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ABSTRACT

As a representative of chain-based protocol in Wireless Sensor Networks (WSNs), EEPB is an elegant solution on
energy efficiency. However, in the latter part of the operation of the network, there is still a big problem: reserving
energy of the node frequently presents the incapacity of directly communicating with the base station, at the same time
capacity of data acquisition and transmission as normal nodes. If these nodes were selected as LEADER nodes, that will
accelerate the death process and unevenness of energy consumption distribution among nodes. This paper proposed a
chain routing algorithm based on traffic prediction model (CRTP). The novel algorithm designs a threshold judgment
method through introducing the traffic prediction model in the process of election of LEADER node. The process can
be dynamically adjusted according to the flow forecasting. Therefore, this algorithm lets the energy consumption tend-
ing to keep at same level. Simulation results show that CRTP has superior performance over EEPB in terms of balanced
network energy consumption and the prolonged network life.
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1. Introduction

Wireless Sensor Networks (WSNSs) is a technology com-
bined with computer, micro sensors and wireless com-
munication [1]. The self organization characteristic, also
the reliability, dynamicity and anti-destroying ability, make
WSNs suitable for battlefield target positioning [2], phy-
siological data collection [3], intelligent transportation
system [4] and ocean exploration [5], etc. [6].

Energy problem is one of the key problems in WSNs
[7]. Because battery capacity is low and not easy to
change, cognitive nodes should be scraped once energy
depleted. Therefore, improving energy efficiency, balanc-
ing the node energy consumption and prolonging net-
work life time have become a judgment in WSNs routing
protocol [8].

Chain routing algorithms characterized by energy effi-
cient have been proposed in recent years. PEGASIS [9]
uses the greedy algorithm to build the chain, as a typical
algorithm that shortens the commutation distance between
the nodes. However, PEGASIS has some inherent flaws:
there are large numbers of long chains between neighbor
nodes that increases the energy consumption in data trans-
mission. The method of rotating the LEADER of the
chain among the nodes will result in unbalanced energy
consumption of each node. In recent years, international
and domestic academics have put forward improved al-
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gorithms from different angles to avoid long chains [10-
14]. When these algorithms select the LEADER of the
chain, they only consider the factor of the residual energy
or the same as PEGASIS, and still can’t avoid the prob-
lem of inconsistent energy consumption of the nodes. [15]
avoids long chains between neighbor nodes by employ-
ing a distance threshold; through comprehensively taking
into account of node residual energy and the distance
between the nodes and base station, selecting the LEADER
of the chains. EEPB algorithm makes a better performance
in balancing of node energy consumption and prolonging
the network life cycle. However, after running a long
time, nodes in network are not strong enough to send the
fusion of data to base station, but still can be used as data
acquisition or transmission nodes among chains. If these
nodes were chosen as the LEADER of the chain, it would
cause the waste of node energy, not only weaken the
network robustness but also shorten sur- vival time. This
situation is particularly serious in the monitoring area far
away from base station.

This paper proposes a chain routing algorithm based
on traffic prediction, CRTP. This model was applied to
the selection of the LEADER, implementing replacement
of the LEADER through forecast. At the end of this pa-
per, simulation results show that, CRTP makes better per-
formance in terms of balanced network energy consump-
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tion and prolonged the network life.

2. Traffic Prediction Model

The nodes in Wireless Sensor Networks periodically sen-
sor monitoring area and transmit the collected data to the
remote Sink. ARMA model can effectively analyze the
serial correlation of these stable data sequence, so the
ARMA prediction model is applied to forecast network
traffic in this paper.

Suppose that the raw data flow sequence is
Xo» Xyy000, X;,00+, X, taking the method of differencing
or logarithm, we get a smooth sequence
Xos Xpy0, X0+, X,,. This algorithm uses ARMA (2, 1)
to predict the traffic. The model can be described as fol-
lows:

»(B)X; =0(B)a; (1)
9(B) =1-¢B-¢,B? )
0(B)=1-6B 3)

B is backward shift operator, & is flat noise. ¢,
9,, 6, o’ (flat noise variance) are the estimated pa-
rameters. Since the sensor node is limited by its compu-

A A A

ting power, we get the value of ¢, @,, 6,, o>
through the method of least squares estimation. ARMA
fitting model is:

Xe=o Xia+o, X, +a -6 a 4)

Furthermore, we use inverse function to carry out
one-step prediction. The ARMA inverse function

L1, 1, are:
L=p-6
L=p,-1,6 (5)
=1 6,---(j>3)

One-step prediction model is:
A m
X(@ =21 X (6)
j=1

Where m is m times before the X, observations, it
can be decided in accordance with the requirements of
the prediction accuracy values. Multi-step predictive mod-
el is:

X, (1) = @, X, (1-D+ ¢, X, (1-2) ()

We use Matlab 7.0 to simulate. Figure 1 shows a real
traffic flowing through a sensor node during the 150 s of
sensor network operation. Its fitting model is:
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X, =0.86579X,_, —0.07356X,_, +a, —0.68954a, ; (8)

Further, One-step prediction model is:
3
X(@=3 1 X 9)
j=1
Multi-step predictive model is:

X, (1) = 0.86579 X, (1 -1)-0.07356 X,(1-2)  (10)

Starting from any time in the 150 s (round), its esti-
mated value can be calculated by the use of this model
every second, its chart of one-step prediction shows in
Figure 2. From above figure, one-step prediction curve
is similar with the raw data flow. This because the AR-
MA is a short model, its related structure appears expo-
nential decay and decay rate is faster than actual obser-
vation value. Therefore, one step prediction could have
better prediction accuracy.

