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Abstract: The desired improvement in performance and the realisation of global enterprise objectives
require a tight integration of the units of the enterprise. The close monitoring of the operational
performance of various plants, manufacturing shops-floor/cells/machines, as well as their associated
instrumentation and control is seen to be of increasing strategic importance. Failures can lead to
increased costs, reduced product quality, consistency and production, plant shutdown, an increased
environmental impact. It is a real need for the advanced monitoring technologies to be applied, and their
potential demonstrated, on complex industrial plants. The planning and scheduling of manufacturing
systems integrated in Virtual Enterprise architecture request for new General Master Production
Planning and Scheduling techniques and Supervisory Control and Data Acquisition (SCADA) functions
implementation. The paper discusses some key issues concerned with the four loop supervisory control for
Virtual Enterprise.
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1. INTRODUCTION new management science approach. They
will have in common some characteristic
proprieties: autonomy, co-operation,
multidisciplinary team work, integrated
approach for product-process-system design,
re-thinking of humans position and role, will
be agile as organisation and virtual as
geographic distribution and alliance. An
important requirement for all post-CIM
manufacturing systems is the ability to
capture knowledge from multiple disciplines

1999) or the CE- Concurrent Enterprise and store it in a form that facilitates re-use,
(Pallot 2000) are based on the new models; sharing, and extensibility. The convergence

agile (Kidd 1994), holonic (Arai 1999) of di§ci|_olines around_the extended control
fractal (Bischoff ’1998) bionic (Haton(; domain involves rgal time control, embed_ded
1999), virtual (Smirnov ,2001). The future contral, net_worklng co_ntro_l (Metak@es
manufacturing systems will be the result of gggi) mobllfwzmmmua_lcatlon (Antr(])_nlac
both provoking emerging Information and .) (e.g._ -machiné fo mac |r!e),
Communication Technology (ICT) and the multi-modelling and simulation driven design

The wvarious sintagmas for different
views of the new manufacturing paradigm are
describing the global research effort focusing
on the digital era requirement challenge. The
NGMS (Next Generation Manufacturing
Systems) (Kosanke 1998), the ADMS
(Advance Manufacturing Systems), (Fabian
1998), the DEE- Dynamic Extended
Enterprise, (Browne 1998), the IMS -
Intelligent Manufacturing Systems, (Brussel
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for complex automation systems. The ITC
emerging platforms have opened the
challenging way to develop the flexible
industrial  integrative  platform  based
environments for SCADA system
configuring and development. The SCADA
system may be used to control of advanced
manufacturing cells (involving more and
more intelligent functions) and also to control
of various plants that could be seen as
Internet enabling intelligent manufacturing
“cell” (Stanescu 2000), figure 1.

The important contribution brought into

scientifically =~ community attention by
University Novo de Lisbon is concerned with
an ICT support platform for Virtual
RI/DNC/AMT / CIM
NC/CNC/FMS/FMC
. CAM/CAPP/PP&C
Information
Technology
Based CADD/CAD/CAE/ICAD/PDM/VPM
Automated

Manufacturing

MRP 1 /OPT/MRP Il [ERP/VERP

Systems

GTAIT/TPM/WCM

QA/QCITQM/LM

VAVAVAV,

M

Enterprise (VE). Considering a VE as a
temporary and dynamic (i.e. with variable
”geometry”) organisation that appears in
response to a business opportunity and
disbanded on the completion of this business
process (Camarinha 2000) a number of both
base and auxiliary facilities&service can be
identified. Potential partners' selection and
negotiations agreements could be supported
by the contract-net approach of the
Distributed Acrtificial Intelligence
community. Also the network topology
definition and co-ordination approach, for
auxiliary functionality to monitor and
parameterise the network behaviour are
supported by PRODNET Il, ESPRIT Project

RI Industrial Robots
DNC Direct Numerical Control
AM Agile Manufacturing
AMT Advanced Manufacturing
Technology
CIM Computer Integrated
Manufacturing
CNC Computer Numerical
Control
NC Numerical Control
FMS Flexible Manufacturing
System
FMC Flexible Manufacturing Cell
CAM Computer Aided
Manufacturing
CAPP Computer Aided Production
Planning
PP&C Production Planning and
Internet Control )
CADD Computer Aided Drafting
&Design
H CAD Computer Aided Design
Enabli ng CAE Computer-Aided
Engineering
H ICAD Intelligent Computer Aided
anufacturing Design
PDM Product Design
Management
VPM Virtual Product
Management
MRP | Material Resource Planning
OPT Optimized Production
Technology
MRP 11 Material Resource Planning
GT Group Technology
JIT Just In Time
TPM Total Production
Management
WCM World Class Manufacturing
QA Quality Assurance
QC Quality Control
TQM Total Quality Management
LM Lean Manufacturing

Figure 1. Manufacturing systems history.
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16. One of the important issues here is the
identification of “who will perform this
function” in this “democratic” value chain
(Katzy 2000).

