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Abstract

Onefield in the wide areaof simulationapplicationsis the field of manufcturingsystems.
Within it the humanfactoris of growing interest. To increasethe efficiency and productvity
of a compaly besidesnvestmenin new technologieghe introductionof alternatve working
structuredbecomesnoreandmoreimportant.For themodelingof working structuregshe mod-
eling of workersis significant.

Most of the simulationsystemsavailableat the market offer elementdor the modelingof
workersin amoreor lessdetailedway. Usually the workersareimplementedasa specialre-
sourcewith disposabilityandqualification.Worker elementsn simulatorsarepassve elements
requestedy a machine. In contrast,the worker elementsn flexible working structuresare
active elementsvith mary degreesof freedomin decisionmaking. Becausef theimportance
of theworkersin thecompanieshe modelingpossibilitiesin the simulationsystemdave to be
extended.

Thereforewe proposea specificatiorfor worker modelingto extendexisting systemsThe
specificationsupportsthe userby providing informationaboutsystemelementswith their at-
tributes,parametersandrelations. A formal specificationis neededor processindgy a com-
puter For monolithical simulationsthereexists no standardspecificationlanguage. Justfor
distributedsimulationghereis a new standardwailable,the High Level Architecturefor Mod-
eling and Simulation(HLA) developedby the DoD. We have testedthe applicability of HLA
for monolithicalsimulations.

In our specificatiorwe have threecomponentsheworker itself, thetime modelanda com-
ponentfor worker managemeng&very componentepresents classwith attributes,parameters
andbehaior. In a modelseveral objectsof eachclass,exceptthe worker managementlass,
canexist. This specifications simulatorindependent.Eventhoughit is object-orientedthe
implementationrdoesnot have to be. The componentsare extensibleand adjustable.In the
worker managemensomestandardstratgies are pre-defindedput specialstratgies canbe
supplementedAll informationneededs in theworker management.

WeusedHLA to describaherelationshetweerthecomponentsndtheparticipatingoaram-
eters.We cannotdescribehebehaior of acomponentThesepartsof the systemwe specified
informal. Sothespecificatioris appropriateo build amonolithicalsimulationmodelincluding
extendedworker elements.However, with our approachevery worker canbe implementedas



anautonomougntity. The materialflow systemtheworker managementhe shift model,and
every worker caninteractin a distributedsimulationsystem.

Summarizingwe cansaythat HLA is ableto specifythe field of monolithical simulation
in anobject-orientedvay. We canspecifythe attributes,parameterandinteractionsbetween
componentsTheinformationaboutthe behaior of the component$asto beadded.

1 Intr oduction

Dueto restructuringof production therole of workersin acomparny hasincreasinglychanged
over the pastseveral years. A transitionfrom the manufcturingsystem,organizedby Tay-
lor’s principles,to flexible, self-olganizingworking structuresook placein several domains.
Differentstructuresevolved, oftenin a compary-specificfashion. To be ableto estimatethe
effectivenessf theseflexible systemsa simulationmodelhasto be very detailed.It is neces-
saryto gatheradditionalinput dataandto include specificmodelcomponents Our approach
integratesworkerswith existing modelsof logistic systems.

A worker specificatiorwasdevelopedthatdescribeshe structureof modelingcomponents,
therequiredinputdataandtheinterfaceso othermodelingcomponentsThe specificatioruses
the HLA standardo specifythe interfaces. This enablesus to make the specificationnearly
simulatorindependentThe strongerconsideratiorof the workersin simulationmodelsis de-
notedasworker-integratedresp. worker-orientedsimulation. In workerintegratedsimulation
the main point is the evaluationof the logistic system,while in worker-orientedsimulation
specialfactorsinfluencingthe workersgetanalyzedZH97]. Theincreasindevel of detailby
worker modelingrequiresanincreasingeffort in thewhole modelingprocessin thefollowing
sectionswe will presentmethodsand techniqueshelpingto decreasehe effort for worker-
orientedsimulation.

