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Abstract: - This article presents a design approach for control and supervision systems
of industrial processes based on intelligent agents. First, the general platform supporting
the whole multi-agent system for control and supervision is defined. From there, applica-
tions are conceived like specialized multi-agent systems to coordinate, execute and evaluate
control and supervision tasks needed for the distributed information processing and decision-
making. The production units in industrial environments are also modeled as multi-agent
systems implementing the logical and functional abstraction of the real processes. In this
way, cooperation and negotiation for improving the production performance are achieved
through the adequate interaction between the agents community.
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1 Introduction Typically, the processes controllers are reac-

tive independent systems. However, control and

Nowadays, industrial processes require sophisti-
cated systems allowing a reliable and highly prof-
itable production. Thus, process automation
systems are applications that have been charac-
terized by requirements emphasizing safety, re-
liability, efficiency and quality [4]. Therefore,
the automation systems are complex, large, dis-
tributed and persistent hardware & software sys-
tems, this systems being defined from the char-
acteristics of the technical processes to be con-
trolled. [13].

The functionalities of the automation systems
can be distributed on different levels, each one
of them with suitable operational characteristics:
field device level (operational level) capturing
the processes information, surpervisory con-
trol and optimization level (tactical level),
where the control tasks are executed, and pro-
cesses management level (strategic level),
where the production strategies are evaluated
and developed.

supervision systems must work with multiple ob-
jectives in several environments, therefore, these
systems must be adaptable, flexible, indepen-
dent, concurrent and collaborative.

On the other hand, new paradigms in the de-
sign of computational tools have been arisen.
Particularly, the agent-oriented paradigm per-
mits to design complex and sophisticated soft-
ware systems. A software agent is a proactive ob-
ject. Decisions about how and when to perform
an action are taken by the agent itself. Addition-
ally, the agent is able to autonomously execute
an action without external invocation. This fact
diverges from a passive software entity, such as
software components, which waits for a remote
interaction [6]. The most important properties
of this paradigm are: autonomy, communication,
sociability, reactability, intelligence, and mobil-

ity.

Because of the complex nature of automa-



tion systems, control and supervision systems
are natural applications to be designed by using
intelligent agents [12, 10, 17, 16].

2 Reference Architecture

Process automation has not typically been an
early adopter of new information technologies
like software agents. However, some research
concerning to the application of agent technol-
ogy for implementing automation systems has
been emerged. [6, 7, 16, 17]. This application
has been characterized by the match between the
operational principles of process automation and
agents, where complex and distributed engineer-
ing systems can be obtained.

In order to design a multi-agent systems for
processes control and supervision, a reference ar-
chitecture proposed in [8] has been used. That
hierarchical architecture allows the functional
distribution of automation activities on differ-
ent operational, tactical and strategical tasks.
In our case the intelligence agents for control
and supervision tasks resides at the higher level
and is here where this agents community will be
placed [1, 15].
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Figure 1: Functional Architecture

This reference architecture provides an ap-
proach with three functional levels: Field level,
Middleware level and Applications level (see fig-
ure 1).

1. Field level: The Field level is concerned
to the components of real processes such
as pumps, oil wells, machines, etc., and the
devices, such as field networks, data acqui-
sition systems, Remote Transmission Units
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etc., allowing the interaction with the high
levels.

2. Middleware

The middleware is the basic group of
software modules that implant the lowest
abstractions for specifying, installing and
managing the agents and objects.

Because of the heterogeneous and the com-
plexity of the automation system, the mid-
dleware proposal has a multilayer focus in
order to assure the system’s operability.
The middleware is composed by two lay-
ers: FIPA !-based Interface layer, and Base
layer. The Interface layer establishes the
guidelines of conversation between the com-
ponents of the distributed system and the
multi-agent systems [5]. The base layer is
the kernel of distributed system, it provides
software services required by an agent in or-
der to be able to interact with other agents
and with the host server supported by a real
time operating system [2, 5].