During operation of a VE, by Web
interconnection among partners from e-
commerce to points of sales and crossing all
intermediate  nodes: manufacturers and
distribution centres, there are some important
goals to be achieved: the efficiency of orders
flow, follow-up of orders evolution,
management and exchange of order
information among partners, distributed and
dynamic scheduling, quality information even
distance learning. Starting with the general
requirements, the main contributions are
directed to a model-based architecture. These
architectures are focused on a single
enterprise entity, do not fit with needs of
virtual enterprises, but they can be useful in
both giving a general overview of the global
structure, in its multiple views, of a generic
industrial enterprise (a potential node in the
virtual enterprise) and suggesting an
approach for VE Reference Architecture.

Some of them are still sustainable like
CIM. OSA/Open System Architecture for
Computer Integrated Manufacturing
(Kosanke 1998), PERA — Product Enterprise
Reference Architecture, GRAI — Integrated
Methodology, GERAM-IFIP/IFAC Generic
Enterprise Reference Architecture
Methodology, GLOBEMAN 21 (Vesteragen
2000).

In the specific area of Virtual Enterprise
some attempts have already being done in
order to establish Reference Architectures.
The most significant is NIIIP (National
Industrial Information Infrastructure
Protocols).

2. FROM VIRTUAL ENTERPRISE
TOWARDS eENTERPRISE

One could evaluate this new type of
distributed networked enterprises as a
business integrator, having a specific life
cycle of business duration. Each node has to
perform a dedicated set of tasks, based on
their core competence (Katzy 2000). This
new type of organisation, VE, is faster

reactive for facing the business process finite

horizon opportunity better than well-known

traditional organisations (large enterprise or

SMESs). The Virtual Enterprise is the most

appropriate concept due to its basic meta-

system features:

= Dbusiness integrator, allowing both the
vertical and horizontally integration of
SMEs (Santoro 1997);

= cyber space friendly user e- business
approach for market place;

= multi-agent based internal co-ordinator,
implementing Production Planning and
Control (PP&C) within  wide-area-
network of heterogeneous platforms;

= extended concurrent engineering oriented
designer for product/ process /
production system facilities.

The materialisation of the paradigm of
virtual enterprise (VE) requires for definition
of the reference architecture and the
development of a supporting platform and
appropriate protocols for open system
architecture.

A VE alliance has a certain lifecycle that
starts with the initial phase, (capturing of
market opportunities, sales forecast, customer
orders, partners’ profiles establishing and
preliminary selection of partners). These
activities are primarily concentrated within
management of the further VE. The market
conditions and core competencies of potential
partners, Fabricators, are part of the
environment for a VE development.

The next phase, configuration phase, is
dealing with the VE building including
“final” selection of partners, formal
agreements, legal issues, etc. At the end of
this phase the VE is able to operate on
market. The actual presence on market,
concerning business progress is done in VE
functioning phase. VE is under a continuing
reconfiguration process, based on business
performances and the actual status of
partners. Actions are taken to improve the VE
efficiency, by developing of every actor
capabilities and even by removing/adding
new partner by outsourcing decision. All
these phases have to be supported by a
Global Re-engineering Knowledge Network
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Virtual Virtual Virtual Virtual
Enterprise [ Enterprise [ Enterprise »  Enterprise
Planning Building Functioning Dissolving
Virtual
Enterprise
S |—
Reconfiguring
Virtual
Enterprise

Reorganizing

Figure 2. Virtual Enterprise Lifecycle.

(Curaj 1998) an integrated approach of two
“networks”, Global Engineering Network
(Sauer 1996) and Global Partner Network
(Curaj 1998).

When the VE has completed its mission
it will be faced with the dissolving phase.

During the panel discussion from the 8"
International conference on Concurrent
Enterprising (ICE’2001-held at the BIBA at
University Bremen, June 29" 2001) the
authors proposed a provoking concept as
further research goal: eEnterprise beyond the
Concurrent Enterprising / Virtual Enterprise
state of the art:

2.

