
 
 

  
Abstract—Recently, there has been a growing interest in the 

potential use of Wireless Sensor Networks (WSNs) in many 
applications such as smart environments, disaster management, 
combat field reconnaissance, and security surveillance. 
Therefore, to realize their potential, there is a need of an 
architecture that facilities the deployment of a network that is 
optimized in terms of energy, query and network configuration. 
This paper focuses on developing agent-based peer-to-peer 
layered system architecture for data transfer in WSNs. The 
architecture has three layers: application, database and network. 
At each layer, agents interact as peers; however, agents at base-
station are computation intensive and agents at sensor nodes 
require very limited energy and computing resources. The 
application layer is the highest layer where peers exchange data 
requests and results. The database layer is the middle layer 
where peers exchange query execution plans and the query 
results. The network layer is the lowest layer where peers 
exchange the routing information and sensor data. The proposed 
system is implemented in Java and mica2 motes. 
 

Index Terms— Agents, peer-to-peer, routing, sensor, WSN. 
 

I. INTRODUCTION 
IRELESS sensor network (WSN) is a rapidly growing 
technology and has lead to a new dimension in the 
field of data sensing, information retrieval and data 

monitoring. WSNs have been successfully deployed for many 
key applications such as: military intelligence, security 
surveillance, habitat monitoring, industrial automation and 
agriculture. Although WSNs are providing concrete solutions 
for data sensing, information retrieval and data monitoring, 
some limitation factors need to be addressed such as: fault 
tolerance, scalability, cost, hardware, topology change, and 
power consumption [1]. Thus, there is a need for more robust 
and efficient solutions to tackle the aforementioned factors.  

WSN comprises of several sensor nodes. Network nodes are 
the small devices, commonly known as motes, which can 
 

Manuscript received December 15, 2005. This work was supported in part 
by a grant from the Natural Sciences and Engineering Research Council of 
Canada, and an internal grant from Acadia University.  

Elhadi Shakshuki is with Computer Science, Acadia University, Wolfville, 
Nova Scotia, Canada (phone: 902-585-1524; fax: 902-585-1067; e-mail: 
Elhadi.Shakshuki@acadiau.ca). 

Sajid Hussain is with Computer Science, Acadia University, Wolfville, 
Nova Scotia, Canada (e-mail: Sajid.Hussain@acadiau.ca). 

Abdul Wasey Matin is with Computer Science, Acadia University, 
Wolfville, Nova Scotia, Canada (e-mail: 073720m@acadiau.ca).  

Abdul Rafey Matin is with Computer Science, Acadia University, 
Wolfville, Nova Scotia, Canada (e-mail: 073717m@acadiau.ca). 

contain one or more sensors to monitor the physical entities 
such as temperature, light, motion, metallic objects, and 
humidity [2]. The sensor motes are spread over a large 
distributed area depending on the requirement of the 
application. The network should have the ability of self-
configuring and self-maintenance, because the environment 
might be harsh, hostile, inaccessible, and remote. The 
quantity, diversity and accuracy of information extracted from 
the deployed WSN can be optimized based on variety of 
reliable, high-performance, and cost-effective technologies 
[4]. In recent years, there is a great interest in WSNs among 
researchers in academia and industry as well as by 
practitioners in many organizations and businesses for 
developing optimized networks in terms of energy, query, data 
dissemination and sensors topology. 

The rest of this paper is organized as follows. Section 2 
provides background and related literature on WSNs. Section 
3 discusses the proposed peer-to-peer system architecture. 
Section 4 demonstrates the data flow of the implemented 
system. Section 5 presents the conclusions and future work.  

II. BACKGROUND 
Aggregating information and data dissemination from 

sensors are the key factors for many application in WSNs. 
These processes require collaboration while processing the 
assigned tasks. These processes are dependent on the tasks and 
resource requirements. For example, Fang et al. [3] developed 
a distributive protocol for constructing aggregate information 
for counting distinct targets in the sensor fields. 

