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A DECENTRALIZED CONTROL REAL-TIME SYSTEM USING
AGENTS TECHNOLOGY

Owren CHELAL

Abstract. ke process control aystema are real-time systems that hean toodeal with un
epiecten] sibualions and heve to be rebadlt Lo mesl new requirements, The puper presents
how Bn autonomous lecentralized control system can be hoild-using agenta. Syacem ar-
chitecture i3 based on the wulli-agent syatemn paradigm.
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1. Problem description

The: context offered by the evolution of the system development offers new possibilitios
to the system design. Tn thia context the multi-agent, sywtem paradigm has increased it's
usability.

An agent brings to the system Hexibility with ita properties
resckive — Angwering to the questions
proactive - the agent poasibility to fulfill his owno plans
aocial - the comeounicalicn aith ocher agents,

The agents are used to Taild dynamic and distributed applications. The agents are
putanamnng and exeoute specific tasks,

Buny real-time svalema are embedded in sensors aud actuators and function as digital
controllers,  The term plant refers 1o a controlled syatem that can be an aiverill, an
crigine, 4 patient, ete. The state of the plant is monitored by sensors and can be changed
by motiators, The real-time system estimates from sensor readings the current state of
the plont wnd compules a-control output based on the differences belwesn the cureent acate
and the desired state called relerence input. The computstion is name] the control-low
computntion of the controllar.. The gemeratesd antput activates the actuators and brings
the l_lj]_.;m‘-' clhoser 1 the desired state,

In o control syatem we can heve also controllers with functions to achieve a higher-leval
aoals, Lot sev, in a flight control syatem, we heas a fight conkral al physical layer and a
trajectory control for the most desirable trajectories st the high level,

Using agent-based systems we have the advantages over contrally controlled systeins
when achieving mult.ip]c gr;n.l_l,l,-j aned managing multiple sensory inpot.
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The problem aolving that the multi agent systems can achisve is often determines] Ty
the: arnennd of oco-cperation or collaheration that individual amerls actively participate in
and whit extent information is shared |2]. The degree of co-operation or ecllaboration of
the agency is grmerated by the adeoption of a particular sgent interaction strategy. There
are co-opergiive mgenls, self-interested agents nnl kostile agents. Cioeoperative agenls work
together with the intefition of solving joint problem s will e used in our prohitectore.
Sell-interested are sgents that ey 'toomadindize their own) gooal withouo concern for the
global good, deing services to the other agents only for compensation. Hestile agents hae:
a utility that increases with its own goaing and alsowith competitor's losses.

Agenta can pass messages to each other of disnges to the environment or infermation
ahput tplans’ to change the syslem’s state.

Clommunication enables pgents in a multi-agent environmenl Lo exchange infonnation
Cresourcrs atake information, egc. ],

The agents offer to (he syacem more fexibality.

The mobile agent techuelogy is concernad with the abilily o meve executable code
from one computer to another, The main benefit from sdopting chis approach is that
availeble computational resotrees on snother computer oould be utilios] whes resgurces
on the originel computer lecame scarce.

Tni & eonteal system using antonomous agents, we identify local agents that are locsl
autemomsms agents that stores the loca] data from the machines sl control agents
that selerts a tachine te process and moves on procesging or controllers aceording to che
specific procedures. Thir tentrol agent acts'as autondroons entities o the sistem, Tna
real-time conteol aystem the Jocal agents can be acquisition agents that get data from
poquisition machines o contrallers.

The control sgent selecta an appropriste local agent (in real-time control syslems, an
acquizition agent] snd directs il on hew to process the peoduct. That means that”the
rontrol agent directs the local agent in charge of the machine and the local agont contrals
the combrdllera.

The comtrol agent. aots putonomansly knowdng svetom status mml daala with the sto-
ations dvnmmically.

The apents mératinte with other agents if necessary

The control agents are mohile agents and the loml agents are stationary sgents,

Tical Agents run on controflers whe contrel acquisition or on' cempiters contected to
the eomtrollers. The nontral agents ire mobile agents and mevs to Lhe compater whera
the cerget lotal ngent s running. After movang [/ the target computer, the control agent
sende & process tequest to thelacal agent snd waits wntil the local agent makes notifieation
of the el of che process,

In the system there sre and other agents ds: mensgement” agint and ser’ dislog
inanagement ngemt thal nférs aupport to the twl main agent™s trpee.

