltiP C04III.tU -)
.~! .. ~.'

,<,;~~<""IttIlJ"t11!~ 1tIII"",.,' ..... :...:.~,.:']<" ..\- ',':.",_,' -_" -: >, ',>;':-<I;::','"

'; ,:sr:J-:::~~,r.:":.,:-:-,-'

;":.1'

.i~~;.{~~;~,;,~.
,~':.$'~~'.;;{'\'"

I~'

I!
II

II
I

1\
Ii

~~ Wtwo, Delay, 1lme~A-:~tPa_elc""
IJrttPIIOOU$, ~ 5(OflProce'i~ COE....;~i Null; ,

caNSt
~ • US; (~rorCOlltliti •.)Il queue.'IIIIIili·., ')
~iCy "1;
('"b- tItJ:t ~ _,,' to IIIOnitor .)

• 0; {O tbr ~lalletl fon:fld to wait n
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shows the real-times that the event generation module sends the predicted
messages. The LP Time Change column in Table B.2 indicates how the LP time

"changes according to l~~ge inputs and outputs.

Snapshots of tS~transport model at ,!~mes t'= 10 and t::20 seconds are shown
in Figures E..4 and E.s. The snap~hCit~;canbe completely generated from the
information maintained in the material list (model state) and the model
structure description,

I';:t;i; E:1
Tobl. of" Transport Model !"put ""'ess0..s!!

I,

r::--•• sO~1'! Arrival
Tirr.e

i (in •• eonds)

""'otfl;>IOI
Arrivols

l 10

I
' 5 O,,-,,"orwQI"d

J---
4
-
0
""-·- .......t----

S
-to-p-·-.....,._. '_'''';-, _: • .J

L_ - ~,-_-_J

Equipme",t
Stote
Incuts

a CnJQf\itord

M2
7

140.



{

~IBLI(X;RAPHY 0

" "" '~'\." ~,

n Duncan, LS. (1985), System Design Tren~ in Automqt~~ Warehousing. Pro-
peedine;soj the 6th l~i(}nal Confere::v:eon Automation in W~~"
Stockho~ S\yeden.

Gleaves, R. (19M}, Modula-2JbrFasca1 Prpgrammrrrr\.Springer-Verfag, Inc. New
York..

Hanldey, WJ., McBrid~ R.A. and WallentiM, V.E. (July 1981). Discrete Simu-
lIitiQnWith. A Conearrent Base v~age~ Summer Computer Simulation Coria
ference, Wasmngton."D.C .•pp.13-18.

i

Meyer, l. and Jayaraman., R (July 1983); Silnuiating Roootic:; i Applicati.ons,
.ComjRltm In Me:hmdpM Engineering, pp.15-18.·
\\ .. :i . c'"., . ". ". . . . . ,,'.' . ." ,_

S~:u.~O. (Juno 1985), Flexible Manufactui'ittaSystem IsCIM Im.ple~nted At The
Sh()~.FlOOr Level. Industrial Engiite~. pp;5-39. ,

, (I. .r/

Sears, ttH. and Mickiledi:dl, A.E. (August 1985), SoitwRre Concurrency bt Rul
,"I ... , ..' ":"" . ". ':"" .. ,' . -

i TimoO~n~l'~SY$~ms:ASoft\v"'N~~~eus,~.t~~d1JdF.:qw~ ".,..
IS,,? pp;.P-'*YS9. \ c:

~f$\p,I.Jf'. ~ndKofa.ItC. (Febrwlty.l985), Automatle ~~l) S)S-
~~ .. As ~'1ttbr.s InThe FactozY'OfThc Ptlture. Jl~~~.
ppJa..(;6. (~

'"

Wbi.,J.A NKlI\ppIe. J.t.f. (Februasy 1985)tM~ ~\lt~~~
A1'.~ •.~.~.ci1M ~ ..•.u..'~~'/pp.Jt;~~. ..•••.•••.•..•.. .. •....•..•.... .'. (•

.C'c _.', ,

'Y:"'~ SA (NOftt~t931)r ~ ~ Stmep:s Fw the In Implcr
_J1tiJtg·F'1~"le'~=.tt~~yst.tns.lndustrial~. pp..... .

/\ _ .. .. .. "" ..... " .' . / • ..._ ..... , ... , ,L"

Zist, B.I. (1984),. The Role of Atitorna~d MateriaJ Handlin, and SttJ.a.f- '1·
Flela'ble Ma.1Blfacturina Systems, .PaptlIt on AlllcntQl_ MIIteIiaJ H~ 'r.NJ
SIOl'llfle, Auerbach Publishers, Inc.

I-I
(,\

180.



VAR / .