Madden et al. [6] proposed a Tiny AGgregation (TAG) 
Service for data aggregation. This approach provides a 
declarative interface for the data collection and in-network 
aggregation. It performs intelligent distributions of queries and 
executes them efficiently by optimum utilization of 
constrained recourse of the network. As data flows from node 
to node, TAG approach aggregates the data. At each node, 
irrelevant data is discarded; the relevant data are merged using 
aggregate functions.  

Yao and Gehrke in [10] proposed a system architecture 
called Cougar; a database approach for in network query 
processing. Cougar is a three layered architecture consisting of 
application, routing and a query proxy layers. The query proxy 
layer is present on each sensor node and lies between the 
application and the routing layer.  

This paper proposes an agent-based peer-to-peer system 
architecture that consists of three layers: application, database 
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and network. At the application layer, the agents exchange 
data requests and results. At the database layer, the agents 
exchange query execution plans and the query results. At the 
network layer, the agents exchange the routing information. At 
each layer, agents interact as peers. Agents at the base-station 
are computation intensive and agents at sensor nodes are thin 
clients requiring limited energy and computing resources. 

III. PEER-TO-PEER SYSTEM ARCHITECTURE 
The proposed peer-to-peer system architecture for the data 

transfer in wireless sensor network is divided into three layers: 
application, database, and network layer, as shown in Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These layers are populated by four types of agents, including 
interface agent (IA), query agent (QA), routing agent (RA), 
and data acquisition agent (DAA). In addition to these agents, 
routing and query agents have proxy agents with light 
weighted functionality. Interface agents and data acquisition 
agents are peers at the application layer. IA and DAAs are 
placed at the base-station and sensor nodes respectively. 
DAAs interact with IA to provide the information about types 
of sensors, data accuracy, and uncertainty. Based on DAAs’ 
information, IA informs the users about the queries that can be 
served by the network. Similarly, query agent and proxy query 
agent (PQA) are peers at database layer, where QA and QPAs 
are placed at the base-station and sensor nodes respectively. 
QA creates optimized query execution plans for several user 
queries. These query plans are sent to the corresponding 
PQAs. PQA’s optimize query according to their DAA’s 
information and results are returned to QA. Moreover, PQAs 
assist QA in generating optimized query execution plans. 
Finally, at network layer, routing agent (RA) and proxy 
routing agent (PRA) act as peers, where RA and PRA are 
placed at the base-station and sensor nodes respectively. RA is 
responsible for energy efficient data transfer, where 
optimization is based on network conditions, such as node 
density, clusters formation, and available energy. Similar to 
PQAs, RPAs assist RA in generating optimized routing plans. 

As DAAs, PQAs, and PRAs act autonomously, their peers 
receive timely information for efficient data management for 
the WSN. 
 

A. Application Layer 
This layer provides the necessary logic to support various 

user applications and consists of two types of agents: IA and 
DAA. The IAs main responsibility is to allow the users to 
interact with the system. They act as the front-end of the 
system and responsible for fulfilling the users’ requests, by 
receiving queries, processing them, and responding with 
results. The IA provides graphical user interfaces to the user, 
and the services to query the sensor network. These agents are 
located on computational devices such as desktops or laptops.  

The DAAs are the back-end of the system and they are 
embedded in the sensor nodes. The DAAs main responsibility 
is to gather the raw data and filtering the noise from the data. 
The DAAs receive requests submitted by PQA discussed later, 
and sends the filtered data back to them. As the QA receives 
those results, transmits them to cluster head through its PRA 

When a user submits a query, it is received by the IA and 
sends it to the DAA to fulfill the query requirements. The 
DAA collects the information from the sensor and sends the 
results back to the IA. Incorporating the application layer with 
the DAA makes the architecture hardware independent. Since 
DAA are operating at the application layer, any change in the 
hardware will only require a change in the software at the 
application layer; for example, if tmote sensors are replaced 
with mica2 [7] sensors the design of the proposed system will 
not be effected. 

