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Abstract 
Frequent plant lay-out and process automation changes is becoming more and 
more critical for production efficiency and reliability in companies with self 
developed or induced product design changes. 
The paper presents VIRSIM (VIrtual reality and SIMulation), a methodology 
supporting the complete reengineering process based on GIM (GRAI Integrated 
Methodology) and IBM (Integrated Enterprise Modeling), and the associated 
software tool consisting of five subsystems, some of them commercial available 
low cost software packages. Potential interested industries are automotive 
components-makers and those with large production engineering departments in 
general. 
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I. INTRODUCTION 

A yearly layout change? The continuous evolution of business oblige the 
manufacturing companies to re-engineer processes and to move machines to 
optimize the flow of products through the workshops: these tasks oblige to re­
design, to implement solutions to train people. These changes are performed 
generally in a very short time, using some periods in which the company 
decreases its business (usually summer in Europe). 

A methodology for re-engineering factories and an integrated software system 
supporting the enterprise modeling and design for both the physical process and 
the organizational aspects at the conceptual level, that represents in virtual reality 
physical systems and that simulates correspondent management processes (order 
processing, planning, scheduling, dispatching, etc.), giving also practical output 
design issues such detailed drawings, MTM data, specifications, for automation 
etc. is going to be decisive in interactive design and Virtual Reality trial and error 
and training, thus saving more than 70% of the lead-time needed in the complete 
process from idea to implementation. Another critical point is that will appear a 
remaining time immediately useful in two critical aspects: concentrating in 
preventive actions to avoid delicate adjustments in the machines with the move, 
and also in designing very well fitted man/machine interfaces strategy. 
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2. THE VIRSIM METHODOLOGY 

The VIRSIM Methodology combines the strengths of the GRAI approach 
(Doumeingts 84, Zanettin 94) and IEM (Mertins, 92). It uses the GRAI approach 
for the modeling and design of the decisional part of manufacturing systems and 
IEM for the modeling and design of the physical system. Before giving the main 
principles of the VIR.SIM methodology, we describe briefly the key concepts of the 
GRA T approach and IEM. 

2.1. The GRAI Approach 

Four different formalisms are used in the modeling of manufacturing systems with 
the GRAI approach: (GRAI grids and nets, IDEFO and Entity/Relationship 
diagrams). However, in order to simplify the presentation, we will focus solely on 
the decisional system and its representation through the GRAJ grid. The grid has 
a matrix fonn which is used to detail temporal and functional aspects of the 
decisional system. as shown in Figure 1. 
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• the functions, describing the set of decision activities that are perfonned in 
order to achieve a particular goal. In Figure I we show the three basic 
functions of manufacturing systems: Managing Products, Production 
Planning and Managing Resources. 

• the decisional levels, defined in tenns of Horizon/Period pairs. The Horizon 
corresponds to an interval, on which a decision is valid, while the Period 
corresponds to a time interval when the decisions established in the Horizon 

. are reconsidered. 
• the decision centers, represented in the slots of the grid, group together all 

the activities belonging to the same function and the same decision level. 
• the information links, detennining the infonnation flow from one decision 

center to another. 
• the decisional/inks, detennining the infonnation items which is necessary for 

a decision to be taken. 
• the external information, representing external data which serves as an 

interface between the system studied and its environment. The internal 
information, in contrast, represents the data that is created within the 
manufacturing system. 

The grid, as well as the other GRAI fonnalisms, are used in the first phase of 
the GRAI approach (the modeling phase) to model the existing manufacturing 
system, giving an emphasis on the decisional subsystem. The two subsequent 
phases of the approach are: the inconsistency search phase, whose main objective 
is to detect weak points in the system studied; and the design phase, where the 
design of the new manufacturing system is elaborated based on the results of the 
previous phase. 

Throughout a GRAJ study', several groups of people are fonned. Among them, 
two have a very important role: 

• the synthesis group, composed of managers and other members of staff who 
are responsible for the manufacturing functions considered. The synthesis 
group is in charge of validating the results obtained in the different phases of 
a GRAI study. 

• the analysis group, composed of one or more analysts (according to the work 
load), and one GRAI specialist. The role of the analysis group is to collect 
the relevant infonnation for the study, to analyze it and to propose solutions 
for the problems detected. 

