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Abstract—This paper carries out in-depth and meticulous analysis of the
DV-Hop localization algorithm for wireless sensor network. It improves the
DV-Hop algorithm into a node localization algorithm based on one-hop range,
and proposes the centroid particle swarm optimization localization algorithm
based on RSSI by adding the RSSI and particle swarm optimization algorithm
to the traditional centroid localization algorithm. Simulation experiment proves
that the two algorithms have excellent effect.
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1 Introduction

The wireless sensor network (WSN) is a data communication network built on the
integration of various new communication technologies and devices [1]. It is very
difficult to control the WSN because it requires a lot of sensors to complete complex
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information processing and data operations [2-4]. However, thanks to the outstanding
performance, it has enjoyed great popularity in the field of network communication.
The network is capable of acquiring a gigantic amount of information from all as-
pects. With the large number and various types of sensor nodes, it satisfies all kinds of
information needs [5]. In the WSN, the independent wireless sensor nodes have lim-
ited ability to detect, send and receive information. However, when multiple sensor
nodes are combined into one, the WSN would have an increasingly stronger capabil-
ity of information detection, transmission and reception[6]. In order to control the
numerous sensor nodes, it is necessary to set up a special network protocol. With the
protocol in place, it is possible to manage and control the data acquisition and pro-
cessing of the nodes, and to carry out monitoring and information identification of all
kinds of information within the radiation of the network, thereby fulfilling the corre-
sponding monitoring purposes [7-8].

As is known to all, computer communication undergoes a significant change in
computing model every 15 years [9]. The pattern applies to virtually every country in
the world although it is based only on the experience of developed countries. Driven
by computer communication technology, the human society is rapidly entering the
Internet era[10]. The invention and extensive use of the Internet have already brought
unprecedented changes to the economic, politics and social conditions of the world.
As a result, almost all countries across the globe are stepping up the investment on
information infrastructure [11-12]. Many new computer networks start to appear in
the investment craze. Among them, the fast growing one is the WSN. The network is,
in essence, an Internet of Things that links up sensors, water conservancy networks,
power grid, road networks, communication networks, and pipe networks. At the dawn
of the ear of the Internet of Things, the WSN is having an immense impact to people’s
living and working environments [13]. With the further development and maturation
of relevant technologies, it can be expected that the WSN would be deeply applied to
every aspect of the social life.

2 The structure of WSN

The main components of WSN are sensor nodes, sink nodes and management
nodes. The network links up the user, the detection target, and the sensor nodes in an
efficient manner, making it easier to detect the target [14].

Figure 1 illustrates the specific structure of the network. There are many sensor
nodes in the monitoring area, which are combined in a certain way to synergically
detect the target. After detecting the relevant information of the target object, the
nodes pre-process the information and send the pre-processed information to the sink
nodes. Then, the sink nodes send the received information to the control terminal. The
user can communicate with the sink nodes through the computer network. Upon re-
ceiving the monitoring request, the sink nodes send a command to the sensor nodes,
asking the latter to transmit the acquired data to the sink nodes [15-16].

In the network, the most basic units are the sensor network nodes, which can be
further divided into units like processor, sensor, A/D converter, power supply, etc.
See Figure 2 for more details.
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Fig.2.  The hardware structure of WSN

3 The improved DV-Hop algorithm

3.1  The design of node structure

The structure of WSN must be carefully designed for it has a significant effect on
the processing performance of the whole network [17]. In the traditional DV-Hop
algorithm, the location information of the anchor node broadcast is in the format of
{id, x;, yi, Hops;}, where the variables respectively represent the number, coordinates
and the current hop count of the anchor node [18]. The format is mainly for the an-
chor node. If the unknown node is already localized, this format is not often used.
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In the improved algorithm, however, each node has its corresponding information
structure. If the node is unknown, the corresponding information structure is {id, x;, yi,
Hops;}. The only difference from the traditional format is the addition of the variable
Aj4. The variable has multiple values. If the value is 0, the anchor node can be deter-
mined as a level 1 anchor node, i.e. embedded in the system. If the value is 1, the
anchor node can be regarded as a level 2 anchor node, which is transformed from a
localized unknown node. If the value is 2, the anchor node should be categorized as a
level 3 anchor node although it can also be converted from an unknown node. To
minimize the localization error, researchers generally choose advanced nodes to lo-
cate the unknown node. The format of the information on the unknown node contains
two parts: the former part is the broadcast information, including the node number,
coordinates, etc., and the latter part is the variable depicting how the unknown node
used to receive and store the data packets from the anchor node. In short, the infor-
mation should be expressed in the following format:{i, 4i, xi, yi, Hops;}. The format
contains the corresponding incident angle value, the coordinates of the node, and the
variable of the information.

