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Abstract. Sensor node localization is the basis for the entire wireless
sensor networks. Because of restricted energy of the sensor nodes, the
location error, costs of communication and computation should be
considered in localization algorithms. DV-Hop localization algorithm is a
typical positioning algorithm that has nothing to do with distance. In the
isotropic dense network, DV-Hop can achieve position more precisely,
but in the random distribution network, the node location error is great.
This paper summed up the main causes of error based on the analysis
on the process of the DV-Hop algorithm, aimed at the impact to the
location error which is brought by the anchor nodes of different position
and different quantity, a novel localization algorithm called NDV-
Hop_Bon (New DV-Hop based on optimal nodes) was put forward
based on optimal nodes, and it was simulated on Matlab. The results
show that the new proposed location algorithm has a higher accuracy on
localization with a smaller communication radius in the circumstances,
and it has a wider range of applications.

Keywords: Wireless sensor networks, Node localization, DV-Hop
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1. Introduction

In the application of wireless sensor networks, the sensor node location
information is critical to the monitoring activities of sensor networks. The
location of the incident or the node position of the obtained information is the
important information that must be included in the sensor nodes monitor
messages. It is meaningless for the monitor messages of no place messages.
GPS (Global Positioning System, GPS) is the most accurate and most perfect
positioning technology, which has high accuracy, strong anti-interference, and
can locate in time, etc. But if we use GPS to position, the cost of the node is
two times higher in terms of magnitude than the ordinary nodes. That is to
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say, when the nodes of 10% are equipped with GPS, the cost of the entire
network will increase 10 times around. At the same time, for sensor nodes
using battery-powered, GPS equipment with high energy consumption is not
more suitable for extensive application in sensor nodes with limited energy.
So, generally, it dose not use GPS to position all the nodes, but through some
nodes of the known location to locate other nodes.

In recent years, research on localization algorithm of wireless sensor
networks has achieved fruitful results [1-4]. According to whether to measure
the actual distance between nodes in the process of position, the localization
algorithm of wireless sensor networks can be divided into two parts: range-
based localization algorithm and range-free localization algorithm. The range-
based localization algorithm need to measure distance of nodes or angle
information, and some algorithms may also need precise clock
synchronization. Therefore, there is a high requirement for hardware of the
wireless sensor networks nodes, and the algorithm in some applications is
also greatly influenced by the surrounding environment, which has limited the
application of such methods to some extent. Compared with the range-based
localization algorithm, the range-free location algorithm has the advantages of
low cost, small power consumption, simple hardware and robust to noise and
so on, and can provide acceptable accuracy in positioning. So people are very
concerned about it in recent years.

The range-free localization algorithm can achieve localization of nodes
according to the connectivity of the network. In 2000, Bulusu, the professor of
the Southern California University proposed a location algorithm not based on
distance—centroid method, which points out, when the quantity of signals of
the anchor nodes received by the unknown nodes, is more than a preset
threshold in a time, this node will identify the position of itself for the polygon
centroid which is constituted of anchor nodes and connected with this node.
The method is completely based on network connectivity, relatively simple to
achieve, and owns smaller computation, but more number of anchor nodes is
needed. In 2001, Niculescu, the professor of the Rutgers University of the
United States proposed a new solution—DV-Distance algorithm [5-6]. The
method requires measuring the distance between adjacent nodes, then,
substitutes the sum of sub-distance with straight-line distance between
unknown nodes and anchor nodes. A disadvantage of DV-Distance is that at
the time of multi-hop transmission, the measure error of nodes can produce
accumulation effect. When the network is large, number of anchor nodes is
relatively small and hardware error of node measure distance is relatively
large, the cumulative errors become more apparent. A more robust approach
is to use the network topology information by calculating the number of hops,
rather than the cumulative distance to finish, Niculescu and Nath named it as
DV-Hop [5-6].

