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Abstract— This paper dealswith an application of multiagent systemsto
sensometwork managementThis wirelesscommunicationnetwork will be
appliedto monitor an undergroundhydrographicnetwork. We first present
the ENVSY Sproject: its origin and its issue.We then recall the conceptsof
agentand multiagentsystemsWe sketc a multiagentsystens architecture
accordingto the AEIO method. This multiagent systemconsistsof hybrid
agents.We alsointroducethe ASTRO agentmodel.
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[. INTRODUCTION

Multiagentsystemarewell suitedfor analyzinganddesigning
complex systemssuchasnetworks of distributedautonomous
entitiesbehaing in anopenernvironment.

Thecontext of theinstrumentatiorf anundegroundriversys-
teminvolvesanopennetwork of intelligentsensoravhoseco-
operatiormustbe monitoredin orderto insurethebestorgani-
zation.

In this paperwe intendto evaluatethe contribution of a multi-
agentapproacton suchanapplication.

We shall begin by presentingthe origin and the issueof the
ENVSYS project, i.e., an undegroundwirelesscommunica-
tion network. We will thenintroducemultiagentsystemsn
the context of sensometworks. Finally, we will presentthe
stateof our experimentations.

II. THEENVSYSPROJECT

The purposeof the ENVironmentSY Stemprojectis to mon-
itor an undegroundriver sensometwork. Let us presenthe
origin of this projectand the problemsoccurringin suchan
application.

A. Origin of the project

The ENVSYS projectfindsits origin in a statementthe mea-
sureof thevariousparameterén anundegroundriver system
is a complex task. In fact, the accesdo this type of under
groundgalleriesis difficult : it requireshelp from speleolo-
gists. Besides,the installationof wire communicationset-
works is difficult, especiallybecausehe structureof hydro-
graphicsystemis very often chaotic. Finally, in the caseof
aradiocommunicatiometwork, the undegroundaspectom-
plicateswave propagatiorandfor the momentthe techniques
which areusedarenottotally mastered.

For someyears system®f radiocommunicatiorhave beenin-
troduced.They aregenerallyusedby the speleologicatescue
specialists. Thesesystemsare analogic,work with low fre-
guenciesaandareusedmostlyfor voicetransmission.

The generalideaof the projectis to studythe feasibility of a
sensometwork from the existing physicallayer. This will al-
low wirelessinstrumentatiorof a subterraneamiver system.
Sucha network would presentan importantinterestin mary
domains: the study of undegroundflows, the monitoring of



deepcollecting,floodingrisk managementjver systemdetec-
tion of pollutionrisks, etc.

B. Theissue

In a subterraneamiver system,the interestingparametergo

measurarenumeroustemperaturef air andwater, air pres-
sureandif possiblewater pressurefor the floodedgalleries,
pollution rate by classicalpollutants,water flow, draft speed,
etc. All this informationwill be collectedat the immediate
hydrographimetwork exit by a work stationlike a PC. These
datawill beprocessetb activatealarms,studythe progresof

a certainpollution accordingto miscellaneousneasuringpa-

rametersdeterminea predictve modelof the whole network

by relatingthe subterraneaparametersneasure®f our sys-
temwith theovergroundparameterseasuresoreclassically
onthecatchmenbasin.

We do not wish to carry out this instrumentatiorwith a wire

network for obviousreason®f corvenience We shalluseelec-
tromagneticwaves with low frequenciesas a carrier These
waveshave aninterestingproperty:they areableto gothrough
rock blocks. The sensorshouldthento achieve several func-

tions:

« ameasuringunction: it is the first function of a sensor
It consistsin interactingwith the environmentto acquire
information.

« arelayfunction: every sensothasa limited transmission
range.This limitation resultsfrom threepoints: thetech-
nological solutionswhich areusedto achieve the sensor
transmissiormodule(frequeng, power, antenna)theim-
plementatiorof thesesolutionsand, finally, the erviron-
ment. Indeed,accordingto the obstaclest will have to
go through,the electromagnetigvaveswill not beusable
atthe samedistanceor eachdirection. Thetransmission
zonewill notbemodeledby a sphere.
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The distanced1 which separateshe sensorsl andi2 is
shorterthanthedistanced2 whichseparatethesensorsl
andi3. However, therock separatinghecoupleof sensors
(i1, i2) will degeneratehe signalandwill preventsensor
i2 from receving the messageorrectlyunlike i3.

