q

Check for
updates

WSN Routing Algorithm Based on Energy
Approximation Strategy

Yuexia Zhangl’z(g), Hang Chen'~, and Tianrun Gao'

! School of Information and Communication Engineering,
Beijing Information Science & Technology University, Beijing, China
zhangyuexia@bistu. edu. cn, chenhang813@1l63. com,
gaotr2009@l26. com
2 Beijing Key Laboratory of High Dynamic Navigation Technology,
University of Beijing Information Science & Technology, Beijing, China

Abstract. In the routing protocol of wireless sensor networks, the traditional
LEACH algorithm is too random, and the cluster head selection of it is not ideal.
To solve this problem, it proposes a WSN routing algorithm based on energy
approximation strategy. It chooses a series of nodes with high energy and high
density to form cluster candidate clusters, and then selects the farthest node as
the cluster head from the candidates by using the energy approximation strategy.
The algorithm is simple and easy to implement, and the cluster head selection of
it is ideal. Using Matlab software for simulation, the results show that it is less
energy consuming than the LEACH algorithm, and the lifetime of the whole
network is prolonged.
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1 Introduction

Wireless sensor network (WSN) is a network system composed of many different types
of sensor nodes [1, 2]. It can collaboratively sense, collect, and process the relevant
information in a specific area by using these different functions, self-organized sensor
nodes. And finally the information are sent to the observer of the network system. WSN
can be widely used in national defense and military, modern medical, intelligent
transportation and environmental monitoring and many other fields. However, the
energy of sensor node in WSN networks is very small due to the size and other factors.
Therefore, it is important to reduce energy consumption and extend the life cycle of the
network.

Routing protocol is one of the key technologies of WSN, which can be classified
into four types: hierarchical, data center, geo-location and energy-aware routing pro-
tocols. LEACH algorithm is the first cluster-based routing protocol [3, 4], it choose the
cluster head through the relationship between the node generated random number and
threshold. The LEACH algorithm has a longer life cycle than planar routing protocol
[5]. However, the randomness of the LEACH algorithm cluster-head selection is too
large, it may cause the cluster head node to be distributed unevenly in the network
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system and increase the energy loss of the network [6, 7]. The LEACH algorithm does
not take into account the current density of the node itself, energy status and other
factors, and its cluster head selection is not reasonable that would affect the network
system life cycle. Therefore, the traditional LEACH algorithm has been unable to meet
the needs of efficient use of WSN system. Literature [8] proposed a self-configuring
cluster head fault detection mechanism based on LEACH algorithm. This mechanism
can replace the fault cluster head node in time and effectively prolong the network
lifetime, but it does not fundamentally the cluster head selection and can not effectively
reduce the energy consumption of the network. Literature [9] proposed a routing
algorithm that uses the energy delay index to select the cluster head. This algorithm
improves the cluster head selection mechanism and improves the network energy
utilization rate, but it does not take into account the cluster information path, and the
selected cluster head may not be the optimal cluster head on the network communi-
cation path. Literature [10] proposed a fuzzy C-means algorithm for the optimum
number of the cluster head and its location. It is greatly increasing the complexity of the
algorithm although the algorithm increases the lifetime of the network.

In this paper, a new routing algorithm named Routing Algorithm for Energy
Approximation Strategy (RA-EAS) is proposed to solve the shortcomings of existing
routing protocols. RA-EAS chooses a series of nodes with high energy density and
high density to form cluster candidate groups, and then selects the farthest node as the
cluster head from the candidates by energy approximation strategy. RA-EAS algorithm
is simple and easy to choose, and its cluster-head selection is ideal. RA-EAS algorithm
can effectively save the residual energy of network and prolongs the network life-cycle
than the LEACH algorithm through the simulation experiments.

2 Traditional LEACH Algorithm

Traditional LEACH algorithm is presented in the form of “round” [11]. Each round
includes the cluster head creation phase and the information transmission phase. The
traditional LEACH algorithm chooses the nodes as cluster heads randomly in each
round, and repeats the process of creating cluster heads.

In the initial stage of cluster head establishment, the traditional LEACH algorithm
establishes a threshold 7'(i) first, which is defined as:

riy = P/ =Pl mod (1/p) i< 6 0

Where p is the ratio of the number of clusters in the network to the number of whole
nodes in the network, n is the number of cluster head selections. And G is the group of
cluster selections that are not selected as cluster for 1/p times.

Every sensor node randomly generates a value RN that between 0 and 1, and then
compare with the value RN and the threshold value T'(i). If RN < T (i), this sensor node
can be regarded as the cluster head; otherwise, the node is not selected as cluster head.

In the information transmission phase, sensor node that selected as the cluster head
sends broadcast information to all normal nodes within its own coverage. According to
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the strength of the received signal, the normal node judges to join the appropriate
cluster and sends the join request. After receiving the request, the cluster head makes a
TDMA schedule for all nodes in its own cluster, and all nodes send information to the
cluster head by according this schedule.