In this paper, we propose an improved DV-Hop scheme localization, the
main idea of our approach is to select a certain number of anchor nodes to
achieve the positioning of the unknown nodes without increasing hardware
cost of sensor node. Simulation results show the proposed algorithm has
better performance than the classic DV-Hop. The main contribution of this
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paper to the localization problem in WSN is: proposing a practical, effective
and easy localization scheme with relatively higher accuracy and lower cost.
The performance evaluation is conducted on a medium scale WSN.

The paper is organized as follows. Section 2 introduced the related work on
DV-Hop algorithm. Section 3 described the classic DV-Hop algorithm, and
then summed up the main source of error based on the detailed analysis of
DV-Hop algorithm, and the simulation experiment's results also proved the
existence of error. In section 4, we introduced the improved DV-Hop scheme,
and the section 5 introduced the simulation experiments, the experiment
results have been given and the localization errors were discussed. Finally,
we concluded the paper looked into the future in section 6.

2. Related Work

The research on wireless sensor networks node localization is still one of the
focus at home and abroad at present [7-13]; especially, some internal
research has been made on the DV-Hop algorithm research.

Zhang Zhaoyang et al [14] proposed two improved DV-Hop algorithms and
integrated them reasonably into a self-adaptive positioning algorithm called
SAP which includes two modes. Rough-precision mode uses DV-Hop |
algorithm and high-precision mode uses DV-Hop Il algorithm. In SAP, the first
mode saves the energy consumption, the second mode which use RSSI to
measure distances between nodes is enabled when target incidents happen,
so the algorithm strikes a good balance between positioning accuracy and
energy consumption. The simulation results demonstrate that SAP is more
efficient in precision and robust than DV-Hop.

Huang Hao et al [15] proposed an enhanced DV-Hop Algorithm. First, it
analyzes the location error of a similar "block effect”, and then adjusts the
location result of unknown node for unknown nodes of around anchor node.
Finally, through simulation, "block effect" has effectively been resolved; the
algorithm improved positioning accuracy and robustness.

Based on the characteristics of the DV-Hop, an improved scheme was
proposed by Chen Kai et al [16] for this typical range-free localization
algorithm in wireless sensor network. Its main principle is estimating distance
of the hops according to the number of neighbours in the same block. In order
to reduce the localization error, it uses weighted node distances to calculate
the node's final coordinate.

Yi Xiao et al [17] put forward an improved positioning algorithm based on
the DV-Hop algorithm, it shows a differential error correction scheme, in which
average per hop distance of the position network and modified value of
distance error are introduced, which is proposed to reduce cumulative
distance error and node location error accumulated over the multiple hops.
Simulation results show that the proposed algorithm can increase location
accuracy obviously.
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To improve the poor locating performance of DV-Hop algorithm in
calculating the distance of unknown nodes to beacon nodes, Bao Xirong et al
[18] presented an improved DV-Hop localization algorithm on the basis of
analyzing the error of beacon nodes' estimated distances and actual
distances. It mainly focuses on two respects: Firstly, the average one-hop
distance error of beacon nodes was modified. Secondly, considering several
beacon nodes' average one-hop, the average one-hop distance used by each
unknown node was modified by weighting the received average one-hop
distances from beacon nodes.

To enhance positioning accuracy of wireless sensor network node, a
differential error correction scheme was put forward based on the DV-Hop
algorithm by Yi Xiao et al [19], in which average per hop distance of the
position network and modified value of distance error are introduced, it can
reduce cumulative distance error and node location error accumulated over
the multiple hops. Simulation results show that the proposed algorithm can
increase location accuracy obviously and is applicable to asymmetrical
network scene.

Wu Yanhai et al [20] had done the theoretical analysis of the DV-Hop
algorithm and gave an improved algorithm. To use correction value as
estimated distance between anchor nodes and unknown nodes. Meanwhile,
TLS is applied to node localization algorithm to make further localization
accuracy. It is proved that the improved algorithm gives better localization
accuracy results than original algorithm and other existing improved
algorithms.

To improve the accuracy of localization, Li Jian et al [21] proposed an
improved DV-Hop algorithm. It is derived from DV-Hop algorithm, and uses
weight of anchors to improve localization accuracy without needing no
additional hardware device. Simulation results show that the improved DV-
Hop algorithm can provide more accurate location estimation than the DV-
Hop algorithm.