Having definedtherole of sensorswe canrepresenthe struc-
ture of our communicationnetwork. It consistsof a set of
sensorsanda listening stationasillustratedon the following
figure:
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Hereis a non-exhaustve list of problemswhich oneneedsto
address:

« How to realizethephysicallayer?

« Whatlevel of protocolconnectionto chooseabove such
physicallayer?

« How to routetheinformationin thebestway? Eachof the
sensorgannotphysicallycommunicatevith theworksta-
tion which collectstheinformation. Which sensosshould
thusmalke thedecisionto repeatheinformation?

« How to monitorsucha complec ervironment?

« Whatkind of intelligenceto give to the network?

In the following we will dealwith the analysisof the prob-
lem usinga multiagentsystemapproach.The main contribu-
tion of thework presentedn this paperis situatedat a logical
level, concerningespeciallythe last threepoints of the prob-
lemslistedbefore.

[ll. MULTIAGENTSYSTEMSAND SENSORS
NETWORKS

A. Multiagentsystems

Multiagentsystemsarea collectionof severalagentslt is nec-
essaryto startby definingwhat we call an agent. Oncethis
notion hasbeenintroducedwe shall approactthe conceptof
MAS.

For the pastfew yearstheresolutionagentshave undegonea
strongandfastdevelopmentof researchesAgentis a generic
namewhich relatesto variousentities[1]. In fact, it canbe
biological entities(the associateéggentsare called biological
agents)autonomousobots(robotic agents)r computersoft-
wareandtheir componentsvhich canbe integratedinto oper
ationalsystemsor complex computersystemsin theworld of
distributedartificial intelligence thereis currentlynocommon
definition. The confrontationof several definitions[2][3][4]
allows usto saythat, in our contet, ” anagentis a software
entity embeddedn an ervironmentwhich it canperceve and
in whichit acts.It is endavedwith autonomousehaiors and
hasobjectives”. Autonomyis the main conceptin the agent
issue:it is theagents ability to have controlover their actions
andtheir internal states. The autonomyof agentsimplies no
centralizedcontrol.



Thepowerof anagentdecompositions thedecentralizatiomf

the intelligence,i.e. the decisioncapabilities,and of entities’
knowledge.

A multiagentsystenis asetof agentssituatedn acommonen-
vironment,which interactandattemptto reacha setof goals.
Throughtheseinteractionsa global behaior, moreintelligent
than the sum of local multiagentsystemcomponentintelli-

gencecanemepge. The emegenceprocesss a way to obtain
dynamicresultsthatcannotbe predictedbeforehand.

A multiagentsystemcan have several qualifiers. It is open
if the systemtoleratesfor the agentgo enterandleave freely
themultiagentsystemasopposedo closewhenthe numberof

agentsis alwaysthe same. We call homogenousnultiagent,
in oppositionto heterogeneoumultiagentsystem,a system
constitutedof homogenousgentsfrom the point of view of

their theory (representatioandpropertiesandtheir architec-
ture (particularmethodologyof agentconstruction).

B. AEIO method

The multiagentmethodsaim at decreasinghe complexity of
systemdesignby decentralizecnalysis.
Thereareseveralmultiagentsystemmethodg5] amongwhich
mostare centeredon the analysisof the agents’tasksasthe
methodsGaia[6] andMaSE([7], eitheron therolesor on the
organizationasthe methodAALADIN [8]. We arethereafter
goingto beinterestedn the AEIO decompositiorf9]. We will
follow the completemethodof analysisandmultiagentdesign
discussedn [10], associatedo this MAS decomposition. It
proposesa decompositioraccordingto four axescollectively
acceptedoday:

« The agentaxis (A) gathersall elementdor definingand
constructingheseentities.

« Theernvironmentaxis (E). This partof the analysisdeals
with elementsnecessaryor the multiagentsystemreal-
izationsuchasthe perceptiorof this environmentandthe
actionsonecandoonit.

« Theinteractionaxis (I) includesall elementswhich are
in usefor structuringthe externalinteractionsamongthe
agentgagentcommunicatiodanguageinteractionproto-
cols)

« Theorganizationaxis (O) allowsto orderagentgroupsin
organizationdeterminedaccordingto their roles.

