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Abstract

One field in the wide areaof simulationapplicationsis the field of manufacturingsystems.
Within it the humanfactoris of growing interest.To increasethe efficiency andproductivity
of a company besidesinvestmentin new technologiesthe introductionof alternative working
structuresbecomesmoreandmoreimportant.For themodelingof workingstructuresthemod-
elingof workersis significant.

Most of thesimulationsystemsavailableat themarket offer elementsfor themodelingof
workersin a moreor lessdetailedway. Usually, theworkersareimplementedasa specialre-
sourcewith disposabilityandqualification.Workerelementsin simulatorsarepassiveelements
requestedby a machine. In contrast,the worker elementsin flexible working structuresare
activeelementswith many degreesof freedomin decisionmaking.Becauseof theimportance
of theworkersin thecompaniesthemodelingpossibilitiesin thesimulationsystemshave to be
extended.

Therefore,we proposeaspecificationfor workermodelingto extendexistingsystems.The
specificationsupportsthe userby providing informationaboutsystemelementswith their at-
tributes,parameters,andrelations.A formal specificationis neededfor processingby a com-
puter. For monolithicalsimulationsthereexists no standardspecificationlanguage.Justfor
distributedsimulationsthereis anew standardavailable,theHigh Level Architecturefor Mod-
eling andSimulation(HLA) developedby the DoD. We have testedtheapplicabilityof HLA
for monolithicalsimulations.

In ourspecificationwehavethreecomponents,theworker itself, thetimemodelandacom-
ponentfor workermanagement.Everycomponentrepresentsaclasswith attributes,parameters
andbehavior. In a modelseveralobjectsof eachclass,exceptthe worker managementclass,
canexist. This specificationis simulatorindependent.Even thoughit is object-oriented,the
implementationdoesnot have to be. The componentsareextensibleandadjustable.In the
worker managementsomestandardstrategiesarepre-definded,but specialstrategiescanbe
supplemented.All informationneededis in theworkermanagement.

WeusedHLA todescribetherelationsbetweenthecomponentsandtheparticipatingparam-
eters.We cannotdescribethebehavior of a component.Thesepartsof thesystemwe specified
informal. Sothespecificationis appropriateto build amonolithicalsimulationmodelincluding
extendedworker elements.However, with our approachevery worker canbe implementedas



anautonomousentity. Thematerialflow system,theworker management,theshift model,and
everyworkercaninteractin adistributedsimulationsystem.

Summarizingwe cansaythat HLA is ableto specifythe field of monolithicalsimulation
in anobject-orientedway. We canspecifytheattributes,parametersandinteractionsbetween
components.Theinformationaboutthebehavior of thecomponentshasto beadded.

1 Intr oduction

Dueto restructuringof production,therole of workersin a company hasincreasinglychanged
over the pastseveral years. A transitionfrom the manufacturingsystem,organizedby Tay-
lor’s principles,to flexible, self-organizingworking structurestook placein several domains.
Differentstructuresevolved, often in a company-specificfashion. To be ableto estimatethe
effectivenessof theseflexible systems,a simulationmodelhasto bevery detailed.It is neces-
saryto gatheradditionalinput dataandto includespecificmodelcomponents.Our approach
integratesworkerswith existingmodelsof logisticsystems.

A workerspecificationwasdevelopedthatdescribesthestructureof modelingcomponents,
therequiredinputdataandtheinterfacesto othermodelingcomponents.Thespecificationuses
the HLA standardto specifythe interfaces.This enablesus to make the specificationnearly
simulator-independent.Thestrongerconsiderationof theworkersin simulationmodelsis de-
notedasworker-integratedresp. worker-orientedsimulation. In worker-integratedsimulation
the main point is the evaluationof the logistic system,while in worker-orientedsimulation
specialfactorsinfluencingtheworkersgetanalyzed[ZH97]. Theincreasinglevel of detailby
worker modelingrequiresanincreasingeffort in thewholemodelingprocess.In thefollowing
sectionswe will presentmethodsand techniqueshelping to decreasethe effort for worker-
orientedsimulation.

