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Abstract 

 

Node localization technology is a key technology of WSN, and this paper proposes a rank 

sequence localization algorithm based on Voronoi and Spearman. First of all, the paper divides 

the localization space of WSN according to the Voronoi diagram, takes the polygon’s points, 

center of gravity and the boundary intersection as virtual anchor nodes, and builds the rank 

sequence list for virtual anchor nodes and anchor nodes. Afterwards, the paper calculates the 

Spearman's rank correlation coefficient of unknown nodes sequence and optimal sequence, and 

realizes the weighted estimate of unknown node location through coefficient normalization. The 

simulation results show that compared with other algorithms, the proposed algorithm improves 

the sensor’s node localization accuracy, reduces the algorithm complexity, and has higher values. 
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1. Introduction 

In wireless sensor networks (hereinafter referred to as WSN), node localization has been the 

research focus of sensor technology. Whether the node localization is reasonable has largely 

determined the WSN coverage effects. However, the environmental factors of sensor nodes may 

affect the accurate localization to a certain extent. Among node localization, it is hard to localize 

the unknown nodes. How to define the unknown node location through anchor nodes has become 

a main direction of current researches, and thus the localization technology has important 

theoretical and practical significances when studying WSN [1]. 

For studies on WSN node self-localization, domestic and foreign scholars have made abundant 

research achievements [2]. According to the actually measured nodes’ range or angle in the 

localization process, the paper divides the WSN localization into range-based localization or 

range-free localization [3]. The range-based localization mechanism is to determine the location 

of unknown nodes by measuring the actual range or angles of adjacent nodes, such as TOA-based 

localization, TDOA-based localization, AOA-based localization and RSSI-based localization [4, 

5]. Range-free localization method needs not to measure the range between nodes, which only 

calculates the location of sensor nodes according to the network connectivity and beacon node 

information, such as the centroid algorithm [6], point-in-triangulation test algorithm [7], DV-HOP 

algorithm [8]
 
and APIT algorithm [9]. 

To solve the current issues of rank sequence localization algorithm’s high complexity and low 

localization accuracy in certain areas, based on Voronoi diagram, this paper proposes a sequence 
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weighted WSN localization algorithm by introducing related concept of Spearman rank, uses the 

spatial division methods of Voronoi diagram and sequence localization ideas, relies on the import 

of virtual anchor nodes and the weighted estimate of optimal sequence, reduces the complexity of 

calculation while maintaining localization accuracy as high as possible, and effectively lowers 

network costs and energy consumption. 

 

2. Voronoi Diagram and Spearman’s Rank Correlation Coefficient 

2.1. Voronoi Diagram 

In Voronoi diagram, each basic graphic elements, being used to divide the space, is generally 

known as a point [10]. Voronoi diagram takes the planar point set P  as the point, which divides 

the plane into convex polygon-shaped Voronoi regions. In P , each point 
iP  corresponds to one 

region 
iV , so that the range between any points within 

iV  is closer than the range between other 

points. Assumed the sensor point set in a two-dimensional plane  1 2, ,...,..., m

nP p p p R  . 

The linear vertical plane bisecting 
i jP P  and 

i jp p  divide the plane into two halves, and all 

scatter points’ Voronoi regions constitute the scatter points set P ’s Voronoi diagram V(P). By 

definition, n  scatter points divide the entire two-dimensional plane into n  units, and the 

Voronoi diagram is linearly proportional to the number, and thus it is highly efficiently to 

generate the Voronoi diagram. By using these features of Voronoi diagram, this paper divides the 

localization space and builds the virtual anchor nodes. As shown in Figure 1, the solid circle node 

refers to the virtual anchor nodes, which can divide the two-dimensional region by building the 

Voronoi diagram. 
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Figure 1. Construction of Two-Dimensional Voronoi Diagram 

During the process of Voronoi division, the center of gravity’s coordinate of the anchor nodes 

is the vertex of Voronoi polygon, and the coordinate of boundary intersection is its corresponding 

center of gravity. Voronoi polygon’s plane center of gravity is calculated according to equations 

(1) and (2). Assumed that the plane center of gravity is  yx PP ,  and the polygon vertex is 

  10,  piyx ii . Where, 

1
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Side center of gravity is the key point of sides, and the point center of gravity is itself. 

1.2. Spearman’s Rank Correlation Coefficient 

To better distinguish the correlation between two rank sequences, this paper mainly adopts 

Spearman’s rank correlation coefficient, and concludes that Spearman’s rank correlation 

coefficient indicator is more suitable for localization algorithm. According to the calculation of 

Spearman’s rank correlation coefficient, in the given two localization sequence  iuU   and 

 ivV  , ni 1 , two sequence’s matching degree is determined by comparing all 
 

2

1nn
 

ranks towards  ii vu ,  and  jj vu , . If jiji vvuu   and jiji vvuu  , the rank is 

believed to match or having the same sequence; If jiji vvuu   and jiji vvuu  , the 

rank is believed to not match or having different sequence. Finally, two localization sequence’s 

Spearman’s rank correlation coefficient 
[11] 

is 

    
2

2
1

6
1 ( )

( 1 )

n

i i

i

R Q
n n




  

  (3) 

Where, 
iR  and 

iQ  are respectively two different variables’ rank in two localization 

sequences.  

 

3. Rank Sequence Localization Algorithm based on Voronoi and Spearman 

The idea of the proposed localization algorithm is: first uses Voronoi diagram to divide the 

anchor nodes in the localization space, constructs Voronoi polygons, builds the virtual anchor 

nodes through polygon’s center of gravity; builds a rank sequence list between virtual anchor 

nodes and actual anchor nodes, and finally determines the correlation coefficient between 

unknown node sequence and optimal sequence through this rank sequence list by using Spearman. 

