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Abstract: - The purpose of this paper is to present an automation architecture based
on intelligent agents. Starting from the functional requirements of a process automa-
tion system, a hierarchical automation architecture is formulated in order to down
intelligence to inferior levels. This advantage is possible grace to multi-agent systems,
which allow the implementation of interoperativity, heterogeneity and complexity
due to the requirements of industrial automation. The architecture is composed by
a superior layer, and a middleware layer. The superior layer is constituted by two
multi-agent systems, which are based on the control and automation functionalities.
The middleware layer is designed in order to support superior layer activities and
manages the communications from/to field devices. This layer satisfies the FIPA
specifications, it also contains two subsystems: one to handle the communications
among different sites, and other to give management services of agents. The middle-
ware can support any multiagent system, and has great design versatility.
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1 Introduction distributed and persistent hardware software

systems being stamped by the characteristics

The industrial plants demand every day so-
phisticated systems that allow them to guar-
antee a reliable and highly profitable pro-
duction. Thus, process automation systems
are applications that have been character-
ized by requirements emphasizing safety, re-
liability, efficiency and quality [1]. Therefore,
the automation systems are complex, large,
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of the technical processes they are designed
to control [7].

The rapid development of high-capacity
hardware components and the information
and communication technologies leads to an
increasing complexity and a strong need for
integration in industrial automation (AI).
Traditionally, the automation systems have
had a hierarchical structure with different au-
tomation functions at each hierarchical level.



This hierarchical structure is called the au-
tomation pyramid and represents a canon-
ical abstract model of the industrial com-
plexes [8]. Thus, automation systems should
be able to handle complex interactions be-
tween hardware and software entities. The
software capabilities to manage the evolving
complexity are referred to intrinsic proper-
ties of all automation systems, which can be
summarizes: automation systems are com-
plex and distributed systems; they require
different views; the software must be flexible
and adaptable.

By the another hand, new paradigms have
arisen in the design of computational tools.
For example, the agent-oriented paradigm
permits to design complex and sophisticated
software systems. A software agent is a
proactive object. The decision about how and
when to perform an action is controlled by
the agent itself. Beyond this, it is able to
execute an action autonomously without be-
ing invoked externally. This quality diverges
from a passive software entity like a software
component which waits for a remote inter-
action [2]. Their most important proprieties
are: autonomy, communication, sociability,
reactability, intelligence, and mobility. These
characteristics allow that agent technology
could be used to fulfill the requirements of
process automation systems.

2 Industrial Automation
and Agent Technology

Process automation has not typically been an
early adopter of new information technologies
like software agents. However, some research
has emerged concerning the application of
agent technology to the implementation of
process automation systems [2, 3, 9, 10].
This application has been characterized by
the match between the operational principles
of process automation systems and agents,
where complex and distributed systems of en-
gineering can be obtained.

The automated systems can be represented
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in different levels, each one has adequate op-
eration characteristics: one level for field de-
vices in order to capture process information,
one level for supervisory control and opti-
mization where the tasks of process control
are executed, and another level for process
management where the production strategies
are evaluated and developed. This architec-
ture of hierarchical operation allows the dis-
tribution of functionalities of the automation
activities through the description of different
strategical, tactical, and operational tasks,
where the intelligence is centralized in the su-
perior levels.

In that same sense, the agent-oriented ap-
proach is a natural way of system decompo-
sition and a reasonable alternative to con-
temporary approaches in software engineer-
ing [9]. The levels of a automatized sys-
tem can be represented by subsystem com-
ponents, which are mapped to agents and
agent communities (MAS); the interactions
between subsystem components are mapped
to cooperation, coordination and negotiation
mechanisms; this same way the organiza-
tional relationships are represented. Thus,
intelligence can be distributed through the
different levels. See Figure 1. Therefore, the
agent-oriented paradigm is suitable to meet
the requirements of modern automation sys-
tems, where the reconfigurability and flexi-
bility are important aspects [5, 6, 8, 10].
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Figure 1: Agents Topology in Automation
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3 ITIA Architecture based
on Agents

Just as it is shown in the Figure 1, the con-
trol automated systems can be characterized,
by their great heterogeneity, by two aspects:
the first is the hardware; which is constituted
by components of very low level, i.e. remote,
PLCs, etc, up to very complex platforms of
high level, i.e. industrial computers, servers,
clusters, etc. The second level is represented
by application software, which is constituted
from configurations of field communication
protocols, viewers, including pertinent appli-
cations to the business. Then, such as the
MAS, control automated systems are com-
plexes and heterogenic.

