Journal of Applied Science and Engineering, Vol. 21, No. 3, pp. 439-446 (2018)

DOI: 10.6180/jase.201809_21(3).0015

Research on Dynamic Node Location Optimization
Method for Wireless Sensor Networks

Hui-Min Liu

Hebei Chemical, Medicine and Career Technical College,
Shijiazhuang 050026, PR. China

Abstract

Static wireless network sensor does not consider the mobility problem of nodes in the design

process, which leads to the current node location method cannot meet the needs of dynamic wireless

sensor network positioning. Aiming at the shortcomings such as low positioning accuracy and long

response time of traditional node location strategy, a dynamic node location optimization method is

proposed. The method uses the optimized inter-node distance model to optimize the path, and

minimizes the estimated area of the unknown node through the rotatable directional antenna mounted

on the anchor node so that the estimation of the path is closer to the actual distance. The experimental

results showed that the proposed method has better accuracy and stability than the current positioning

method.
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1. Introduction

Wireless sensor network is the current hotspot re-
search in the world, involving highly interdisciplinary
approach and highly integrated knowledge [1,2]. As one
of the key technologies of wireless sensor networks, po-
sitioning technology is one of the key technologies of
wireless sensor networks. As the dynamic node size and
quality of the sensor should be relatively small, and the
node’s power supply module can only use a battery with
limited energy to achieve, therefore, the ability of the
battery to carry energy, become one of the bottlenecks in
recent years, [3,4]. Restricted by node energy conditions,
the main problem to be solved at node positioning tech-
nology is how to achieve node location with minimal com-
munication overhead and hardware cost [5].

At present, the simplest wireless sensor network dy-
namic node location method is to set the dynamic nodes
of the network with the installation of global satellite po-
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sitioning system receiver (GPS), thus determining the
dynamic node of the random change position. However,
due to the conditions, it is not possible for all nodes to
load the GPS receiver. Therefore, under normal circum-
stances, many unknown node location information must
be obtained through a certain positioning algorithm. To
improve the positioning accuracy of the dynamic node of
the wireless sensor network, Yingyan Wang et al. [6]
proposed a method of wireless sensor network node lo-
cation based on improved single anchor node. Firstly,
single mobile anchor node is moved in the wireless sen-
sor network to construct the learning sample of the wire-
less sensor location model. Then, the dynamic node loca-
tion model is constructed by SVM, and the fisherman
fishing algorithm is used to simulate the fisherman fish-
ing behavior to find the optimal SVM parameter. The si-
mulation experiment tests the positioning performance
of dynamic nodes. This method can effectively improve
the positioning accuracy of wireless sensor nodes, but
the positioning efficiency is low. Xiaomin Zhao et al.
[7] aimed at the wireless sensor node location problem
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under the situation of beacon node drift. Aiming at the
problem of the decrease of the positioning coverage after
the large number of beacon nodes in the wireless sensor
network, the positioning reliability model of the com-
mon dynamic nodes is established, and use some of the
more reliable general dynamic nodes in the locating blind
spot as the temporary beacon node. The performance of
the method is better in terms of false detection and posi-
tioning error, but the communication cost is too large.
Jinghui Wang et al. [8] proposed a distributed collabora-
tive DV-Hop improved algorithm for wireless sensor net-
work dynamic node self-localization problem. Based on
the weighted average, the average jump distance of each
unknown node is calculated based on the reliability crite-
rion, and the positioning error of the unknown dynamic
node is calculated. The unknown dynamic node with the
positioning error lower than the preset threshold is trans-
formed into the anchor node, expand the positioning range.
The method has a low positioning error, but the corre-
sponding positioning efficiency is also low. In view of
this, this paper proposed a fan-based wireless sensor net-
work dynamic node location optimization method. The
performance of the method is analyzed, and the experi-
mental results showed that the proposed method has
great advantages in calculating the cost and positioning
accuracy. Compared with the traditional node localiza-
tion method, the proposed method has the advantages of
high positioning accuracy and better stability.