3. Applications level

The higher layer is composed by the applica-
tion agents. There, the agents communities
are defined according to their functionali-
ties. In this work, three agents communi-
ties have been defined: Proccess Agent or
Business Agent, Control Agent and Super-
vision Agent, however, other communities
such as optimization, planning and special-
ized management, can be defined. These
communities interact with the Middleware
through the interface layer. [5].

In the following section, the Process, Control
and Supervision agents are presented.

3 Control and Supervision:
Agents Approach

3.1 Process Agent (PA)

In order to get the distributed information and
knowledge related to the production process, an
agent modeling the production unit is defined,
this way, each production unit is represented by

"ttp://wuw.fipa.org
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a PA. This agent takes into account the physical
and functional division of the modeled produc-
tion unit. Thus, a PA could represent devices
with limited service ability, such as sensors, ac-
tuators or another element of the field instru-
mentation, or more complex processes, such as
an oil exploitation unit, a boiler, etc.

As advantage of this representation obtained
from a model of the process, a PA can be used
to make comparisons between the real behavior
and the emulated behavior. Thus, the agent can
be capable to advise about abnormal situations
in order to improve the process performance and
decreasing adverse effects.

On the other hand, the PA must execute
and request specific tasks depending on its roles
and functions. Sending and receiving activi-
ties are linked with asynchronous communica-
tions (depending on events). Information pro-
cessing (knowledge) can be a synchronous or
asynchronous activity.

ToReceive
Request

Figure 2: Activities Diagram for PA

Figure 2 shows the activities diagram for this
agent. From this figure, the following main ac-
tivities are defined: to receive information, to
transmit information, and to request service.

3.2 Control and Supervision Agents

The main functionalities of a control and su-
pervision system are: set point and operation
parameters supervision, control commands gen-
eration based on the supervised values, send-
ing control commands, control algorithms con-
figuration, and management of abnormal situa-
tions (detection and diagnosing tasks, mainte-
nance management).

3.3 Control Agent (CA)

One of the fundamental tasks of any indus-
trial automation system is the process control.
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It must satisfy security (processes stability) re-
quirements and productivity (processes perfor-
mance) requirements. The field information re-
quired for the control processes is managed by
PAs.

The CA is designed as a multi-agents sys-
tem with three agents: Control Designer agent,
Control Executor agent and Control Evaluator
agent. These agents interact with the middle-
ware and other multi-agents system to accom-
plish their functions.

3.3.1 Control Designer Agent (CDA)

The CDA designs and/or adjusts control plans
to be executed in finite time. These plans must
guarantee the adequate performance of the pro-
duction process in terms of the control require-
ments (control strategies and controller param-
eters) and the processing requirements. Also,
the CDA can to adjust the current controller
parameters to improve the production perfor-
mance. Figure 3 shows the activities diagram
for the CDA.
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Figure 3: Activities Diagram for CDA

3.3.2 Control Executor Agent (ECA)

The ECA generates the control orders based on
the current outlined control plan and control
schemes. ECA receives a control request, it ac-
cess the needed data and generates the control
orders. The activities diagram for this agent is
shown in figure 4.

38



Data
To Request To Receive To Request To Generate
Control Request Daa Control Actions
Execution l

Figure 4: Activities Diagram for ECA

3.3.3 Control Evaluator Agent (CEA)

The CEA determines the performance of the cur-
rent control plans and controller. For this task,
it must compare the real output with the de-
sign objectives. Figure 5 shows the activities
diagram for this agent. The main agent’s tasks
are: Measuring of control plan performance and
Measuring of Controller Performance.
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provide mechanisms to support the decision-
making.

SA is a MAS composed by three agents: Con-
trol Supervisor Agent, Reliability Supervisor
Agent and Tasks Supervisor Agent.