We choseto applythis multiagentmethodfor our problembe-
causeit privilegesan explicit descriptionof the interactions
andthe ervironment. In our case,this methodwill be more
adaptedhanthe previously mentionedapproaches

C. Sensonetworkmanagementand MMAS

Many domainsof network administratioruseintelligentcom-
ponents[11] : configurationmanagementsecurity manage-
ment, fault managementperformancemanagemenand ac-
countingmanagementThis intelligenceusually comesfrom

distributedartificial intelligence.
Thedistributedandopennatureof sensometworks makesthe
multiagentsystemapproachan adaptedanswer Anotherad-
vantageof it is the externalrepresentationf theirinteractions
andtheorganizatiorwhich offersmultiple possibilitiessuchas
themonitoringby anexternalobsener.

A few works reachingthe sameobjectivesshav that the ap-
proachis interesting.We canquotethe ActComm{[12] project
whichis amilitary projectfor whichtheroutingof information
is essential:it aims at studyingthe communicationrmanage-
mentbetweena soldierteamanda military campvia a satel-
lite. Anotherexampleis the UnmannedGroundVehiclePro-
gram ARPA’s project[13] which approacheshe information
managementesultingfrom a group of autonomousbsena-
tion military vehicles.

We canfind somesimilaritiesbetweerEnvSysandActComm,
especiallyin theaspect®f maintenancef network connectv-
ity andtheuseof network links (seeAPRL (Any PathRouting
with Loops)[14] andGPSR(GreedyPerimeteiStatelesfkout-
ing) [15]). But we musttake into accountstrongerreal-time
constraintsWe alsohave to considemessagepriority. Some
ideasfrom ARPA for the cooperatie sensomplanningcanbe
interestingn our case.

IV. MULTIAGENT SYSTEMAPPLICATION TO ENVSYS
A. AEIO analysisof ENVSYS

As previously examined, this approachis articulatedaround
four axes.

« Theagentaxis: In ourmultiagentsystensensoraremod-
eledby agents. Theseagentshave hybrid architectures,
i.e. acompositionof sometypesof architecture.Indeed,
theagentswill beof acognitivetypein caseof aconfigu-
rationalteration,it will be necessaryor themto commu-
nicateandto manipulateheir knowledgein orderto have
an efficient collaboration. On the otherhand,in normal
useit will be necessaryor themto be reactve (a reac-
tive agentreactsto a stimulusby a responsejo be most
effective.

« Theernvironmentaxis: The environmentwill be madeof
all themeasurablénformationby every agentandby the
spatialcoordinateshey cannotperceve.

« Theinteractionaxis: Theagentaill interactonly with the
agentsn acquaintanc€an agentis in acquaintancevith
anotheroneif it is awareof its existence).They interact
by messagexchange. We candistinguishtwo methods
for thesecommunications:a synchronousand an asyn-
chronousversion.In theformer, agentsnustbein rendez-
vous. On the latter, the asynchronousersion,messages
arememorizedlt is notnecessarfor thereceverandthe
sendeto besynchronizedOurapplicationhaving no par
ticular constrainfrom the communicatiorpoint of view,
we opt for anasynchronousommunicatiorby messages



sendingwhich is the mostflexible method. Among the
differentprotocolsthatwe use the choiceof anintroduc-
tion protocolis essential.Indeed,this protocolallows to
the agentsbe known, i.e. to bring their knowledgeand
theirknow-how to theagents’society

« Theorganizationaxis: The main propertyof this organi-
zationis thatit will bedynamic.In thistypeof application
onecannofcontroltheorganizatiorapriori. Relationsbe-
tweenagentsare going to emege from the evolution of
the agents'statesandfrom their interactions.We arego-
ing to be contentwith fixing the organizatiorparameters,
i.e. agents’tasks,agents’rolesandinitial organization
structure.

« Resultof thisapproach:
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B. Agentarchitectures

The choiceof an agentarchitectureis very importantin our

problem. We shall startwith a reminderon the main agents
architecturahenwe shallintroduceASTRO, the modelwhich

we chose.