2. Description of Wireless Sensor Network
Dynamic Node Location

Assuming that M; = {d; < r} represents the neighbor
node of a node i of the wireless sensor network, M; = {d;
> r} represents the neighbor node of a node j of the wire-
less sensor network, d;; represents the Euclidean distance
between nodes i and j, » represents the communication
radius, and the distance between the neighboring nodes
of the wireless sensor network is expressed by the fol-
lowing formula:

M, +M,

RND(i, j) = RND(j,i)=1-——Lm,

. M
oMM,

where m;; represents the number of identical neighbor
nodes of node i and node j. According to the RND dis-

tance model, the unknown nodes in the wireless sensor

network can be located [9], and the positioning process

is summarized as follows:

Step 1. The minimum value of the distance between the
node s; and the node s, is calculated by Floyd-
Warshall according to the RND distance infor-
mation between the obtained nodes, and is ex-
pressed by the following equation:

o (Path(s,.s,)) = min{S" END(s,.s,.,)} 2

i=1

RND,

where Path(s;, s,) represents the path of node s; and node
s,. In equation (3), where A represents all the anchor nodes
in the network.
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Step 2. According to equation (3) to estimate the distance
from any unknown node to the known anchor
node, as shown in equation (4):

d,,(s,i)=0,,, xRND, . (Path(s,i)) 4)

min

Step 3. When obtain a sufficient number of estimated
distance of the unknown nodes in wireless sensor
network, trilateral measurement method or the
maximum likelihood estimation method can be
used to obtain the node coordinates. But this al-
gorithm is still inadequate:

First, the method of the formula (1) can only use
the nodes in the range of one hop. When calculat-
ing the whole path, it is necessary to calculate the
cumulative value of the adjacent node RND on
the path, as in the equation (2), the information
between nodes separated by paths is independent
of each other and does not make full use of the
information of the same neighbor nodes between
nodes. In the network, the distance d;; of any two
nodes is in the range of {d; | 0 < d; < rhop;;},
where hop;; is the hop count between nodes i and
Jj. From the range of values, when the number of
hops of two nodes is 2, the two nodes have at
least one common neighbor node, so the RND
distance estimation of adjacent nodes should be
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extended to the interval distance estimation.
Second, it still cannot solve the path when there
is a large turning point brought by the estimated
error. When calculating the RND distance infor-
mation between node i and node &', then RND,;,
(Path(i, k")) = RND(i, j) + RND(j, k'), a large cal-
culation error occurs.

3. Dynamic Node Location Optimization
Method Based on Fan-shaped Wireless Sensor
Networks

3.1 Wireless Sensor Network Model and Basic

Assumptions

If the randomly deployed sensor network nodes are
divided into two categories: one is the sensor node to
load the omnidirectional antenna, the network density is
ps, the location information is unknown to be positioned
sensor dynamic node, which is called the unknown node;
the other is the sensor node load the rotatable directional
antenna, which has the network density of p;, and the lo-
cation information is known, is called the anchor node.
At the same time, it is assumed that all unknown nodes in
the wireless sensor network deployment area can move
quickly, the anchor nodes and the unknown nodes have
different heterogeneous networks. The anchor nodes is
thought to have sufficient energy, without regard to the
energy consumption problem. In general, the number of
anchor nodes in a wireless sensor network is less than the
number of nodes, so p, > p,. Assuming that the commu-
nication radius of the nodes in the wireless sensor net-
work is 7, and LH is a set of anchor nodes that the dy-
namic node S can communicate directly, then the proba-
bility that the number of elements in LH is K is:

2\k
r
Pt | =)= L. p )
where e represents the channel attenuation factor, and at
time 7, the estimated position of a dynamic node is ex-
pressed as /;, then the motion model of the mobile node
can be expressed as:

1
AUl )< Mxv,
p(ll |ll—l ) = T[(At X Vinax )2 I (6)

0 otherwise

where At represents the time interval of each step and
Vmax Fepresents the maximum motion speed of all nodes
in the wireless sensor network.

3.2 The Strength of the Wireless Sensor Node

Signal (RSSI) Value Calculation

The intensity of the wireless sensor node signal is re-
lated to the transmission distance. The greater the sensor
node distance is, the greater the RSSI value is. Conver-
sely, the RSSI is smaller. Each time a wireless communi-
cation transceiver module receives a data frame, it ob-
tains an RSSI value that reflects the change in signal st-
rength, so that the wireless signal propagation loss can
be converted to an RSSI value by a path loss model. In
this paper, Shadowing model is adopted as the wireless
signal attenuation model.