After the above, the cluster head processes the data fusion and send it to the base
station through the multi-hop transmission between others cluster heads to finish one
round of information transmission. In the traditional LEACH algorithm, the cluster
head is chosen according to the relationship of the generated value RN and the
threshold value [12, 13]. All nodes in the network are selected as cluster heads with
equal probability in each round, and new cluster head is selected for each round.

It is too random to select the cluster head in each round of LEACH algorithm, and
the selection of the cluster head is not reasonable. Traditional LEACH algorithm does
not consider the actual situation of every sensor node, these factors have a direct impact
on the advantages and disadvantages of cluster head selection. It would increase the
energy consumption of network systems and shorten the life cycle if inappropriate
nodes are selected as the cluster head.

3 RA-EAS Algorithm

In RA-EAS algorithm, WSN network distribution diagram shown in Fig. 1. The
Cartesian coordinate system is established with the known base station position as the
coordinate origin. The WSN network is composed of known base station and N sensor
nodes that randomly distributed around the known base station. The coordinate of the
base station is (0,0), the coverage network radius is R, and the coverage radius of all
the sensor nodes is r, ¥ <R.
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Fig. 1. WSN network distribution diagram
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The probability value P(i) of each node selected as cluster head can be calculated
by using the residual energy of surviving nodes and the density of surviving nodes in
the coverage radius. The value P(i) is:

E(i)

. Nneigh(i)
P(i)=c—"+c——-
( ) ! Eave ? Nalive

)

Where ¢y, ¢, are the proportional coefficient. E(i) refers to the current node itself
carries the remaining energy value. E,,, represents the average remaining energy of all
surviving nodes in the WSN network. N,.;.n(i) refers to the intensity of the current
node that the number of surviving nodes within its coverage radius 7. Ny, is the
number of surviving nodes in the current network.

The probability value of every nodes selected as cluster heads can be calculated by
formula (2). A probability threshold is set in advance, when P(i) > V, then the node i
is selected as the candidate group of cluster heads.

In order to avoid the high complexity of the algorithm due to the Sub-region selection
of the cluster head, and the chosen cluster head in the current region is not necessarily the
best cluster head in the whole network, which brings about extra energy consumption.
Therefore, the RA-EAS algorithm adopts cluster head selection method based on energy
approximation strategy, a series of nodes that can cover the whole area and are farthest
from each other are selected as cluster heads in the candidate group of cluster heads.

Suppose the coordinates of cluster head from far to near are (xy,y1), (x2,y2) -
(xi, i) - - - (x1, 1), then the coordinates of cluster head satisfy the following conditions:

1. Every selected cluster head position is closer to the known base station position than
the previous one. So, the absolute value of the vertical and horizontal coordinates of
the current cluster head is smaller than that of the last selected cluster head in the
Cartesian coordinate system. That is:

R>|xi| > x> - > x>0 3)
R>|yi| > [y > -+ >y >0

2. The distance between adjacent cluster heads must less than the coverage radius r in
order to meet the basic communication requirements between cluster heads, That is:

V=5 + O =y <r @)

3. In order to make the distance between the adjacent cluster heads farthest for the
optimal information transmission path, the position of the current cluster head is at
the coverage of the overlap between the previous cluster head and the latter cluster
in the Cartesian coordinate system. That is:

(5)

|)Ci,1| 7r<\xi|<|xi+1|+r
i1l = r<[yil <lyig1|+r
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4. When the known base station lies within the coverage radius of the selected cluster
head, it is not necessary to continue selecting the cluster head any longer. That is:

{0<|x,|§r ©

0<|y|<r

5. The sum of the distances between all adjacent cluster heads is greater than R that in
order to satisfy all the nodes within the coverage radius R of known base station can
complete the information transmission. That is:

- = xie1)” A+ O = vie1)
R< Z \/()C, i ) +(y y ) T (7)

=2\ 4 )P+ )

In summary, the coordinates of cluster head must meet the following constraints:

R> x| > x> - >|xn>0
R>y[ >y > >y >0
[xio1] — r<lxi| <l|xip1|+7
yizt| = r<lyil <lyical+r
\/(xi — xrl)z +(yi — yi71)2 <r @)
0<|x|<r
O<|y|<r
n \/(xi —xi) i —vir)’
R< Y +r
= o () + )

When one cluster head is selected from the candidate group of cluster heads, the
others nodes within its coverage become the normal nodes automatically. The cluster
head sends broadcast messages to all normal nodes within its own coverage radius r,
and the normal nodes choose to join the appropriate cluster according to the infor-
mation received. At this point, clustering is completed, and RA-EAS algorithm clus-
tering process flow diagram shown in Fig. 2.