The sourceof reactive agentsarchitecturearethe scienceof

natureand life. This type of agentsworks accordingto the

stimulus/responserinciple. They do not have a clearrepre-
sentationof their environmentanddo not have memory One
of the mostpopularexamplesof the useof this type of agents
is thatof the ant-hill [16].

Cognitive agentarchitecturearisesfrom thehumanmodeland
leanson humanandsocialsciencesThis type of agentshasa

real representatiomf their environment,the otheragentsand
of themseles.Besideghey areendavedwith capacityof rea-
soning and with economicplanning motivated by their own

purposes.

Usinga hybrid architecturefor the agentsenabledo combine

the strongfeatureof eachof them. This is especiallyusedfor
constraintsuchasrealtime setting.

ASTRO hybrid architecture[17] [18] is especiallyadapted
to a real time context. The integration of deliberatve and
reactve capabilitiesis possible through the use of paral-
lelism in the structureof the agents. SeparatingReason-
ing/Adaptationand PerceptionfCommunicationtasksallows
a continuoussupervisionof the evolution of the ervironment.
The reasoningmodel of this agentis basedon the Percep-
tion/Decision/Reasoning/Actigparadigm.The cognitive rea-
soningis thuspresered,andpredictedeventscontributeto the
normalprogresf thereasoningrocess.

Decision modules evaluate the importance of unpredicted
eventsand have the obligationto place new actionsor new
goalsin theinternalstateof the agents reasoning.New goals
imply the activation of the reasoningnodulesin orderto par
tially or totally replanaccordingo theimportanceof theevent.

This model comprisesits knowledgeaboutthe ervironment,
the internal statesof otheragents,andits own internal state.
The modelis maintainedby an interpretationprocessof the

sensorydata.

Evolving in arealworld, eachagenthasto integrateperception
capabilitiesachieved throughsensorevices. The knowledge
of the environmentis constructedy the perceptionmodules.
Otheragentsare’perceived” throughcommunicatioomodules.
Agentscansendinformationabouttheir knowledgeof theen-

vironment,their plans,their goalsor their currentstate. Com-

municationmodulesare probeloop eventswaiting for mes-
sagedrom agents Emittersareconsideredisactions.

To ensurdghereactvity of theagentanevaluatorcontinuously
examinesthe world model. Agent control modulesdetectsit-

uationsto which the agentneedsto react,evaluatethem,and

decideto take the appropriateactionswhich maybeto create,
suspendpr kill goals,i.e. to changethe context of the plan-

ning andexecutingprocessThecontinuoussupervisiorof the

agentssituationensureshattheagentcanreactto unpredicted
events.

C. Taskanalysis

We canalreadydraw anagenttaskdraft specification.In fact,
we canidentify two differentmodes:thefirst onecorrespond-
ing to the dynamicintroductionof mobile intelligent sensors
(agents)the secondneconsistdn anormalmeasuringphase
mode. In termsof agent;the first modeusesan introduction
protocoltechnique andthe secondoneinvolvesdynamicin-
tegrity maintenancenechanisms.

In the configurationmode an agentchecksits own stateand
alsoits neighborhoodstate. An agentof this type canaccom-
plish thesedifferenttasks:



Dynawmic introduction mode
—Data
|—0n himselt
!——Id
|—-Pm.rer lewvel
|—Distsnce from work station
—Positiomned or not
On neighbor
:—-Heigh.bnr table

— Task
— Communication
|-—Fra.me emission
—Frame reception

—Delcisin:n
— Connection gquality emission

L—Neighbor informations update

Perception
L—MNeighbor research

Note:

« Thedistanceunit betweenan agentandthe work station
is thenumberof relayagent

« Thepositioninformationis memorizedhroughaboolean
variable.

« Theneighbortablecontainsalot of informationaboutthe
agentneighbor(id, distanceconnectiomuality).

In normalmeasuringnode,anagentcanaccomplishthesedif-
ferencetasks:

Normal measuring phase mode
—Data

— 0On himseslf
—Td
—Power lewel
|—Dista.m:e from work station
—Positionned or not
— 0On neighbor
I—I-Ieigh.hnr tahle
L—0n environment
—Pollutant rate
—Humidity rate
*EL O

— Task

— Communication
i—Frame emission

—Frame reception

—Decision
i—E-:-n.nect,inn quality emission
I—I-Ieigh.hnr informations update
L—Energy lewel alert and correction

—Perception
i—-Neigh.bnr research

L—Measure of environment parameters

V. TOWARD AN OPERATIONAL EMBEDDED
ARCHITECTURE

We canconsidetthatwe useagentsasdecisionaktructuregor
the intelligentsensors.In orderto evaluateandimprove such

agents’software architecturesandthe cooperatiortechniques
that they involve, we introducea simulationstagein our de-
velopmeniprocessin this sectionwe describehis simulation
stepandthengive aninsightto the operationalembeddedr-
chitecture.