In the presente@nalysigarticularthoughtwasgivento flexible working structuredecause
of thelarge scopefor developmenbf theworkersandtheinterdependendeetweerdisposition
stratgjiesandefficiency of the logistic system.One of the major problemsin modelingflexi-
ble working structuress the descriptionof dispositionstrateies. The possibilitiesrangefrom
simple,centrallycoordinatedvorker poolsto the decentralizeddistributedapproachof intelli-
gentagents.Several publicationg(e.g.[BS97) shaw thatthe effort of gatheringstrategiesand
implementingdecentralizedvorker managemenis very high, evenfor rathersmall systems.
Thereforejn ourapproacta centralworker controlis used.The conditionfor theintegrationof
flexible working structuresnto simulationmodelsis a comprehensie analysisof the general
andcompary-specificproperties.

2 Elementsfor Worker-Simulation

As mentionedefore we analyzeworkersin manufcturingsystemsWe do notanalyzenuman
modelscomprisinga graphicalpresentatiorof the humanbody and properto solve problems
of workplacedesign.In modelsof manufcturingsystemave modelthedecision-makingvhen
handlejobs.



2.1 Workersin Manufacturing Systems

Workersin manugcturingsystemdulfill severaltasks.Therole of theworkersdepend®nthe
existing working structureandrangebetweerthe operationof a machineand organizationof
thework flow. Whenoperatinga machinewe have to considerjustthe availability of aworker.
In flexible working structurebesidesvailability, ability andcompetencéecomdamportant.

Flexible working structuresare distinguishedoy four characteristicsvhich canoccurin
differentpeculiaritieg DES94]:

Integrationof FunctionsandTasks,

CooperatiorandCommunication,

AutonomougControlandInspectionand

Integrationof Qualification.

Dueto theintegrationof functionsandtasksthepossiblerangeof decisionsndactuitiesfor
the workersincreaseslincreasedequirement®f cooperatiorandcommunicatiorarisewhen
workersareorganizedin teams. This teamshave to work autonomousvith self-control. The
integrationof qualificationmeansto assigncertaintasksto lessskilled workersfor practice.
The specialvaluesof thesecharacteristicareuniquein every individual comparny. Sowe have
to specifyanopensystenthathasto be adjustedn thespecialcase.

2.2 Workersin Simulation Models

Thekind of simulationwe will investigates calledworker-orientedsimulation. Furthermore,
thereis worker-integrated simulation. Theseconceptsare definedin a new VDI guideline

which is underdevelopment.Worker-integrated simulationmodelsrepresentogistic systems
includingtheworkers. Themainfocusis on solvingeconomicaproblems.In worker-oriented
simulationmodelstheworkersarerepresenteth a higherdegreeof detail. Themainfocushere
Is on analyzingtheimpactsworking structureshave on theworkersandthewhole system.The

main elementof worker-orientedsimulationmodelsarework-placesfunctions,andworkers

(seeFig. 1a).

To modeltherelationsshown in Fig. 1ais very expensve. Sowe abstractrom it to sim-
plify the requirementso build a simulationmodel, but neverthelessonsiderall relationsand
elementsThefirst relation,ability andrequirementis modeledasworker qualification.Every
worker got a qualificationfor every task. This is representedby a valuebetween0 and1, in
ary desiredgraduation.The feasibility is includedin our taskdefinition. We presuppos¢hat
every taskis unique,i.e., the sametaskat anothermachineis anothertaskin this sense.The
competences inclusive thereby becausehereis just onework-placeto do the taskandevery
workerwhois competento dothetask,is competento work atthis work-place(seeFig. 1b).

To realizetherequirementsesultingfrom our definitionswe needthreesystenelementgor
worker simulation: the worker itself, the time managemernfor the workers,anda controlling
facility holdingthe dispositionstratgiesandinformation. We specifytheseelementsn Sec.3.