In thepresentedanalysisparticularthoughtwasgivento flexible workingstructuresbecause
of thelargescopefor developmentof theworkersandtheinterdependencebetweendisposition
strategiesandefficiency of the logistic system.Oneof themajorproblemsin modelingflexi-
ble working structuresis thedescriptionof dispositionstrategies.Thepossibilitiesrangefrom
simple,centrallycoordinatedworkerpoolsto thedecentralized,distributedapproachof intelli-
gentagents.Severalpublications(e.g.[BS97]) show thattheeffort of gatheringstrategiesand
implementingdecentralizedworker managementis very high, even for rathersmall systems.
Therefore,in ourapproachacentralworkercontrolis used.Theconditionfor theintegrationof
flexible working structuresinto simulationmodelsis a comprehensive analysisof the general
andcompany-specificproperties.

2 Elementsfor Worker-Simulation

As mentionedbefore,weanalyzeworkersin manufacturingsystems.Wedonotanalyzehuman
modelscomprisinga graphicalpresentationof the humanbodyandproperto solve problems
of workplacedesign.In modelsof manufacturingsystemswemodelthedecision-makingwhen
handlejobs.



2.1 Workers in Manufacturing Systems

Workersin manufacturingsystemsfulfill severaltasks.Therole of theworkersdependson the
existing working structureandrangebetweenthe operationof a machineandorganizationof
thework flow. Whenoperatinga machinewehave to considerjust theavailability of a worker.
In flexible workingstructuresbesidesavailability, ability andcompetencebecomeimportant.

Flexible working structuresare distinguishedby four characteristicswhich can occur in
differentpeculiarities[DES94]:

� Integrationof FunctionsandTasks,

� CooperationandCommunication,

� AutonomousControlandInspection,and

� Integrationof Qualification.

Dueto theintegrationof functionsandtasksthepossiblerangeof decisionsandactivitiesfor
theworkersincreases.Increasedrequirementsof cooperationandcommunicationarisewhen
workersareorganizedin teams.This teamshave to work autonomouswith self-control. The
integrationof qualificationmeansto assigncertaintasksto lessskilled workersfor practice.
Thespecialvaluesof thesecharacteristicsareuniquein every individualcompany. Sowehave
to specifyanopensystemthathasto beadjustedin thespecialcase.

2.2 Workers in Simulation Models

Thekind of simulationwe will investigateis calledworker-orientedsimulation.Furthermore,
there is worker-integrated simulation. Theseconceptsare definedin a new VDI guideline
which is underdevelopment.Worker-integratedsimulationmodelsrepresentlogistic systems
includingtheworkers.Themainfocusis onsolvingeconomicalproblems.In worker-oriented
simulationmodelstheworkersarerepresentedin ahigherdegreeof detail.Themainfocushere
is onanalyzingtheimpactsworkingstructureshaveon theworkersandthewholesystem.The
mainelementsof worker-orientedsimulationmodelsarework-places,functions,andworkers
(seeFig. 1a).

To modelthe relationsshown in Fig. 1a is very expensive. Sowe abstractfrom it to sim-
plify the requirementsto build a simulationmodel,but neverthelessconsiderall relationsand
elements.Thefirst relation,ability andrequirement,is modeledasworker qualification.Every
worker got a qualificationfor every task. This is representedby a valuebetween0 and1, in
any desiredgraduation.The feasibility is includedin our taskdefinition. We presupposethat
every taskis unique,i.e., the sametaskat anothermachineis anothertaskin this sense.The
competenceis inclusive thereby, becausethereis just onework-placeto do the taskandevery
workerwho is competentto do thetask,is competentto work at thiswork-place(seeFig. 1b).

