
International Journal of Future Generation Communication and Networking 

Vol.6, No.5 (2013), pp.45-52 

http://dx.doi.org/10.14257/ijfgcn.2013.6.5.05 

 

 

ISSN: 2233-7857 IJFGCN  

Copyright ⓒ 2013 SERSC  

An Improved Weighted Centroid Localization Algorithm 
 
 

Li Bin, Dou Zheng*, Ning Yu and Lin Yun 
College of Information and Communication Engineering 

Harbin Engineering University 
Harbin, China 

douzheng@hrbeu.edu.cn 

Abstract 
As one of the most important applications of wireless sensor network, positioning 

technology has become a extremely hot research filed. Taking into account of the position of 
beacon nodess, they make an effect on the positioning accuracy of unknown nodes. Therefore, 
in this paper, it proposes a new weighted centroid localization algorithm based on the 
traditional algorithm. For the selection of weight, the distance between beacon nodes and 
unknown nodes, and the slide length of the triangle are used to formed as the weighted factor. 
Experiment Simulation results show that this algorithm increased localisition accuracy than 
that of traditional algorithm. 
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1. Introduction 

Wireless sensor networks (WSN) is considered to be one of the most important 
technologies in the 21st century that have a huge influence on the production and life. It has 
broad prospects in the military, environment, health, family, and other commercial fields. 
Node localization has been a topic of active research in recent years. The positioning 
algorithm can be divided into range-based and range-free. 

Range-based localization algorithm need to measure the relative distance or orientation 
between adjacent nodes at first, then use the triangulation method, trilateration or maximum 
likelihood estimation method to calculate the unknown node's location. Ranging techniques 
used commonly include the received signal strength indicator (RSSI) method, the time of 
arrival (TOA) [1] method, the time difference of arrival (TDOA) and the angle of 
arrival(AOA) [2] method. Range-free localization algorithm using the additional information 
between nodes to estimate the distance to calculation node locations. It includes centroid 
algorithm, DV-HOP algorithm, Amorphous location algorithm [3] and APIT algorithm [4]. 
 
2. Traditional Centroid Localization Algorithm Model 

Traditional centroid localization algorithm is one of the Range-free localization 
algorithms. The beacon nodes within the wireless communication of unknown node 
form a polygon. We regard the centroid of the polygon as the unknown node’s 
locations. It is shown in Figure 1. 
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Figure 1. Schematic of Centroid Localization Algorithm 

For six given anchors: a aA x , y（ ）, b bB x , y( ) , c cC x , y( ) , d dD x , y( ) , e eE x , y( ) , 

f fF x , y( ) , the coordinates of the unknown node can be calculated as follows : 

6
a b c d e fx + x + x + x + x + x

x =                                       (1) 

6
a b c d e fy + y + y + y + y + y

y =                                     (2) 

Centroid algorithm can be achieved only with the node connectivity, calculation 
method is simple, fast, this method is simple. However, we need more beacon node to 
improve the accuracy. 
 
3. Weighted Centroid Localization Algorithm 

Theoretical proof, the larger the RSSI value that the unknown node receive from the 
beacon node, the smaller the distance between two nodes, then the beacon nodes have greater 
influence on unknown node, and vice versa. In addition, when the beacon nodes form 
triangles or polygons, its positioning accuracy is higher than that any deployment in the area 
to be positioned. 

In order to reflect the effect that the beacon nodes’ position has on the unknown nodes, we 
use the weighted centroid localization algorithm. There are a total of n beacon nodes in the 
wireless range of the unknown node N .Any three of these beacon nodes can form a triangle. 
The model shown in Figure 2 illustrates the algorithm. 
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Figure 2. Schematics of Weighted Centroid Localization Algorithm 

In literature [6], the algorithm takes the reciprocal of the sum of distance as the weight. As 
shown in the following formulas: 
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Where ( )i ix , y is the coordinates of the node N that estimated by the triangle, ABC∆ . 

ad , bd , cd are the distance of the node N to nodes A, B, C. ( )a ax y, , ( )b bx y,  and 
( )c cx y,  are the intersection point of the three circles by using trilateration. 
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Where, ( )x, y  is the approximate coordinates of the unknown node, 3
nk = C , ix , iy  is 

the coordinate of unknown node calculated by the triangle, a(i)d , b(i)d , c(i)d  are the 
distance of the unknown node to the three vertices of the triangle. 

The weight factor reflect the smaller the distance between unknown node and beacon 
nodes, the greater the influence that beacon nodes have on the unknown node. 
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In literature [7], the algorithm takes the sum of the reciprocal of the distance as the 

weight. The weight factor in formulas (3), (4), (5), (6), become
1 1

a b

+
d d

, 
1 1

b c

+
d d

,  

1 1

a c

+
d d

,  
1 1 1

a(i) b(i) c(i)

+ +
d d d

.  

In literature [6, 7],the proposed algorithm takes advantage of the distance 
information between the nodes, but the two weights did not reflect the influence that 
beacon nodes’ deployment have on the unknown node. 

Literature [8] presents a new method. It regards the angles as the weights. It is shown 

as 
-1- max min

jw = α α
π

, where maxα and minα  are the maximum and minimum angle of a 

triangle. Then the coordinates of the unknown node can be calculated by the following 
formulas. 
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Where jx and jy are the coordinate of unknown node calculated by the triangle. 
In literature [9], the algorithm takes the angles and the edge length of a triangle as 

the weighting factor. It is shown as follows: 
0 0 060 60 60= A- + B - + C -β∠ ∠ ∠ ∠                              (9) 

AB+ ACL =
BC

                                                      (10) 

1
jW =

+ Lβ∠
                                                      (11) 

Take jW  instead of jw  into the formulas (7) and (8), we can get the approximate 
coordinates of the node. 