Zhang Jia et al [22] had used adjusted value of multi-hops and
corresponding correction value to reduce the distance error based on the
analysis of error sources. Meanwhile, the unknown node coordinates are
solved by introducing total least squares method, which effectively suppress
the error accumulated to improve the positioning accuracy. However, the
computation is significantly increased due to the introduction of multi-hop
distance and the corresponding correction value.
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3. DV-Hop Algorithm Analysis

3.1. Implementation Process

The core idea of DV-Hop algorithm is: the distance between the unknown
nodes and the anchor nodes is indicated by the product of multiplication of the
first received with the average distance per hop and the number of their hops.
Then the location information of unknown nodes is achieved by using the
estimated distance to all anchor nodes. DV-Hop algorithm consists of three
phases:

1) Information broadcasting

Each anchor node will convey the location information to all neighbouring
nodes. Broadcasting information format is {id;, X;, y;, Hops;}, which contains
the identity id; of the anchor node, location coordinates (x;, y;) and the number
of hops of Hops; information, and Hops; is initialized to 0. Each node receives
this data and records Hops; +1 to a table, and then continues to broadcast the
new neighbours’ node.

1
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Fig. 1. Broadcasting process of DV-Hop algorithm information
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If a node receives a packet with the same id, then it compares Hopsi with
Hopsi of packet with the same id on the table. If the new hop count is less
than the hop already existing in the table, the new hop will update the
information of hop in the table; other wise the packet will be discarded and no
longer be forwarded.

The information of each anchor node is broadcasted in the form of flooding
on the entire network, thus the hops from each node to each anchor node is
obtained. Meanwhile, the anchor node also accesses to the coordinates and
hops of all other anchor nodes. So the distance of average per hop for anchor

node is calculated by type (1):

G :Z\/(Xi_xj)z"'(yi_yj)z/zhij - (1)

Where, j is the other anchor node; h; is the number of hop between the
anchor node i and the anchor node j.

Fig. 2. Geometric representation of unknown node what is located by three anchor
node

2) Distance calculation

As for every average distance of per hop calculated by each anchor node
broadcast, its data packet format is {idi, c}. The unknown node receives the data
packets of each anchor node, and saves the average distance of per hop of each
anchor node with a table, and then continues to broadcast to its neighbours. The data
packet will be discarded in the event of meeting duplicate data packets. After the
broadcast of information, the mean value of each anchor node's the average distance
of per hop is calculated, then get the average distance per hop of entire network, here,
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we use ‘cc’ to indicate it. Then each unknown node can calculate the distance of the
node itself to each anchor node and save it into the table.

3) Localization calculation

According to the distance information of many anchor nodes that has been
obtained, the unknown node calculates its coordinates using the maximum
likelihood estimate of trilateration or multilateral measurement.

When the distance d between all anchor nodes and the location node O is
known, according to (2) calculate:

(=X)+(y,-y)* =d/
2
(% =X)+(y, = ¥)* =d;’
While (2) can be expressed as:
X12 - an + 2(Xl - Xn)x+ yl2 - yn2
_Z(Y1 - yn)y = d12 _dn2
3

Xn—l2 - an + 2(Xn—l - Xn)x + yn—l2 - yn2
_Z(yn—l - yn)y = dn—12 - dn2

The linear equation of (3) representation for:

AX =B . (4)
Where,
2(X1_Xn) 2(yl_yn)
A=|.. . 5)
2(Xn—l - Xn) 2(yn—1 - yn)

X12_)(n2 +y12_yn2 +d2n _d12
B=|.. . ©)
Xn—l2 - an + yn—l2 - yn2 + dzn -d —12

n

According to (4), the coordinates of location node O can be obtained using
estimation methods of the standard minimum mean square.