B. Database Layer 
The database layer provides a reliable and efficient data 

exchange. One of its main responsibilities is to ensure that the 
received data from the DAA contains complete results for the 
requested query. Through this layer, the order of results in 
which the queries were sent are maintained. These 
mechanisms are collected and performed on a common layer 
shared by all the agents on the application layer i.e. IA and 
DAA. This layer consists of query agents (QA) and proxy 
query agents (PQA). The QAs are responsible for query 
dissemination and efficient in-network processing. They reside 
at the base-station and act as a gateway between the interface 
and routing agents. To deal with the limited energy supply of 
the sensor nodes, the sensor nodes are operated by PQAs, 
which are similar to QAs and responsible for local data 
processing at the sensor nodes. The QA decides a query plan 
for the query based on the types of query sent by the IA. It 
forms a peer-to-peer connection at the cluster head and 
member node level by the PQA. QA creates optimized query 
execution plans for several user queries. These query plans are 
sent to the corresponding PQAs. PQA’s optimize query 
according to their DAA’s information and results that will be 
returned to QA. Moreover, PQAs assist QA in generating 
optimized query execution plans. 

The query agents generate real-time optimum query plan for 
routing the data. The query agents perform two important 
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Fig. 1.  System architecture. 



 
 

tasks: query optimization and optimized query plan. They 
continuously receive all query packets sent from the IA and 
form a queue to handle them accordingly. During query 
optimization, the QA handles the redundant queries by either 
processing one query at a time or forming a single joint query. 
It first checks whether it has already processed the query 
before or not. This availability depends on the previous query 
results and the time frame.  If the query results are available in 
the local database, the results are retrieved and sent back to the 
IA. If the requested information is not available locally, a 
query plan is formulated based on its priority. The QA plans 
the query based on cost of each plan. It aggregates the 
incoming data from the network nodes. The data aggregation 
takes place at the cluster heads and finally at the base-station. 

C. Network Layer 
The network layer is the lower layer of the system, 

responsible for the data exchange between the base-station and 
the sensor networks. The layer consists of RAs and PRAs, 
which together act as peers. RAs are placed at the base-station 
and PRAs at sensor nodes. RA is responsible for energy 
efficient data transfer using Genetic Algorithm [8], where 
optimization is based on network conditions, such as node 
density, clusters formation, and available energy. PRAs assist 
RA in generating routing plans. Peers of PRAs receive timely 
information, used for energy efficient data management.  

The RA’s uses GA to provide an optimum network 
configuration for an optimum number of future transmissions. 
First, it creates an initial population with random cluster size. 
The available nodes and their start energies are obtained from 
the cluster head. Then, several generations are created to 
produce an optimum chromosome that provides the complete 
network details: the number of cluster heads, the members of 
each cluster head, and the number of transmissions.  

The RA must know which clusters it should use and the 
PRA at the cluster head must know which nodes to query the 
data. The PRA at the nodes gets the required data from the 
DAA. The main objective of this layer is to ensure that the 
packets are routed to the appropriate destinations. The RA 
may route the query packets on the basis of priority provided 
by the network [9]. In the network layer although the 
information is broadcasted, flooding protocol can be used in 
which the RA broadcast a packet with identifying information. 
The PRA at all nodes in the network receives the identifying 
packets and check and reads the information. Since the 
information is directed for the specific cluster head at the 
initial state, they turn on their receivers and the others ignore 
the packet and turn off their receivers for a predefined time 
frame specified by the RA. The PRA and the cluster head 
routes the packet to the PRA at the member nodes. The PRA 
at the nodes may receive duplicate information from the 
neighbouring nodes. The identifier ensures that the redundant 
information or the information directed to other PRA is 
rejected. The PRA continuously sends the network 
information to the RA, and the RA in turn updates the network 
configuration using GA. The network configuration interface 
is shown in Fig. 2. Through this interface, a user is allowed to 