A. Simulation

Thesimulationfirst allowedusto experimentour approactand
the software solutionsthat we provide for the various prob-
lems.We canalsoquantifytheemegencenferredby the MAS
approachn this case.

The simulation software structureis very basic. In fact, we
have two typesof componentsSimSensoandSimNetwork.

A

'
el
1.0

y

SimSensor_1 SimNetwork JISimSensor_3

SimSensor_?

A SimSensocomponensimulateghesensoibehaior. It pos-
sessests own modeland architecture. All the sensorshave
the samecommunicatiorcapabilities. They transmittheir re-
guestdo the SimNetwork componensendghisinformationto
all sensoravhich canreceve them,in the ervironment. Sim-
Network canappealastheinferencemecanisnfor the simula-
tion.

B. Theopemtionalembeddedarchitecture

We currently implementa minimal systemin a river system
in Vercors(FrenchAlps) with threesensordéo measurehe air
temperature.A masterstationsituatedat the cavity exit will
collect this information. Therefore,we will demonstratehe
feasibility of our approach.For the sensorave have chosera
classicathree-layemrchitectureof thefollowing type:

Applicative layer
Linls layer
Physical layer

We usethephysicallayerwhichis employedby NICOLA sys-
tem,avoicetransmissiorsystenmusedby theFrenchspeleolog-
ical rescueteams[19]. This layeris implementedn a digital
signal processoratherthana full analogicsystem. Thereby
we cankeepgoodflexibility andwe areableto applyfurthera
signalprocessinglgorithmto improve the datatransmission.



Thelink layerusedis a CAN (Controller Area Network) pro-

tocol stemmingfrom the motorcarindustryandchoserfor its

good reliability. The applicative layer is constitutedby the

agents’'system.Theagentsareembedde@n autonomoupro-

cessorcards. Thesecardsare equippedwith communication
modulesandwith measuringnodulesto carry out agenttasks
relative to the instrumentationThesecardssupplyarealtime

kernel. The KR-51(thekernel’s name)allows multi-task soft-

wareengineeringor C515Cmicrocontroller We canproduce
onetaskfor onecapability We canthenquiteeasilyimplement
theparallelisminherentto agentsandsatisfythereal-timecon-

straints.

VI. CONCLUSION

This software agent architectureis embeddedon the au-
tonomousprocessorcards. The multiagentsystemwhich we

are creatinghastwo importantfeatures. First of all it is an
opensystem: addinga sensordoesnot requirea manualre-

configuration.More sensorsdysfunctionshouldnot threaten
thefunctionalintegrity of thewhole system:it shouldbe fault
tolerant. Besides pour multiagentsystemis homogeneouslin-

deed,all the sensorswill have a hybrid architecturebasedon

the ASTRO model.

Throughthe simulationstep, we canalreadynotice whatthe
MAS approachprovidesversusa classicapproach.We sum-
marizethesecontributionsin threepoints:

« The emegent feature, which is inferred by the MAS
approach,makes the systemmore flexible and robust.
Indeed,the systemis more fault tolerantto the changes
of theernvironmentin whichit evolves. It is moreableto
procesauncertaineventsthana moreclassicalapproach.
Theresultingsystembecomesnuchmoreadaptate.

« Theproblemanalysisis simplified: oneis interestednly
in basicunit (theagentspndtheintelligenceof thesystem
will begeneratedby their interactions.

« Agentspresentinterestingfeaturesof software engineer
ing such as genericity allowing an easy evolution of
the applications. Furthermore the genericaspectof the
agentsallows usto ervisagedifferentapplicationdor this
network type suchas diagnosis,risk managementdata
fusion...

In a nearfuture, we shall have physical agentswhich will
definitively validateour approach.

