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Abstract

In this paper, the self-localization problem is studied. It is one of the key technologies in wireless
sensor networks (WSNs). And five localization algorithms: Centroid algorithm, Amorphous algo-
rithm, DV-hop algorithm, APIT algorithm and Bounding Box algorithm are discussed. Simulation
of those five localization algorithms is done by MATLAB. The simulation results show that the
positioning error of Amorphous algorithm is the minimum. Considering economy and localization
accuracy, the Amorphous algorithm can achieve the best localization performance under certain
conditions.
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1. Introduction

Wireless Sensor Network (WSN) is one of the hottest direction in the research areas of IT, developed on sensor
technology, micro-electromechanical technology and wireless communication technology [1]. WSN is widely
used in national defense, military, environmental monitoring, traffic management, medical and health care,
manufacturing, anti-terrorism disaster relief and other fields. For wireless sensor nodes, most applications need
to collect data and perceive sensor location. Localization of sensor nodes and localization of events occurred are
the basic functions of WSN. So the study on self-localization of sensor node is very important and meaningful [2].

According to the positioning mechanism, WSN localization algorithm can be divided into two classes: Range-
based localization algorithm and Range-free (non-ranging based) localization algorithm. Range-based location
algorithm is got by measuring the adjacent section. There isn’t distance and angle information in Range-free lo-
calization algorithm, so classic algorithms are: time of arrival (TOA) ranging method, time difference location
method (TDOA), the received signal strength indicator (RSSI) ranging method, etc. Range-free localization al-
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gorithm can realize node localization without distance and angle information, only according to information
such as network connectivity, classic algorithms include: centroid, DV-Hop (distance vector-hop), Amorphous,
and APIT algorithm. To compare with non-ranging based localization algorithm based on distance measurement
for the static characteristic of most sensor network application, the former is curbed in both cost and node size,
while the latter does not need additional hardware, there is an advantage in cost and power consumption. On the
other hand, the former performance is strongly influenced by environmental factors, while the latter performs
well in this respect, and positioning accuracy can meet the requirements of most sensor network applications. In
comprehensive view, the latter is more suitable for the characteristics of WSN large-scale network. As a result,
most scholars of recent research focus on the Range-free localization algorithm [3].

This paper has analyzed the five classical localization algorithms: Centroid algorithm, Amorphous algorithm,
DV-hop algorithm, APIT algorithm and Bounding Box algorithm. And through the comparison among the simu-
lation results of five kinds of algorithm performance, and the study of the influence on the localization perfor-
mance by anchor node proportion and communication radius, it can provide reference for selecting localization
algorithm and configuring parameters [3].

2. Algorithm Introductions

The problem of node localization in wireless sensor networks is to ascertain the location of unknown node
according to some localization mechanisms and based on known node. Localization mechanism embodies in
localization algorithm. The centroid localization algorithm, Amorphous, DV-hop, APIT and Bounding Box algo-
rithm are introduced.

2.1. Centroid Localization Algorithm

Centroid algorithm is put forward by outdoor positioning algorithm of network connectivity in the University of
Southern California. The core of the algorithm is that the anchor nodes broadcast a beacon signal to the network
every once in a while. The signal itself and location information contained in “received from different when the
unknown node anchor node beacon signal exceeds a preset threshold or received after a certain period of time,
the node will determine its position for the anchor nodes of polygon centroid”, “literature of centroid algorithm
is improved, the density of the proposed adaptive method, the best plans in areas of low anchor node density in-
crease of anchor nodes, in order to improve the positioning accuracy”. Fully advantages of the algorithm are
based on network connectivity, without coordination between the unknown node and anchor node. The imple-
mentation is relatively simple, where shortcoming is positioning accuracy which is not high. A disadvantage of
the centroid localization algorithm is that the localization accuracy depends on the density of the anchor node
excessively.

2.2. Amorphous Localization Algorithm

Radhika Nagpal has proposed [4] Amorphous algorithm, unlike DV-Hop, it assumes that the average network
connectivity of local is known and uses Equation (1) to compute network average hop distance. Among them, r
is the communication radius, nlocal is the average network connectivity. The average distance of each hop esti-
mated distance multiplied with minimum hop count is calculated to be positioning of nodes, and anchor nodes
also need to work out at least three distances, using maximum likelihood estimation to estimate its position or
three sided measurements.
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In essence, the Amorphous algorithm is an enhanced version of DV-Hop algorithm, the gradient correction
method and the distance of each hop algorithm calculation, and the introduction of a number of anchor nodes es-
timate refinement. The algorithm needs to predict the average connectivity of network and need higher node
densities.

2.3. DV-Hop Localization Algorithm

DV-hop algorithm based on hop count is a range free localization algorithm [5] [6] proposed by Nicolescu et al. Its
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basic principle is to use inter node hop distance to replace the actual distance between nodes.
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(xi, i) and (x;, y;) are the coordinates of anchor node i and j, respectively. h; is the jump section number
between anchor node i and j (i # j), we can calculate the coordinates of the nodes to be located. The DV-hop al-
gorithm is simple, less communication overhead, computation amount is less, the cost is low; but to achieve
good positioning accuracy, it needs to decorate the large number of anchor nodes.

2.4. APIT Localization Algorithm [7]

In this section, we describe our novel area-based Range-free localization scheme, which is called APIT. APIT
requires a heterogeneous network of sensing devices where a small percentage of these devices (percentages
vary depending on network and node density) are equipped with high-powered transmitters and location infor-
mation obtained via GPS.