Ii

-;1

,
J



\\

.r:---- ~\. II I
I
1

E.4

Snup~hot of t~:" rrc~spor(~~~~10
M2 Co·-.;)ro;note M Cc -- (.>rdindte

-~- ..--:----~-
, . Mote,-ic:;;

OutPut
Point

Motll,-iol
Ir'lp~tt
Point

I~
1
!

r, t
r! t

f

20 I
"'(K2.y2.z2) .
flho!)
fl,(iOr '; J
::~O:~d:n()tfHl'H'

'~."""""""',"'''''''''--''--''---------'''''''''''''---'''~I.)(>. .." ~:,"'~•.;i-''''!
/'"-~-":~7~:oJ~~;',/;~,'~:n~-i"" -

om
Conveyor
Co...nrdil'\Qtj __

o '
.. (xl.)l1.z")

. .nop
",;~?,,_,,~3'

(~'~f,.Ot"·
, ~';-,_~-\,:j ,,_'i ~- ,',,- " )'

lC;?li\v<t)'Ol".,rCO-Ol"din'2t~_+ ... _
I ---:l *.... - J 4 ----...I~......

cr-,

- (.o:1.y1.;:1)
'$hop
flcor
91°"01
Co-()rdlttote.

1<11.





PR(}CfJ)VJ!'; $topPrc-ow:
to IIl\'lOir.e to ~ ~)(CfII l!OnI'>aUy .)
VAR.

: Proc:Poiatw:
:B09LV.?l;

NO'II' :.. Curreot; Lur :.. CoriOCtt;

tU?PBAT ~ fin4_ previous cll\It;~rlni .)
!oM :,. .L.astA.Nc:n

.'UNTIl·\Lut~.NuI II,Now,
REf$AY (. ~ for • prcr:aa to teSlIft\C 0)

Otcretlt : .. Clilmlt'" ,Next
Ul'mL Cvmaf'.RaIIy.

't1-{"--;:,-i;~' ,,,"

~--J~~ ,.:')i<·:

~". \,.'(,~'\'_ '1\\,',),

·'--:~:.t~: ~\:_-:';:'~-i,':j>:<";:--- _ ,,;,' ,,:<":,,?-,;'_.':l>:"'x'-
~... - ~ .. ...)ti\IlOll-'" ~,~" 00, .

c. . "'Wi' "·~~:t.~"""_",,,

',::;:.~'\,..... \_
--_:.~,)\......~:.'~

~,'I \"

~.QrM.. :- fw.: ~~.PtlQftly ~.. p
8K)~- \.

I()

~~
(- d.llltMRlt .. C\tINIlt JIl'ODIIM ami Jo.... for .......~"",.)VAA

OW:~
N!G1N

Okt: .........

1&



(i
1/
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" . / ), ~:

Tht\lbove ~~amplcillustrates"the operation of the real-time si~ alga- II
I' __- ,. - - --_ - -- ._, - _.,

rlthm and how events are .geJ1erated from equipment states, model states and
,\ .' ,

the model structure description.
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APPENDIXF: 111EAS/RS l\iDDEL

This appeudlx diseusse« devetopment ofthe internal structure he AS/RS mo jet,
as specified in Cb.apt~r 3, The lOIPcalmodel, th~.model descnption and a module
structure for implementation arc: discussed,

ii ' i'!

1~heAS/RS Building Blod: Logical Mode'~ .
"I ,,'

.:\S/l~S logical ilIDd.~r,c:onsilt5of the ({'flowing:

• 1$ ~iri'~\::~;~'i%{i"~5;l;t\",,:,,;,'i~fh~{8'h(~·•..;:i.,,~\.;\.~'.J.;'''_~:;i''.~*'"~'lAA4..~ ..I;..~«~.at tl:e
·_ ..... ·~Il'JtJ~~.• l1I.U;·11*:v.yJtJft·.~_.ilC>t _~aot~ ..If dle

c-

~.t ...... r~DU$.lt*li ••• _.· ... ~.~~uof·t.S/R
~,may i~r~~ia tlle;~ " . .

,I

. ,
"

3) Shuttle mechanism .~
/1'

The usee m4ij need a spedfic shuttle .tr~m to.'~t system requirements.
The desired shuttle mechanism may be cbaseft ttmil • uumber of po.~'. Hines
which include active-passive, pasS'iw1~etlve Or ~tfVe itltolfa.ce eharaeter-
istics, The shuttle mechanism can include H~!fJpHwide information regardIng

.., ~.



material arrival O}~dispatch along with information for the storage and retrieval
of m~teria1 in tIllrack s~ru<:t: i~t Eg: sensors-whicb if the storage slot is occupied

, or AIS sensors fOr'rf18t<r1hl identification.
r.

I
c I

~~----------~
1.. \t

, h .. H.i<;hl of 8tQr~g. :riot
H - "toto! h.iQht of IOt.O,.096 roel<

I I • L~n9tn of sl?t
L .. rotc~-lltl"l9tn of stONg_ rocl<

1 0 - D.o.tt- of Sl'9t '1 ',i
I .....,___~,...._ _".. _ __.."'"""" _.;..-..I.f____;'r\,..._;---,c,· ,..__ .......... ._J

~) Semlor ,Ia.-nt
IiThe coauo1let ~l keeps tr1dt of the SIR ~~e motioa and il.tapun$1cie
".for pOIitiomaa IlHhe piCb~p.1ald deposit statiObJ'ltnd at slob m tb~l5torqerack.
(The CO'ltroUer nlOdet keeps track 0(.SIR ma~~in6 position by sensors placed
'on the storage rack. This may be achleve~ by J,tlacipg light refIt.c:tive strivs on the
$toraae rack and a senscr on the S/"$. macNne, f(U' example. The semer senses

i these strip. as the SIR machl~ "passes" by and.intorms the contto~er model. In
thls way, the r-ol'ltl'Qllermoeel can keep track oethe SIR machine position '".nt'
hence control the SIR machilW'\vith respect-to 1(,5position.