3.4.1 Control Supervisor Agent (CSA)

CSA supervises the performance of production
process. It uses the data related to control, pro-
duction management and reliability , taking op-
erational values that allow to evaluate this per-
formance. The CSA could request the adjust-
ment of the current control plans and parameters
to compensate wrong outputs. Figure 6 shows
the activities diagram for CSA. These activities
are offers as services to the other agents.
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Figure 5: Activities Diagram for CEA

3.4 Supervision Agent (SA)

Supervision and maintenance activities are fun-
damental part in automation processes; their
suitable integration with the control systems al-
lows to obtain adequate performance and the
reach of production objectives. In this sense,
the architectures proposals allowing the integra-
tion of these activities on distributed platforms
have been a important aspect outlined by the
researchers [14, 11, 18, 9]. These architectures
must guarantee the integration of the distributed
knowledge, information and data, in order to

To Request

To Request

Control Adju
+Data

+Data

Figure 6: Activities Diagram for CSA

3.4.2 Reliability
(RSA)

Supervisor Agent

RSA supervises the reliability of production pro-
cess. It needs real time data, maintenance plans
and schemes for fault management. The RSA
could request the application of maintenance
tasks and/or changes on maintenance plans. In
activities diagram of figure 7 the main services

for RSA are defined.
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Figure 7: Activities Diagram for RSA

3.4.3 Tasks Supervisor Agent (TSA)

TSA gives two services: Evaluation of decision-
making and Evaluation of tasks performance.
For the first one, it reviews the historical data
related to the operational and reliability indexes,
and it applies methods to evaluate the decision-
making with respect to the changes requests of
control plans and maintenance plans. For the
second one, it evaluates the tasks performance
of supervision applications based on the proper-
ties of the associated service (reliability, quality,
among others). Figure 8 shows activities dia-
gram for this agent.

.—1

To Request To Receive
Supervision Request

> »{ ToEvauae
Decision Takes
To Evaluate taks of
iperformance proecessin
i A

To Transmit
Information

To Request
Visualization
+ Information

Figure 8: Activities Diagram for TSA
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4 Conclusions

This contribution provides a model that support
the implantation of control and supervision sys-
tems based on MAS. The proposed model in-
volves the creative participation of the differ-
ent actors identified from the productive process,
mainly process, control and supervision, in order
to obtain a high performance of the production
process. These actors are designed as intelligent
agents which coordinate, execute and evaluate
control and supervision tasks.

Our approach requires a middleware that has
been designed based on FIPA standard. All
process information is encapsulated in a generic
agents called process agents. All aspects related
to the design, the execution and evaluation of the
control tasks are considered services offered by a
Control Agent. The aspects related to the super-
vision and evaluation of the controlled process
have been defined as services of a Supervision
Agent. Both, Control and Supervision agents
are proposed as multi-agent systems.

The defined interaction diagrams allow to
visualize the scheme of coordinated decision-
making and it shows the cooperative aspects in-
herent to the operation of the control and super-
vision agents.

Finally, we used the MASINA methodology
with UML diagrams to outline a formal software
model for MAS specification [3]. This specifica-
tion model can be used as initial point to make
an implementation project by using development
tools of objects paradigm (Class definition, com-
ponents, methods, etc.).

Acknowledgments

This work has been partially supported
by the FONACIT under grant project No.
2005000170, the CDCHT of the Univer-
sity of Los Andes under grant project No.
1-820-05-02-A A, and the the FONACIT
(Agenda Petréleo) under grant project  No.
97003817,which are gratefully acknowledged.

References

[1] J. Aguilar, C. Bravo, F. Rivas, and M. Cer-
rada. Design of an architecture for indus-
trial automation based on multi-agents sys-

40



Proceedings of the 2nd WSEAS International Conference on Dynamical Systems and Control, Bucharest, Romania, October 16-17, 2006

tems. In Proc. of the 16th IFAC World
Congress, Prague, 2005.

J. Aguilar, V. Bravo, F. Rivas, and M. Cer-
rada. Diseno de un medio de gestiéon de
servicios para sistemas multiagentes. In
Proc. of XXX Conferencia Latinoamericana
de Informdtica, pages 431-439, 2004.