Work-Place
o Competence
Fea51b111ty/ o

Functions/ — Workers = /%)rkers

fosks Requirement/ %i:l:stl%%/ Feasibility
Ability Work-Place Re%ﬁ{?gnigﬁce

Ability
a) b)

Figurel: a) Relationsn worker-orientedsimulation[ZH97] b) Relationsn our Worker Simu-
lation

3 UsingHLA for the Specification

Theworker specifications a descriptionof the datanecessaryor modelingworkersandtheir
mutualrelations.It assistdthe modelerin gatheringandpreparingof therequiredinput dataas
well asproviding aform of documentationThereis no standardor specifyinga monolithical
simulationmodel,but for distributedmodelthereis. Sowe analyzedheHLA (High Level Ar-

chitecture)tandardrom the DoD with regardto its applicabilityfor monolithicalsimulations.

HLA wasdevelopedin 1996 at the DoD to describedistributed simulationsystems.The
primary objective of HLA is to provide a basisfor establishingnteroperabilityamongsimu-
lationsof a federationandacrossunctionalcommunitiesandto facilitatereuseof simulation
component$[Dep96]).

HLA describeghe interactionof federatesand the attributesand parametersisedin the
interaction. The individual federatesare consideredas a bladk box A federatels a member
of a HLA federationafederationis usedasa wholeto achiese somespecificobjectve. HLA
providesinterface definitions, object models,and time managementAll informationis de-
scribedin tables. Thereis an Object ClassStructureTable, an ObjectInteractionTable, an
Attribute/RarameteiTable,andthe EnumerateéindComplex Datatyperable.In addition,there
is alexiconto defineobjects,nteractionsattributes,andparameters.

Now we have to specifythethreeelementgor worker simulation.To useHLA weimagine
thesethreeelementdik e interactingfederatesnddefineall theattributesandparametersf the
elementsandthe interactionbetweernthem. First we have to createthe ObjectClassStructure
Table.An HLA classstructures definedin termsof hierarchicakelationshipdetweerclasses
of objects.We have justthreeclassegseeTablel).

P meanghatthe classcanbe publishedby a federate,S meanghata federates currently
capableof utilizing and(potentially)reactingto informationon objectsin the specifiedclass.



OBJECTCLASSSTRUCTURE
Typeof Worker (P, S) Worker
Time Model (P, S)

Worker ManagementP, S)

Tablel: ObjectClassStructureTable

Next we createthe ObjectinteractionTablefor ary interactionbetweerinstance®f theclasses
definedin Tablel. Therearelistedthe initiating andreceving objects theinteractionparam-
etersanda columnto cateorizethe currentcapabilitiesof anindividual federatewith respect
to objectinteractions. In the Attribute/RarameterTable the attributesof the objectsandthe
parameter®f the interactionsare listed with a setof characteristicéik e attribute name,data
typeor theaccurag. Thetablesfor enumerate@ndcomplex datatypesshallbe usedif sucha
datatype appearsn the Attribute/RarameteiTable. At last, we have the lexicon for the object
classestheobjectinteractionsandtheattributesandparametersTheattributesandparameters
of the elementworker areshowvn in Table2. Like the worker, the time managemenandthe
worker managemerdredefined.

ATTRIBUTE/PARAMETER DEFINITION

Worker Identification unigueidentificationof the individual worker
Type of Worker eithertheidentificationor a classification
Qualification valuebetweerD end1 for everytask
Monotory thelast10taskstheworker hasdone
CurrentTask identificationof the taskthe worker handlesat
themoment

CurrentPart identificationof the partthe worker handlesat
themoment

Time Model link to theworker’stime model

Worker Management | link to theWorker Management

State currentstateof the worker: at work, waiting,
free,notavailable,pausing

TaskSchedule link to the relatedtask scheduleof the current
part

Working Cycle numberof the currentworking cycle

Break dateof thenext breakby therelatedtime model

Location worker’s currentlocationin thesystem

Table2: AttributeandParametebDefinition of the ElementWbrker

In ourtableswe definedthethreeelementswith attributes,parameterandrelations put we
did not definethe internalbehaior of the objects. HLA doesnot provide the possibilitiesto
defineinternalstructuressowe usedaninformal specificatiorto describeherest.