By placing these strips in the correct positiOns. a sensor to slot rela.tionship which
.allowsthe SIR machine to be posltio~~ at the req~ed slot, is defined. The user

- ("1·\ .. ,

:tsresponsible for defiIUng this relationship by selebting where the light reflective
strips »re to be placed, for examv1e\\



'. \ ,',I

I 11 _
"jl

lbe~ ~,e .;ther meibods of keeping ti1ack of tb~ SIR machine position aOO'''oviH
depend on the mode,) structure and the Ievel-of sfmu1:ltion detail requited.

- ()

F~2 AS/~S IVlithematical Mod~1.~

"The mB.tJtett18.ti~model of the SI R machine, wunting a constant speed, is !~ven
as f.'Jllows:

\\

(', x - Vxt and y m Vyt

'Where. x and ){ar~ the' distances travelled in a time twith speed Vx aud Vy ill the
hcrizontal. ~'lD<I 'IOrtil:ai 4ir~on=:-1 of motion respeetively. '.•~. mAthematical
models .tnay;:inelude~ than one set ohpeeda for ~acb ilitecdon of mop,oll. The
~letatfon ,andde(~e!8r~oo at tll~NS~ mat:hinc may also be taken into account.

F~~~~~ Ie." nC
i. <

Tl\e ~1R$:~r'(PdpfpeAt'Ult1"~ ~tat'.JUJ.~ eul1~ ~liOll

~~. "jl
_h/

1)~~* /
1llt.'I~~ flqt~ ~ m:.,fo!lOM1 FormotiOBm the ~.~tal
":'p~~S.', .

,','. "",_ , ',.,' [)

,'.II\Ot!QIl iQ' tbo vertical_· tJ,DGwn SIOpY"

) ,FOt" ~ _~m: $.. Store~iat .•i6.me StOfap t~ R'tliIMt
RetthWe matetiat ltOm We $Il\.r1p J~:kF.d1, fteteb material, from the pi~.:up ,
statio. Deposit Dqo$it mau.rial ~}tb;~t $tatl~rr" l

(I . ,'"; . \ t) I' '" 'tii"_,

"Fot d\e'cae ~tbe StR madli~ servj1:U11$tortlie racks all either sid~,1)fthe aisle.,
the shuttle ~cbnniam lt8tt'~may tIten ~nclude states such a~ St()~:j..eft a,hd

" -, \' /; -',;'" ,,:,) t
S~ote_1Uab.t. ~:e. " . , !

i:/

2>~or.iel .tate: f;;:e=la::;==~oi~Si*~~,~·~tO
3) Model ,tructure description:

14!S.



The mcdel.5tructur~ ,description includes the rack structure and ~1lSOr placement
on' the r~ck. In this way the next event for the SIR machine mation can be geri- .
erated. The model structure desc:rlPUO'Ais incorporated ill the storage rack: medel
shown in Figure 3.4.

F.~ ~S/RS Internal Mod\de Structure.

The +~S/RS intA~ma1module structure is shown inCFigur~ F.2. The'medales are
discu;se(!.

() "I"~ ,,()1""""' ,..,_•••_. __ ,_ ...-. ....._Wi'--" ......;.;,- -\J.r-j_...~...__ ....__......._.-,-

'\ . ' , ',' nTJse event ien~ra~lion InoduJe simulates m. oporaJ.;n of the SIR machine· and
th~ shuttle mechanism. ~$ modUle generates next events based on the model
sta~' and the model $~fcture description tnaintained in the storage rack tJ1OUel.

II -,
I

"

il
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The material m&1agement unit is fespDnsible for s.taring ami retri~ matetial
in the storage ~clc. It must take into account whether the 'SIR {i~/acl2int:Is at fin-
appropriate position to acce.~ the slot, whether the slot is empty or full and
informing the event generation module to generate appropriate signal Of AlS
messages. The sbuttJe meChanism module contains a shuttle description for.
simulation ot it! operation.,

/
/'~.5 Graphics Display. /{/

" ("
The graphics module (not (Shown in Figure F.2) is responsible for displaying the
~,~. tb81J'l().;ionof the SIR.machine. shuttle operation, .mot octi-
..,.non _ ... ~ ~ contain material. .- tl

I~

-\1
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APPENDIX G: mE AGVS~.I)DEL D