adjust all the parameters and browse through the entire 
population to view the graphical representation of all the 
chromosomes. This figure displays a list of chromosomes on 
the left hand-side, and the network configuration on the right-
hand side. The data displayed in the list includes the status of 
energy, number of headers, number of unassigned nodes, 
number of member nodes, fitness value, number of active 
nodes, cluster distance, and the sequence of 0’s and 1’s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In our implementation, the clusters are displayed and 

emanated by different shapes and colors. The cluster heads are 
shown as filled shapes and members as hollow shapes. 

The RA decides the new cluster formation on the basis of 
GA results shown in Fig. 3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These results are used to visualize and investigate the 

behaviour of the metrics of the fitness parameters. The new 
cluster formation is based on the energy consumed, energy 
remaining, and number of nodes alive and number of clusters 
in the network. The network providing low energy 
consumption is selected based on GA. 

In Figure 3-a, the percentage of alive nodes is higher for 

 
Fig. 2.  Results of GA for selecting the new clusters. 

 

 
Fig. 3.  Variation in different parameters 



 
 

earlier transmissions; however they decrease with more 
transmissions. Figure 3-b shows that the number of clusters is 
not fixed like LEACH [5] as an example. However, the 
optimum number of clusters is determined using the fitness 
function, which is computed dynamically. Fig. 3-c shows that 
the consumed energy is higher, as most of the nodes are 
transmitting, because all nodes are transmitting. Later, when 
only a few nodes are transmitting, the amount of consumed 
energy is reduced. Moreover, the measurement of remaining 
energy shown in Fig. 3-d confirms with the graphs of 
consumed energy and the number of nodes alive. 

IV. SYSTEM APPLICATION 
A sensor network application is implemented to monitor 

temperature, light, and mobility in the computer science 
department, Carnegie Hall (CAR), at Acadia University. In 
this application, the sensors are placed at several rooms and 
hallways of the third and fourth floors, as shown in Fig. 4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The base-station is deployed in CAR 400 with IP address 

192.168.1.5, at the fourth floor. The QA and the RA are 
located on the base-station. The IA is also deployed on base-
station, although IA can be deployed anywhere. The receiving 
process of IA is managed by a web server which is 
implemented in Java.  

 The user sends the query “SELECT TEMP FROM sensors 
WHERE TEMP > 0 AND PHOTO >100”. The query is 
transmitted to the IA located on the application layer. The IA 
formats the query and sends it to DAA through the database 
and network layer. When the response arrives, the message is 
formatted and the result is returned to the user.  

The IA forwards the user request to database layer. The QA 
on the database layer first checks to see if results of similar 
queries are already available. For example, if QA was 
previously queried to retrieve the temperature of all rooms on 
fourth floor; within predefined time span, the QA receives a 
query to respond with the temperature of room 409. The QA at 
database layer processes the query and sends the results back 
to the IA without sending it to network layer.  As explained in 
Section III, the query packets are disseminated into the 

network and the retrieved results are aggregated and sent to 
the user. 

V. CONCLUSIONS AND FUTURE WORK 
This paper has described our proposed peer-to-peer system 

architecture for wireless sensor networks using an agent based 
approach. The system consists of three layers with several 
agents with different functionalities. The agent-based layered 
architecture provides efficient and effective solution to the 
problem of data transfer in WSNs, where sensors with limited 
power are deployed in a big area. A prototype of the proposed 
system is implemented and demonstrated at Acadia 
University. The experiments performed using our system 
showed very proposing results. 

Currently, we are investigating different techniques for the 
election of cluster heads and compare them. In the future, we 
are planning to incorporate the energy level of the cluster 
agents in the query dissemination plan.  
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Fig. 4.  Wireless sensor network deployment. 