To realizetherequirementsresultingfrom ourdefinitionsweneedthreesystemelementsfor
worker simulation: the worker itself, the time managementfor theworkers,anda controlling
facility holdingthedispositionstrategiesandinformation.Wespecifytheseelementsin Sec.3.
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Figure1: a) Relationsin worker-orientedsimulation[ZH97] b) Relationsin our Worker Simu-
lation

3 UsingHLA for the Specification

Theworker specificationis a descriptionof thedatanecessaryfor modelingworkersandtheir
mutualrelations.It assiststhemodelerin gatheringandpreparingof therequiredinput dataas
well asproviding a form of documentation.Thereis no standardfor specifyinga monolithical
simulationmodel,but for distributedmodelthereis. Sowe analyzedtheHLA (High Level Ar-
chitecture)standardfrom theDoD with regardto its applicabilityfor monolithicalsimulations.

HLA wasdevelopedin 1996at the DoD to describedistributedsimulationsystems.The
primaryobjective of HLA is to provide a basisfor establishinginteroperabilityamongsimu-
lationsof a federationandacrossfunctionalcommunitiesandto facilitatereuseof simulation
components([Dep96]).

HLA describesthe interactionof federatesand the attributesandparametersusedin the
interaction. The individual federatesareconsideredasa black box. A federateis a member
of a HLA federation,a federationis usedasa wholeto achieve somespecificobjective. HLA
provides interfacedefinitions,objectmodels,and time management.All information is de-
scribedin tables. Thereis an ObjectClassStructureTable,an Object InteractionTable,an
Attribute/ParameterTable,andtheEnumeratedandComplex DatatypeTable.In addition,there
is a lexicon to defineobjects,interactions,attributes,andparameters.

Now wehave to specifythethreeelementsfor workersimulation.To useHLA we imagine
thesethreeelementslike interactingfederatesanddefineall theattributesandparametersof the
elementsandtheinteractionbetweenthem. First we have to createtheObjectClassStructure
Table.An HLA classstructureis definedin termsof hierarchicalrelationshipsbetweenclasses
of objects.We have just threeclasses(seeTable1).¥

meansthat theclasscanbepublishedby a federate,¦ meansthata federateis currently
capableof utilizing and(potentially)reactingto informationon objectsin thespecifiedclass.



OBJECTCLASSSTRUCTURE
Typeof Worker § ¥©¨ ¦�ª Worker
TimeModel § ¥«¨ ¦¬ª
Worker Management§ ¥«¨ ¦¬ª

Table1: ObjectClassStructureTable

Next wecreatetheObjectInteractionTablefor any interactionbetweeninstancesof theclasses
definedin Table1. Therearelistedthe initiating andreceiving objects,the interactionparam-
etersanda columnto categorizethecurrentcapabilitiesof an individual federatewith respect
to object interactions. In the Attribute/ParameterTable the attributesof the objectsand the
parametersof the interactionsarelisted with a setof characteristicslike attribute name,data
typeor theaccuracy. Thetablesfor enumeratedandcomplex datatypesshallbeusedif sucha
datatypeappearsin theAttribute/ParameterTable. At last,we have thelexicon for theobject
classes,theobjectinteractions,andtheattributesandparameters.Theattributesandparameters
of the elementworker areshown in Table2. Like the worker, the time managementandthe
workermanagementaredefined.

ATTRIBUTE/PARAMETER DEFINITION
Worker Identification uniqueidentificationof theindividualworker

Typeof Worker eithertheidentificationor aclassification
Qualification valuebetween0 end1 for every task
Monotony thelast10 taskstheworkerhasdone
CurrentTask identificationof the taskthe worker handlesat

themoment
CurrentPart identificationof the part the worker handlesat

themoment
TimeModel link to theworker’s timemodel
WorkerManagement link to theWorkerManagement
State currentstateof the worker: at work, waiting,

free,not available,pausing
TaskSchedule link to the relatedtaskscheduleof the current

part
WorkingCycle numberof thecurrentworkingcycle
Break dateof thenext breakby therelatedtimemodel
Location worker’scurrentlocationin thesystem

Table2: AttributeandParameterDefinitionof theElementWorker

In our tableswedefinedthethreeelementswith attributes,parametersandrelations,but we
did not definethe internalbehavior of the objects. HLA doesnot provide the possibilitiesto
defineinternalstructures,soweusedaninformalspecificationto describetherest.

