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Abstract

The distance vector-hop wireless sensor node location method is one of typical range-free location methods. In
distance vector-hop location method, if a wireless node A can directly communicate with wireless sensor network
nodes B and C at its communication range, the hop count from wireless sensor nodes A to B is considered to be
the same as that form wireless sensor nodes A to C. However, the real distance between wireless sensor nodes A
and B may be dissimilar to that between wireless sensor nodes A and C. Therefore, there may be a discrepancy
between the real distance and the estimated hop count distance, and this will affect wireless sensor node location
error of distance vector-hop method. To overcome this problem, it proposes a wireless sensor network node
location method by modifying the method of distance estimation in the distance vector-hop method. Firstly, we
set three different communication powers for each node. Different hop counts correspond to different communi-
cation powers; and so this makes the corresponding relationship between the real distance and hop count more
accurate, and also reduces the distance error between the real and estimated distance in wireless sensor network.
Secondly, distance difference between the estimated distance between wireless sensor network anchor nodes and
their corresponding real distance is computed. The average value of distance errors that is computed in the second
step is used to modify the estimated distance from the wireless sensor network anchor node to the unknown
sensor node. The improved node location method has smaller node location error than the distance vector-hop
algorithm and other improved location methods, which is proved by simulations.
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1. Introduction

The wireless sensor networks (WSNs) has been applied in many fields [1-4], including industrial
monitoring systems, environment monitoring, and smart home devices, etc. WSNs consists of nodes,
which can communicate with each other for so long as one node is within another node’s communication
range. The nodes in WSN can be divided two types: one is the anchor node, which has the global
positioning system; its position information is known, whereas the positions of WSN unknown nodes
have to be determined. Position information of each node is essential in surveillance, geographic
environmental monitoring, geographic environmental monitoring, traffic condition monitoring, and
patient tracking in healthcare. If the position of the node is unknown, the information it sends is useless.

There are two node location methods for WSNs: the range-based node location method and range-free
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node location method [5,6]. The range-based node location algorithm for WSNs requires the real physical
information, such as angle or distance. It has a smaller location error, but it is easily affected by physical
barriers; and so there is a need for additional devices that gather physical information. The range-free
algorithm uses the relationship between nodes to locate unknown node positions. It has lower requirements
in terms of node hardware compared to the range-based algorithm. This article mainly concerns the use of
a range-free node location method to accurately determine the position information of unknown WSN
nodes.

In recent years, a great many of range-based node location methods are introduced in WSN research.
Examples include time of arrival node location method for WSNs [7,8], time difference of arrival node
location method [9], angle of arrival node location method [10], etc. Although these algorithms have higher
location accuracy, they need additional equipment for measuring the angle or distance, which in turn will
consume energy and reduce the working lifetime of each node. Therefore, the range-based WSN node
location method is only useful for specialized applications.

The range-free node location method only requires gathering information from anchor nodes to determine
the relationships between anchor nodes and WSN unknown nodes to estimate the position of WSN unknown
nodes. It does not require any additional equipment, and so it consumes less energy, thus increasing the
working lifetime of each node. The range-free algorithm is therefore suitable for a wider range of
applications compared with the other method. Typical range-free algorithm-based methods include Centroid
location method for WSNs [11], approximate point in triangulation test (APIT) node location method [12],
and distance vector-hop (DV-Hop) location method [13]. The Centroid method utilizes the mean value of
coordinates for WSN anchor nodes and surrounding unknown sensor nodes to estimate their positions;
however, this method has a larger error associated with estimating unknown node location. The node
location method that is based on APIT uses anchor nodes to form a triangle; if an unknown node is located
within the triangular area, its position relative to each anchor node coordinate is recorded, and the average
anchor node coordinates are used in the location of unknown sensor node. The method has better
performance than Centroid, but the location error is also larger.

The DV-Hop method is a typical range-free location method, which utilizes the hop count between
wireless sensor anchor nodes and unknown sensor node as well as real physical information in order to
determine the unknown node location; this method has a lower complexity. Based on the research of DV-
Hop algorithm, many improved methods have been proposed in recent years. For example, Sheng and
Zhang [14] improved the accuracy of estimated distances between WSN nodes by modifying the average
distance per hop. Yang and Zhang [15] proposed dividing node communication power into several parts in
an effort to determine the hop count more accurately, and they modified the average distance per hop in an
effort to reduce location error. However, their method has lower location accuracy than that of the DV-Hop
method. Fang et al. [16] proposed a node location method by modifying the hop count between anchor
nodes and wireless sensor unknown nodes.