This architecture doesn't have a centralized comfrel mischanism and in cese of a big
parnher of machines we don't have a great load ssin the casd of centralized aystems,
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System architecture
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Figure . Software Architecture

There are four different high level architeciures for the control aystema: centralise],
hierarchical, diapributed locad control and hvbrid architecture. Each with its ahvanceges
ansl ||i.*~;’|.-:]1.':1;|"l.'|_|-_|1|-.-§,

In o real-time control svatem the system most be robust and must deal il run-
time exceptions. The centralies] architecture is often uszed for the contenl svsbems, but
with the evolution ol the new technologies, discributed control-architectire san bring new
advantagrs i these systems as;
nnpreving fexibility
Inpeving rokbastness
AOPTOVIRE response-tilne
reducing coanmmicalion ovperbaead
diabrilniting ks

Reactive agenls we suited for making real-time and Incal control decisionz becanse
their mternal srchitecture supporta the requireiment thet they should be able 1o goper-
ete control actions within the avdlable time interval. Unexpected nccurrences must be
hancdied waing anly ocal mforosdicn until the strategic levels ean assss the new sisaation,

T Lk restl-timoe control system architecoure we can blentify four soformre modibes:

Comtrol Agents

Local Aments

Managemanl, Agenls
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User Dislog Management Axenc [-I,'_:-[TI"_:I
Lhe relationships between the softwsre modules are shown in the figure 1,

Contral Azents

Crentral sgents’ meves in compiaters or contfollers after the muvement of Lhe tarmet
vz,

The contrel agent hes a “liat” of functions and processes the Taskes ancording to the
list and has to finish processing of turgets,

The list. containg the larget neme and the comumand to beexeowted by che target, The
vonerol agenbsearch the target for the ot icem sending messages to the locn] ngenta thai
zomtain the pame of the target. After finding e target machine associnted with the Tocal
agent, the contral agenl scleces one of the Jocdl sgent candinlates and directa the process
specificd in the cormmand, The local agenes recsive and roply to requests for selection
not the local machines, Only the local spents that are free, not in a [reessing atala s
Ceceive A riquaet.

Lowcal Agents

Lech local agent corresponds o o mehine, lek say o controller or acquisition machine
for & real-time control aystem. Tt hos to know aml ontrol the atatus iof the machine. The
local apgent hee & name that correaponfls a0 s fineticn. OF Bire there are many lneal
mgrnts wich che same name because they do the zame Tonction, The function deseripting
is in che lisl of the control agenl.

The local agent can do only one job at o 1ime. Local Arquisition agent iz running gnd
Fets the statua of 1he mschine.

The local agent receives direclions from the ronkrol agent fonly ane gt a time) aned
comtrols the mwchine after .

Management A genks

The management agents stars e control and loeal aprmty, The local agents are created
at aystem startup, and prodoct sgents at the heginning of the processing indicated by
gusbem OpETATONE.

The management system receives status data, process histories senl by contral g
lesnl mgenta, and stores them in a persistent manne:. The INBDEZEIIENL AReTEs LD onilor
the activities of 1he machines and apents,

Lhe management agent providis access to the database, along with the communication
with extarnal software.

Agent Communication

The sgents tominunicste wich nessapges,
A standard that cun be used is FIPA-ACL standard {*Foundation for Intelligent Fhys-
icel Agenis" )

i
e
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The protovol wsed to recover tnformation about sequisition current state askdng for i
from the agent in charge of maintain il can he FIPA-query. The messge must allow the
gpecification of thi language used for the query (301, ete)

To ask an segent for the executinon of a specific action can b used TIPA-request

The notification thai provicles information when a condition s auciafisd or an evonl 15
triggered can use the protocel FIPA-request-when,

For the toordination and negotiation hoteeen agents can be' nas] TIPA-contract-nel
prrcalosra],

2, Implementation

An agent-based application is w dynemic, porentially Targe-scale distribuced application
in an open coalaxh, The agent spplivation i@ ot cypical. Tt o o nuomber of characiorietios
and requireents, Agent based applicalions shonld be autonomons, heterogeneous, open,
Uynamic, robust and secure. These charnctaristies am Jilficuie o implement and s,

The Agenc pallern [1] for mabile sgent aveiems can b nsed for che control gl

The contrel system con be Implemented as i distributed aystem o an agent support
yalemn orops o CORBA implementation. The agent aupperl systems provida a frame
worl to develop applications based on agent paradigm and ORDy on che ahject-ariented
paradigm. Ancther near pltornecive is using J2EE platform in multi-tier architecture.

Foa control agents can be used aglels developed by IBM Japan. Aplets extend the
eenle] of network-mobile code by allowing the class files o maintain state when migrating
Frinm nede: oo node.

3. Conelusions

An ppont’s technology with aolistributed local eontrel s nseful in building Hesxabale:
renk-time control systems. This architecture incresses the officiency of the systerm,

A multi-agent system for control brings the awantages of building decentrilized EVALEIn
that work su good in system with a great lood sod the independenoe of the Fvetam parks,

The system architeeture can T used in many fields that b g centralized control
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