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Abstract. In order to manage a sensor network efficiently, we can divide it logi-
cally into disjoint parts, called clusters. As sensor nodes are resource-constraint,
it is desirable to chose suitable cluster heads and do role-switching of the cluster
heads wherever appropriate. In this work, we design a system that selects new
cluster head through collaboration of multiple software agents in each cluster.
Our system allows to pick up cluster heads dynamically based on current net-
work status. Agents in our design use Fuzzy Logic-based controller to find new
cluster heads.

1 Introduction

Wireless Sensor Network is a deployment of sensor nodes that do data reporting to in-
terested user via sink node. It offers a great facility to remotely monitor an unattended
environment. Due to this feature, sensor networks are widely used in military surveil-
lance, habitat monitoring, industrial plants, and in many other places. Once a sensor
network is deployed, it is necessary to manage it efficiently in order to optimize net-
work life-time.

A sensor network can be managed by hierarchical or flat organization. However,
as hierarchical organization has several benefits over flat network structure, normally a
sensor network is divided into clusters. Here in this work, we design a multi-agent sys-
tem to rotate the role of cluster head nodes. Software agents in our design autonomously
collaborate with each other in the distributed sensor network environment. The remain-
ing part of this paper is organized as follows: section 2 presents some background
knowledge and section 3 defines the problem that his work addresses. Next, section
5 explains the design of our system and inter-agent communication is presented in sec-
tion 6. We conclude our paper in section 7.

2 Background Knowledge

2.1 Wireless Sensor Network

Wireless Sensor Network(WSN) consists of autonomous sensor devices (known as
nodes or motes) that can sense an environment. For example, MicaZ sensor nodes from

Shafique M., Zhang H. and Jiang Y. (2010).

Design of a Multi-Agent System for Hierarchical Network Management inWireless Sensor Network.

In Proceedings of the 6th International Workshop on Artificial Neural Networks and Intelligent Information Processing, pages 53-62
Copyright © SciTePress



54

# Cluster head

{) Normal Node

Fig. 1. Virtual organization in WSN.

3 Problem Definition

In a static network topology, cluster heads of a sensor network die quite early due to
excessive relaying of data stream towards sink. So, in order to prolong network life-
time, a network should rotate the role of cluster heads. For example, if a current cluster
head had drained a significant amount of energy, network should keep the provision to
pick a new cluster head for that cluster. This kind of dynamic load balancing can delay
the first node death and help decrease data packet loss in the network thereby.

Due to the large number of sensor nodes in a typical sensor network, it is not real-
istic to run any centralized algorithm to switch cluster heads. A network needs to have
distributed architecture which can select new cluster heads with local information, and
further, the role-switching should remain quasi-transparent to the remaining network.

! http://www.xbow.com/.
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Fig. 2. Agent Architecture.

In our design, the role of an agent software switches between two modes- Cluster
head Mode and Normal Mode. However, at any particular time, within each cluster,
agent software of only one sensor node works in Cluster head Mode, others execute in
Normal Mode.

5.1 Scheduler Module (SM)

This module is in charge of scheduling a new round of cluster head selection. It is active
in Cluster head Mode only. It interacts with Problem Solver Module and Communicator
Module. After periodic interval, it checks the remaining energy of the cluster head node
and initiates new cluster head selection if necessary.

5.2 Problem Solver Module (PSM)

This is the basic working module of an agent. Based on current working mode, PSM
does two distinct tasks:
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Fig. 3. Fuzzy Sets used in Fuzzy Controller.

Table 1. Fuzzy Rule Base.

Rule Centrality Energy Result

1 Close High High
2 Adequate High High
3 Far High High
4 Close Medium High
S Adequate Medium Medium
6 Far Medium Medium
7 Close Low Medium
8 Adequate Low Low
9 Far Low Low

New Cluster Head Selection in Cluster head Mode. PSM of cluster head agent op-
erates on all Fuzzy weight values of normal sensor nodes. After comparing multiple
Fuzzy weight values, if some nodes are equally suitable to be the new cluster head,
PSM runs following scheme to break a tie:

In order to Defuzzify, we assign numeric values against different Fuzzy values
High/Close=3, Medium/Adequate=2, and Low/Far=1 and bias the decision by putting
60% importance to energy. For example, if two nodes n; and n; are in a tie with Fuzzy
values {Far, Medium} and {Close, Low} respectively, then PSM computes Defuzzified
values as d; = 1%0.4 + 2*%0.6 = 1.6 and d; = 3*0.4 + 1%0.6 = 1.8. Here d; and d; are
crisp values for node n; and n; respectively. Even after this computation, if PSM can
not break the tie, it compares node IDs and selects node with minimum ID as next
cluster head.
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Fig. 4. Sequence diagram for cluster head mode.

In this section we explain the sequences of operation in our agent-based system.
First, figure 4 shows action sequences for an agent operating in Cluster head Mode.
After periodic interval, SM measures remaining energy of the cluster head node, and if
it is bellow the threshold (i.e., less than 40% of initial energy), SM starts a new cluster
head selection round. It notifies PSM that a new cluster head selection process is in
effect and also requests CM to send out Discovery Message.

CM then sends out Discovery Message in the wireless medium, and in response, it
receives Weight Messages from other agents. CM forwards these node-weights to PSM
for calculation. In turn, PSM requests KBUM to update Knowledge base with newly
received weight values and once PSM receives weights from all nodes, it uses Rule
base to select new cluster head as explained in section 5.2. After finding the new cluster
head, PSM requests CM to convey other nodes about new cluster head, and as a result,
CM sends out new Control Message containing newly chosen cluster head ID.

Figure 5 portrays action sequence of an agent working in Normal Mode. If its CM
receives a Discovery Message from current cluster head, CM requests PSM to compute
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Fig. 5. Sequence diagram for normal mode.

7 Conclusions

In this work, we design a system to rotate the role of cluster heads in a Wireless Sensor
Network. Multiple agents, each residing in individual sensor node, interact with each
other and participate in new cluster head selection. In our design, agent-based archi-
tecture provides flexibility to network management. At the same time, as we use fuzzy
controller, this design can be easily extended by adding new rules in the rule-base. Our
future work focuses on implementing this design in TinyOS operating system for Wire-
less Sensor nodes.
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