The positioning algorithms proposed in literature [8, 9] do not consider the distance 
impact on the positioning.  
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4. An improved Weighted Centroid Localization Algorithm 
This paper presents a new weight which compensates for the lack of the weight presented 

in the above algorithms. Calculated as follows: 
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Where iL  is the ratio of the largest side length and the smallest side length of the triangle, 

Other parameters have the same definition with (3), (4), (5), (6). 
 
5. Implementation Process of Algorithm 

The improved weighted centroid localization algorithm can be calculated as follows: 
First, choose three points arbitrarily from all of the beacon nodes in the wireless 

communication range of the unknown node. Suppose the number of beacon nodes is m, the 
triangle is k, then we can get 3

mk = C . 
Second, calculate the estimated coordinates of the unknown node determined by i-triangle, 
1, 2,3i k= ……， ， . (See Equation (9), (10)). 

Third, calculate the average coordinates(x0, y0) and standard deviation σ  of the k set of 
coordinates. Filter the data that has a large error which exceed 3σ . 

Fourth, secondary weighting to the processed coordinates to obtain the approximate 
coordinates of the unknown node. (See Equation (11), (12)). 
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6. Algorithm Simulation 
Simulationing the weighted centroid localization algorithm in the MATLAB platform. 

Where, the region to be detected is 64m×64m,the number of unknown nodes is 30 and beacon 
nodes is 7.The following figures showed are the results obtained by one time of simulation. 

 
Figure 3. Simulation Diagram of Improved Algorithm 

 
Figure 4. Simulation Diagram in Literature [6] 

 
Figure 5. Simulation Diagram in Literature 
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Figure 6. Simulation Diagram in Literature [8] 

 
Figure 7. Simulation Diagram in Literature [9] 

After 100 times simulation, we can obtained the average error of each algorithm, where the 
improved algorithm is 2.33m,the algorithm proposed in literature [6] is 10.14m, the algorithm 
proposed in literature [7] is 2.54m,the algorithm proposed in literature [8] is 2.87m,the 
algorithm proposed in literature [9] is 2.57m. 
 
7. Conclusion 

In this article, we put forward a new weighted centroid localization algorithm to improved 
the accuracy. We take the distance between nodes and the side length of triangles formed by 
beacon nodes as the weighting factor. Simulation results show that the new algorithm has 
improved the positioning accuracy greatly. 
 
Acknowledgements 

This work is supported by the Nation Nature Science Foundation of China No.61201237, 
Nature Science Foundation of Heilongjiang Province of China No. QC2012C069 and the 



International Journal of Future Generation Communication and Networking 

Vol.6, No.5 (2013) 

 

 

52   Copyright ⓒ 2013 SERSC 

Fundamental Research Funds for the Central Universities No. HEUCFZ1129, No. 
HEUCF130810 and No. HEUCF130817. 
 
References 
[1] W. Meng, X. Wendong and X. Lihua, “Distributed algorithm for hybrid TOA/DOA-based source 

localization”, Industrial electronics and applications, IEEE, (2011), pp. 1046-1049. 
[2] Y. Sun Lee, J. Woo Park and L. Barolli, “A localization algorithm based on AOA for ad-hoc sensor 

networks”, Mobile information systems, (2012), pp. 61-72. 
[3] L. Ying, “An adaptive multi-hop distance localization algorithm in WSN”, Manufacturing Automation, vol. 

1, (2011), pp. 161-163. 
[4] W. Jizeng and J. Hongxu, “Improvement on APIT localization algorithms for wireless sensor networks”, 

Networks security, wireless communications and trusted computing, IEEE, (2009), pp. 719-723. 
[5] H. Yan-li, “Research on Centroid Localization Algorithm for Wireless Sensor Networks based RSSI”, 

Computer Simulation, vol. 5, no. 5, (2011), pp. 163-166. 
[6] C. Wei-ke, L. Wen-feng, S. Heng and Y. Bing, “Weighted Centroid Localization Algorithm Based on RSSI 

for Wireless Sensor Networks”, Journal of Wuhan University of technology, vol. 2, no. 4, (2006), pp. 266-
268. 

[7] Y. Hui-xia, “Weighted centroid localization algorithm with weight corrected based on RSSI for wireless 
sensor network”, Electronic Test, vol. 1, no. 1, (2012), pp. 28-32. 

[8] L. Jin, “Research on Range-based Localization Algorithm of Wireless Sensor Networks”, Aeronautical 
Computing Technique, vol. 6, no. 11, (2009), pp. 125-126. 

[9] W. Wen-jian, L. Jin, L. He-lin and K. Bing, “An improved weighted trilateration localization algorithm”, 
Journal of Zhengzhou University of Light Industry(Natural Science), vol. 3, no. 6, (2012), pp. 84-85. 

[10] X. Chen, J. He, B. Lei and T. Jiang, “An Improved Localization Algorithm of Nodes in Wireless Sensor 
Network”, Journal of Networks, vol. 7, no. 1, (2012), pp. 110-115. 

[11] H. Lv, Y. Wu and B. Peng, “A localization method of wireless sensor network based on two-hop focus”, 
Procedia Engineering, vol. 15, (2011), pp. 2021-2025. 

[12] M. V. Ramesh, P. L. Divya, R. V. Kulkarni and R. Manoj, “A Swarm Intelligence based distributed 
localization technique for Wireless Sensor Network”, IEEE Advances in Computing, Communications and 
Informatics, (2012), pp. 367-373. 


	An Improved Weighted Centroid Localization Algorithm
	Abstract

