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Abstract. The wireless sensor network consists of many sensor nodes
with sensing, processing and wireless communication capabilities. Wireless sensor networks are expected to apply many industry fields. Sensor
nodes cooperate with other nodes for monitoring and collecting data
around themselves. As time goes by, some sensor nodes are failed and
the total performance of sensor networks is decreased because sensor
nodes have restricted resources. In particular, sensor nodes have a restricted battery because of its small size. Moreover, it is impossible to
recharge or replace the battery. Therefore, the battery is the most important resource. We need to predict the network lifetime to make efficient
use of resources. In this paper we suggest the way to find the performance bound to predict network lifetime and the proposed method is
useful to heterogeneous sensor networks. Simulation results show that
overall network lifetime is influenced by the difference of job execution
time between the fastest node and slowest node in heterogeneous sensor networks. Also, it is affected a cluster ratio which is the number of
clusters in sensor networks.
Keywords: Heterogenous sensor networks, Optimal performance, Job
execution time
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Introduction

Wireless sensor networks are generally composed of many sensor nodes and one
sink node. Fig. 1 shows these components of sensor networks. Sensor nodes can
monitor their environment, process data and send it to neighbor nodes. The sink
node collects data of a sensor network and sends these date to a user through
the internet [1].
Due to its small size, sensor nodes have restricted battery. Because it is
impossible to recharge or replace the battery, exhaustion of the energy may lead
to failure of sensor node. Therefore, it can be said that the lifetime of sensor
?
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networks depends on the number of working sensor nodes in sensor networks. It
is important to study a performance bound which shows optimal performance to
decide the network lifetime. However, it is difficult to find the performance bound
because there are many sensor nodes with different capability in heterogeneous
sensor networks. In this study, we propose the method to decide the performance
bound by analysis of job execution time based on some mathematical equations.

Fig. 1. Wireless sensor networks

The remainder of this paper is organized as follows. Section 2 discusses a
hierarchical routing protocol in sensor networks. Section 3 discusses a heterogeneous sensor network which is based on a hierarchical routing protocol. Also,
we explain some mathematical models to calculate job execution time of sensor
nodes to analyze performance bound. Finally, we evaluate the proposed scheme
base on some equations. Finally, section 4 concludes the paper.

2
2.1

Related Work
Hierarchical-based routing protocol

As we mentioned previous chapter, the energy is important to manage the sensor
network efficiently. Therefore, we may prevent that some sensor nodes exhaust
their energy and control to consume the energy evenly among sensor nodes. In
general, routing protocols for sensor networks can be divided into a flat-based
and hierarchical-based routing protocol by its architecture in wireless sensor
networks[2].
In a flat-based routing protocol, the large number of sensor nodes deliver their
monitoring data to a sink node by using a flooding method. However, due to the
structural features of sensor networks, neighbor sensor nodes of a sink node would
rapidly consume more energy than the other sensor nodes due to an increase of
data. Because neighbor sensor nodes may collect similar data considering the
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characteristics of position and operation, it is significant to reduce size of data
by data aggregation in a specific location[3]. In this study, we assume that it
is used a hierarchical routing protocol. The operation of a hierarchical routing
protocol is commonly as follows:
First of all, cluster heads are elected by a specific formula among sensor nodes
in a hierarchical-based routing protocol. It is divided whole sensor networks into
several areas called a cluster. Clusters are formed around cluster heads. Cluster
heads are responsible for gathering data from their cluster. All sensor nodes take
the role of a cluster head by turns. After a sensor network is separated several
clusters, the node which is not cluster head sends its data to cluster head which
is responsible for a cluster. Then each cluster head performs data aggregation,
makes to reduce size of monitoring data and delivers it to the sink node located
outside from sensor networks.
One of the famous hierarchical-based routing protocols is LEACH(Low Energy Adaptive Clustering Hierarchy). It elects several cluster-heads among the
sensor nodes in sensor networks. Then, the several clusters are made with the
cluster heads as a central. In every certain time, the other node is elected as
a cluster head by turns and it results in efficient energy consumption. The operation of LEACH is broken up into rounds, where each round begins with a
set-up phase, when the clusters are organized. It is followed by a steady-state
phase, when data transfers to the sink node occur. The set-up phase is divided
advertisement phase, cluster setup, and schedule creation[4].