Theworkersdo nothave ary internalbehaior. Thetime modelallows theimplementation



of flextime while computingthe actualstartingtime using underlyingdistributions. This is
an internal behaior. The worker managemenincludesmary dispositionstratgiesthat are
describednformal (see[Fre97]). A coupleof stratgjiesare pre-defined suchasfirst-come-
first-sene. Every stratgy can be addedbecauseof the information available at the worker
management.

4 Exemplary Implementation

Wedid anexemplaryimplementatiorusingSimple++andWITNESS.We modeledanassembly
line with 5 workers. Thelayoutof the modelis shovnin Fig. 2.
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Figure2: Layoutof the AssemblyLine

Theassemblystationsareconnectedia rails whereassemblyvagonswill bemovedby the
workers. The wagonscannotoverhauleachother An experimentalparameters the qualifica-
tion of the workers. In onescenaricevery worker hasthe qualificationto work at onestation
only, anotheris whenevery worker is ableto handlethe whole assemblyine. In the simula-
tion the qualificationinfluenceghe handlingtime, the errorrateandthe assignmenof tasksto
aworker. Corversely the qualificationis influencedduring the simulationrun. The effect of
learninga job canchangethe qualificationvalue. How oftena worker hasto iteratea job at a
stretchto realizealearningeffect depend®n the specificsystem.

Before the simulationstarts,an estimationof the available qualificationfor every taskis
possible(seeFig. 3). Thisenablegheuserin the planningphaseo decideif theavailablequal-
ification complieswith the requirement®f the planning. However, whenthereis insufficient
qualificationthe simulationcanbe usedto detecttherequiredenhancemerdf qualificationfor
theseveraltasks.We candetectherequesbnqualificationby comparingheworkloadof every
worker in the several scenarios.Thenwe canratethe costsfor qualificationin relationto the
earningin the production.

Furthermoreve cancheckseveraldispositionstratgies. Theworker managemertontains
all informationaboutthe currentsystemstate,(whicih helpsusto considerit) to decidewhich
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taskthe worker hasto do. We canconsiderthe monotoly, the tasks’deadline the appropriate
gualificationandmuchmore. Thelimits arecausedy thedifficulty to describeéhebehaior of
arealsystemin analgorithmicway. Becausef this problemwe provide atrace-fileto perform
post-runanalysesWe candepictthe sequencesf tasksfor every worker (seeFig. 4).
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Figure4: Analysisof workersactuvities

We canconnecburtrace-filewith anapplicationto explorethephysicalandpsychicalktrain
putontheworkers.Thereforejt is necessaryo gathercharacteristicselatedto everytask,e.g.,
body movement,noise,clima, etc. Becauseof our taskdefinition we canassignworkplace-
specificcharacteristic$o a certaintask. The noisevalue,for instance cancorrectlybe added
becausat is relatedto a certainworkplace. Whenthe simulationhasendedwe updatethe
databaseelatedto the analysistool to addthe actualworking times. Now we achieare a strain
protocolfor every worker for the simulatedime (seeFig. 5).



5 Resultsand Conclusion

With our specificatiorwe provide supportto integrateworker-orientedsimulationrequirements
to existing simulators. All dataneededandtheir relationsare defined,further attributesand
stratgiesmaybe added.Becausef our definitionthatevery taskis separatérom anothermwe
achieve additionalanalysisge.g.,strainanalysis. However, this detailedsimulationandanalysis
Is leadingto anincreaseckffort in datagathering.

One specialproblemwhen modelinghumanbehaior is the fact that it is impossibleto
describet in algorithmicform. Sowe have to abstractand simplify from reality andhave to
considerthis in our analysis.We areableto inspectthe bottlenecksn our systemfor worker-
relatedreasonsWe canchecktheinfluenceof specialworking structuren a system.
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Figure5: StrainProtocolof Worker 1