X =(ATA)ATB . @
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3.2. Error Source Analysis and Existing Optimization Strategies

From the execution process of DV-Hop algorithm, it is known that the error
mainly comes from two aspects:

1) Algorithm makes the product of the number of hop and the average
distance with per hop as the estimated distance between unknown nodes and
the anchor nodes. This algorithm has a better result only in the situation when
the true distance between nodes in the network is approximately close. The
actual situation is different. When the location of unknown node is equated by
applying the estimated distance of these anchor nodes, the position precise is
low because of the accumulated error. Figure 3 show the generating process
of error.

In the Fig.3, L« L,. L, are all anchor nodes. A is the unknown node

which need localization. The three anchor nodes know the distance to any
other one, shown as Fig. 3.: 30, 30 and 40. The distance between A and L,

is 15, the number of hop is 1. The hops between A and L, or L, is 3.
Suppose the length of the other each edge is 10.

L 30

Fig. 3. Analysis diagram of DV-Hop localization error

Known by the DV-Hop algorithm, L, L,and L, is calculated as follows:
L,: (30+30) / (4+4)=7.5;
L,: (30+40)/ (4+6)=7;
L,: (30+40)/ (4+6)=7;
After the average distance of per hop computed by the anchor node, the

anchor nodes will broadcast this value in the network. The unknown node
takes the first value of receiving as the average distance per hop. In the
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example, L, . L, and L, will respectively broadcast the calculated value
which is 7.5. 7 and 7. Because there is only one hop between node A and
L,, 7.5 is the average distance of per hop of node A, then node A will

calculate the distance between itself and three anchor nodes. The distance
between A and L, is 7.5, and the distance between A and L, or L, is 22.5.

In fact, the distance between A and L, is 15, but the calculated distance is

7.5, the error reaches 50%. It is clearly unacceptable. The error is generated
from this point.

i an i T80 200

(b) The node locate edge

Fig. 4. Distribution of reference anchor node

2) The number of hop between the unknown node and this anchor node is
larger when the anchor node is farther away from the unknown node. Error
exists in the average distance of per hop itself, so if the hop count is larger,
the error of estimate distance is much larger. If the coordinates of the
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unknown node are solved by using the estimate distance of these anchor
nodes, then the localization precise of node will reduce.

In Fig. 4, the area of 200mx200m randomly distribute 200 nodes (* stands
for anchor node, o stands for the unknown node). Where, the proportion of the
anchor node is 15%, the node communication radius is 50m.

To illustrate the simulation process, (a) and (b) are given the choice
situation respectively for the reference anchor node of the unknown node in
(100 100), (100, 0). Simulation process is divided into three parts:

Select the anchor node near to the unknown node as the reference
anchor node, relative to the selected two nodes, shown as following, the
area named A in Fig.4. At this time, most are one hop between the
unknown nodes and anchor nodes, and only a few nodes own two hops.

2. Select the anchor node far from the unknown node as the reference
anchor node, relative to the selected two nodes, shown as following the
area C in Fig.4. At this time, the hop count between the unknown nodes
and anchor nodes are two hops at least.

3. Select all anchor nodes in the network as the reference anchor. The
process is same to DV-Hop algorithm.

1 2 3 4 5 6 7 8 9 10
Simulation times

Average positioning error

|—A—nearer —a— farer —0—a11|

Fig. 5. Average location error of the different position anchor nodes in environment

Analysis of experimental data showed that, when select the anchor node
far from the unknown node as the reference anchor node, the average
location error obtained is about 48.70%. In the same condition, when select
the anchor node near to the unknown node as the reference anchor node, the
average location error obtained is about 28.94%, finally, when selecting all
anchor nodes in the network as the reference anchor, the average location
error obtained is about 33.88%. It is said that when select all anchor nodes in
the network as the reference anchor, the average positioning error is far
greater than the other two cases. The main source of error caused is the far
away anchor nodes. Finally, we conclude that:

1. The average error of selecting all the anchor nodes in the network

anchor node as a reference node is not the lowest.
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2. The affect of localization error is larger when the anchor node is far
away the unknown.