Theworkersdo not have any internalbehavior. Thetime modelallows theimplementation



of flextime while computingthe actualstartingtime using underlyingdistributions. This is
an internal behavior. The worker managementincludesmany dispositionstrategies that are
describedinformal (see[Fre97]). A coupleof strategiesarepre-defined,suchasfirst-come-
first-serve. Every strategy can be addedbecauseof the informationavailableat the worker
management.

4 Exemplary Implementation

WedidanexemplaryimplementationusingSimple++andWITNESS.Wemodeledanassembly
line with 5 workers.Thelayoutof themodelis shown in Fig. 2.
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Figure2: Layoutof theAssemblyLine

Theassemblystationsareconnectedvia railswhereassemblywagonswill bemovedby the
workers.Thewagonscannotoverhauleachother. An experimentalparameteris thequalifica-
tion of the workers. In onescenarioevery worker hasthequalificationto work at onestation
only, anotheris whenevery worker is ableto handlethe wholeassemblyline. In the simula-
tion thequalificationinfluencesthehandlingtime, theerrorrateandtheassignmentof tasksto
a worker. Conversely, the qualificationis influencedduring the simulationrun. The effect of
learninga job canchangethequalificationvalue. How oftena worker hasto iteratea job at a
stretchto realizea learningeffectdependson thespecificsystem.

Beforethe simulationstarts,an estimationof the availablequalificationfor every task is
possible(seeFig. 3). Thisenablestheuserin theplanningphaseto decideif theavailablequal-
ification complieswith the requirementsof theplanning. However, whenthereis insufficient
qualificationthesimulationcanbeusedto detecttherequiredenhancementof qualificationfor
theseveraltasks.Wecandetecttherequestonqualificationby comparingtheworkloadof every
worker in theseveralscenarios.Thenwe canratethecostsfor qualificationin relationto the
earningin theproduction.

Furthermorewecancheckseveraldispositionstrategies.Theworkermanagementcontains
all informationaboutthecurrentsystemstate,(whicih helpsusto considerit) to decidewhich



Figure3: AvailableQualificationperTask

tasktheworker hasto do. We canconsiderthemonotony, the tasks’deadline,theappropriate
qualification,andmuchmore.Thelimits arecausedby thedifficulty to describethebehavior of
a realsystemin analgorithmicway. Becauseof thisproblemweprovidea trace-fileto perform
post-runanalyses.Wecandepictthesequencesof tasksfor everyworker (seeFig. 4).

Figure4: Analysisof workersactivities

Wecanconnectourtrace-filewith anapplicationtoexplorethephysicalandpsychicalstrain
putontheworkers.Therefore,it is necessaryto gathercharacteristicsrelatedto everytask,e.g.,
body movement,noise,clima, etc. Becauseof our taskdefinition we canassignworkplace-
specificcharacteristicsto a certaintask. Thenoisevalue,for instance,cancorrectlybeadded
becauseit is relatedto a certainworkplace. When the simulationhasendedwe updatethe
databaserelatedto theanalysistool to addtheactualworking times. Now we achieve a strain
protocolfor everyworker for thesimulatedtime(seeFig. 5).



5 Resultsand Conclusion

With ourspecificationweprovidesupportto integrateworker-orientedsimulationrequirements
to existing simulators. All dataneededandtheir relationsaredefined,further attributesand
strategiesmaybeadded.Becauseof our definitionthatevery taskis separatefrom anotherwe
achieveadditionalanalysis,e.g.,strainanalysis.However, thisdetailedsimulationandanalysis
is leadingto anincreasedeffort in datagathering.

One specialproblemwhen modelinghumanbehavior is the fact that it is impossibleto
describeit in algorithmicform. Sowe have to abstractandsimplify from reality andhave to
considerthis in our analysis.We areableto inspectthebottlenecksin our systemfor worker-
relatedreasons.Wecanchecktheinfluenceof specialworkingstructuresonasystem.
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Figure5: StrainProtocolof Worker1