The first part of the Shadowing model is the path loss
model, which can calculate the average energy received
when the distance is d;, showed as p, (d). Let the existence
of two anchor nodes 4’ and B’, which has the distance of
do, then:

p,@))" _d
[mdo)j 4, (0

where p,(dy) represents the average signal strength of
the anchor node A’ received from B’, and p,(d;) repre-
sents the average signal strength of the under-tested node
(' received from A'; d; represents the distance between
C’" and A’, and [3 represents the path loss index. In gen-
eral, the path loss model is measured in dB as a unit of
measure. Therefore, equation (7) is transformed into:

[p.d) p,(dy)] " =d /d, ®)

The second part of the Shadowing model showed that
when the distance is constant, the received energy change
is a lognormal random variable and satisfies the Gaussi-
an distribution. If the unit is in dB, then a complete Shad-
owing model can be expressed as:

[.(d))/ p,(d,)]=~10Blog(d, / dy)+ X 45 ®

where X5 represents a Gaussian random variable. At
the same time, this paper simplifies the Shadowing mo-
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del, ignores the second part, and finally converts the wire-
less signal propagation loss into RSSI value through the
path loss model.

3.3 Location Initialization, Location Prediction and
Predictive Location Filtering of Wireless Sensor
Network Dynamic Node
In the shadowing wireless signal attenuation mo-

del, the time is divided into discrete time slots, because

the dynamic network nodes are always moving, the his-
torical location information may be independent of the
location of a node at any time. To make the positioning
method more widely used, it is assumed that the nodes
in the wireless sensor network are stationary and the
nodes with unknown location can move. The anchor
node is pre-configured in a fixed position, or its posi-
tion can be determined. Other nodes with unknown lo-
cation are randomly distributed. After the wireless sen-
sor network is deployed according to formula (2) and
formula (3), the unknown dynamic node estimates its
position and predicts the next position. After obtaining
the next prediction position of the moving node by p(/; |
l,-1), the unknown dynamic node uses the received an-
chor node information to determine the current position
estimation value of the anchor node through the overlap
of the fan area of the anchor node. Assuming o, repre-
sents the position observation information at time ¢, the
prediction point which is not in the overlapping region
can be filtered with p(/; | o,) in the previous prediction
position and the prediction point is randomly generated
in this area instead of the deleted prediction point. As a
new positioning model to re-positioning, followed by
the cycle until the end of the positioning process. Whe-
rein the probability of filtering for each predicted posi-
tionis 0 or 1. If the deployment area of the wireless sen-
sor network is determined by the origin (0,0) and (Xpax,

Ymax) of the Cartier coordinates, the initialization sam-

ple of the node is:

{x,. =randx X, (10)

y, =randxY_

where (x;, y;) represents the initial sampling point posi-

tion coordinate and rand represents the filter coefficient.
If the maximum velocity of the node motion in the

wireless sensor network is vy, and the position of the

unknown node i is s, | at time ¢ — 1, then the dynamic
node i must be located in the circle with s/, as the center
and A¢ X Vg as the radius. Define At = 1s, then:

—— i d(, 1) <A,
p )= mvi, ‘ (11)

0 otherwise

At this stage, since the number of samples obtained
with the anchor node information in the unknown hop
range is small, the use of two-hop anchor node informa-
tion can effectively increase the number of reference to
the sample. However, if more jumping anchor node in-
formation is used, it is difficult to limit the constraint
conditions with the node communication range and will
greatly increase the computational cost and traffic. Thus,
false or useless predictive positions can be filtered based
on the information of the hop and the two-hop anchor
nodes. The above process assumes that the time is dis-
crete and all observations are received immediately. There-
fore, each node can receive the position information from
the anchor node in the fan-shaped area covered by the
anchor node at time ¢, that is, the anchor node L transmits
its current position information, and the unknown node S
simultaneously receives the information of the anchor
near its neighbor node L2, the relationship of node S can
be expressed as:

¢— S HELLO|ID,

{(UD,,,loc,, )} (12)

where (IDp,, loc,, ) represents the average distance of
each anchor node.

Setting S; (0, (), ) as the sector of the anchor node i
at ¢, and the angular information of the anchor node 0;(?)
= {0/ min(> 0ijmax} indicates the direction of the rotat-
able directional antenna, where 6, ; min(), and 0, ; max( re-
present the lower and higher range in the sector, Con-
tains the fan-shaped area information currently covered
by the directional antenna. The multiple information that
the sensor collects from the multiple propagation of each
anchor node is:

Si ®= Si,,, (ei,‘j ®, j)([DLz’locLz‘) (13)

The intersection region ROI(t) of the plurality of sec-
tors of the wireless sensor network can be expressed as:
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|LH,|

ROI() =([S,,©) (14)
i=1

Assuming LH represents the unknown node S can com-
municate directly with the set of all anchor nodes, WN
represents the set of nodes that can communicate directly
with the neighbor node of node S, but cannot communi-
cate directly with node S. At the same time, assume that
all angles refer to the x'-axis. The filter condition for any
predicted position b of the unknown node S can be ex-
pressed as:

fib)=VLH, € LH,d(b,LH,)<r A0, .., <N <0,

(15)

filhy=VWN, e WH,d(WN,LH,)<r A0
ANAWN,,b)<r

i,min

<N, <6, (16)
where 1 represents the straight angle of the connection
b and LH;, n, represents the straight angle of the con-
nection LH; and WN,, 0; min and 0; max represent the mini-
mum angle and the maximum angle of the fan node of
the wireless sensor network respectively.