References

S.FranklinandA. Grasser‘Is it anagent,or justa program?: A taxon-
omy of autonomousgents, in Proceeding®f ATAL 96 - the Third In-
ternationalWbrkshopon Agent Theories Architectuesand Languajes
1996,SpringerVerlag.

J. Ferber LesSystmedulti-Agents: vers uneintelligencecollective
InterEditions,1995.

Y. Demazeau,“Stepstowardsmulti-agentoriented-programminty, 1st
InternationalWorkshopon DAl anddMAS 1995.

(1

[2
(3]

[4]

(5]

(6]

(71

(8]

9]

[10]

[11]
[12]

[13]

[24]

[15]

[17]

(18]

[19]

M.J. Wooldridge,“Intelligent agents, in MultiagentsystemsA modern
appoad to DistributedAtrtificial Intelligence GerhardWeiss,Ed.1999,
MIT Press.

C. Iglesias,M. Garrijo, andJ. Gonzales, “A surwy of agentoriented
methodologies,in Proceeding®f ATAL 98 - Workshopon Agent Theo-
ries, Architectues,andLanguayes Paris, France July 1998,vol. LNAI
1555,pp. 163-176 SpringefVerlag.

M.J. Wooldridge,N.R. Jenningsand D. Kinny, “The gaiamethodol-
ogy for agent-orienteénalysisanddesigr, in Autonomou#gentsand
Multi-Agent Systems2000,vol. 3, pp. 285-312Kluwer AcademicPub-
lishers.

M.F. Wood and S.A. DeLoach, “An overviev of the multiagentsys-
temsengineeringnethodology in TheFirstInternational\Workshopon
Agent-OrientedSoftwae Engineering 2000.

J. FerberandO. Gutknecht,“A meta-modefor the analysisanddesign
of organizationsn multi-agentsystems, in Proceeding®f ICMAS’98
Y. Demazeaukd., ParisFrance July 1998,|IEEE ComputerSociety

Y. Demazeau,"From interactiongto collective behaior in agent-based
systems, in EuropeanConfeenceon Cognitive Science Saint-Malo
France1995.

M. OccelloandJ.L. Koning, “Multi-agent basedsoftware engineering:
anapproactbasedn modelandsoftwarereuse, in FromAgentTheory
to Agent Implementatioril - EMCSR2000 SymposiumVienna, April
2000,pp. 645-657.

G. Pujolle, LesRseaux3medition mise jour, Eyrolles,2000.
R.S.Gray, “Soldiers,agentsandwirelessnetworks: A reporton a mil-
itary applicatiori, in Proceeding®f the Fifth InternationalConfeence
and Exhibition on the Practical Application of Intelligent Agentsand
Multi-Agents ManchesterEngland April 2000.

D.J.Cook, P. Gmytrasievcz, andL.B. Holder, “Decision-theoriccoop-
eratve sensomlanning, |EEE Transactionson Pattern AnalysisAnd
Machine Intelligence vol. 18, October1996.

B. Karp andH.T. Kung, “Dynamic neighbordiscovery andloop-free,
multi-hop routing for wireless,mobile networks; Tech.Rep.,Harvard
University May 1998.

B. Karp andH.T. Kung, “Greedyperimeterstatelessouting;, in Pro-
ceeding®f the 6th Annual ACM/IEEE InternationalConfeenceon Mo-
bile Computingand Networking- MOBICOM200Q February2000.

A. Drogoul, De la SimulationMulti-agents la RsolutionCollectivede
Problmes Ph.D.thesis,Universié ParisVI, November1993.

M. OccelloandY. Demazeau;Modelling decisionmakingsystemsus-
ing agentsor cooperatiorin arealtime constraint$, in 3rd IFAC Sym-
posiumon Intelligent Autonomoud/ehicles Madrid, Spain,March1998,
vol. 1, pp.51-56.

M. Occello,Y. DemazeauandC. Baeijs, “Designingorganizedagents
for cooperationin arealtime contet,” in CollectiveRobotics A. Dro-
goul,M. Tambe andJ. Singh,Eds.March1998,vol. LNCS/LNAI 1456,
pp.25-73,SpringefVerlag.

N. Graham,“The NicolaMark Il a New RescueRadiofor Francé, in
TheCREGJournal, Decembef999,vol. 38, pp.3-6.