The first step of APIT algorithmic is to determine a plurality of triangular region that contains unknown node,
the intersection of these triangular areas is a polygon; then to determine the smaller area including unknown
node and calculating the position of the centroid of the polygon, that is, the position of unknown node.

The APIT algorithm can be broken down into four steps: 1) gather information: information of the anchor
node near the unknown node, such as the position, identification number, signal strength degree; 2) APIT testing:
testing whether the unknown node is internal of the triangle that combined with different anchor nodes; 3) cal-
culate overlapping areas: calculate the overlapping area of the all triangles that contain unknown nodes; 4)
computing unknown node position: calculate the centroid of the overlapping area and the position of the un-
known node. These steps are performed at individual nodes in a purely distributed fashion. Before providing a
detailed description of each of these steps, we first present the basic pseudo code for our algorithm.

2.5. Bounding Box Algorithm

Semic et al. proposed [8] Bounding Box algorithm. This algorithm uses discrete communication model, and
uses a square as communication area, which take r as communication radius and 2r as side length, as shown in
Figure 1.

P is unknown node in Figure 1. Considering P as the center, within the area of r radius, there are A, B and C
anchor nodes. To make these squares which take point of A, B, C. as the center respectively and 2r as side leng.
then take the centroid of rectangular region of three squares’ intersections as the estimated location of node P. If
the P as the center, within the area of r radius, there are k as anchor nodes, the rectangular region centroid of k
squares’ intersection can be the position of the unknown node. The size and position of intersection region can
be obtained by Equation (3).
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Figure 1. Positioning principle of bounding box.
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y, max y,—r;
y, min vy, +r;
X, max X —r;
X, min X +Tr;

that (x;, y;) is the coordinates of the ith anchor nodes, i=1,2---,k.
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3. Simulation and Analysis of Algorithm

To place 200 nodes in an area of 800 m * 800 m randomly, 40 nodes there into are anchor nodes, and the com-
munication radius is 200 m. Each time postions of simulation node are generated randomly. Figure 2 is a ran-
dom simulation result. It can be obtained from nodes distribution that the average network connectivity is 29.65,
the average number of network neighbor anchor nodes is 5.76. By calling the five positioning algorithm proce-
dures, positioning error and positioning in the node distribution coverage were obtained, in which the position-
ing error of Centroid was 0.28498, the coverage rate of positioning was 100%; the positioning error of Amorph-
ous was 0.21156, the coverage rate of positioning was 100%; the positioning error of DV-hop was 0.30731, the
coverage rate of positioning was 100%; the positioning error of APIT was 0.31168, the coverage rate of posi-
tioning was 90%; the positioning error of Bounding Box was 0.29328, the coverage rate of positioning was
100%. As in Figure 2, red * represents anchor node, blue O represents an unknown node, black O represents an
unknown node that con’t be located, blue — connects the estimates location and the true location, so as to
represent localization error.

Due to the random time simulation results cannot explain the problem, 100 times simulation was done under
each of the different conditions, and calculated the average localization error to research five algorithms’ per-
formance.

In Figure 3 the x-coordinate is the proportion of anchor nodes number to total nodes number, the Y-coordi-
nate is the average location error. Figure 3 shows the relation between anchor nodes proportion and localization
error of centroid, Amorphous, DV-hop, APT and Bounding Box algorithm, while placing 200 nodes in an areas
of m * 800 m. It can be seen from Figure 3 with the increasing of the proportion of anchor node, the average
localization error of five algorithms of node showed a trend of decline. The down trend of Bounding Box algo-
rithm is the most obvious, because the increase of anchor nodes proportion inevitably leads to the increase of
anchor nodes number in each unknown node’s communication radius, and leads to the increase of the number of
squares with side length of 2 times the communication radius and taking those anchor nodes as center, then the
intersection region of those squares become smaller, so the estimated location of the unknown node becomes
more accurate, and the localization coverage rate becomes higher. In the two kinds of algorithms: DV-hop and
Amorphous, the main localization error comes from the calculation process of the average distance of each hop,
so the decreased trend of localization error is relatively slow while the anchor node proportion increases. The
Amorphous algorithm can always achieve fine localization accuracy in different anchor node proportion, taking
into account economic factors, the localization performance is fine while the anchor node proportion is 15%.

4. Conclusion

Simulation experiments were carried out to compare the performance of five algorithms and we studied the per-
formance change of five algorithms with anchor ratio and communication radius. The simulation results show
that the localization error of Amorphous algorithm is minimum. Considering the economic benefits and posi-
tioning accuracy, the best localization performance of Amorphous algorithm was achieved when anchor ratio
was 20% and communication radius was 200 m in the condition of distributing 200 nodes randomly in 800 m *
800 m square area. The next step will focus on the positioning precision and how to reduce the power consump-
tion of nodes and prolong the network lifetime.
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Localization error diagram
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Figure 2. A random simulateion result. (2) Node distributeon diagram. (b) Neighbor relationship diagram. (c) Localization
error diagram of Centroid algorithm. (d) Amorphous Localization algorithm. (€) DV-hop Localization algorithm. (f) APIT
Localization algorithm. (g) Bounding Localization Box algorithm.
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Figure 3. Localization error curve with the change of anchor radio.
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