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Abstract. The node localization is an important problem in wireless
sensor network (WSN). An improved algorithm is proposed by analyz-
ing the deficiencies of random distribution in DV-Hop. Different from
the previous results, minimum mean-squared error (MSE) and inverse
distance weighting method are adopted to deal with the average one-
hop distance in improved algorithm. Improved algorithm and DV-Hop
are simulated by MATLAB R2015b, and the results of these two algo-
rithms are analyzed and compared. The results show that the positioning
accuracy is improved on the condition of no increasing complexity and
cost.
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1 Introduction

Wireless sensor network (WSN) [1] consist of many static and moving energy-
autonomous microsensors distributed in a certain detection area. Its purpose is
to perception, collection and processing of observed objects in the detection area
[2-5]. At present, the WSN is mainly used in military, environmental testing and
industrial fields.

Sensor node location information is very important to WSN, which can real-
ize the monitoring of real-time monitoring and information acquisition [6]. How
to achieve accurately node localization is a main concern for wireless sensor net-
work, which plays a very important role in WSN. According to the distance
between measurement nodes in the localization process, WSN node localiza-
tion consists of range-based and range-free localization algorithms [7]. In this
scheme, the nodes that are aware of their positions are called beacon nodes,
while others are called unknown nodes. Range-Based positioning algorithm needs
measure the distance, angle and other information between nodes, so the posi-
tioning accuracy is high relatively. Currently, typical Range-based localization
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algorithms included RSSI, TOA, TDOA, AOA [8,9], and so on. However, it is
at the expense of increasing the cost and power consumption. Range-Free algo-
rithm relies on network connectivity for localization, do not need range hardware
support and are immune to range measurement errors. Several techniques based
on Range-free included centroid location algorithm, DV-Hop, MSD MAP and
APIT [10-12], and so on.

We discuss the DV-Hop algorithm, and propose two improvements about it
in this paper. Improved algorithm can improve the positioning accuracy on the
condition of without increasing complexity and cost. Compared with traditional
DV-Hop algorithm, it is a simple and practical algorithm, and more available
for WSNs.

This paper is organized as follows. The related work is presented in the next
section. Section 3 analyzes the shortcoming of traditional DV-Hop algorithm
and proposes our improved algorithm. Simulation results are shown in Sect. 4.
Finally, we present our conclusions in Sect. 5.

2 Related Work

DV-Hop algorithm is one of the important Range-free localization algorithms,
which is proposed by Niculescu and Badri [13] originally. The algorithm mainly
consists of three steps [14-16].

In the first step, each beacon node broadcasts a packet, which includes its
location information and initial hop value 0, to the neighboring nodes throughout
the network. The receiving node retains the minimum hop count value of all
received value from the beacon node, then adds 1 to the hop count and forwards
it to the neighbor node. Then, each node will know the hop distances from itself
to all anchors by the method.

In the second step, an beacon node can compute an average distance per
hop (ADPH) according step 1, which is then flooded to the entire network. The
average distance per hop can be calculated by the following formula (1).

Ej;éi dij (1)
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where d; j = /(z; — 2j)® + (yi — y)?, (24,¥;) and (z;,y;) are the location of
anchor nodes 4 and j, h; ; is the hop value between anchor nodes 4 and j.

After calculating the ADPH of each beacon node, it is broadcasted to the
whole wireless sensor network. Unknown nodes will only receive and save the
information of ADPH from the nearest anchor node, then forward it to their
neighbor nodes. After distance per hop and hops to the beacon nodes obtained,
the distance between all unknown nodes and anchor nodes can be calculated.

In the third step, the trilateral medium [17] will be used to determine the
position information of nodes.
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3 Improved Algorithm

In this section, we analyze the shortcoming of traditional DV-Hop algorithm and
improve it focus on step 2.

Firstly, the ADPH of the beacon node is calculated based on the unbiased
estimation criterion at the step 2 of DV-Hop algorithm, and its measurement
error mean is zero.

In fact, the errors are subject to Gaussian distribution normally. Therefore,
the traditional DV-Hop algorithm has a strong dependence of the ADPH. If
the ADPH value has error, the positioning accuracy will be inaccurate. So in
order to improve the accuracy of location of unknown nodes, the mean square
error method is more reasonable than that of using the variance or deviation.
Consequently, the ADPH computed by the minimum MSE as the formula (3) in
this paper.

> ipi(dig — Cihij)?
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(2)
Let % =0, then
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Secondly, using the ADPH information obtained by the unknown node from
its nearest beacon node as the average on hop distance from the unknown node
to beacon nodes in traditional DV-Hop algorithm. However, this method has the
limitations where it can not fully take into account the random distribution of
nodes in WSN. If just only a single beacon node is used to calculate the ADPH,
it will generate a large deviation, and the localization accuracy of the unknown
node will decreases.

In fact, different beacon nodes have different effects on unknown nodes.
Therefore, in order to improve the positioning accuracy, we should take advan-
tage of the information of beacon nodes in the network, and give a different
weight to beacon nodes depending on the distance. So using inverse distance
weighting to deal with the ADPH is another improvement in this paper. Assum-
ing that the unknown node has saved the ADPH from the n beacon nodes, the
weights Wi are given for each ADPH value of all beacon nodes respectively. In
this paper, it is computed as follows:

C; = (3)
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4 Simulation and Evaluation

To validate our improved method, DV-Hop and improved algorithm are simu-
lated by MATLAB R2015b in this section. Both of the results are analyzed and
compared (Fig. 1).

The simulation region is a square area with an area of 100m 100 m, which
is randomly produced by rand function. As shown in Fig. 2, there are 200 nodes
in this area and the radius range of sensor nodes change from 15m to 25m.
The number of anchor nodes increase from 5 to 25. Each experiment state is
simulated 50 times, and takes the average value eventually.
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Fig. 1. Nodes distribution.

The average positioning error is defined as the ratio of the sum of the errors
of all the successfully located unknown nodes to the communication radius. The
formula is showed as follows:

V@i =) + (v — y))?
5= i . (6)

where, (x;,y;) and (z},y.) are the real coordinates and positioning coordinates
of unknown node i, respectively.

The curves showed in Figs. 2, 3 and 4 display the variation of the positioning
error under different radius. Compared with the DV-Hop, the performance of
improved algorithm is better in positioning accuracy with different radius range
of sensor nodes. The experiment curve shows that the estimation accuracy is
improved as increase of anchor node amounts, when the radiu reach a certain
value. The localization error tends to be stable when the number of beacon nodes
reach a certain value. When the beacon nodes share the same proportion, the
localization error is obviously decrease as the increase of the radiu.
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Fig. 2. The position error when the radiu is 15 m.
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Fig. 3. The position error when the radiu is 20 m.
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Fig. 4. The position error when the radiu is 25 m.

5 Conclusions

Unknown node localization in WSN has always been a research focus in WSN. To
solve the deficiencies of random distribution in DV-Hop, an improved algorithm
has been proposed in this paper. The simulation results show that the positioning
accuracy is improved on the condition of no increasing complexity and cost. The
improved algorithm is a simple and practical algorithm.
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