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Environmental Inspection using WSANS
Based on Multi-agent Coordination Method
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Abstract—In this paper, we focus on the problem of drivimgl a
herding a collection of autonomous actors to armgigeea. Then, a
new method based on multi-agent coordination isp@sed for
solving the problem.

In our proposed method, we assume that the enviohrs
covered by sensors. When an event is occurred orserisrward
information to a sink node. Based on received imfion, the sink
node will estimate the direction and the speed a¥ement of actors
and announce the obtained value to the actorsattues coordinate
to reach the target location.

Keywords—Coordination, Environmental Inspection,
agent systems, Wireless Sensor and Actor Netwd&ANs)

|. INTRODUCTION

Multi-

A.WSAN and MAS

“Multi-agent Systems (MAS) are systems composed of
multiple interacting computing elements, known geras”[2].
Based on M.Wooldridge definition: “Agents are cartgy
systems with two important capabilities. First,\tlaee at least
to some extent capable of autonomous action ofddegifor
themselves what they need to do in order to satikéir
design objectives. Second, they are capable ofaictiag with
other agents - not simply by exchanging data, ywrigaging
in analogues of the kind of social activity that altengage in
every day of our lives: cooperation, coordinatinagotiation,
and the like"[2].

As an intelligent entity, an agent works flexiblynda
rationally in a variety of environments with usefustruments

IRELESS sensor and actor networks (WSANSs) refer tequipped [3]. Multi-agent systems are one of thet frms of

a group of sensors and actors linked by wireles#esigning a distributed

medium to perform distributed sensing and actirgkgda In
such a network, sensors collect information abbetghysical

computing system in  which
information processing is ubiquitous. Agents cansbffware
entities that refer to hardware entities that cdaddembedded,

world, while actors take decisions and then perforfd.g., mobile robots, cameras, PDAs, laptops, matfienes,

appropriate actions upon the environment, whiobvedl a user
to efficiently sense and act at a distance [1].

Unlike conventional sensor networks that a cergrdity was
responsible for processing information and divisaintasks,
in this type of networks processing and decisiohkin
process may be distributed, therefore, coordinagitays an
important role. In fact, using their communicaticand
processing capabilities, multiple actors can cowt to
decide on appropriate actions based on informataeived
from sensors.

web cameras or any other device.

A sensor or an actor node at least is sensingepsireg and
communicating equipment and supposed to be enough
intelligence to decide what to do, according tossehand
communicated data. Therefore, an individual semsoactor
can be considered as a simple agent.

Wireless sensor networks which belong to distridute
systems are self-organizing. Self-organization éercept that
enables systems consisting of huge numbers of antounsly
acting subsystems to perform a cooperative taskieMer,

In this paper, we propose a method using coordinati S€lf-organizing systems indicate an overall behawitat

concept in multiagent system in order to inspe#irenments
in wireless sensor and actor networks.

Following this introduction, we provide backgrounds the
paper in Section Il, describing multiagent defimiti and
WSAN architecture. Then, in Section Ill, we proposer
method, followed by stating some of the related ksoin
Section IV. Finally, in Section V, we end up witbnclusion.

Il. BACKGROUNDS

In this section, we provide backgrounds of the pafiest,
describe multiagent definition and then WSAN arettitire.
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cannot easily be predicted or even preprogrammed in
scalable way [4].

Having autonomous agents is one of the central
characteristics of a multi-agent system that battora and
sensors have it, thus, wireless sensor and actuworles
similarly can be mapped to multi-agent systemshis way,
wireless sensor and actor network can be consideredkind
of multi-agent system that nodes are consideredgests.
Usually cooperation and organization is very simgle to
autonomous agents [5].

B. WSAN Architecture

WSANS can be classified into two main architecturgs
automated architecture and semi-automated architeathich
in the following we shortly define using Fig. 1 [1]
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Fig. 1 (a) automated, (b) semi-automated architedfoom page 322
in [1])

Automated architecture: This type of architectiweshown
in Fig. 1(a). In this architecture, sensors sencirth
observations to appropriate actors. The actors enaydinate
to decide on a right action. Since in this caseethi& not any
central controller, e.g., sink or human interacticthis
architecture is named automated. In this circuntstarhe
observations are distributed among actors and rietessary
for them to coordinate to make decisions.Semi-aateth
architecture:This type of architecture is showrrig. 1(b). In
this architecture, the central controller calledksicollects
data and coordinates the action process. Senstarst @eroute
data back to the sink, which might issue action wamds to
actors.One of these architectures may be appleskdon the
type of the application. In this paper, we focus ®&mi-
automated architecture.