II
,""; II

This appendix discusses the c.U!velopment of the internal module structure of the
AGVS model as specified in Chapter 6.The logicalmodel. the model descriPfn
and a module structure for implementation are discussed. i

c.r AGVS Logical Mood

The ~VS ·.loiical modol CONists of two sections:

1) 1"rUet ~tiot1 an<l control. II

2,$PJp &.or installation.
J"N~(l~
tl).i~i~~~'I' ;; ..+_~~~~..li~to~.eadltnu:t.l'ldUdotbe~

!)StUtf"_·_Wtuo.:.· .,
lD!~~6 modtl tho paths of travel for inductively ~Wded vebidcs, the _r mt.}Jt

be ahlr.bspedfy theW paths, the placement of HM()tS and aeu.aa.tots on Ute shOp ;!~
~~~a~tor~~.WandfrOln_~~1ocical,nwc.ie1 c

~,,~ ¢#~to'PedfY th¢se .ctsuUnaPlPbictools sudtaslipt~t
otc.~ ft~tNt8UatiOn mod-I...shOwn .. part 'lfthe AOVS build,.. bloc\: model
in Pipro'33"~,,,~ blfomlatlon rolatbJsto.th,. paths of tnICk travel. the



placement of sensors and Iimean$\ fOi' the transf~ of informatioo-tetwe~n the
.:individuat trucks and the floor il1$ta11,.i i>!l aswen as between the floor installation

\1

and the AGVS supervisory computer •

.G.: Mathematical Models.

'The mathematical models required to describe the physical characteristics of the
trucks are based on N~on's laws of mJtion. The model may desc~J.bethe.truck
with constant speeds andmay inc!u~ truck acee!eration/deceieration parameters
as provided by the user. Tnmsf'r mechanism may be described u-singconstant tiine
<lela)" Oft if required,. lOOtocomplex_thematica.l models can be used depending
ou·tlte tfwfor mechanisms inuse.

;~~'-.S;?i"~Jl, .

• ·A(JV .... ·~deg~m .. rms·of~t~~SWeJ_W._~.~'·,· ,
l);~~.f '. ;,:

.... h~!:~~~J~~~~ :,.c :.::
. ~o.f.,tltt..,.~ .• !~~),:,Hd ~
. :; tJ(~.,uwt~~ • .eadm_~J." "'.'

' .. ,':, -'-~- -,

t;~\/ 'j' (":-,;-,, :;;1:;::t{,'~~:_\:~;:~--i-_~):,,-:~:.-~~'
:t

,_-,-' . - . "

~ if)N (1bis State ~·.~.·~.to·brudl to.p&tfl N9Utof.nmnber of
poasibtjPItbl).
2) Modelltate:'

" '

The ~ ,*e ~rds ~. tlUek~don re~tiYfto tbo. ~ .P4fh..it. isltaVeDi1Jl'pD. ®~ shop t:toOt.' ..... ..... .....
3) TruQt.m0d6i.sttuctur. ~ ..
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The model s~ describes the locatio. of ~ OD, the tmck actiVated due"
to traDlfer JUechanism operation. This will be dependant of the ~echaftism inuse

~ n

andhenee the description indudes the inform.ation needed to simulate the transfer
mechanism opeladon.

G.4 The Internal Module Structure Of TheAGVS ModeL
il

The internal mQqule stnlem:e of the truck is sllown in Figure G.1. Each truck
model intet1:accs 'with the floor installation model and this interaction is also-~ . . -ur~tod.

._i!"klQfi _";

tf} .•t<itl~t~
Moo..tJ

MI~te;ior ¢uf
._,.. ml,.sog1t.___ ...._.........J~.~.~-i~... ~..WQk·~~~w~

t1tal\f.erMJ~-(_~e G.2),,,. .... t_and~ stntctUtt
d~mociu16 maintaiu the current location of tbe truck rei~ to the path



of travel. This module sends this information to the common material trar,sfck!)
interface when required for evaluating the (:onditions ne~~ for material
transfer.

'i a....w
1lIJa,a-:t.·iMtJIdcM ta11lft# 8.tIt«lu

(lleprod" hlIa Multer. 1983)

The floor i&$allation model plays two toles. Fir$dy, the truck. event 8eneratiop
, module ~ the description of ~ floor 'installation maintalined in the floor
intctanadoa model, to genaratt next events fot the sjm'J1at1~noEtrua motion over
the

