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Abstract — This paper presents a siructure and architecture of an integrated simulation method (ISM) to meet the
requirements of virinal factory engineering (VFE). Combining CAD, VR and discrete event simulation techniques, the ISM
provides static and dynamic simulation fuactions for imptementation of VFE throughout the lifecycle. The static simulation
can he used to evaluate the factory layout. The dynamic simulation enables us to evaluate ergonoemics of factory, process
performance of production system, feasibility of production plan and eperation of factory, and 1o train operators safely, which
cover the whole VFE lifecycle. The principles of the key technigues of VFE, including virtual factory data management system
{(VFDMS), static and dynamic simulation, are ajso discussed. To demonstrate and validate the ISM. a case study has been

carried out in an assembly factory.
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1. Introduction

In order 10 survive in severe market competition,
operation of [actory from design to maintenance must
be agile. Traditionally, simulation has been apphied, as
an interesling strategy, to support workshop level decision
such as operation planning and so on. However,
traditional simulation canmot mect the requirement of
virtual factory engincering (VFE) throughout the lifecycle.
Recently. fueled by price and performance improvements
in the hardware and software technologies, virtual reality
(VR) is quickly becoming a powerful tool for manu-
facturing system analysis and design. What's more, VR
can be supplementary 1o traditional simulation, which
fails to provide a virwal enviromiment computer-generated
in which the operator can be immersed. It's natural to
consider the feasibility of an integrated simulation
method (ISM), combining VR and simulation techniques
together, 1o support the VEE at different ifecycle phascs.

1.1, Definition of virtual factory

There seem to be two different understandings of
whal exactly virtual factory is: the “strategy managewent”
and the “techniques of implementation™ point of view.

For the former, the term wirtual [actory refers to
manuflacturing activitics carried ont not in one central
plant, but rather, in maltiple locations by suppliers and
partner [ims as part of a strategic alliance [1].

For the latter, sophisticatced compuier simulations-
what might be called virwal tactory-call [or a disteibuted,
integrated, computer-based composite model of a 1otal
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manufacturing environment, mcorporating all the 1asks
and resources necessary o accomplish the operation of
designing, producing, and delivering a product 12).

In fact, there is a close relauonship between them:
the former is based on the latier. This paper will locus
on the latter and mainly discuss the ISM © support
activities involved in VEE from design (o mamntenance.

2. Related work

Banerjec described virtual factories in the future whose
the key techniques included: simulation, controlling, self
diagnosts {1]. For monitory and control of complex
maaufacturing system, {our dimensions can be conceived
to express complexity: space, time, process and network.
Learning from past eflort, the requirements of efficient
lactory modct were discussed.

Klingstam classified the current simulation software
tools into two kinds of way: discrete event simulation
and geomeiric simulation [3]. Major applications of
discrete cvent simulation are as follows: material flow
simulation. manufacturing system analysis, and in-
formation flow simulation. These applications can be
decomposed into smaller, more precise tasks (0 cxaming,
e.g., inventory, work in process, queucs ot (ransporting
time. Contrary to discrete event simulation, geomeltric
simulation proceeds time-linearly. and therclore also is
wferred to as continuous simulation. Geometric simulation
systems simulate the geometry of a part of, or the
whole manufacturing system, vsvally in three dimensions.
The necessity of integration in simulation was also
discussed.

Lin represents the virtaal factory in an analytic form
so that many existing mathematical analyses can be
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applied. New pseudo resources can be added to form a
new virtual environment, and control policy designed
by engineers will be evaluated before being issued [4).

Dessouky described the contents and development
methodology of a Virtual Factory Teaching System
(VFTS) whose aim 1s to provide a workspace that
lustrates the concepts of factory management and
design for complex manufacturing systems. The VFTS
is unique in its integration of four domains: web-based
simulations, engineening education, the Internet, and
virtual factories. Evolutionary development of the VFTS
is accomplished by separating the simulation model
from the graphical interface and user interaction [5).