J. Aguilar, M. Cerrada, f. Hidrobo,
G. Mousalli, and F. Rivas. Masina: Una
metodologia para especificar sistemas mul-

tiagentes. Revista Técnica de Ingenieria,
Submitted to publication:LUZ, 2006.

J. Aguilar, A. Rios, F. Rivas, O. Teran,
L. Leon, and N. Perez. Definicién de domin-
ios y paradigmas en una arquitectura de au-
tomatizacién industrial. Technical Report
05-04, Fundacite-Mérida, Mérida, 2004.

José Aguilar, Leandro Leén, Addison Rios,
Francklin Rivas, Gloria Mousalli, Victor
Bravo, Francisco Hidrobo, and Flor Nar-
ciso. Descripcion funcional del medio de
gestién de servicios, modelo arquitecténico
del sistema multiagentes, con la descripcion
de los actores y casos de uso de los mismos.
Technical Report AIT-1-20-05, Fundacite-
Meérida - AIT-PDVSA, Mérida, 2005.

Martin Albert, Thomas Léangle, Heinz
Worn, Michele Capobianco, and Attilio
Brighenti. = Multi-agent systems for in-
dustrial diagnostics. In XV IFAC World
Congress, Barcelona, Spain, 2002.

Alexei Bratoukhine, Yoseba Penya, and
Thilo Sauter. Intelligent software agents
in plant automation. Technical report, Vi-
enna University Of Technology, Wien Aus-
tria, 2002.

F. Hidrobo, A. Rios-Bolivar, J. Aguilar,
and L. Leén. An architecture for in-
dustrial automation based on intelligent
agents. WSFEAS Transaction on Comput-
ers, 4(12):1808-1815, December 2005.

B. Iung. From remote maintenance to mas-
based e-maintenance of an industrial pro-
cess. International Journal of Intelligent
Manufacturing, 14(1):59-82, 2003.

[10]

[11]

[12]

[15]

[16]

[17]

Nicholas Jennings and Stefan Bussmann.
Agent-based control systems. IEEE Con-
trol Systems Magazine, June:61-73, 2003.

J.B. Leger, B. Iung, A. Ferro De Beca,
and J. Pinoteau. An innovative approach
for new distributed maintenance system:
Application to hydro power plants of the
remafex project. Computer in Industry,
38:131-148, 1999.

Vladimir Marik, Pavel Vrba, and Filip
Macurek. Agent-based solutions for man-
ufacturing. Cambridge, England, 2003.
Rockwell Automation Research Center
Prague.

Jim Pinto. Instrumentation & control on
the frontiers of a new millennium. Journal
Instruments € Control Systems, 1(2):78-90,
2000.

M. Rao, H. Yang, and H.Yang. Inte-
grated distributed intelligent system archi-
tecture for incidents monitoring and diag-
nosis. Computer in Industry, 37:143-151,

1998.

A. Rios-Bolivar, J. Aguilar, F. Hidrobo, and
L. Len. Industrial automation architecture:
An intelligent agent based approach. In
Wseas, editor, 4th WSEAS Int. Conf. on
Computational Intelligence, Man-Machine
Systems and Cybernetics (CIMMACS "05),
volume I, pages 134-139, Miami, Florida,
USA, Nov. 2005.

Thomas Wagner. An agent-oriented ap-
proach to industrial automation systems.
Technical report, Institute of Industrial Au-
tomation and Software Engineering, Uni-
versity of Stuttgart, 2002.

Thomas Wagner. Applying agents for en-
gineering of industrial automation systems.
In M. Schillo et al., editor, MATES 2003,
page 6273. Springer-Verlag, Berlin Heidel-
berg, 20083.

[18] R. Yu, B. Iung, and H. Panetto. A multi-

agents based e-maintenance system with
case-based reasoning decision support. En-
gineering Application of Artificial Intelli-
gence, 16:321-333, 2003.

a1



