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Abstract: There is growing expectation for a wireless sensor network as a means of realizing ubiquitous information environments.
A wireless sensor network, which is a key network to facilitate ubiquitous information environments, has great potential as a means
of realizing a wide range of applications, such as natural environment monitoring, environmental control in office buildings and fac-
tories, object tracking, and precision agriculture. Control mechanism for a wireless sensor network should adapt to the variety of ty-
pes of communication (one-to-one, one-to-many, many-to-one, many-to-many), depending on application requirements and the co-
ntext. This paper proposes a new adaptive communication protocol for the long-term operation of a wireless sensor network. We ev-
aluate the proposed protocol using computer simulations and discuss its development potential. In the experiments performed, the p-
erformance of the proposed protocol is investigated in detail to verify its effectiveness.
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1. INTRODUCTION

Various network services have been provided. They
include inter-vehicle communication, which is a netwo-
rk service in intelligent transport systems, natural envir-
onmental monitoring, and emergent communication bet-
ween mobile nodes in such the case of emergency as di-
saster. As a means of realizing the above network servi-
ces, autonomous decentralized networks, such as a mob-
ile ad-hoc network and a wireless sensor network, have
been intensively studied with great interests. Especially,
a wireless sensor network, which is a key network to fa-
cilitate ubiquitous information environments, has great
potential as a means of realizing a wide range of applic-
ations, such as natural environmental monitoring, envir-
onmental control in office buildings and factories, obje-
ct tracking, and precision agriculture [1]. In a general
wireless sensor network, hundreds or thousands of mic-
ro sensor nodes, which are generally compact and inex-
pensive, are placed in a large scale observation area and
sensing data of each node is gathered to a sink node by
inter-node wireless multi-hop communication. Each se-
nsor node consists of a sensing function to measure the
status (temperature, humidity, motion, etc.) of an obser-
vation point or object, a limited function on information
processing, and a simplified wireless communication fu-
nction, and generally operates on a resource of a limited
power-supply capacity such as a battery. Therefore, in t-
he existing studies, the efficient and load-balancing data
transmission scheme to sink nodes has been proposed.
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This paper proposes a new adaptive communication
protocol for the long-term operation of a wireless sensor
network. We evaluate the proposed protocol using com-
puter simulations and discuss its development potential.
In the experiments performed, the performance of the p-
roposed protocol is investigated in detail to verify its ef-
fectiveness. This paper is organized as follows. In Secti-
on Il, the proposed protocol is outlined. In Section Ill, t-
he experimental results are reported and the effectivene-
ss of the proposed protocol is demonstrated by compari-
ng the performance of it with those of the existing ones.
Finally, the paper closes with conclusions and ideas for
further study in Section IV.

I1. PROPOSED PROTOCOL OUTLINE

For facilitating ubiquitous information environments,
control mechanism for a wireless sensor network should
adapt to the variety of types of communication, i.e., one
-to-one, one-to-many, many-to-one, and many-to-many,
depending on application requirements and the context.
Recently, many adaptive protocols for a large scale and
dense wireless sensor network, which are “directed diff-
usion”[2,3] and “ant-based rendezvous communication
protocol”[4] have been proposed. “directed diffusion”,
that a representative scheme for adaptive communicati-
on consists of the following protocols: Two-Phase Pull
diffusion, One-Phase Pull diffusion, Push diffusion, wh-
ere “Pull” adapts itself to the case that the number of so-
urce nodes is more than the number of sink nodes. “Pus-
h” adapts itself to the case that the number of sink nodes
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is more than the number of source nodes. However, the o
existing adaptive communication protocols cause flood-
ing storm problems. The proposed protocol improves fl-
ooding storm problems. In Fig.1 and Fig.2, the example
on the proposed protocol is shown.

IV. SIMULATION EXPERIMENT

Through simulation experiments, the performance of L _/{_.__—/
the proposed protocol is investigated in detail to verify
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its effectiveness. A wireless sensor network consisting s 2y
of many sensor nodes placed in a wide range is assumed.

The conditions of simulation, which were used in the e- Fig.4. Total energy consumption (from sink node)
xperiments performed, are shown in Tablel. In the sim-
ulation area, sensor nodes are randomly placed. In Fig.3,
the network configuration is illustrated.
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Tablel. Conditions of simulation

Simulation times 1,000s

Simulation size 2,400m >2,400m

200 -

The number of sensor nodes | 1,000 4

Range of radio wave 150m

Data transmission interval 10s
Model change interval 250s
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Fig.6. Transition of delivery ratio (from sink node)

Fig.3. Network configuration

In the experiments performed, the proposed protocol
is evaluated through the comparison with “Pull” or “Pu-
sh” of “directed diffusion”. Figs.4 and 5 show total ene-
rgy consumption of a network. Figs.6 and 7 show the tr- s
ansition of delivery ratio, where the battery capacity of 02 [ T Froposalizoume
each sensor node has been set to 0.5J. Experimental res-
ults verify that the proposed protocol is substantially ad-

vantageous for the long-term operation of a large scale
and dense wireless sensor network. F|g7 Transition of delivery ratio (from source nOdE)
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IV. CONCLUSIONS

In this paper, a new adaptive communication protoc-
ol, which adapts itself to the variety of types of commu-
nication, has been proposed. This protocol can improve
flooding storm problems. In the experiments performed,
the performance of the proposed protocol was compared
with those of the existing ones. Experimental results in-
dicate that the proposed protocol is superior to the exist-
ing ones and has the development potential as a promis-
ing one from the viewpoint of the long-term operation
of a wireless sensor network. In future studies, we eval-
uate the performance of the proposed protocol in detail.
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