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ABSTRACT

The high productivity of amutomated work-cell caanly
be takenadvantagef, if there is a sufficiensolution for
its inherent managemenésk. This task comprisegery
demanding decisions within this work-process for its

design, planning and control, in particular in respect of the pgyffer
1

dynamic complexity of the systemand of the required

short response time. An adequate computer suppdhisn
decision process is indispensable. As importaathod in

this context simulation is discussed as to its
methodological aspectsand its possible range of

application based on successful projectsrealized in

practice.

1. INTRODUCTION

Automation is one mean to improefficiency in today's
manufacturing processes. Normally, thdegree of
automation is increased by introducing stepwise aste-
mated work-cells. The management of these work-cells,
itself anindividual task, has toguaranteethe integration
into the globalmanufacturing process. this paper, the
possible contribution of simulatiofor the management
of an automated work-cell will bdiscussedndillustrated
referring to our practical experience.

2. DEFINITION OF WORK-CELL

In general, such a work-cetan be characterized as
follows:

As input in awork-cell we have a materidlow, within
the work-cell a transformation process takes pladaich
produces asoutput a flow of processedmaterial. The
transformation process within thveork-cell is automated,
humanlaborers havenly supervisingduties besides the
set-up operations, whicéire not automated in contrary to
an FMS (FlexibleManufacturingSystem). A work-cell
comprisesseveral productionfacilities and an internal
transportation system.
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3. DECISION ANALYSIS

'Within the managemertask, potential contributions of
simulation can be expected inthe field of logistics.

(Stecke 1985, Banaszak 1991).

A decision oriented analysis of the logistic systemdea
with, reveals the following decision problems:

e Which configuration of production facilities and
internal transportation system are best for a particular well
defined practical production task?

* In which sequence a package of ordéias to be
processed, considering aspectsset-up and throughput
time?

* Among the feasible alternatives in the proctsw
paths of an order, which one is to chose?

* In which sequencahe internal transportatioorders
have to be processed?



4. SIMULATION METHODOLOGY

In this casethe appropriate methodical approach for a

simulation analysis igliscreteeventsimulation. Thefirst

step in this analysis is to develop an adequate model of R

real system. Adequate means as simple as podsdoised
on the decisions to be questioned. Inaatomatedsystem
most of thedecisions have to be takeautonomously
within the system, intelligent algorithms for planning an
control arerequiredtherefore. To be able test them by
simulation, appropriate interfacewithin the simulation
model have to be conceived.

5. MODELING LOGISTICS SYSTEMS

Logistic Systemsmodeled inview of a decisiororiented

analysis, can in general bepresented by small number

of basic elements. Therefore it is possibled&fine a very
general Meta-Model of a logistics systesalid for alarge

number of applications, as e.groduction, inventory or
transportation systems, in the following way:

The foundation of théleta-Model is adirectedgraph. A
noderepresents #ocation, where specific information is
stored and specific decisionsare to betaken. An edge

establishes a connectitm@tween nodes to enable a flow

within the network defined by the graph. Theflow
comprises on ondand flow elements with individual
characteristics. On the other hatite flow canconsist of
information which is accessible to extendhe local
information basis. Thedirection in the graphalways
indicates the direction ahe flow. The flow elements are
able to move along thedges, tostop andwait in anode

always a station withoufpredecessor, athe end one
without successor.

» Logic elements,which control the flowprocess in
a decentralized waylhe entities arriving at thassociated
Eation are handled bythe logic elementccording to a
géneral default proceeding or andividually defined
protocol containing activities as tgenerate, duplicate,
split, modify and remove the arrivirgntities. Inaddition

2Ny algorithmically defined control logic can be

implemented.

* Queues,as second type afodes,whereentities can
be stored in the network. Aueuehas always exactly one
station as successawhereas astation always has to be
followed by atleast onequeue.The queuing rules are
configurable either statically or dynamically througbm-
mandsreceivedfrom the logic elemenassociated to the
succeeding station.