Since the anchor node coordinates and the beam di-
rection are known, the range of 1 can be determined. If
the filter conditions of formulas (16) and (17) are false,
then the probability is p(/; | o;) = 0, and the predicted po-
sition is false. Otherwise, the probability p(/; | o,) = 1, that
is, the forecast position is reasonable, acceptable. Since
the erroneous prediction position is deleted by the above
filter condition, the predicted position of the filtered node
may be less than A, so it is necessary to randomly gener-
ate some prediction positions in the prediction area satis-
fying the filter condition so that the total number is kept
at V. Subsequently, the above position prediction and po-
sition filtering stages are repeated until the estimated po-
sition of all N nodes is obtained in the wireless sensor
network.

4. Experimental Results and Analysis

The wireless sensor nodes are randomly distributed
in the 200 x 200 square meters, the number of nodes is
200 (60 anchor nodes, 140 nodes to be measured). The
communication radius is 2 meters. The simulation exper-

iment is carried out on the Matlab platform. The distance
between nodes is 2 m. Unknown nodes use a free random
motion model that does not know their own motion di-
rection and only knows the speed of random value from
0 to the maximum v. Define the maximum velocity be-
tween the anchor node and the unknown node is v’ = 25
m/s, the positioning time interval is 2s.

The error of the wireless sensor network node loca-
tion is:

error =(x, = x,)’ = (3, -3, (17)

The accuracy of the wireless sensor network node posi-
tioning is:

PA=(x,-x) -(v.-7,) I D, (18)
where x, and y, represent the estimated point of the wire-
less sensor network node, x, and y, represent the true
position of the node, and D, represents the current com-
munication radius.

Almost all the existing dynamic node localization me-
thods use the expression of formula (17) and (18) to eval-
uate the positioning error. Therefore, to facilitate the com-
parison with the proposed method, we also use the evalu-
ation indexes of expression of formula (17) and (18) to
express the positioning error of different methods. In ad-
dition, to eliminate the contingency factors in a single
experiment, statistically verify the positioning performance
of the positioning method, each set of experimental data
were analyzed using the mean of multiple randomized
experimental results.

Through the simulation experiment of group 1, the
change of network positioning coverage (%) under the
condition of different numbers of anchor nodes (s) com-
pared with the methods proposed in reference [7] and [9].

The results in Figure 1 showed that the node cover-
age of the method proposed in reference [7] increases
with the increase of the number of anchor nodes. How-
ever, when the number of anchor nodes is small, the node
coverage is not high. When the number of anchor nodes
is greater than 30, the coverage rate of the node is only
80%. In our method, when the number of anchor nodes is
small, the nodes of the wireless sensor network can be lo-
cated, which reduces the number of nodes in the network
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and reduces the network cost. It showed the availability
of the proposed method when the proportion of anchor
nodes is small.

Through the simulation experiment of group 2, com-
pared the positioning accuracy (%) the proposed method
and the methods proposed in reference [7] and [9] with
different number of anchor nodes. It can be seen from
Figure 2 that the positioning accuracy of the three differ-
ent methods increases with the number of anchor nodes.
Under the same conditions, the accuracy of the proposed
method is much higher than that of the reference [7] and
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Figure 1. Comparison of wireless sensor network positioning
coverage in different methods.
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Figure 2. Comparison of positioning accuracy in different
methods with different number of anchor nodes.

[9]. This is mainly due to the introduction of RSSI infor-
mation in the proposed method, which increased the an-
chor node weight information, and improved the dy-
namic node positioning accuracy. Figure 2 also showed
that when the wireless sensor network anchor node den-
sity is small, the node positioning error is large, when the
anchor node density increases, the positioning error is re-
latively small.

The comparison of the performance of the three me-
thods are shown in Table 1. No additional hardware over-
head is required in different methods, the methods pro-
posed in reference [7] and [9] requires a higher anchor
node density, and the proposed method only required a
small number of anchor nodes with variable transmit power
and the fault tolerance is not affected by the ranging er-
ror. So, the cost of the proposed method is low.