Specific steps are as follows: 

(1) Construct Voronoi space and determine the virtual anchor nodes. Number the anchor 

nodes within the localized two-dimensional region, construct Voronoi polygon’s vertex according 

to the location of anchor nodes, number all polygons’ nodes, and take the polygon’s points, center 

of gravity and the coordinate of boundary intersection as the virtual anchor node. For the edge 

region, take the boundary intersection between Voronoi polygon and two-dimensional space as 

the virtual anchor node, which is beneficial for improving the localization accuracy of edge 

region. 

(2) Build the virtual anchor node rank sequence. According to the virtual anchor nodes, 

determine the rank sequence of other nodes. Since coordinates of anchor nodes and virtual anchor 

nodes are known, the range can be calculated by using the range formula between two points, so 
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as to determine the localization sequence of all virtual anchor nodes and get the localization 

sequence list. 
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Figure 2. Virtual Beacon Node Localization Sequence 

As shown in Figure 2, solid circles A, B, C, D are the beacon nodes, hollow circles represent 

the virtual beacon nodes, and the sequence beside each hollow circle is its localization sequence. 

Take the left-most virtual beacon nodes in Figure 2 as example, ABCD are the predefined 

sequence of beacon node number, 1143 represents the localization sequence derived from the 

range formula, which means the virtual beacon node get closest to the nodes A and B, followed 

by Node D, and Node C is the farthest. Figure 2 shows the rank sequence of all virtual beacon 

nodes in the two-dimensional localization space. By Step 2, the rank sequence list of virtual 

beacon node can be constructed in any two-dimensional space. 

(3) Use RSSI measurement to determine the range from each unknown sensor node to each 

beacon node, so as to determine its localization sequence. The whole network beacon nodes send 

packets to the surrounding nodes, and the unknown nodes divide the location sequence grade of 

sensor node to beacon node according to the obtained beacon node sequence. 

(4) Use Spearman to measure the correlation between different rank sequences. According to 

the given unknown node  yxX , ’s rank sequence U , the proposed algorithm selects the optimal 

beacon node sequence from the rank list, and builds the virtual beacon node’s optimal rank 

sequence list  MTTTT ,...,, 21 , which is contained in the optimal beacon node’s Voronoi polygon. 

The correlation at interval [-1, 1] can be normalized, transformed into the interval [0, 1] and take 

the transformed value as weight for the coordinates’ weighted operation. The coordinate of node 

X(x,y) can be estimated as 

 
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  (4) 

Where, iVB  is the coordinate of virtual anchor node corresponding to the i -th sequence in the 

optimal rank sequence list T . 
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4. Simulation Experiment 

4.1. Simulation Environment 

This paper uses Matlab simulation software to make simulation analysis of and assess the 

proposed algorithm’s performance, and selects 200 nodes to randomly distribute in a 10m 10m 

square area. The number of anchor nodes is respectively of 4, 12, 36, 108, the node 

communication radius is 2m, and all anchor nodes are located in the wireless range of unknown 

nodes. 

In order to describe the performance of the proposed algorithm, this paper compares it with the 

sequence localization algorithm and sequence three-point orthocentric algorithm from the aspects 

of localization error and calculation time. The simulation localization error eP  is defined as: 

| |
100%e

Calculatedlocation actuallocation
P

wirlesscommunicationradius


     (5) 

 

4.2. Results and Analysis 

4.2.1. Comparison of Localization Accuracy: Figure 3 shows the localization errors of three 

algorithms. According to Figure 4, although the number of anchor nodes varies, the proposed 

algorithm increases by about 8% as compared with the sequence three-point orthocentric 

algorithm and sequence localization algorithm. Due to the introduction of virtual boundary 

anchor nodes and Spearman, the proposed algorithm still remains low localization error when 

there are a small number of anchor nodes. 

 

Figure 3. Comparison of Different Algorithms’ Localization Error 

4.2.2. Comparison of Localization Time: Figure 4 respectively shows the time comparison of 

three algorithms. According to Figure 5, with the increase of anchor nodes, this algorithm time 

has been improved, and the sequence localization algorithm in literature [5] and the sequence 

three-point orthocentric algorithm in literature [6] have the same complexity. The spatial and 

temporal complexity are respectively of O(n
6
) and O(n

5
). The proposed algorithm’s spatial and 
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temporal complexity for construction of Voronoi diagram in two-dimensional space is O(m
2
), the 

spatial and temporal complexity for construction of virtual anchor nodes is O(n
3
), and the spatial 

and temporal complexity for calculation of Spearman’s correlation coefficients is O(m
2
). Where, 

m<n, so the proposed algorithm’s spatial and temporal complexity is O(n
3
), which has been 

reduced as compared with other sequence localization algorithm’s complexity. 

 

Figure 4. Comparison of Algorithms Localization Time 

5. Conclusion  

To solve the issue of rank sequence localization algorithm’s high complexity and low boundary 

region localization accuracy, this paper proposes a rank sequence weighted wireless sensor node 

localization algorithm. First of all, based on Voronoi diagram’s division of localization space, this 

paper takes the polygon’s points, center of gravity and the boundary intersection as virtual anchor 

nodes, and builds the rank sequence list from virtual anchor nodes to anchor nodes. Finally, the 

proposed algorithm calculates the Spearman's rank correlation coefficient of unknown nodes 

sequence and optimal sequence, and realizes the weighted estimate of unknown node location 

through coefficient normalization. The simulation results show when ensuring high localization 

accuracy, the proposed algorithm reduces the algorithm complexity and produces no extra 

network costs and energy consumption.  
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