» Resources,as abstract elements, whichn be allo-
cated dynamically from a station by entities. Theytain

information about their availabilitandtheir behavior and
are not directly visible in the network.

Stationsand Queues as nodetefine anetwork in which
directed edges ofthe following types enable a
corresponding flow:

material flow channels allowing entities to
move from one node to the other along the edge.

e information flow channels  allowing
information transfer and/omodification as well as signal
emission along thedge in a well-definednanner. No
movement of entities is allowed over these edges

and to consume different kinds of resources as long as thgystem control and information managementaganized

are available. The information within the systenpastly
globally partly only locally available. The flow ithis
system runs according to a controlled time table.

This Meta-Model of alogistics system wasused as

guideline to develop our own simulator.

6. THE SIMULATOR 'HIDES'

For a simulator particularltailored forthe simulation of

logistics systems in itsdynamic aspects we propose .

therefore the following basic elements:

* Entities, as flow elements in the netwonkhich
can be individually characterized and identified.

* Stations, as one type ohodes in adirectedgraph,
representing specific locationgthin the network,where
specific activities within the flowprocess occurStations
are introduced according the functionalrequirements of
the logistics systenand donot correspond necessarily
with a geographical locatiorEvery station hasassociated

its logic element. At the beginning of the network there igrovides the building of subnets

as follows:

Whereagylobal system control is in accordancavith
the standard discreteventsimulation, there is adecentral
system control implemented in logic elemenfhese
elements control the entity flow using ongelectively
availableinformation. Forinformation management
three levels of availability are introduced:

e Global information available fromeverywhere at
anytime.

Local information of a stationavailableonly for
entities which have entered this station.

e Selected information available by explicitly
definedinformation flow channels. The local information
basis for a logic element can be extended herewith.

In the real world, logistics systemsare in general very
large and very complex. Toperformthe modeling task
efficiently a top-down approach isndicated with a
stepwise increase in degree of detail. A®Dasequence, we
get a model irdifferent hierarchicahbstraction levels. To
support such groceeding inmodeling, our simulator
In a network



containing various subnets dlifferent hierarchicalevels
a strictly logically consisterttierarchical structure is
enforced. Asubnet is alwayfcorporated in astation in
which the subnet substitutes the logic element.

To facilitate thedebugging the syntactical structure of - ‘ i
the nodegstations,queues) anthe subnets asentioned 5

above is strictly enforced.

Resources

To perform the above specified kind of simulation c{ - SAO‘U
analysis for logistics systems, our institute daseloped =
its own specific simulator, HIDES (Highly Interactive
Discrete Event Simulator),designedfor general purpose .
use with the following mairtharacteristics (Ulrich et al. ——p Entity flow

1993): ——ps- Information flow

* A powerful modeling basis as previoustiescribed
which comprises only a small number efementary

elements is available to support theodel building ) Entity earrives atstation S;. Logic elementl
process efficiently. controls the actions to gerformed. Ifthe station has a

definedsubnet, the entity iforwarded tothe first station
* A top-down proceedingvithin a simulation analysis of this subnet. After reaching the lasationof the subnet
is enhanced by gossible use ofhierarchical model the entity returns tetationS;
structures.

6) Logic elementL decidesvhetherentity e should be

« The object-oriented programming concept is disposed of or forwarded to,@r Qs

particularly appropriate forthis kind of simulation
analysis. Our realization of a simulator batesefore on
this concept.

» To offer the bespossible working environment with 7. SIMULATION FOR MANAGEMENT TASK
a user-friendly man-machine interfageablinginteractive
modeling with direct graphical display on screen,hage In a traditional work-cell without automated internal
chosen Smalltalk-80 as programming language. transportation systenseveral laborerare requiredfor the
operation of the various productiofacilities. The
Until now we have applied this simulator successfully foimanagement task islelegated tothese operators who
several projects improving its functionality continuously,perform their task as locaimanagerswithin their open
but we needsome more projects toeach a standard, range for activities, using all their skiind experience for
sufficient for public use. their decision making process. Theineed for decision
support is relatively small, whereas for automated
processes a computebased decision support is
The following description with a figure showsnzodeling indispensable to profit infull extend of the higher
example in HIDES: production performance.