At the same time, in the simulation process we also found that, with the
difference of the size of region A, the average location error is relatively larger
when select from the unknown node closer to the different number of anchor
nodes. Aimed at the two nodes selected, we change the size of A area when
only considering the node itself position error, finally we got the anchor node
selection condition up to the lowest location error through several simulation
experiments. The area is indicated by dot line in Fig.6.
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(b) The node locate edge

Fig. 6. Minimum location error distribution of reference anchor node
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4. A New Location Algorithm NDV-Hop_Bon

4.1. The Location Idea

Under the premise of DV-Hop idea, the number of hops among nodes is
generally fixed. In order to obtain the minimum error between the estimated
distance and actual distance, it can be obtained by adjusting to the average
distance of per hop. It was found that the average location error is not the
smallest when selecting all the anchor nodes as reference anchor node of
unknown nodes, but it has a better result when select the node near the
unknown node. At the same time, the achieved product of average distance of
per hop and the hops count is the true of closet. Experimental results show
the number of optimal anchor nodes that can be up to the lowest average
location error is involved with the network environment parameters, and
different parameters of the network environment. Besides, the number of
optimal anchor nodes is different.

Thus, a new localization idea is proposed. First of all, each unknown node
initially sets a threshold named N. After exchanging information, we can get
the estimate distance of the anchor node. Then select the information of N
nodes which is received firstly, equate the coordinates of unknown nodes
using least square method. Due to only selecting the anchor nodes with the
short distance, the new localization algorithm not only reduces the
computational in the process and improve efficiency, but also achieves a
minimum average positioning by selecting the number of optimal reference
anchor nodes.

4.2. Setting the Threshold N

Lots of simulation experiments showed that the number of optimal anchor
nodes is involved with the following parameters of the network environment:
1. The area of the sensing region, we take A as the side of the sensing
region, and assuming that a sensor area is always square.

2. Communication radius of sensor nodes, it is said that the nodes within
the region of R can communicate with each other.

3. The proportion P of anchor node in the network, which means the
number of anchor nodes in the network takes the proportion of the total
number of nodes, the number of all nodes is denoted by TN.

4. The average @ of connectivity between the unknown nodes and the
anchor nodes in the network. Define:
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2.Con_ Ang;
o=1 5 ©)
n

Where, Un is the number of the unknown nodes; Con_ Anch is the
connectivity between the node i and anchor nodes in the network, that is to
say, the number of anchor nodes that unknown nodes can communicate with.

The threshold N need to change in accordance with the changes of the
network environment parameters, the specific change process is as follows:

1.

The coverage of each node in the network is relatively smaller when the
sensing area is greater and the communication radius of sensor nodes
is smaller, that is to say, A’IR? is greater. Then the number of anchor
nodes for locating the unknown nodes is larger; it is said that the value
of N is directly proportional with A*/zR®.

When the connectivity between unknown nodes and anchor nodes is
larger, that is 8 has a larger value, the number of anchor nodes within
one hop far away from unknown nodes is larger. At this time, the anchor
nodes calculate the average distance of per hop. Because the number
of per hop is smaller, it makes the average distance of per hop that is
equated too large. So the number of optimal nodes should be increased
and make it balance the length of the average distance of all per hop.

When P is very small (less than 5%), because the number of anchor
nodes is very few in the network, at this time, better results can be
gotten through selecting all anchor nodes. It’s said that the value of N is
fixed 1/P. When P is larger than 5%, the number of all anchor nodes is
increased with the accretion of the proportion P of anchor nodes in the
network. As the relationship is not linear proportional relationship, we
can set an option SP to adjust, which is a proportional factor. The value

of BPis changed by adjusting the value of f .Thus it makes the value
of BP tend to optimal.

The above analysis, the formula of the threshold N is defined as:

AL ox@+01P)  P>25%
Rz
N={2 L ox@ipP)  s%<P<25% . ©)
Rz
e P <5%
P
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4.3.

Determination of £ Factor

The above formula g is the factor of adjusting the proportion P of the anchor

nodes to the threshold. When the sensing area size and node communication
radius is constant, with changes of the proportion for the anchor node in the
network, the value will change accordingly to achieve the control of unknown
node selecting the optimal number of anchor nodes. A large number of
experiment data are obtained, and the final statistical analysis shows:

1.