Despite the fact that some researchers dealt with the
key technologtes to support virtual factory, there has
been fittle research reported on combining VR and
simulation technology to support the VFE in the
lifecycele [6-10].

3. Overview of the ISM to support VFE

This paper presents a structure and architeciure of the
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ISM 1o meet the requirements of VFE (see Fig. 1).
Concurrent  engineering takes an important role in
reduction the time of factory design and implementation
and improvement of the efficiency of factory operation,
Every stage of the VEE lifecycle is involved in concurrent
cngineering. At the stage of virtual factory design,
(actory layout needs to be evaluated and ergonomics
analyses of manufacturing system are needed. At the
stage of virtual factory implementation, therc are needs
to train operators. At the stage of vitual factory operation
and maintenance, feasibility of operation plan have to
be evaluated before being issued and performance of
manufacturing system also needs to be evaluated. The
all requircinents above constitute dernand layer of virtual
factory.

Demand layer can be met by virtual factory’s function
of static and dypamic simulation. Static simulation can
provide an cflicient and visible environment where we
can evaluate static characteristic of virtual factory. With
dynamic simulation VR-based, we can immerse in virtual
reality environment to evaluate the performance of virtual
factory or train operators. With dynamic simulation based
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Fig, 1. Architecture of the ISM.
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on discrete event simulation, virtual {actory operation plan
and strategies of opcration management can be tested
safely. The functions above constitutc the application
layer of virtual factory.

In tool layer, CAD (computer aided design), VR and
simulation tools arc integrated, which provide a sound
support to requirements ol application layer. With virtual
factory data management system (VEDMS), there are
three databases integrated in data layer: databases, model
database and knowledge database. Thc data and
information abstracted from real factory can be saved
in database related at data layer. The system layer
provides a support of sofiware operation system and
hardware for layers above. Finally, under the support of
ISM, real factory can be projected into virtual onc.

4. Key technologies of ISM to support VFE

4.1. Virtual factory data management system
(VFDMS)

For traditional PDM(production data management)
system, structure of product 1s established in a view of
design to meet the requirements of CAD/CAM. Therefore,
it’s design-oriented. At the same timc, in MRP/ERP
system, structure of product is built in a view of
production plan to support manufacturing and assembly.
So, it’s production process-oriented 6. However, the
requircments ol design and manufacturing must be
satisfied in VFE. In the paper, we propose virtual factory
data management system (VEDMS) to organize and
manage the data and information of VFE (Sce Fig. 2).

The major functions of VFDMS are as follows:

@ Support process management of VFE. which is
key of implementation of concurrent engineering.
® Provide a distributed collaborative environment.
By classifying the users into group and defining
the roles of users, we can configure personal work
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Fig. 2. Stucture of VFDMS.
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environment, shared data environment and rights
of user operation, which enable data distributed in
muliitude ol internal and cxternal users and systems
to be managed in a seamless, logic manner.

@ Support interoperability requirement. VEDMS
provide support {or various types of clients, dilferent
hardwarc platforms and a multitude of simulation
application through its interoperation requirements
by combining Java and CORBA (Common Object
Requirement Broker Architecture) technologies.

4.2, Static simulation
Static simulation aims to evaluate the static characteristic
ol virtual factory, such as factory layout. In order to
reuse the static simulation model, the requirements of
dynamic simulation should be fully considered during
the process of static simulation modeling, To take factory
layout for cxample, the steps are as follows:
1. Input information of factory plan that includes the
shape sizcs of facilities, operation room and so on.
2, Generate an initial layoul by invoking optimization
algorithm.
3. Evaluate and edit the layout until accepted.

a) Read the mnitiaf layout (Sce Fig. 3). Then
iterate facilities in the factory. The strategies of
geometric modeling for facilities arc determined,
which include: invoking from resource model
database, editing model in resource modcl
database or creating with CAD. After that, the
initial factory layout is created according 10
factory plan specification. It necds to point that
the file format of model created in CAD has to
be transferred belore iv inputs into VR.

b) In VR cavironment, the initial layout can be
evaluated qualitatively and in view of ergonomics
and functionality, which result in a complicated
report of layout. Modify and cvaluate it again
until accepted.
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Fig. 3. Activity Maodel of static simulation.