:lhop flOor. 1'be!iev6nt pnerati.on module else· ~nds m~;S'iag{~jto the floor ins~ ..
laUOl\ model to ac;:d\'&te tensorS or tctuators placed 011 the shop floor.

,

'.

1$1.



i.\

Secondly, informanon for truck control is 'tlransmittcd via ~ poor iflstaUaf.lJn
model. The truck/shop floor installation interface is common to all trucks since

, each truck must be' able ro access information from the floor installation model
This is a special interface since it models data transfer p-~tween the floor instal-

\ .. !

Iation "!U1dthe truck and allows the truck to activate 5el1S()ts placed on the shop
flom;,as 'the truck "passes"by.

G.S Aidmated Display of Truck MoCion and Operation.
\\

The truck motion. transfer mechanism operation and sensor activation are dis-
played. The truck motion over the shop floot can be anima.ted by noring~ truck
location relative to the path it is travelli~1ion aridsuperitnposinl the &rapt'tic symboi

(?

for the truck on the shop fiOd't",n1Stallatlon repreSentation. The shop floor insud-
lafion may be displayed over a~lmbet of screens for claritY. .

()

\\
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APPENDIX H: THE ROBOT SYSTEM MODEL

The robot system model consists. of 8, robot model and a workcell model as shown
in Figure 3.5".The robot is a complex piece of equipment to model in terms of Its=
logical and mathematical models.jln this appendix, the concepts ,l)ehind

l
. robot

model arid workcell model operati~n are discussed. ((

(iL-)

HJ. i~eRobotModel"
\ I.

II)
As stated previoUSly, the orientaticn and position of material is not considered
necessary for~ sinlY.lIation.Only the location of material as ii~ arowrd the

~~ is~tt4. Tbereforo,.lrom the pointofview Qfm~l'obtltoperation
.:~.lh,~~.{)OS1tion~, •.~~ofal~~_isrequfte~ In
thJi ~ .• te."l1~ted by'tJii ....,l·~be.tdtm~.

,,' '.' '. " .. '<" , .. . .. , .. , -' ":'_'. "',':' :., .':''''''{'' :.'" . ,.'- - ' ..~·..·..,,~o·..~tlOl\ ••.•·h~!;Jt!I,·.:.~!!·.~at ••.•\~~••••·.~'~botween
".~~tlJlj"...t~ly·~~~·U14t·,~I~ •. atay be,.
~~:~. ~· .. ~~W ... in$ia.. fIi~t<fotis,dis .

. • ~.\',.' !, ... ·~'i A ., "" '. "'< ~'\j\

lII~ ...~_·~i-.~.~~s~~~'.~.·~.fOf~..,.,~l·~··._~!~·· ••and.. ~(~~'~t.~.,'·..,...ti';J(~ ... Ol.·1'bo·'t~ps
.O~ ...;~~.~t •.~··~···~.,~~,tM~'l ... the
l'Obm ~. is to . ...An.... ~:...1'.- .....•.• $l~~,

,Using ~cmo4eJs ()f robot _011, the timma be~on steps which specify.
elld-c~r l*idfJl maY.be ca1a1I&tedrrn.· ~ .~.~tbm is
usedi

Ut ~d1e .tobQt ~ .... ~ ~.lttioJ1 ~ tM appropriato~.
, ,',

".r\.. ,," . '
A posS(ble·ttnlcture (or operatk1n impie~~_t4tKm,80udhttd a~fj Ulustrated
in FIgure H.l. BachmoduIe is ~d:



n

r--
I

1\
II

Robot
Mottor!
TimirHjI
Module

Robot
Controller

M6dule

/-:-'-::--
__.-------_~_-_il

MOQ,1
Stat"
Mod~l•...._..,\-

:, ",'- "':'" _ ' ',,' " _,' - 'i- ., _ " ' ;; ,", ' __ '_ ) ~,_ ,-! - ,; __ c. ',' _ ", ,' ,', . _ "''" : __ " l

n.~~lIid&lSeis ;i •• " •• l~foft.'~'~--~ .
.__ .~~·~~·«tWOt.·";bta'l"';.~W·b1_ll~
~_"t_~i'ia"~ior.~ .. tI&ce2; ;i

·~_'~~ ••'~.' ••~ie •.• jR~f:~Ii-P.J,m··"~
~ .. 11BttlCtlule ~Jaies~"dtM It 'tatet·for tho f;nd-e!~ to move
from 8Be po1itiOllto th~DCXt.U~\quired by the robot ptot,rtml. . '/ "
The ·robot ,coatrohr·rlOd1sie·Muds 't1\6 ~ kd~l posidon"and the time
thaime euckffect{)t ,should reach this position to tho ,;v\:ntgeperatio n module."
The event .,.ration mOdule is also in!ortued wben fhe robot gripper opens or