2.2

Heterogeneous sensor networks

As improving the performance of sensor nodes and applying to many industrial
fields, sensor networks are increasingly consisted of heterogeneous sensor nodes.
Heterogeneous sensor networks is composed of these heterogeneous sensor nodes
with different performance[7]. Therefore, there are many issues such as data
processing and energy consumption unlike homogeneous sensor networks. In this
study, we focus on the performance of sensor networks and suggest the criteria
about the optimal performance of sensor networks in related to the number of
sensor nodes.
We use the mathematical model in [5] to measure the job execution time. It is
useful to analyze the performance of heterogeneous sensor networks. We assume
that the sensor network is based on a hierarchical-based routing protocol. Also,
we assume that there are m sensor nodes which are distributed initially and the
response time of the job execution in each sensor node is uniformly distributed
from s seconds to t seconds. Therefore, s seconds means that it is the fastest
node and t seconds means that it is the slowest node. Uniformly distributed
response time means that there are heterogeneous sensor nodes with different
performance[6].
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Performance Bound in Heterogeneous WSN

Over time, if a certain percentage of sensor nodes with low performance exhaust their energy, then we can assume that the job execution time becomes
a new uniform distribution in Fig. 2 and it shows this probability distribution
function(PDF).

Fig. 2. Probability Distribution Function

We assume that m sensor nodes are distributed initially. After n/m of them
exhausted their battery, the number of working sensor nodes in the sensor network becomes n. Therefore, response time is distributed from s seconds to s+(ts)(n/m) seconds. Equation (1) shows the mean of this PDF.
(t − s)
n
(1)
2m
At this time, if there are k events in sensor networks and n nodes process all
these events, then it is assumed that one sensor node has to deal with k/n events.
Therefore, we can calculate the mean of job execution time by using equation
(1). Equation (2) indicates the job execution time of each sensor node. It means
the average of job execution time in each sensor nodes.


k
(t − s)
Tjob =
s+
n
(2)
n
2m
E [X] = s +

In this study, because we assume that a sensor network uses a hierarchicalbased routing protocol, we have to consider the number of clusters and the number of sensor nodes in each cluster. If the cluster ratio of the number of working
sensor nodes is p, then it can be said that the number of sensor nodes in one
cluster is 1/p. If data processing occurs sequentially among sensor nodes, then
equation (2) becomes following equation. Equation (3) shows the job execution
time of sensor nodes in the cluster.


k
(t − s)
s+
n
(3)
Tcluster =
np
2m
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Based on the equation (3), we evaluate the job execution time. In this simulation, it is assumed that initial number of sensor nodes is 100 and the number
of events is 10,000. Fig. 3 and Fig. 4 shows the change of job execution time
according to the number of sensor nodes. The Fig. 3 shows the comparison between job execution time and the number of sensor nodes when the response
time of fastest node is 0.01 and slowest node is 0.03. We can recognize that job
execution time is influenced a cluster ratio greatly. The cluster ratio indicates
that the rate between the number of clusters and sensor nodes. After the number
of sensors is 60, the graph is increased rapidly. So, we can define the network
efficiency is high until that point. Also, the Fig. 4 shows the comparison between
job execution time and the number of sensor nodes when the response time of
the fastest node is 0.01 and slowest node is 0.09. In this figure, after the number
of sensor is 40, the graph is increased rapidly.

Fig. 3. The simulation results(t=0.03)

As shown the simulation results, we can expect the point which shows optimal
performance. It is affected by cluster ratio and difference job execution time
between the fastest and the slowest node. As difference of job execution time is
large, then the total performance of sensor networks is low. Also, as cluster ratio
is low, then the total performance of sensor networks is low. Thus, we have to
control these factors to manage sensor networks efficiently.

4

Conclusion

A wireless sensor network is composed of many sensor nodes with a sensing,
computation, and wireless communication capabilities to collect the sensing information and deliver it to other sensor nodes or to the external sink node in
response to user’s specific requests. In general, sensor nodes have restricted resources such as a CPU, memory size and battery capacity compare with a public
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Fig. 4. The simulation results(t=0.09)

computing environment. Therefore, it is important to predict the performance
bound which indicates the point of optimal performance.
In this study, we examined the performance bound of the hierarchical sensor
networks. We analyze cluster ratio and job execution time based on mathematical equations and propose the criteria to decide how many sensors show the
optimal performance. In the future, we wish to research the performance bound
to maximize the network life time through verification using performance evaluations with various parameters.
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