Through the simulation experiment of group 3, the
influence in three methods is compared. The nodes are
randomly arranged in the 100 x 100 m” area, select any 4
of them as anchor nodes Figure 3 showed that with the
increase number of sensor network nodes, the proposed
method has maintained a good positioning accuracy. In
particular, when the number of nodes is less than 10, the
proposed method can maintain high positioning accu-
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Figure 3. The influence of the total sensor node number in
different methods.

Table 1. Comparison of positioning performance in three positioning methods

Evaluation index The proposed method Method proposed in [7]  Method proposed in [9]

Anchor node density Low High High

Positioning accuracy  Associated with the anchor node density Moderate Moderate

Fault tolerance Not affected by distance error High Low

Coverage Associated with the anchor node density High Associated with the anchor
node density

Network cost Low High High
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racy in the sparse node environment, when the position-
ing error in methods proposed in reference [7] and [9] is
very large. The proposed method is proved to be more
suitable for large-scale, low-density dynamic sensor lo-
calization of wireless sensor networks.

The influence of the communication distance (m) of
the dynamic node of the sensor in different positioning
methods is evaluated by the simulation experiment of
group 4, as shown in Figure 4. The accuracy of the pro-
posed method is better than that proposed in reference
[7] and [9]. When the communication distance of the
sensor dynamic nodes is 20 m, 40 m, 60 m, 80 m, 100 m,
120 m, respectively, the position error (m) in the pro-
posed method is about 60% lower than that of [7]. When
the communication distance of the sensor dynamic node
is less than 40 m, the error in the method proposed in ref-
erence [9] is obviously larger. It is proved that the pro-
posed method has great anti-interference effect on dy-
namic node communication distance.
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Figure 4. The influence of the communication distance of the
sensor nodes in different positioning methods.

According to the simulation experiment of group 4,
the positioning error change of the proposed method and
the methods proposed in reference [7] and [9] are given
in the case of the path loss factor of 2.5, 3.5, 4.5 and 5.5,
simulation data as shown in Table 2.

As shown in Table 2, the positioning error of the me-
thod proposed in reference [9] is the largest, and the posi-
tioning accuracy of the proposed method is the highest,
which is mainly due to the optimization of the inter-node
distance model for path optimization. The rotatable di-
rectional antenna mounted on the anchor node minimizes
the estimated area where the unknown node is located so
that the estimated distance of the path is closer to the ac-
tual distance, thus ensuring the positioning accuracy of
the proposed method.

The energy consumption of sensor dynamic nodes in
different localization methods is analyzed, as shown in
Figure 5. During the experiment, the proposed method of
energy consumption has been in a relatively stable state,
the energy consumption fluctuation range is relatively
large in the methods of literature [ 7] and [9], which is not
steady state. The experimental results show that the dy-
namic node energy consumption of the method is low

Table 2. Comparison of the number of beacon nodes with
25 different path loss factors

Path loss The proposed  Method in Method in
factor/g method reference [7]  reference [9]
2.5 27.63 m 32.51m 29.36 m
3.5 35.98 m 45.68 m 59.74 m
4.5 38.59 m 56.49 m 69.58 m
5.5 46.41 m 58.84 m 75.98 m
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Figure 5. Energy consumption of sensor nodes under different methods.
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and the running state is stable.

By analyzing the performance indexes of positioning
method, including positioning accuracy, fault tolerance
and network cost and coverage rate, three positioning
methods comprehensively compared in the theoretical
level, and then verified by the simulation. This kind of
localization method belongs to the distributed node lo-
cation method, and the dynamic wireless sensor network
does not need any additional hardware support and the
energy cost is small, which is an ideal scheme for wire-
less sensor network node location.

5. Conclusion

In the wireless sensor network, the node location in-
formation is the premise of the event location report,
tracking and other system functions. To provide effective
location information, the sensor node must be able to lo-
cate in real time after deployment. Based on the compre-
hensive analysis of existing positioning algorithms, this
paper proposed a dynamic node location optimization
method based on fan-shaped wireless sensor networks.
Simulation results showed that the RSSI information is
introduced in the dynamic node location optimization
process, which enriches the information of location, im-
proves the positioning accuracy and reduces the position-
ing error without increasing the cost and communication
power. However, this method is analyzed under the ideal
situation, real-world environment often exists non-line
of sight, communication blind spots and other issues, fu-
ture studies need to further consider these issues.
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