With the increase of the ratio P of anchor nodes, on the one hand, the
number of optimal anchor nodes is growing with the increase of
proportion of the anchor nodes. On the other hand, the proportion that
the best anchor node relative to the total number of anchor nodes is
constantly reducing. When the ratio of anchor nodes in the network
increases, the number of the total anchor nodes increases and the
anchor nodes of around unknown nodes are increased correspondingly.
Then the increase of the number N of optimal anchor nodes ensures
that there is enough anchor nodes to locate, which helps to improve the
positioning accuracy. But due to the more overall anchor node, it can
reach optimum positioning accuracy by selecting a relatively small
proportion of the total number of anchor nodes anchor node. Reflected
in the formula, the value of g is reduced as the constant decrease of

the radio P .

When the ratio of anchor nodes in a certain range of 1) (for example
from 5% to 10%, from 10% to 15%). With the increase of the ratio of
anchor nodes, the number of anchor nodes of around unknown nodes
in the network can increase. At the same time, it can receive more high
positioning accuracy when number of the optimal anchor nodes
increases relatively. It is said that the value of g is relatively fixed

which makes N grow with the increase of P in the process of the
increase of P in this region.

With further increase of the ratio of anchor nodes (Greater than 25%).
The number N of optimal anchor node will remain in a stable range. At
this time, unknown nodes around the anchor node are enough, while
the number of optimal anchor nodes selected can achieve a lower
average position error. In theory, the value of g should continue to
become smaller to meet the fixed value of N. But because the value of
S is already smaller, the change of itself has little effect on the number

of the optimal anchor nodes, that is, the value of g has stabilized. It
means when P is greater than 25%, the fixed value of g is 0.1.

Finally, the relationship between g factor and the ratio of anchor nodes is
given, as shown in Table 1.

966
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Table 1. The relationship between g factor and the ratio of anchor nodes

P 5%~10% 10%~15%  15%~20% 20%-~25% >25%

P 20 5 2.5 0.5 0.1

5. Simulation and Analysis

To verify the performance of the new algorithm, we use Matlab to simulate,
here, assuming the sensor area is square region. The definition of the
average location error is shown as follows:

D> DR

Error =—+——— . (10)
Un

Where, D; is the difference of the estimated distance and the real distance;
R is communication radius, UN is the number of the Unknown node.

Here, the prerequisite are the following supposition: (1) The node deployed
region of wireless sensor network is the two-dimensional surface region, and
the node has the function of adjusting the correspondence radius scope; (2)
The node uses the model of free space radio wave propagation, that is to say,
the node's communication range is take the node as a central concentric
circle; (3) The node has the ability of symmetrical correspondence, and
suppose the messages of all send can be received correctly; (4) The
neighbour node can carry on the correspondence directly, namely the two
nodes in the scope of correspondence radius can carry on the
correspondence directly; (5) The part of nodes have realized own localization
through installing the GPS instalment or deploying artificially beforehand, this
kind of node is called as the anchor node; (6) There is only two kind of nodes
in the network: the anchor node and the unknown node; (7) Besides the own
position data known, the other attributes of the anchor node are the same as
the unknown node.

Fig.7 and Fig.8 show the influence of the different proportion of anchor
nodes to the average positioning error. Simulation environment are separately
(a): 200 nodes are distributed randomly in the region of 200mx200m; the
communication radius is 50m; (b) 100 nodes are randomly distributed in the
region of 100mx100m; the communication radius is 50m.