Here we describe our proposed approach for codidgin
a wireless sensor and actor network mapped withiageint
mechanism.

Our coordination mechanism aims to guide a group
agents inspecting an environment, where inspeatigns
removing harmful objects from environment. Thus, ist
important to keep information about environment agler
updated.

In our scenario, there exists an environment cavdrg
sensors, and there are also some actors in theoemant.

OUR PROPOSEDAPPROACH

In this case, several applications are required:

1- Monitoring the environment, the direction andeeg
propagation of chemicals. In this application, sessend the
sink information about the source of leakage anal riew
zones polluted by the chemicals.

2- Using the received information, the sink nodénestes
the direction and speed of propagation of leakauye \aill
direct the leader actors to the polluted area.

3- The leader actors should herd the follower actorthe
area determined by sink in order to investigateattea. To do
so, according to the received data from sink, daelér actors
will communicate with each other and decide to htre
follower actors to the area after coordination.

According to this description, we can identify threquired
actions: first, data aggregation, second, estimatmd third
coordination.

For data aggregation the conventional approachels as
the approach in [10] can be used. Obtained datdearsed to
estimation. The aim of third item is to lead andintan the
actors in the inspection area. For achieving ttosl,gthe
approaches of containment problem are used.

The containment problem is to drive a collection of
autonomous mobile agents to a given target locatibiie
guaranteeing that their motion satisfy certain geim
constraints [11]. It is shown in [11] that as loag the
interaction graph is connected and the leaderstat®nary,
the followers will always converge to locationsconvex hull
spanned by the leaders.

One of the other main problems is consensus praobldm
consensus problem is basically a problem includiaging
multiple agents reaching an agreement over a n&twidris
problem is a canonical problem in decentralizedrdioation
and it can be solved quite sophisticatedly usingelalaic
graph theory [12].We note that, as shown in [18hsensus
problem is realized as long as the network staymected,; it
means all agents will converge to the static legdeanchor)
agent. This fact essentially allows us to conthnel hetwork by
moving the leader agent around. In fact, as long asoves
slowly enough (as compared to the convergence afitbe
consensus equation) we can expect the other atgefdtiow
the leader agent rather closely. Moreover, if weeha number
of stationary leader agents, it was shown in [113t tthe
remaining agents will in fact converge to the coavaill
spanned by the leader agents. In order to get more
information, we refer readers to [11], [12] and][13

Sensors would forward information to sink node, nthe

according to received data, sink node will specife
movement direction of actors. Actors classifiedoirtivo
groups: leaders and followers. The sink node conicates
with leader actors and sends them information abivettion
and speed of movement. Leader actors have dutydainate
with each other and keep follower ones in the inBpe area.

IV. RELATED WORKS

In recent years, WSANs are increasingly applieanamy
scenarios such as wide-area monitoring, securigyget
tracking and etc. Because of similarity in WSAN aviéS,
many MAS mechanisms are applied to WSANSs.

In [6], some implemented example of sensor networks

The main applications of this approach would be; fohased on agent technologies has been described.
example, in removing harmful chemicals and clearing A survey of agent technologies for wireless semstworks

minefield in military applications. In this papewe consider
the problem of removing chemicals.

has been done in [7], where agents are classifiam three
classes, mobile software agents, mobile hardwaeatagand
sensor nodes as agents.
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In [3],[8], @ number of methods has been proposad f
target tracking based on WSNs which in both papeuti-
agent coordination mechanisms are used.

In [9], the authors studied the team coordinatioobfem,
between a set of vehicles. The main role of théckeh is to
penetrate into dangerous areas, to gather infoomaind send
them back to the incident commander. The vehicteam
leader is remotely controlled by the incident comdex,
while each team member coordinates with it, to raefits
direction and speed.

V.CONCLUSION

In this paper, we proposed a multi-agent approaacbrdler
to inspect environments. When an event occurs i@ th
environment, the sensors communicate with sink raodethe
sink node will drive the actors to the event aemspect. The
actors coordinate based on a multi-agent appraaghkttto the
target location.

Our future work will be based on proposing coortiora
mechanism on automated architecture which meansiogni
the sink node. In such architecture, the multi-agegotiation
approaches should be used to determine the taxcgtdn.
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