The clustering process of RA-EAS algorithm is described as follows:

Step 1. Establishing the Cartesian coordinate system by using the known base
station position as the coordinate origin.

Step 2. Calculating the probability value P(i) that the node is elected as cluster head
by using formula (2).

Step 3. Determining the cluster head candidate group though the pre-set probability
threshold V.

Step 4. Judging energy approximation of constraint conditions in the candidate
group of cluster heads. The cluster head is selected as the cluster head if the
constraint condition is satisfied, otherwise it becomes the normal node.
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Step 5. Every node completes its own task according to the routing protocol after

determining the cluster head node and the normal node. The cluster head sends a

broadcast message to all normal nodes within the coverage radius of r that cluster

itself as the center. And the normal nodes select join into a suitable cluster

according to the strength of the broadcast information received.

Step 6. At this point, a complete cluster structure assignment end up.
Then, steps 4 and 5 are repeated to complete the subsequent clustering steps. And
cluster-based cooperative communication centered on cluster-head is realized in the
WSN network finally. Every cluster-head receives the information of the normal node
information to transmit to the base station in multi-hop
mode. Thus, a complete round of information transmission end up. Cycle to carry out
the above steps to complete each round of the cluster process and information transfer

in the cluster and fuses the

process.

Establishing the Cartesian coordinate
system by using the known base
station position as the origin

Calculating the probability P(i)that
the node is elected as cluster head

v

WhenP([) > 1, the node iis selected
as candidate clusters of cluster heads

Y

Constructing the constraint condition
by using energy approximation
strategy

Whether the
condition is
satisfied

Fig. 2. RA-EAS algorithm clustering process flow diagram
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4 Performance Analysis

The number of dead nodes and the energy consumption between traditional LEACH
algorithm and RA-EAS algorithm are simulated to verify the effectiveness of RA-EAS
algorithm. The experimental parameters [14] in the simulation environment are shown
in Table 1.

Table 1. The experimental parameters in the simulation environment

Parameters Symbol | Value

Number of nodes N 100

Initial energy Ey 0517

Proximal energy consumption coefficient | Eg 10 pl/bit/m?
Remote energy consumption coefficient | Epp 0.0013 pJ/bit/m*
Transmit and receive energy consumption | Egjec 50 nJ/bit

Packet size k 4000 bits
Control packet size Lo 100 bits

Data aggregation energy Eq, 5 pl/bit/report
Cluster head probability threshold \%4 0.05

Network area M x M| 100 m x 100 m

100 nodes are randomly distributed in WSN network area which area is 100 m
100 m. Figure 3 shows the distribution of nodes in this network area, and the origin of
Cartesian coordinate system is the known base station location.
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Fig. 3. The distribution of nodes in the network area

Figure 4 gives the comparison between the number of network death nodes and the
rounds of selection in LEACH algorithm and EA-RAS algorithm. The network life
cycle is defined as the dead time of the first network node. The first death node in the
LEACH algorithm network in Fig. 4 appears in 946 rounds, while the RA-EAS
algorithm appears in 1189 rounds. The RA-EAS algorithm prolongs the lifetime of the
network system by 26% compared with the LEACH algorithm. This is because the
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Fig. 4. The comparison between the number of network death nodes and the rounds of selection

LEACH algorithm selects the cluster head randomly, but the RA-EAS algorithm has
taken into account the current node’s own energy and density in the selection of cluster
head, makes that the preferably nodes become cluster heads.

Figure 5 shows the comparison between the number of surviving nodes in the
network and the rounds of selection in the cluster. It can be seen that the nodes in
RA-EAS algorithm begin to die are later than that in LEACH algorithm, so that the
RA-EAS algorithm prolongs the network life cycle than LEACH algorithm.
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Fig. 5. The comparison between the number of surviving nodes and the rounds of selection

Figure 6 exhibits the network energy consumption comparison between LEACH
algorithm and EA-RAS algorithm. It can be seen that the energy consumption per
round of the network system in the EA-RAS algorithm is less than that in the LEACH
algorithm under the same conditions. The network energy consumption of both algo-
rithms tends to be stable after 2500 rounds, this is because most of the nodes in the
network are dead at this time. It is also shows that the total energy consumption in the
EA-RAS algorithm is lower than that in the LEACH algorithm. That is, the EA-RAS
algorithm can more save the residual energy of the network than LEACH algorithm.
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Fig. 6. The network energy loss comparison between LEACH and EA-RAS

Conclusions

This study proposes a WSN routing algorithm of EA-RAS that based on energy
approximation strategy. The EA-RAS algorithm is simple and the cluster-head selec-
tion is ideal. And the RA-EAS algorithm is more effective in extending the life cycle of
the network system and saving the residual energy compared with the LEACH algo-
rithm that simulation results show.
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