~i'

close." u~
'.' \\1.

The!event ~tltif.)n module llpdates the robOt end-effector position and informs
the material management module when ~e tQbot. gripper opens or closes alo~~"',,-,
with the current end-effe<."tOrpositiQ&1. The material managemC:llt module signals

"

"



the 'tOOOt'5 int~nt to fetch or deposit .material by mini tbe-material transfer
fun(,tkl,DSdescribed i.."i Section 4.1 for an active-passive aud passive-active ma~etial

tra.nid'er ,i1Bl'fD.'
:1'[

Ii ( I f~'l

The ~e desa1bes the like eoncepts behind the simulation of t~ robot 'oper~
ation. Logi~aland mathematical models must be detive<S to support vatiou~ types
, qf ~boU Used in Ptactice.

"

...... i!',\~~_'" fe1'~~ the assembltd
~J'•••&J~a,w.\1I~h&We ~cor.,f'0

'k;-,I' \}I" ••..'

,,_, • _ o. ,," ",. 0/\; _f!.bd~.~~@".•"l._'ltlY·~for ('ample, a,i»'Gb1em"
Jx:au:aBee"~:it~" _',"'. _. t&; robot..,The,lW,i$ execute~tt
the,robot~itI.~,lO, ••••..••• ~e ~obpt tool is respom~ble,~ tho
fabrication opeftl.~ ~ "~.',bO <Qstributedover an-area of the -~ Ej!
spray-~Uuing. ~~, ,"/ -

_- '. -.. 'c:_',' . -<- -I",



APPENDIX I

I .~~:PENDIXII'lJ:SHOPFi.ooR E'QUiPME1IIT eONTIWLLER MODE~

I, 1~. shop floor equipment controller model is-0sed. to receive cOmm~ds 1i"d
11 C!'>l!ppUeequipmenl' ~',tatus.The model isresponsib'e fortranslating ®mmanq~1or
II pri,tnitive.~into ~~,si,;[uenceof signals which must b~~.,~'e,ntor monito~ed for \\he
Ii 1,,)v,Heveic:q,ntrol0lf the shop floor equipment models. 'ii

, , . I 1\

l~ !!',hiswork, the cq~lt.roller mode, represents a computing device which gene!a!l!e~
Sigll~1s.The real;w~>rlclanalogy may be a progsammeble logic controller (~LC)ior

! .. I: .' , . ,.... I

f,; p'rrsonal r.otnPU~rr (PC) with the requi~ed infr~:tace. 'This appl'ndix presents t,rl~
(,p{:i:trollcr ~odel structure and ~ logical model needed'to allow the user to specify ,

I .,.:, \> ::"

t!h~',controller fortns particular usc. e
,
\

I

I

':[.1,'The CoatroUer Modei Stru~re. ·0 r- I!
,

(,'i n :1

iTht·l wntrol1er model}5 eOmpleteiy defin~ i~ t~rms. of i~ control And .al 0

1in~;I'rAtCO.Wt. define '11 internal modu1at:itrUctllre·for t.oontrok 1l'lOdel~
ion (be ~~.it~.~~~1la4 fua~ns it_l to perform,1wne"~'
imol'!~ltm~UlofthAhopftoOt~""'BasedOnthbt.~ ..
,'~I~~!"r:~'.~~~G~' .~ .•.~.iJ).Fi~,~11
,I :- ',I ' ,,1 ' , ", ",'. /0'i " - ,,' - ,_' .:» " ,- .._ " '

I "~',~~;~e~c __ .whicl1.-.ats thc ....... 8f~)
I~',~f)' •.~ .'_,_ .• \~~d,or~tM. A.JOOd\',4t. fa '$eat_ap'r~ cOrcunaa4·.ad 'the sC'luenc:e of deps ~ th4 P'l'tllkm,of.·me~:
I reqii~fr.ed$e(!ucnce of undiDa or.moni:~orlng of siplnts.

r i~

Tbei
\ 'status module operates is " database, stot;inl tbe infolmation. needed to

mai.!I~tam~quipment status and would alsO be feaponsiblc. for a~uiring lb'!\;
intOl)l11ation.The eormllaUd modules Imri nood information trlJm 1be statuSmodUic
and Inust. therefore, be able to access J'!nd update thib infOr:A1&tion.

157.



PR()CEDUItE StanProcea (1': PROC; N;~RDlNAL;
I Plramete~)ADDftESS);

(. Shtn • l'~ wjth procedure PI pOlnccr to i'lIramtter
Md WOl'~ f1l1iz. III .)

"

PIWC:ED{Jl:tE ScopProce.;
(0 S!OpI' I p!'QCeS& normally ")

PROCEDlIRF. Octl'.ramercl's (VAR P.lfllmctc •.ADDR.E!SS):
{' Get pointer II} panulICtc: block .)

PROCEDL'm: CO&eOlN,
(0 DcnOte &tM oC I&Ul1dtilll 4 ~cquenc:e of processes .)

PROCEDURE COI!."ID;