4.3. Dynamic simulation

Dynamic simulation of virtual factory can be divided
into one based on VR and the other based on discrele
event simulation.” Dynamic simulation VR-based enables

operators to immerse in VR environment so that they . " Read layout ™
can be traincd without any danger. On the other hand, /" \___information _/
dynamic simulation based on discrete event simulation Ty
can he used to evaluate the feasibility of operation plan "_/”\_
and performance of virtwal factory. The process of - Sy Y
dynamic simulation is as follows {Sec Fig. 4): ;7 Setupoontrol ™ - geiin resource .
. model S L madel ;
T — — N ‘\vk,, — //
1. Assign task to each workstation. At different N
stage, there are different tasks. Al the stage of N
virlual factory design and implementation, tasks /“Generate simulation ™,
are designed according w factory plan. When e modei !
feastbility of operation plan is evalualed, tasks are ~ -
generated by the operation plan into which factory N
level production plan is decomposed. When { " Simulation \";
operation of virtual factory is evaluated, tasks are N i
determined by the real-time state of virtual factory \{
operation. No ~ Anaiysis of mogel ™
2. Generate resource model. Part of resource ( output data )
information can be obtained from layout spe- N 4
cification files, others come from previously L .
R Sl B it OK?
asstgned lasks.
3. Generate control model. With assigned tasks, ves
control model can be generated (See Fig. 5). r‘;
4. Generate simulation model. With coatrol modei =
and resource model, we can generate simulation Fig. 4. Activity model of dynamic simulation.

mode] thai is descried in simulation language.
5. Run. evaluate and edit simulation model until accepted,
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Fig. 5. Control Model.

Fig. 6. Simulation of an assemble tine.

5. A case study

Based on Lnvision, the proposed [SM has been
implemented on SGI Octane workstation. According to
the process described in section 4.2, using the standurd
resource database created, static simulation model of
assembly workshop layout was generated. Using a pair
of stereo glasses, we can obtain stereoscopic view of
static simulation (See in Fig. §).

According 10 the process described in section 4.3,
with layout and job sequence, resource model are
generated. At the same time, control model are created
according (0 job sequence. Combining resource and
control model, we can generate simulation model, which
is described in Graphical simulation language (GSL).
With dynamic simulation (Sce in Fig. 6). we can obtain
the operation parameters of assemble linc and operators,
which can be used to evaluate the feasibility of operation
plan and performance of virtual factory.

6. Conclusion

This paper proposes a steucture and architecture tor
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an ISM to support the VFE throughout the lifecycle.
The suucture of 1SM is divided into six kayers: demand
layer, apphcation layer, tool layer, data layer, system layer
and physical layer. Demand layer defines the requirement
of virtual factory throughout the whole life cycle.
Application layer provides the functions of static and
dynamic simulation. CAD, VR and simulation tools are
mtegrated in ool layer. The function of factory data
management and data wransportation can be achicved in
data layer. System layer provides software operation
system and hardware to support luyers above. Physical
layer represents the real factory,

The key technologies Lo support the ISM mnclude
VEDMS, siatic and dynamic sunulation. VEDMS
provides functions 10 manage database, model database
and knowledge database. Static simulation VR-based
can be usedd (o evaluate the factory layout. There are
wo Kinds of dynamic simulation: one VR-based and
the other based on discrete event simulation, which can
be applied to evaluate ergonomics of VISE, performance
ol virtual factory, feasibility of workshop level operation
plan and operation of virtual factory.

Fioally, a case study has been carried out to demonstrate
and validate the 1SM. Tuis envisaged that the ISM and
ol developed will be further enhanced in [uture
industrial application.
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