To further more reduce the location error, we improve the DV-Hop method by decreasing the error
associated with location, and the error between the real distance and hop count. In this section, we have
introduced the main WSN methods and briefly reviewed recent developments in the field. In Section 2,
original DV-Hop location method is introduced. In Section 3, it analyzes the DV-Hop method, and
introduces the improved DV-Hop algorithm for reducing location error. In Section 4, our simulations are

provided and analyzed. Our findings are summarized in the last section.
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2. Distance Vector-Hop Algorithm

It supposed that all sensor nodes are randomly employed in the whole workspace. The anchor nodes
are accounted for using the global positioning system, which determines their coordinate information.
The DV-Hop method utilizes the hop counts between each unknown node and other WSN anchor nodes
in its gathering of real physical information. The principle of the DV-Hop algorithm proceeds as follows:

First step: Information is broadcasted to all WSN nodes by anchor nodes within their communication
range. The information includes coordinates, node identification, and hop count (we set the value at 0
when it broadcasts). If a node receives the information, it updates the information by increasing the hop
count (to 1), and then broadcasts the updated information. Therefore, an anchor node will receive dif-
ferent information that comes from the same anchor node via different routes. The different information
contains many hop counts. Therefore, the hop count between different anchors can be obtained. The WSN
anchor node uses the (1) to compute the average distance of per hop. That is

/Z#;\/(x,-ij)2+(yifyj)z (1)

D

J#E

hopi =

where h; ; is minimum value of hop count from sensor anchor node i to sensor anchor node j, (x;,y;) is
WSN anchor node i position coordinate, (x]-, y,-) is the WSN anchor node j position coordinate, hop; is
the average distance per hop of WSN anchor node .

Second step: Calculating the estimation distance from an unknown sensor node to other sensor anchors

is performed as follows:
d; = hop,; x chop;, 2

where d; is the computed distance form unknown sensor node i to sensor anchor node k; hop; is
unknown sensor node i (the mean distance per hop); and chop; ; is the hop count from unknown sensor
node 7 and sensor anchor node k.

Final step: An unknown sensor node utilizes the received information from anchor nodes that are
around itself and least squares method to realize location. The execution of the DV-Hop method is
completed.

3. Improved Distance Vector-Hop Algorithm

In our proposed DV-Hop method, it uses the hop count from normal sensor node to anchor node, and
the distance corresponding to hop count to estimate the distance from normal sensor node to WSNs
anchor node. In the WSNs node communication range, the hop count between two sensor nodes that are
is 1. The distance corresponding to hop count is the maximum communication distance, that is, the radius
of communication range. We define the maximum radius as R. The real distance from sensor node A to
sensor node B equals R, and the real distance between from sensor node A to sensor node C equals 0.2R.
For sensor node A to sensor node B, node A to node C are positioned within the maximum range, so,
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using the DV-Hop method, the hop count we obtain from wireless node A to wireless node B is the same
as that from wireless node A to wireless node C. Therefore, the estimated distance from wireless node A
to wireless node B is the same as that from wireless node A to wireless node C. However, the real distance
that is from wireless node A to wireless node B is actually different from the distance that is from wireless
node A to node C. Location is mainly based on estimated distance of nodes, so error of estimated distance
directly affects the location accuracy.

To overcome this problem, we can improve the DV-Hop algorithm by adjusting communication power,
and by modifying the method of estimating mean distance per hop. Firstly, three different communication
powers are set for all WSN nodes. The different communication powers have different communication
ranges, and different communication ranges correspond to different hop counts. We define the maximum
range as R. The three different maximum communication distances corresponding to four different
communication powers are 0.3R, 0.6R, and 0.9R. If the maximum value of communication distance
between two nodes in WSNs is 0.3R, the hop count between two wireless nodes in the range of maximum
communication range is 0.2. If maximum value of communication range equals 0.6R, the hop count of
two WSN nodes equals 0.5 within the range of the maximum communication range. If the maximum
value of communication range is 0.9R, the hop count of two WSN nodes equals 0.8 within the range of
the maximum communication radius.