S

Mo = set of transformation objects
encapsulating

M, = set of intelligent agents (both natural
and artificial)

Mg = set of resources (financial, capital,
work-in-progress)

My = set of knowledge
My = set of activities (flow-work
activites)

G = business goal based on decomposition
tree (objectives / activities / tasks)

The extended eCube has, as CIM-OSA,

the following dimensions:

E=F (Mo, Mo, Mo, Mz, Mz, M, G) L Thelflrs; crjrlm r:r?l?fsa:gtrllj :i?\rg]]SIStS of:
where: Lo e
1. My = set of processes (manufacturing, :'23 e'kig'St!CS/ heduli
desgn, business, a.s.0.) - €-planning / scheduling
activities
activities ;
y4
resources / ° >/
agents / ® /
L)
knowledge /
processes(information)o/ A o //
bjects(dat
objects(data) /'
e-business o implementation model
e-commerce functional model
i specification model
e-management o ¢ requirements
e-design ° sub-system model
- - J/ system model
e-planning / scheduling L // meta-system model
logistics ¢ /,
e-logis

e-manufacturing

Figure 3. The extended «Cube.
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4. e-design

5. e-management

6. e-commerce

7. e-business
2. The second dimension consists of:
objects (data)
processes (information)
knowledge
agents
resources
activities
. Objectives
3. The third dimension consists of:
meta-system model
system model
sub-system model
requirement model
specification model
functional model
implementation model

NogakowdhE

NogakowdnpE

3. THE FABRICATOR CONCEPT

The Fabricator is an autonomous agent
offering products and production services on
the business market. It is required to perform
all activities to achieve the business goal-
structure according to the selected strategy
and policies.

The concept of Fabricator involves the
following hybrid system integrating three
layers architecture (Raulefs 1994), shown in

Process
management
Resources
management

Business plan

—

figure 4.
Virtual Factory is the software models
and applications system describing, in virtual
environment, the dynamic behaviour of the
real manufacturing system. It aims:
= to assist strategically/ tactical/ operational
decision making process;
= to develop products/
manufacturing facilities;

= to develop automation control system;

= to develop processes management and
resources management.

Automation System is the integration
platform-based system that maps the virtual
manufacturing processes ordered by a
scheduling plan, into a space-temporal
activity pattern. It works according to an
optimum dynamic task allocation of
manufacturing resources.

A business-rules-based scenario,
produced within dynamically changing
virtual enterprise environment is translated
into a virtual manufacturing scenario, based
on problem-solving and decision-making
functions, to achieve the global goals of a
profitable enterprise.

The following basic requirements, but
not limited to this list, we are taking into
account for advanced control manufacturing
system syntheses within Virtual Factory
framework:

processes/

Product ) ,
representation Fabricator’s

reports '

ICS-Intelligent Control System ( VF)

Monitored by :

Distributed comp. Services
Applications services

Executed by

—)

CBA-Computer Based Automation (AS)

Knowledge

Energy

Manufacturing resources

Plus Values l
Products I

Row materials

MCS-Manufacturing Controlled System (PF)

Figure 4. Fabricator.
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system robustness: to preserve the
structural proprieties of DEVS ( e.g.
viability, bound ness, reversibility) in the
presence of internal disturbances( e.g.
equipment break down, delays, etc). The

qualitative  supervisory  theory s,
generally  speaking, the theoretical
background:;

system adaptivity: to deal with changes
so robustness is supplemented with the
ability to freely adapt to external changes.
An internal market-base model should
undertake the task to fulfil this
requirement (Lin 1993);
decision-support system autonomy: to
improve the role of co-operative multi-
agent systems within a synergetic
framework of advanced manufacturing
concurrent  enterprise  (e.g.  holonic
manufacturing systems) (Brussel 1995).
manufacturing representation
completeness: to support the multi-view
approach for manufacturing enterprise
consisting of heterogeneous resources and
a mosaic of activities (Camarinha 1995);
multi-modelling  system  connective
ness: to create a facility able to integrate
the underlying models required by
necessary for the integrated design
complex task.

functional modules reusability: to
develop reusable software to adequately
respond to the need for frequent changes
in manufacturing systems.

e VF software compliance: to comply with
open system standards and specifications.

The extended concurrent engineering
methodology involves the whole life cycle of
product development from requirements,
engineering to product disposal. The tight
correlated conceptual design for product/
process/ production requires a new design
framework which has fours system views (Vi,
i=1,4) namely:
= new product development (NPD);
= work processes of production (WPD);
= new  cross-departmental  automated

manufacturing system (AMS);
= |ICT based intelligent communication

system (ICS).

Traditionally design engineers have
deployed Product Data management (PDM
Systems) to the control access to the
documented versions of product design.
Many complex software product have been
developed during last 10 years (e.g. Catia -
V4/V5, Euclid - Software Factory, Optegra
etc). The VI1/NPD dimension of
FABRICATOR framework is based on both
the generic PDM system and the particular
commercial software systems. The different
groups of designers have access to documents
emerging from archive and collaborative
stages of new product development (Philpotts
1996). Workflow management systems
(Georgakopulos 1995) conversely allow
managers to coordinate and schedule the
activities of organizations to optimise the

View 4 View 1
- —p
ICT
ICTE platform
platform
View 3 View 2

Figure 5. FABRICATOR framework.
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flow of information between resources of
organisation. Emerging commercial
workflow systems (e.g from SAP/R3) seem
to be appropriate tools for supporting
enactment of defined production operation.