3. CRTP Algorithm

Assume a random distribution of sensor nodes in a square
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Figure 1. Example of a real flowing.
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Figure 2. One-step prediction.
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monitoring area, and this sensor networks have the nature

as follows:

o The location of the base station is fixed, which is far
from the monitoring area. The base station has a strong
computing and storage capability, and unlimited ener-
ay.

o All sensor nodes are immobile, homogeneous, the same
initial energy value.

e According to the receiver’s distance nodes can con-
trol their transmit power for different transmission
ranges.

e All nodes can be informed the coordinates of their
location.

3.1. Chain-Building Stage

Similar with EEPB chain-building method, CRTP also
starts a chain from the nodes which is the furthest from
the base station. In order to determine whether the chain
is long, we set a distance threshold, in terms of dyeqnong -
If d; <dyesnoq » Said that the chain between node i+1
and node i is not a long chain. Then the node i+1
join the chain by directly connected to the node i . If
d; > dyesnog » S2Id that the chain between node i+1
and node i is a long chain. Here, node i+1 can’t
directly connect with the node i, node i+1 will find
the nearest node from the chain.

3.2. LEADER Node Selection Algorithm Based
on the ARMA Model

LEADER node selection in EEPB considers the residual
energy of nodes and the distance from nodes to the base
station. Under the condition that nodes’ residual energy
is equal, EEPB algorithm is priority to select nodes near
the base station as the LEADER node, in order to save
energy when transmitting data to the base station. Simi-
larly, under the condition that distances from nodes to the
base station are the same, EEPB algorithm is priority to
select nodes with more residual energy as the LEADER
node, in order to avoid nodes with less residual energy to
death.

In the LEADER node selection based on ARMA mod-
el, when the energy consumption exceeds the threshold,
the node broadcasts its withdrawing the competition of
LEADER node in this round to neighbors, neighbor
nodes updates its routing table after receiving the message.
The key issue is to design a judgmental forecasting method
based on threshold. Suppose the threshold is Max ,the
probability that the prediction exceeds the threshold val-

ue in the L-step is
R() = (y(t) > Max| X, X, 3, X, 5.+ X ) (11)

*M-m

According to the Equation (8), X, is conditioned by
a,, if a  is normal distribution and so is X,. Stan-
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dardize the Equation (7), we get
R() =1-P(X,, < Max)

1 Max — X, (1) (12)
_l_EJ‘%eXp(_T(I))dX

4. The Simulation and Analysis

In order to verify the proposed idea, we use MATLAB to
simulate and compare EEPB and the improved routing
algorithm CRTP. The wireless commucation energy cost
model is the Heinzelman model. Simulation environment
goes as follows (Tablel).

First of all, let’s analyze the number of the survival
nodes: the number is an important indicator of the energy
efficiency. From Figure 3, we know that 1) the first dead
node emerges at the 900r in EEPB but at the 1600r in
CRTP, improve 77.8%; 2) attenuation curve in CRTP is
faster than EEPB; 3) the slope of CRTP’s curve is greater
than EEPB after 1900r. This is because as the network
round increases unceasingly, the LEADER selection ac-
cording to flow prediction is more reasonable.

Figure 4 is a comparison between our algorithm and
EEPB in average residual energy each round, we can get

Table 1. Table type styles (Table caption is indispensable).

Parameters Value
Network Field 100 m x 100 m
Nodes numbers 100

Sink coordinates (50,250)
Nodes Initial energy 1.0J
Eelec 50 nJ/bit
Efs 100 pJ/bit/m?
Emp 0.0013 pJ/bit/m*
Packet length 3000 bit
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Figure 3. Life time of the network.
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Figure 4. Average residual energy of the network.

that the average residual energy in improved algorithm is
more than EEPB as network running, at the same time
the network energy cost is lower. That’s because we take
a more reasonable method to select the LEADER node in
a chain and take into account the energy balance when
we established routing link, so life cycle of the network
is extended.

5. Conclusion

This paper proposes a chain routing algorithm based on
ARMA traffic prediction for nodes’ premature “death”. It
introduces ARMA prediction model into the LEADER
node reelection in EEPB. Therefore it has not only avoided
LEADER premature “death” because of the used-up energy,
but also avoided the network topology reconstruction as
well as the short life of the death of LEADER. Experi-
mental results show that CRTP has a better performance
than EEPB on balancing energy consumption and pro-
longing lifetime of Wireless Sensor Networks (WSNSs).
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