Based on the functional relationship be-
tween the industrial automation process and
the agent technology, we propose an archi-
tecture for automation that consider agents
in order to lower and distribute the intelli-
gence to different levels. The proposed hier-
archical automation architecture has the fol-
lowing different layers and components (see
Figure 2):
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Figure 2: Hierarchic Architecture
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e A superior layer. In this layer exists two
agents communities: the process and the
application agents communities.

e An interface layer. It offers services to
the agents communities and its archi-
tecture and functionalities are based on
FIPA specifications [4].

e The base layer. This layer contains two
subsystems: one to handle the commu-
nications among different sites, and an-
other one to give agent management ser-
vices.

e An operating system layer. This layer
is represented by the real time operat-
ing system installed in the industrial PC.
This can be any real time operating sys-
tem. In our case, an open source oper-
ating system based on LINUX is used.

The interface layer and base layer can be
treated as an unique layer. This unified layer
(middleware) manages resources and services
for superior layer. The process agent mod-
els the elements of the real world, the ap-
plication agents execute specific automation
tasks, and the middleware agents provide the
basic functionalities to manage a Multiagent
System.

3.1 Functions in superior layer

Our automation system is a complex informa-
tion system with automation tasks. In this
sense, the automation system have to make,
at least, these functions:

1. Monitoring a set of operation variables
in a dynamic way. This allows to detect
and manage emergencies and production
problems in the plant.

2. Management of the complex interactions
among the operation variables to trans-
form them into control commands.

3. Transmission of the control commands
to a set of actuators located in the plant.



4. Implementation of economic criterias
that can be applied as control commands
or as a part of the plant programming
functions to improve productivity.

5. Reconfiguration of the control and pro-
duction systems to fulfill the require-
ments in one specific moment.

6. Giving information to management and
operations personnel about the plant sit-
uation and the fabricated products.

7. Simplification of the production and op-
eration data, as well as of the quality
data of products, with the intention to
form historical data bases that could be
used like references to make engineering
or marketing decisions.

8. Scheduling of the production to reach
the user necessities, maintaining the
highest productivity to the smallest cost.
In addition, the system must allow the
planning of the appropriate maintenance
functions (preventive and corrective).

9. Determination of the inventory levels
and suitable use, as much for the materi-
als, energy, spare parts, goods in process
and products to reach wished economic
and productions levels.

10. Providing of interfaces with the exter-
nal actors that interact with the plant
production system, such as accounting,
trade, investigation, development and
engineering, external transport, suppli-
ers and salesmen, purchases, clients and
contractors, corporative managements,
ete.

These functions can be distributed and ex-
pressed through a hierarchic logical structure.
Figure 1 shows an Automation Topology based
on Agents where the functionalities are dis-
tributed with certain hierarchies and each
agent has an specific role.

In the superior layer there are two agent
communities: Process Agents, Application
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Agents. The community of process agents,
that represents components and abstractions
of real processes (pump, oil well, machines,
etc. ), is composed by agents based on the
physical division of the controlled process
and the functional division of agent tasks.
This functional representation of the pro-
cesses through agents has the advantage of
executing intelligent tasks, for example, eval-
uation of parameters and physical variables,
performance comparison, etc. The process
agents are distributed hierarchically so the
total plant can be represent for an agent.
Several sub-process agents represent, then,
sub-systems of the plant. This descompo-
sitional arrangement allows to support ab-
straction of information, allowing to the pro-
cess agents of superior level (or higher) to
exchange refined knowledge of the process.
The main function of the process agents is
to maintain the knowledge about the state of
the area under its responsibility. The agents
produce a refined notion of the state, based
on the measured variables of their domain.

The community of application agents make
specific functions for industrial automation
(visualization, supervision, control, optimiza-
tion or any specialized function). Special-
ized agents can require of wrappers. Thus,
the application agents are conceived as an
specialized multi-agent system for coordina-
tion, execution, and evaluation of control,
supervision, optimization and administration
tasks, which is necessary in the prosecution
of the process information and the taking of
decisions. Then, the application agents of-
fer services to the process agent community.
Both communities interact with the middle-
ware through the interface layer.