In the actual manufacturing systems,
NPD engineers use a PDM system whilst
production mangers use production planning
and control systems and/or workflow
management system. An interesting trend is
concerned with integrating the product data
and workflow management for more complex
products (e.g. aeroplanes, cars, a.s.0.). Some
years ago, the integration of product data and
workflow "views" has only been proposed for
the capture of design documentation in
manufacturing  (Ramanathan  1996). A
challenging research has been noticed in
different laboratories but an example as
CRISTAL system, developed at CERN
Geneva is very representative (Mc Clatchery
1997).

Figure 5 presents the  basic
FABRICATOR framework as authors have
already proposed it.

4. FOUR LOOP SUPERVISORY
CONTROL FOR VIRTUAL
ENTERPRISE

The reference-input data for every
Fabricator’s manufacturing control are
provided by the supervisory system, MRP
(Manufacturing Request Planning), and the
control deviation is observed by the process
data acquisition mechanism. This is the “A”
control loop in figure 6. When it is looking
for an optimal manufacturing schedule the
starting point is the real time process
information database, where there is the
whole process history. In order to predict the
manufacturing system behaviour under an
established control schedule it is necessaries
to simulate the process. By simulation can be
compared different manufacturing scheduled
aiming to choose the optimal schedule. The
“A” control loop is supplemented by B
control loop, which contain the RTM (Real
Time Model) of the manufacturing system. A
real time model shall be provided with the
characteristics as following, but not limited
to:

= incorporate field proven technology
system architecture;
] Prediction data @
Virtual Factory
?_ i / Validated production data
B Data validation Production data
<
Control
data SCADA
< Database Comp.
/ T \ <
Automation Control System
| L7 |
L) Physical Factory —

T Disturbances

T

Figure 6. FABRICATOR- Supervisory control system architecture.
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= allow for future expansion;

= provide ease of operation and
maintenance;

= provide timely and efficient response to
both anticipated and unanticipated
demand and supply changes;

= provide the capacity to easy recognise and
rapidly respond to operational problems
and effectively minimise their impact;

= efficiently maintain data describing
historical physical factory operations and
permits  quick  retrieval of this

information.
Under the normal manufacturing
conditions more and more increasing

difference will arise between the simulation
results and the manufacturing processes. This
is due the stochastic influence such as express
job orders or machine breakdowns as well as
inaccuracies of the manufacturing model (e.g.
not exactly known working,
loading/unloading, calibration times, etc.). It
have to be controlled also the RTM itself and
also its initial data. The “C” control loop, an
off-line one, is in charge with control of the
model (Sauer 1997). The information flow
aiming to support the SCADA system is
presented in (Curaj 2001).

The planning process in VE asks for a
Global  Master  Production  Schedules
(GMPS), the Aggregate Production Planning
(APP). Due to the uncertainties at the
different levels, from Fabricators to the
logistic chain network within the VE it was
proposed (Frederix 1996) to split the control
task into two parts. The first one, the
proactive part, is concerned with the
optimisation of the plans ahead of time
consistent with constraints of orders and
Fabricators (seen as production systems). The
second one, the reactive part, is in charge to
adapt locally the plans issued by the GMPP,
according to the actual system status.

Every Fabricator - manufacturing partner
in the virtual alliance can use the proposed
three-layer ~SCADA  architecture.  For
planning and controlling the VE it is a strong
need to have meta-model of the virtual
alliance and this model is used for proactive
control. This RTM of the VE has to be also

controlled due to the continuing process of
configuring-reconfiguring of VE during its
lifecycle.

5. THE EXPERIMENTAL SET-UP

There are different other different aspects
that we have to take into account when a
SCADA is proposed: look-ahead model
(LAM), predictive model (PM), deviation
analysis module, system training module etc.
The experimental set-up is offered by the
project in the World Bank funded-research
project, FABRICATOR - Virtual Enterprise
University pilot project based on intelligent
agents, object-oriented techniques and
concurrent engineering methodologies. It
gives the possibility to implement, test and
validate different solutions for an advanced
control system for VE.

6. CONCLUSIONS

The actual paper describes conceptual
framework for a four loops supervisory
control system exploring the basic concepts
of the planning and control of the Virtual
Enterprise.

Starting with presenting the VE concept
continuing with the VE lifecycle and
Fabricator definition the paper proposes a
SCADA architecture for every partner in VE
alliance and a four loop in charge with RTMs
both for local control and for proactive
control of VE alliance. The further research is
focused on two different directions. The first
direction is concerning to the formalism for
modules based design of virtual enterprises
for configuring and reconfiguring alliances
based on a global reengineering knowledge
network. The second research direction
intends to more focus the efforts in
establishing a decision support system for VE
piloting including RTMs for Proactive
Control of the virtual alliance.
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