Secondly, we compute the hop counts from the sensor anchor nodes to sensor unknown node. The
information (that includes power information, coordinates, node identification and hop count) is
broadcasted to the networks sequentially using the three different powers by WSN anchor nodes, which
range from the minimum power to maximum power. The unknown nodes obtain the information, update
the hop counts, and then transmit the updated information within the network using the different powers.
The hop count is not always expressed in the form of an integer; however, this method can be used to
obtain a more accurate hop count from one node to other node in WSNss.

Thirdly, the mean distance per hop (hop;) is computed by using Eq. (1) for anchor node and Eq. (2) is
used to compute the estimated distance from one sensor anchor node to the other sensor anchor nodes. In
order to do this, we must already know the position information of the sensor anchor node, and so we can
use real physical position-related information to calculate the real distance between each WSN anchor.
The average error distance from the real distance for each WSN anchor node to estimated distance from

each anchor node is expressed as:

z”‘,(Dnl/ 7Deuj)
B (3)
(n-1)

where n denotes the number of WSN anchor nodes, D7; ; and De; ; denote the real distance and the
estimated distance from anchor node i to all other WSN anchor nodes, E; is the mean error distance from
one anchor node i to the other anchor nodes.

Finally, we compute the mean distance per hop for unknown nodes. Each unknown node will receive
the mean distance of per hop from three sensor anchor nodes. They are the sensor nodes nearest to the
WSN unknown node. We use these three mean distances from the WSN unknown node to the three
anchor nodes nearest to the unknown node to estimate the mean distance per hop for unknown node as

follows:
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3
Z B xhop;
dhop =P )
i 3
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whereby h; ; is hop count from unknown node 7 to one of the nearest three wireless sensor anchor j,
Ahop; is the modified mean distance per hop for WSN unknown node i, hop; is the mean distance per
hop of wireless anchor node j. Based on Eq. (4) and hop count from wireless unknown node i to anchor
node j, we can obtain the estimated distance from unknown sensor node i to sensor anchor node ;j as

follows:
D, ;= Ahop; x h;; Q)
To further reduce the distance error, we use Eq. (3) to modify Eq. (5):

D, ; =D, +BxE, (6)

i =

where Dy, ; is the modified estimation distance from sensor anchor node j to unknown sensor node i,
D,; ; denotes estimation distance from unknown node i to WSN anchor node j, Ahop; denotes average

distance per hop for wireless unknown sensor node i, and f denotes the adjustment factor, set to f=1/R
(R is maximum value of communication range for wireless network nodes).

The relationship between the coordinates of each node and estimated distance is given as follows [17]:

Dy = —x)+(v,—»n)

Dyis=(5—%)+(y,—»)? O]
Dr%u‘,/‘ =(x _x/)z +( _y;)2

where D,,; ; denotes computed distance from WSN unknown node i to all WSN anchor nodes j; (x]-, yj)
is the position coordinate of WSN anchor node j; and (x;, ;) is the estimation coordinates for WSN

unknown node i. Using Eq. (7), we can get:

xlz_x?_z(xl_xj)xi+ylz_y%_2(yl —y,-)yi =D;,-D;

‘il mij
x3 _sz' -2(x, _xj)xi +¥3 —y,z- -2(», _yj)yi =D _Dr%ti,j ®
x;l—] _x% _z(x/‘—] _x/)x/ +.V/2>1 _J/% _2()’/71 _.V,’).V/ = Dr’fu‘,(/—l) - Dr%t[,/

We express Eq. (8) as a matrix, which represents:
AX =B ©

We state that X = [x;, y;]7, which in turn are the coordinates of the estimated position that are used to
determine the value of WSN unknown node i. Thus,
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(x _xj) 62 —y_,-)

—x, -y, 10
A=2x (x, x‘;) (62 y‘;) (10)

(x/fl_x/) (y/—]_y/)

x7 *x% + ¥ 7)’/2 +D31i.j 7D31i,l
B= x227x%+y227yj2+Drii,j7Dr%ri,2 )
Xj =X+ Yy —yi+Dy =Dy

The position of WSN unknown node ; is estimated as follows:

X =(ATA)'A"B (12)