3.2 The localization of unknown node

(1) When all anchor nodes in the network are in the broadcast state, the anchor
nodes send data packets on their location information to all the unknown nodes within
their communication coverage. The data packets are in the format of {i, 4i, xi, yi,
Hops;a, Di}. id stands for the number assigned to an anchor node. Each node has a
unique identification number. That is because the nodes in the network have no inher-
ent order, making it possible to encode the entire network in numbers. The id value is
pre-set and should not be changed. The coordinates of the anchor node is obtained by
GPS tools, which are highly accurate. The judgement should be make after the infor-
mation sent by the anchor node reaches the unknown node. The value of Hops;q pro-
vides the basis for judgement. If the value equals 1, save the received data packet; if it
is not 1, discard the received data packet. As the nodes in WSN are not configured
regularly, the one-hop range of an unknown node is not definite. In this case, as long
as a packet of Hops;=1 is received, the node is in the suspended state and no longer
receives any more packet. During data reception, the unknown node also judges the
Ajq of the data packet and makes choices based on the priorities. If a data packet has a
high priority and the corresponding Hopsi4=1, it would be saved while the data pack-
ets of low priority would be discarded. However, if the received data packet has a
highly prioritized A;q4, but the hop count is not 1, it would not be saved earlier than the
data packets with Hopsi4=1. The hop count is prioritized because the analysis in this
paper is based on the localization algorithm within the one-hop range. The initial
value of Ajq is either O or 1. If it is 0, the corresponding node should be regarded as an
unknown node, which cannot send data packets. Thus, if Aj4 is 0, the node can partic-
ipate in the localization of other nodes.

(2) After the unknown node receives the data packet, it firstly saves the value. If
the packet is judged as available, the node would enter the suspended state and no
longer receives data packet. The data packet information tells about the anchor nodes
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within the one-hop range of the unknown node. With a determined anchor node, the
RSSI algorithm can be used for the localization. The new RSSI localization algorithm
satisfies strict requirements on localization and reaches higher levels of short distance
measurement accuracy. The measured distance between the unknown node and the
anchor nodeis generally noted as D;. The variable is usually initialized as 0. After
determining the distance between the unknown node and the anchor node, the re-
searcher should measure the incident angle between the two nodes. The measurement
mainly relies on the AOA algorithm. To ensure the accuracy, the angle is normally
measured in the counter-clockwise direction and the result is saved as i.

(3) After all the information is processed, the researcher should perform geometric
calculation to get the coordinates of the unknown node.

X, =X, +cos6D,

Vi = Vi +sin 6D,

Obtaining the coordinates of the unknown node, the researcher needs to convert the
node into an anchor node. Some of the parameter values in the packet are fixed, while
the value of Ajq would change. If the value is 1, it can be concluded that the reference
anchor node used to localize this node is embedded in the system; if the value is 2, the
reference anchor node should be deemed as a level 2 node. Hence, the value of Ay
determines which type of anchor node the unknown node would be converted into.
After conversion, change the hop count back to 0, save the coordinates of the corre-
sponding node, and thereby obtain the data packet of the new anchor node.’

(4) After it is determined, the new anchor node would broadcast information to the
unknown nodes within its own communication coverage and, at the same time, send
the data packets it receives. Then, the researcher should convert the corresponding
unknown node. In this way, all the qualified anchor nodes would be obtained. The
localization would be complete when the entire network is traversed.

3.3  The flowchart of the improved algorithm

The function of the improved algorithm has also undergone great changes. See
Figure 3 for the flowchart. The improved algorithm achieves very high network cov-
erage by making use of the broadcast function of the original algorithm. The most
striking feature of the algorithm is the addition of multiple new nodes, which dramati-
cally expands the localization range.