(. Matell O)BEGIN at end 0( il!UI'lCllini a sequence of
~.)

PIlOC!JWltE SetOoc:t (Covftl : CARDINAL);
(a Itt ;b:k ....n. II" to "'ft(,d sccon4l .)

~ o.~i\;b1ilOr (VAil Moeitor : MONrroR.'S);
(4~. 1DOftft0l' .. ~y.o ")
"'Sebl_"l5.terM~O't (VAilMcrutof : MONrl'ORS);
<- ~,bt, III _~ ~1U em fIIIU)' .}

~~, (VAA Momlor : NONrI'OM);
("~ "Sill ~ ~ .. uk .)

....... .:"ut~~ (VM(!t~
(."~ ,~_ ('.to"" .. ....." ...... )

~~ (C£UNnlI1ON) : C"AlWtNAt.;
;tr~, ~, «-~ at ~ 01~ tor c.,W..,n 'I' ,-.....,~.~";~
(.~ ••_ .... '~,~_f;.)

~~..,<!~
(H'''k Iotl/()"_' ,.,,0.- V~ ->
~,~(T:~~~
,(·,~:~,....~..."t,·}
~"mt'()I~
(...... ,.-- ~J '
("- ~~..,.., ~ - *)

~,CSfpIl 'cv'.-' ~'!:MONt1ORS; VAl'. c:co,NDmol'Qi
(,",~ ....,... ,... e*) ,

~ OW.. iVAI. McDItor.WONI'roM; VAIlC:_coNDrbo,,!: ~~,
.~); \,

(0 SIwpMd ,_.. _ C WII jirioflty P" WI for

~ to.-n~)
"

NOCEOlJitI Chit (VJ", ~RS; VAR CCONJ>mON);
<- SIIepoftd pr.oaIII _ C witt. ftWt 1'1t1Ority. 1IIIlk for .
UCIIIIIer to nItart It .)
0"

JaIIDM~
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DmNmoN MOD1.1LE .I~~
(" n:vubfc; _ltatap! aJJocatr.>ft. 1ltr<:lTUpt free.

1'.0. Terry 1.S/4/1966 0)

fROM SYSI'EM IMPOPT ADOBESS;

EXPORT QUAUPIED Allocate, Oealkntt, Avall;.blc;

PJlOCEDu'RE Allocate (VAR X: ADDa~S;" Size: CARDINAL';

PIlOC;;DUU Deatlocat<: (VAR X; ADDRB.~iS;Size: CARDINAL);
(. d~Uocete at!;!&of SId IInilJ, addraa X 'l"

'PROC£Dl1RE .•Availifble (Size: CARDINAL) : BOOLF.AN
(0 Npo)rt wh...tllt:r Sift IInit:; can be alloeote(1 0)

END SdISkw ..

DEJ'INmOM .MODt1U: SJ"_TII'IIt;

Co nla ~lc, Imptemellted witll • priQrity hip! enough ~t't_ If tDnnoI balmemaptGf1. mar .... ~II' tbe
.,_. mI-tlM C1> tft mo4ulea 'tllbidl lied ~111 time .)

FIU>M ~iI~nM1 JMPOR"j' :rUIIIRec0r4. Oklbamrae;
i {(

B.'<POR.T Q~JAl.JPl£I) 0.... 71_, See\lDcb;

1"\'f1$ !

~.' '" '.Jt&IU.;_
,_~~~.~(VAIt ~~ : 5c-~);
,{-~l ~ .~ n........ die l7I1em IIu

"}1~"~·)
.i_ I'JNl)~.

I,
j';\'.\'\

J.2IAm,CEMlN'rATfON MODl1L:ES

~:ii"~.':""""',{fiJ
(.~M1li:,~r ••-i.i .......~.--OII!.,_~..~-l/O.~,.~ ••ta
~"~""''' PJ);~-t1"I·I6':!~2·)
PROM,mntML'dJIORr ~ K'~ AODlWS. ADI,

~,~.SG~I"~
~. SBTn:eO.
0Bl'lUilG, SWI, AX. .. 8X;

PROM~ INFO"", T""~. IlI!t'.t1JCIdvn;
~ l-'-

f'P.OM Don_ lMro~!rr s.t~III,.. SM~Veetot •
. ' J: Oe~~

I, "_IftIC11iI"V~.
Ii ~~.~~r;

PllOt!4 ~- 1~1lT ~. n.a:~
/1

~OM tn6ut ~Il" WritIScriaI" )VriIeLa:

~MPoR.T kaOuc, -,rc~



(" FJCPORT,:9lJAUFlED di~Ntln10N. CODEC.iIN, COI!ND,
St;~rtJ"rpoas, CPWI!I. CWt?,
diipal, Q"", ...e. CPn(.;riry.
C.leli~eCoftclitioft, ~OMTQp's'
eru,'IMOitllor, Eft1efMOftItor,
BxitMORitor. WeidO, Deilly,
'TIme, GeIP~rametera. SiopProcetII,
StitQodc. OtobamMe .).

CONST
"ClockPtIorit'r

" !kfaulfPtkirl:y
&1ttyPriority
,ReenuyPrlority
M.ulat
MaxCard

TYPe
~tcf • POINTER 'IT> ProeetaDo&cripIor;
CONDmON .. !?rocPoillter; (. 1Iii~ (Of Ra4abllily ")
MONrroas ... POtNrER TO P.x.:tusioG;

~r -RECOR,O
Non • : ProcPcisJ* (. riAl, lillk $)

0uH& : hocf'OiII"iu; I.

(. ~. q\1CII&& IiHet i/>
~I:~il
(- IAtItIIaI 10 TtV.NSPDii 4)

['~..,., : ~M;W __ '"*)
AM. CO ... 1)

--"'1'"""'"' II
~:CAE~'f'
(* ~-a ~ Ofti~ .)".)It. (' ~ .arac;l,_ 0)
..... ' t.w~1
r -... or"",•. 1I1 li~ ,
JJ) : ~ (..,\rw ......... )
.... .:tllOC; II

"'.. t*~ .....N~\ ..)
"INI>.("~ .~

1\'1,'

~" :~('

~:;:-~~iO)
. . .. \,

W~.~~\
(. 10q__ (If COIICIitiollll·) '1\

l~, C- 1\wcIuaioa .• ) ,~\\