2.2. The IEM methodology 

In order to provide a comprehensive and extendible enterprise model, the IEM 
method uses the object-oriented modeling approach, thus allowing the integration 
of different views on an enterprise in one consistent model as well as the easy 
adaptation of the model to changes within the enterprise. 
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Generic classes of objects 
The generic classes 'Product', 'Resource' and 'Order' are the basis of Integrated 
Enterprise Modeling for developing models from a user's point of view. They will 
be specified according to the specifications of an individual enterprise. Each 
generic class prescribes a specific generic attribute structure, thus defining a 
frame for describing the structure and behavior of objects of its subclasses. Real 
enterprise objects will be modeled as objects of these subclasses. 
Required enterprise data and the business processes, i.e. the tasks referring to 
objects, be structured in accordance with the object classes. Furthermore, the 
relations between objects are determined. The result is a complete description of 
tasks. business processes, enterprise data, production equipment and information 
systems of the enterprise at any level of detail. 
The model core comprises two main views. The tasks, which are to be executed 
on objects, and the business processes are the focal point of the Process Model 
View, whereas the Infonnation Model View primarily regards the objects 
describing data. Therefore, the core of the enterprise model consists of the data 
and process representation of classes of objects. The views are interlinked by 
referring to the same objects and activities, although they represent them in 
different ways, levels of detail and context. Any view on the model can be derived 
from this standardized model core. Additional features may be attaches to the 
core if necessary. 

Business Processes as Interactions of Objects 

Everything that happens in a manufacturing enterprise as part of the 
manufacturing process can be described by activities. In general, activities 
process and modify objects which were classified above as 'Products', 'Orders' and 
'Resources'. The execution of any activity requires direct or indirect planning and 
scheduling. It is executed by resources which posses the required capacities. The 
IEM method suggests three levels when describing the essentials of an activity. 
• The Action is an object-independent description of any task or business, a verbal 

description of some task, process step or procedure. 
• The Function describes the processing of objects as a transformation from one 

determined (beginning) state to another determined (ending) state. 
• The Activity specifies the order, which controls the execution of the function, 

and the resource(s), which is (are) in charge of executing the function. 

Figure 2 graphically represents the Generic Activity Model. The beginning and 
ending states are connected with the action rectangle by arrows from left to right. 
The controlling of the activity is represented by an order state description and a 
dashed vertical arrow from the top; the required or actually assigned capability for 
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executing the function is represented by a resource state description and a dashed 
vertical arrow from the bottom. 

1A GRAJ study is the tenn used to refer to a complete enterprise modeling case using the ORAl approach. 
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Figure 2: Interactions of Objects Described by the Generic Activity Model. 

The Generic Activity Model represents the processing of objects of the product, 
order or resource class respectively indicating the interactions of objects while 
processing. The related organizational stmcture is described by specific resource 
classes along with their interrelations. 

Using special linking constmcts, actions, functions and activities are combined 
to represent business processes. The decomposition and aggregation of processes 
is also supported. 

VIRSIM main principles 
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Unlike the GRAI approach and IBM, the VIRSIM methodology intends to support 
the process of plants reengineering beginning from enterprise modeling and 
finishing with the implementation of the new optimized plant. 

For enterprise modeling, VIRSIM uses the formalisms of IBM (the Process 
Model using the Generic Activity Model) for representing the physical system and 
the formalisms of the GRAI approach (GRAI grids and nets) to model the 
decisional system. IBM and the GRAI approach are integrated trough the 
concepts of 'Product' and 'Resource'. As we can see in the grid in Figure 1, the 
two functions 'Managing Products' and 'Managing Resources' use as subject the 
objects derived or instanciated from the IBM generic classes 'Product' and 
'Resources'. 