4. Simulation and Discussion

We describe our simulation results for determining location, and performance of our simulation in this
section. For our model, we assume that the workspace is square and that the length is 100 m for each
side. The initial number of the system equals 100. The maximum value of communication range for
wireless network node is 50 m. The initial number of WSN anchor nodes equals 10. We use the average

relative error to measure location error. It can be expressed as:

16 —x PG, - 0) 13
Ar—R; (13)

n

where n denotes the number of wireless network unknown nodes, (x,, ) denote the real position for
WSN unknown node i, R denotes the maximum value of communication range radius, (x;,y;) denote
the estimated position of WSN unknown node i. In ideal case, the real position is the same as estimated
position for an unknown node, and the average relative location error is equal to zero. The smaller the
average relative location error in WSN, the smaller the location error is and the better the performance in
location detection. Therefore, we use Eq. (13) to measure the location error of WSN location methods
for unknown sensor node.

In our simulation, our proposed method is compared with the IDV-Hop algorithm [14], weighted DV-
Hop [15] and another improved DV-Hop algorithm [16]. The number of WSN anchor nodes equals 10,
and each method has only been run once. The distance difference between the real distance and estimated
distance for different methods are shown in Fig. 1. The distance error of our proposed method is smaller
than other methods for some unknown nodes, and is larger than those of some other algorithms for some
unknown nodes. Our improved location method has smaller location error than other wireless sensor
location methods accounting for most of the unknown nodes.

To further examine the error, we can determine the average relative location error as specified in Eq.
(13). The average relative location errors for the four different methods are shown in Table 1. The average
relative location errors for our proposed method, IDV-Hop algorithm [14], weighted DV-Hop [15], and
the other improved DV-Hop algorithm [16] are 0.0993, 0.2016, 0.1195, and 0.1302, respectively. Our

J Inf Process Syst, Vol.16, No.5, pp.1158~1168, October 2020 | 1163



Localization Algorithm for Wireless Sensor Networks Based on Modified Distance Estimation

proposed method has the smallest average relative location error, followed by that for the weighted DV-
Hop method [15]. In Fig. 2, the average location error for different location algorithms across a running
times range of 1,500 to 20,000 is shown. This shows that our proposed location method still has the

smallest average relative location error compared with the other methods for different running times.

Relative error /m

20 T T T T T T T

0 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 %
(d)

Sequence number of unknown noeds

Fig. 1. Location error for different unknown nodes for different methods: (a) obtained using method
detailed in literature [14], (b) obtained using method in literature [15], (c) obtained using method in
literature [16], and (d) obtained using our proposed method.

Table 1. Average relative location error for different methods with one run

Algorithm Average relative location error
Shen and Zhang [14] 0.2106
Yang and Zhang [15] 0.1195
Fang et al. [16] 0.1302
Proposed method 0.0993

We also ran simulations using different location methods with different settings for the communication
range radius and the number of anchor nodes. The number of anchor nodes ranges from 7 to 15. The
maximum communication radiuses are from 30 m to 50 m. The simulation results are shown in Figs. 3-7,
respectively. Our proposed location method still has the smallest average relative location error, followed
by that for the method specified in literature [15] with different number of anchor nodes. The average
relative location error reduces with increasing communication range radius with the condition that the
number of anchor nodes is constant. Based on above analysis, our improved sensor node location algorithm

has the smallest location error for WSN comparing with these methods [14—16] with different conditions.
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Fig. 2. Average relative error for the four different algorithms.
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Fig. 4. Average relative location error at R=35 m.
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5. Conclusion

An improved DV-Hop p location method is introduced in this paper. We firstly set three different
communication powers for all nodes so that each node can operate at different communication ranges.

We can therefore obtain different hop counts for different communication ranges between two nodes.
For the purpose of hop count accuracy, we select the minimum value of hop count between wireless
sensor nodes as final hop count. Secondly, we compute average value using three different average
distances per hop from sensor node that the position is unknown to three wireless anchor nodes that are
nearest to the unknown node; for this, the average value is used as the average distance of per hop for the
unknown node. Finally, we use average differences between real distances among anchor nodes and
estimated distances among anchor nodes in order to modify our estimates of the distance from the
wireless anchor nodes to an unknown wireless node. In a comparative study of our proposed algorithm
and three other location algorithms, we have shown that the error associated with our proposed algorithm
is the smallest among the four methods.
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