.. 7; (0 no Intemopts .11owe6 .)
• 11,8; (0 (Ol' eon4:lion qllC:OIe _iliAC 0)

.. t, (. for f'liil lime entry 10 monitor .)

.,. 0; (0 tor C!,pal1~ ro:ecd.lO wail·)
-32167:
iii 65535;

Mal'lt :!'_~(0 ~~~ ~ .).,~* :~ (,!"..,.WIe .)
\

ktAoP1~ : P..... 1!eI'; (. iii..... , ""ra tJt elIc
\)a beI4 ,., 0)

,-;;~lJIt : MON11OM; (. IfttemaoI. ~.~ dela, ~uc .)

Hold : CONOmON; e ~\:~~ for ,..~ .)
CanStMt : DoollVLN; . " . \\
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In an attempt 'I~oovercome th:s problem the fOHO~itl~ Is proposed: The workc,ell
,I ~I

model i~speeified as afabrication m~el through the framework of the workcell's
to;pcallrodel.llThls ~,pecifi{;s ll'i:fabrlcation area. If the robot gripper is within <his
area thf'lpart fl~bricj~iOnlist h.ilupdate~aCCOft..1i[lg to the operatior, that the robot
pe rforms.This tnl~Ybe (leduce{li·froqlthe robot tool, or when choosing n fabrication
m :>del tron!l the logical model, i~hc~node1may be specified for speCIfic Iabricatien
operationsand thus upd.. .es !~~epart fabrication list accordingly. .

!I .'~
111e problem with this sclutiqb or proposal is that there may exist cases where
ptocessini[s not actually perfoil11lcd but the tool haspessed through the f~brkation
:nea and t,lC fab~;\;!ation list 115updated. We do not propose a solution to thH.

p.oblem hnre but\\~Gte that a J~norerigouwus treatment is nlcessaty.
\\

11.3 Summarr- ii

I:
!i n
Ii

J'bis .Appt~~cribes the :prop~s for thedevelopment of the robOt system
aldaet M!)tctll'of~bot 'Unulil~i)n must stin beinvestipted to ve:rifyt.he proposed

• . . .1 . .!. 11....'
tobOt!ltOCielo~tion. Fultbitn.th~wctkcollflbdel ~lopltlenHequires a more
tlOUrOus·~ m«d~rco·.oNe the i~encia as l'eprds workceU
Cj'f;eratwn for _ntbly ud fabricatiOn operat~Gm.



,-.

I,~~ ~~l LO,Jca~M~ ,
() ',OJ

In*,,~. "'lll~ the._r may i..uret._Cd{ .PLClltpc'.fpr ~~l¢,
t»~tthe lQw·kve1 tosurolQfCM~ftoQt~'t. ~lM·loplimOO.l
st1USt~~ p6td_rPf08ta~' irl~aCj d%1Ilthe UI.twould~.o~ the
&bop ttoot. . q

Ii ,,' (,

To support thii, wt' propose that the ur~ is given the dlotee of prograIl1ming
iute~~~t matches the eonttoUcr model to ~ type required b)I the user. For
example. twU prognu:mniDg interfaces are considered.

Tbe first interface aUows the user tp adopt the modulu. structure of the controller
model, a.\ proposed here, 'iDe UHf is re&pOn$ible tor wrltP\l (the code for ,~c1) .
J;11.ocbite.~ ... . C ,~( Ji (

,) .'. . '..' \"., . Ie. ,'. , . ,.' , . " , " : "" '-, ' .• ' n, (.~";:

" "The'~cOOdproJ1iantminl interbe ru~iu ~ sam. furi~ Ntlu~toftb.~'PLC
proifammidllJad~ itbe mterlace ~ ~\e~r to;~.~~corltrot!er model

,') :, ,



APPENDIXJ

APPENQIX J:AMODULA-2 KERNEL FOR DEMONSTRATIO' MODEb
IMPLEMEN'l"'ATlON

This Appendix presents the source code for (he Modula-2 kernel as described in
Chapter 8. The kernel consists of three modules:

1) MonitorKernel.
2) SafeStorage.
3) SystemTime.

M~MonitorKemel contains the coce for the kem~lit5elt MOii;.!!~ SafeSt~rage
{I ' ; I'

is~) iJ1tett\tpt r~e module uaed·tq d9Mmi~Uy allocate memory as requiit~ by
the ~1ilel.Therno4u1cSystemT'une provides a procedure called OetSystem1'ime
whh.iltl.timuladofHMduies wo tt.)&C(CSS the teal·time in secoads, The definition'c'-'" ,,' . '.,-' ',.'

~;'IoI\jn. above I.Fe'F ... ntod· .... Well the ,resPective. implementation
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