To introduceautomation within thenanagementask, a
formal analysis of the production processrésjuired. A
static analysis of the process is ofteot sufficient,
because a lot of restrictions within the system can only be
taken into account in a dynamic context.

1) Entity e arrives afjueueQ,

2) QueueQ sends a messagediationS,; indicating the
arrival of entity e

3) StationS; gives control tdogic element ; Examples of that kind of restrictions are:

. » A continuous procesiterrupted by a batch process,
4) Logic element checks the relevant system state and, 4 "an oven in a continuous manufacturing process.
sends a message back goeue Qq indicating whether

entity e can be forwarded stationS; or not + Time consuming manual set-up operations on various
production facilities, e.g. set-upmagazines in chip

production.



* A coordination of severgdart production flows to a
main stream in productiorg.g. assembly of parter a
product component.

e Limited buffers for intermediate storagehich may
contain only material of one order.

e Automatedtest facilitiesintegrated inthe work flow,
where orders arenly releasedfor further processing if
totally completed.

In this managing task contributions of simulatioould
be the following:

For the design of a automated work-cell, be it in

buffer was introducedtherefore,which improved system
performance considerably

In an automatedwork-cell the control process is
focused onthe internal transportation systenwhich
includesnormally the necessaryalgorithms assoftware
integratedinto the system. For théevelopment of these
algorithms a simulation model can replace tbal system
because it igpossible to use aitlentical interface to the
algorithmic control software.

Example: In a internal transportation systemloaal
control was installed. Simulation analysisvealed an
insufficient performance of the system because of a lack of
coordinationwith the superposecdcontrol structure. To
improve the local control of the transportation system an

marketing for sales or for internal use, a configuration ofmportant question was, what part of informatisimould

production facilitiesand transportation systemsan be
tested in respect ofts performanceand stability by
various simulation runs. Thigsan beuseful to judge

internal investment projects as well as for proposing the be consideredlhe specific capability of HIDES,

best suitable configuration ofvaork-cell for anexternal
customer with a specified and guaranteed performance.

Example: A new operatiohad to beintegratedinto the
work-cell requiring specific productiofacilities, which

could operate imparallel. The question was how many

facilities to install in aspecific caseThis questiorcould
be answered bysimulation before the hardware was
available.

The planning process of a work-cell has to be
integrated into the planning process of thewhole

company. Normally the following interaction takglsce:

Periodically a package of orderout of the previous

production step is delivered to the work-cell to be
processedvithin a determinedtime span.Before starting

the manufacturing procesgthin the work-cell, sequence
andallocation ofresources have to bdeterminedfor the

orderpackage on hand. An efficiemalgorithm has to be
developed.

In view of the prevailing kind of restriction the
optimizationmethod to chooswill most probably be a
kind of heuristicspossibly extended byapproaches from
the field of artificial intelligence to be able tiealwith a
network of distributed local intelligence (Pan and
Tenenbaum 1992).

Simulation is not only extremely helpful for the
development of aintelligent planning support, but also
later within the operational planningprocess for

continuous verification ofproposedsolutions or more

specific time estimations.

Example: A verification by simulation ofproposedorder
schedules determined according todevelopedplanning
algorithm showed a bottleneck in the work fleaused by
the lack of abuffer after a productiorfacility. This
deficiency couldnot beeliminated by an improvement of
algorithms as simulation analysis confirmed,aaiditional

be available locally as information basis for tleal
decisions. Technical restrictions of the real systerwelb
as implementation costs for the new conswoftware had
the
possibility to model explicitly an information flow in the
system, wagparticularly helpfuland enabled us tavork
out a far better solution.

8. CONCLUSIONS _

The results of successfudimulation applications in
electronic industryshow, that industrycan afford the
longer the less not to takadvantage ofthe possible
important contributions of simulation in variogsntexts
of its managing task. Irparticular for implementing
intelligent planningand control conceptsimulation has
its promising application in design aswell as within
planning and control processes
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