The data in chart shows that the average positioning error of NDV-
Hop_Bon algorithm is lower than that of DV-Hop algorithm, and will reduce
with the increase of the proportion of anchor nodes. The positioning accuracy
of DV-Hop algorithm tends to stabilize when the proportion of anchor nodes is
larger than 15% in the environment of (b). The new positioning accuracy of
the positioning algorithm can still be improved; the positioning accuracy is
22.3% when the anchor percentage is more than 25%.
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Fig. 7. The average location error of the proportion of the different anchor nodes in
environment (a)
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Fig. 8. The average location error of the proportion of the different anchor nodes in
environment (b)
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Fig. 9. The average location error of different communication radius in the environment
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Fig.9 and Fig.10 show the influence of the different communication radius
to the average positioning error. Simulation environment are separately (a):
200 nodes are distributed randomly in the region of 200mx200m; the ratio of
anchor nodes is 10%; (b) 100 nodes are randomly distributed in the region of
100mx100m; the ratio of anchor nodes is 10%.

0.38
0.36
0.34
0.32

0.3
0.28
0.26
0.24
0.22

0.2

Average position erro

40 50 60 70 80
Communication radius of nodes

| —=—DV-Hop  —&— NDV-Hop_Bon

Fig. 10. The average location error of different communication radius in the
environment (b)

We can see from the Fig.9 and Fig.10, NDV-Hop_Bon algorithm is superior
DV-Hop Algorithm in both environments. The average position error of the
new position algorithm is growing with the increase of communication radius
when the communication radius is up to 80m. The reason is that the
communication radius has reached 40% of sensing region side, and it is said
that most of nodes can directly communicate with any other one. Generally,
there is one hop between the anchor nodes and the unknown nodes, so the
estimate distance of computation will be smaller, thus affecting the positioning
accuracy. When the communication radius of the anchor node is 70m in the
environment (b), at this time the proportion between the communication radius
and the sensor region side is 70%. Almost all of the nodes in the network are
one hop, and the error of estimated distance also is high, so there is a decline
in positioning accuracy. This can explain that the new location algorithm has a
lower requirement for the communication radius of nodes. It is said that the
algorithm can achieve a high positioning accuracy when the nodes
communication radius are set very small. From the energy point of view, the
energy consumption is the lowest in the situation of the same position
accuracy.

Fig.11 shows the influence of the average position error for the sensor
region of difference size. Simulation experiment's environment is: the
proportion of the anchor nodes is 10%, and the communication radius of
nodes is 50m. The number of nodes becomes larger with the increase of
sensing region and the number is increased from 100 to 500. It can be seen
from the figure that the positioning error of NDV-Hop_Bon algorithm is lower
than the effect of the DV-Hop Algorithm. However, the position error can
increase with the growing of the area of sensor region. Through analysis, we
can infer that it is the affect of communication radius of node. The number of
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hops between most unknown nodes and position anchor nodes using is
relatively large if the communication radius is too small. Due to the increasing
number of hops resulted in cumulative error, thereby affecting the positioning
accuracy.

0.45

average position error
(=)
w
($2]

0. 2 1 1 1
100 200 300 400 500

The side of sensor region

[ —m—DVv-Hop —&— NDV-Hop_Bon |

Fig. 11. The influence of the average position error for the sensor region of difference
size

6. Conclusions

In order to improve the position performance of the node localization algorithm
in the sensor network of distributing randomly, the paper summed up and
analyzed the error of the position process of DV-Hop algorithm, then
proposed a new position algorithm NDV-Hop_Bon in view of the disadvantage
of all anchor node position. The new localization algorithm selects the
reference nodes of a certain number to position the unknown nodes based on
different environments. Finally, the results show that the positioning accuracy
of the new positioning algorithm is better than DV-Hop. And the algorithm has
a more prominent performance with the growing of the proportion of anchor
nodes, the increase of sensor region area and the increase of the number of
sensor nodes. Meanwhile, due to a lower requirement on the node
communication radius, on one hand, it saves the energy; on the other hand, it
can also be more suitable for the positioning of the large sensor networks.

As the newly proposed algorithm still has the limitation on the application,
when the anchor node’s energy is too low, the positioning accuracy can not
meet the requirements. At the same time, communication expense is
increased due to introduce of the computation for the number of optimal
anchor nodes. Therefore, the key issues for further research and direction is
to improve the scalability of the algorithm, optimization of anchor nodes when
the proportion is too low, and ensuring the case of the lower positioning error
with the reduction algorithm communication.
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