The different steps of the VIRSIM methodology approach are given below: 

1. Model the existing physical system using IEM fomialisms (Process Model) 
2. Model the existing decisional system (driving the physical system) using the 

GRAI formalisms (GRAI grids and nets) 
3. Evaluate and optimize the models by determining the weak points and by 

correcting them 
4. Use the optimized physical system model to generate a rough layout of the 

future plant and transmit it to a CAD system 
5. Enhance the rough layout using the CAD system and transmit it to a 

simulator 
6. Simulate global logistics and get the logistic optimum model and the transfer 

lot 
7. Automatically adjust the CAD layout 
8. Design and simulate cell and work-place systems by means of Virtual 

Reality and obtain MTM optimum processes 
9. Perform the 6 and 8 steps until proper results are obtained 
10. Automation and man/machine interfacing 
11. Perform step 7 
12. Adapt the initial models if necessary 

To do this last issue, it is necessary to characterize the physical layout, and this is 
done in tens of two items extracted from the logistic simulator (see Figure 3, 
system 5): 

• Production strategy: MTS (Manufacturing to stock), ATO (assemble to 
order), MTO (manufacturing to order) 

• Related main and auxiliary lines: 

The main line is synchronized, time buffered inventory, contains the process 
technology, and sets the manufacturing lead-times. Main line ( differentiation on 
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product inventory, quality, flexibility and service, auxiliary lines (machines and 
subcontractors) are just opposite decoupled systems. 

3. THE VIRSIM TOOL 

In order to support the VIRSIM methodology, a software tool is being developed. 
The architecture of this tool is given in Figure 3. It is composed of five subsystems 
and six interfaces between these subsystems. 

Figure 3: The architecn1re of the VIRSIM tool. 

System 1: 
Function: 

Integrated VIRSIM graphical editors. 
Enterprise Modeling 

135 

System 2: Static Evaluation, Consistency Checking and Diagnostic of the S:ME 
system 

Function: 

System 3: 

Static evaluation of the physical system model against selected criteria 
(rough costs and lead-time). Consistency Checking of the models (at 
tile syntactical level). Rule-based diagnostic of the S:ME system 
(semantic check). 
2D/3D low cost standard CAD. 
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Function: 
System 4: 
Function: 

System 5.­
Function: 

I/0 layout dimensions 
Low cost Virtual Reality (VR) software. 
Solid representation of Icons . 

Workplace ergonomics and interference's. 
Simulation software. 
Material handling optimization, queuing and line balancing. 

The interfaces description is given below: 

a) Interface 134 
Use of the layout obtained through CAD as the background of the simulator. 
The figures (dimensions) drawn in CAD are integrated in the mathematics of 
the simulator. 

b) Interface I3s 

Double clicking on a particular area or system either of the CAD drawing or the 
simulator will allow zooming a 3D solid representation in the VR system. 
The 2D dimensions displayed in the CAD system or the ones optimized by the 
simulator (i.e.: buffer sizing) can be used as restrictions to build the 3D solid 
model of the VR system. 
3D dimensions from the VR are imported to automatically build up a CAD 3D 
drawing. 

c) Interface L.s 
Double clicking on the simulator allows zooming a 3D solid representation in the 
VRsystem. 
2D dimensions of the layout displayed on the simulator can be used as restrictions 
to build the 3D solid model of the VR system. 
Coherence between cycle times deduced from the simulator and the workplace 
MTM analysis obtained by the VR system. 

d) Interface I13 

The model of the physical system obtained using the editors (System 1) and the 
VIRSIM methodology is used as input by the CAD system (system 3). Using the 
data contained in this model, the interface generates automatically a rough 
drawing. 

e) Interface l25 
Through this interface, the mle-based diagnostic system will analyze the results of 
the simulation and will present the results to the user. In addition, the simulation 
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tools will receive specific constraints from the diagnostic module (to focus the 
simulation on a particular area, for instance, to point out bottlenecks). 

f) Interface Its 
The results of the simulation will lead, if they are not satisfactory, to the 
modification of the physical model, the whole process will have to be repeated. 

4. CONCLUSIONS 

We have presented in this paper the main principles of a new methodology 
dedicated to complete frequent factory re-engineering. In addition, we described 
the associated software tool, giving the details of its different modules and 
interfaces. 
The VIRSIM methodology and its supporting tool are presently under 
development by the R&D Department of DATALDE SISTEPLANT, S.A. in 
consortium with the LAP/GRAI, the division of Systems Planning of the 
Fraunhofer IPK Berlin, INTEGRAl and several leading car components-makers 
in Spain. 
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