4 Algorithm simulation and result analysis

For the purpose of verifying the performance of the improved localization algo-
rithm proposed in this paper, the author employs mathematical experiment simulation
software to perform a simulation analysis. The software is extensively used because it
is capable of simulating the WSN environment and identifying the localization accu-
racy of the target algorithm. In light the simulation results, it is possible to select a
proper topology, and compare and analyze the performance of different localization
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algorithms. On this basis, the algorithm can be improved to get higher localization
accuracy.
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Fig.3.  The flowchart of the improved algorithm
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(1) Taking different numbers of anchor nodes

Based on Figure 4, it can be seen that the two algorithms discussed in this paper
have basically unchanged network parameters and the only difference between them
lies in the changing values of the anchor node. In this figure, the number of anchor
nodes falls between 5 and 40 and the step size is 5. If the total number of nodes in the
network remains the same, the localization accuracy of both of the algorithms would
rise in different degrees, resulting in lower error rate, as the number of anchor nodes
increases. Nevertheless, on the whole, the improved algorithm is more powerful than

the traditional one, featuring much better localization accuracy.
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(2) Simulation of different communication radiuses

This section talks about the simulation carried within different communication ra-
diuses. Figures 5, 6 & 7 display the simulation results at three different communica-
tion radiuses: R=15m, 20m and 30m. In these figures, the x-axis stands for the ratio of
the number of anchor nodes to the total number of network nodes, while the y-axis
represents the average localization errors of the two algorithms. Comparing the three
figures, the author discovers that the number of anchor nodes is closely related to the
accuracy of the algorithms. With the increase of the number of the nodes, both algo-
rithms have higher localization accuracies and lower error rates. Besides, the error of
the improved algorithm decreases more significantly than that of the other algorithm.
Further comparison indicates that, when the communication radius is 15m, the error
of the improved algorithm is 2%-15% smaller than that of the traditional algorithm;
when the communication radius is 20m, the error of the improved algorithm is 2%-
7% smaller than that of the traditional algorithm; when the communication radius is
further increased to 30m, the error of the improved algorithm is 2%-10% smaller than
that of the traditional algorithm. The statistics reveal that the improved algorithm is
much more accurate than the traditional one within short distances. See Figure 8§ for
the specific localization accuracy of the improved algorithm at different communica-
tion radiuses. It is clearly described in the figure that there is a certain correlation
between the communication radius and the localization error. As the communication
radius increases, the algorithm has an increasing high accuracy and increasingly low
error value. As a result, the communication error can be reduced by lengthening the
communication radius.
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5 Conclusion

This paper mainly improves the traditional DV-Hop algorithm, and proposes a new
node localization algorithm based on one-hop range. After that, the author carries out
in-depth analysis of the principles and performance of the two algorithms and verifies
the performance by simulation. To sum up, this paper mainly deals with the following
issues:

(1) Through the analysis of the localization principle of the algorithm, the author
holds that it is possible to measure the spacing between anchor node and unknown
node via RSSI technology. In accordance with the requirements on specific distance
localization, the author reaches the conclusion that the RSSI helps reduce the meas-
urement error.

(2) The author introduces the AOA measurement technology. The technology im-
proves the accuracy of weapon attack because it can easily determine the orientation
of anchor node, and identify the incident angle between the two nodes.

(3) This paper mainly localizes the nodes by the mathematical method so that the
data can be easily processed in a computer. In this way, the calculation error is re-
duced without sacrificing the calculation speed.

(4) In the meantime, this paper uses anchor nodes to assist in localization. If an un-
known node has been localized, it can be used to help with the localization of other
unknown nodes. Since some nodes are far away from or beyond the measuring range
of the anchor node, it is necessary to increase the number of anchor nodes to improve
the coverage of the network, thereby fulfilling the monitoring purposes.

(5) The author selects the priority method to determine the appropriate anchor
nodes, and transforms unknown nodes according to the existing anchor nodes. Be-
sides, the author classifies the nodes into different levels, and chooses the most priori-
tized anchor nodes to help with the localization.

(6) Finally, the author simulates the two algorithms, compares the measuring accu-
racies and errors between the two, and provides the flowchart and complier language
of the new algorithm.
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