3.2 Middleware Layer

The middleware is the basic group of software
modules that implant the minimum abstrac-
tions for the specification, installation and
manipulation of agents and objects.

To assure the operability of the automation
system, due to the heterogeneity and com-



plexity, the middleware proposal has a mul-
tilayer focus, which is composed of homoge-
neous layers for the operating system, com-
munications management, and agents man-
agement. In general, the middleware is
formed by three layers: interface layer, base
layer and operating system layer. The In-
terface layer is based on FIPA specification
[4]. Tt is constituted by five agents: Agent
for Administration of Agents (AAA), which
is called Agent Management System in FIPA,
Resource Management Agent (RMA), Ap-
plication Management Agent (AMA), Data
Management Agent (DMA) and Agent for
Communication Control (ACC). The RMA,
AMA and DMA agents are specializations
of the Directory Facilitator (DF) defined by
FIPA. This layer manages the operations and
communications in the MAS.

The base layer contains two subsystems:
one to handle the communications among
different sites, and other to give services to
the agents. It allows agent localization and
association of agents with operating system
processes. Also, it gives distributed char-
acteristics to the system implementing some
properties of these types of systems: migra-
tion, interoperativity, naming, etc. The base
layer is formed by two modules: the Agent
Manager and the Communication Manager.
The Agent Manager implements the different
services required to create, delete and man-
age agents, which are viewed as processes in
the computational platform. At this level,
naming and migrate characteristics of agents
is implemented. The Communication Man-
ager allows the communication among dif-
ferent processes, in the same site or in differ-
ent sites. The Communication Manager must
provide reliable communication with the net-
work oriented to invocation, and it is here
that interoperativity characteristic of agents
is implemented.

The Agent Manager is structured in three
sub-modules: Dispatcher, Mapper and Loca-
tor:

e The dispatcher module allows the invo-
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cation among agents.

e The mapper module allows mapping of
agents in a process.

e The locator module allows the location
of the agents in the system.

Figure 3 shows the components of the mid-
dleware layers. In order to accomplish all
their activities, the agents of interface layer
must invoke these modules.
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Figure 3: Middleware Implantation Ap-

proach

The operating system composes the low-
est layer. Normally must be an operating
system that support real time. We propose
LINUX, which is a popular operating system,
that is executed in most of the hardware ar-
chitectures, and offers support for real time
and embedded devices based on firmware.
LINUX can give a common layer to all au-
tomation hardware.

LINUX, as well as most of the operat-
ing systems, base their reliable remote com-
munication on TCP/IP and UDP/IP proto-
cols, that difficult to reach the performance
requirements and real time communication
constraints. For that reason, we propose ad-
ditional communication services: rendezvous,
asynchronous messages, synchronous mes-
sages and RPC messages. In all the cases,
the communication is reliable and minimizes
the number of network packages transmitted.



4 Conclusion

In this paper we have proposed an automa-
tion system based on agents. Our system ex-
ploits the main features of the multi-agent
systems, like autonomy and intelligence of
agents, among others. In this way, we de-
scribe the automation process like and intelli-
gent distributed system that support the het-
erogeneity and interoperativity of its compo-
nents transparently.

Our system has three components, two
agent communities to describe the typical au-
tomation processes and tasks, and a middle-
ware to support industrial automation activ-
ities. Specifically, our middleware give sup-
port to automation systems based on agents
following the FIPA standard.

The process agent community describes
the components of a process automation sys-
tem, and the application agent community
describes the different automation tasks (for
example, optimization, visualization, etc.).
This is an innovative approach to represent
automation process models with large scala-
bility and adaptability capabilities.

Our middleware is composed of layers,
where each layer can be defined individually.
The only requirement is the set of services
that each layer must provide to others. That
is, each layer has a set of functionalities. The
lowest function is the kernel of the operating
system, the second one is the extension of
the operating system to support distributed
system, and finally, the last one manages the
multi-agent system. This last one has been
designed using the FIPA standard. In this
way, our middleware can support any multi-
agent system, and has a great design versa-
tility.
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