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Abstract 

Localization is one of the major technologies in wireless sensor networks. 

Utilizing mobile beacons has made localization, cost effective. Localization 

methods using a single beacon bring about co-linearity problem resulting in 

poor performance. This paper proposes Average Weight Based Centroid 

Localization (AWBCL) algorithm. The analysis carried out shows that the 

proposed algorithm has greater accuracy and minimum location error when 

compared to the simple weighted centroid localization (WCL) algorithm and 

modified static-degree weighted centroid localization algorithm. The Average 

Weight Based Centroid Localization algorithm uses weights that are 

dependent on the average value of the estimated location of sensor nodes 

and the actual position of the sensor node. The algorithm is derived from the 

determination of a centroid that assesses the location of nodes using the 

average of the known reference points co-ordinates. The algorithm is 

simulated and compared. The simulation results prove that the Average 

weight based centroid localization algorithm has better positioning accuracy 

mailto:sivashankarier@gmail.com


758 M. ARUN et al 

and reduced location error than the conventional simple WCL algorithm and 

Modified Static-Degree WCL algorithm.  

 

Keywords: Wireless Sensor Network; Localization; Mobile beacon; Weighted 

Centroid Localization, Average Weight Based Centroid Localization. 
 

 

I.INTRODUCTION 

Currently, a lot of research work is being carried out in the area of Sensor node 

localization. Localization provides more meaningful information geographically, 

especially in cases like shady of microclimate changes, target tracking, etc. This 

makes localization a key factor in wireless sensor networks (WSN) and also a 

significant area of research.  Location information is also useful in routing, coverage 

control, etc. Due to its high cost, weight and low precision at some situation, Global 

Positioning System (GPS) devices cannot be implemented in all sensor nodes. 

However, use of GPS equipment is still the simplest way for sensor node localization. 

One of the localization methods employed to overcome the GPS limitations is the use 

of beacon nodes. Such technique does not entirely depend on GPS devices. This 

technique involves 3 beacon nodes equipped with GPS tools which assist the other 

nodes in locating their position. A number of algorithms are available for localization 

of static WSNs. Sensor nodes in static WSNs are stationary, and this makes it 

unnecessary for the nodes to repeat the process of localization once the nodes are 

aware of their positions, whereas the nodes in mobile WSNs are dynamic, i.e., they 

are either moved by external or internal movement agents like wind, and stream of a 

river or wheels and continuous track. 

Mobility plays a significant role in localization process. Besides its various merits, it 

also has some adverse effects on the localization process. On one hand, it allows more 

sensor nodes to collect information from beacon nodes. On the contrary, its validation 

time is affected by the rapid situational changes. 

A mobile beacon locates its position and transmits beacon packets in order to create a 

number of virtual beacons. This is done while the beacon nodes propagate along the 

network deployment area. The static sensor nodes evaluate their positions by 

measuring the distance or angle of the virtual beacons. The real challenge here is to 

carry out localization process in the noisy environment. To identify the exact co-

ordinates of an unknown node, its time of arrival is required. Integration of nodes and 

the high computational requirement are matters of concern with time measurement in 

localization process. Received Signal Strength Indicators (RSSI) offers a chance to 

calculate distance with minimum effort. 

In this paper, average weight based centroid localization algorithm in WSN is 

simulated, analyzed and compared. The results prove that the proposed algorithm has 

greater accuracy and minim allocation error when compared to the simple weighted 
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centroid localization algorithm and modified static-degree weighted centroid 

localization algorithm. 

The remainder of the paper is structured as follows. Section II provides a brief 

overview of the related works. Section III explains the operation of the WCL and 

localization with three mobile beacons. Section IV describes the Simple WCL 

algorithm. Section V describes average weight based centroid localization algorithm. 

Section VI explains the implementation of the algorithms. Section VII shows the 

simulation results for average weight based centroid localization algorithm. Section 

VIII compares the localization errors for the different WCL algorithms. Section IX 

provides the summation of the work and analyzes the future directions. 

 

II.RELATEDWORK 

Huan-qing CUI (2011) proposed three mobile beacons which facilitated weighted 

centroid localization strategy to be implemented in WSN. This technique leads to 

collinearity problem that affects its performance inspite of its low cost. The beacon 

based techniques require knowledge of the beacon locations in order to produce 

geographic information for usual sensor nodes to position. Its accuracy is increased 

with increasing the number of beacons. An optimistic approach is to be employed for 

mobile beacon for static beacons. A mobile beacon travels the deployment area 

transmitting packets to provide a number of virtual beacons. These mobile beacons 

are aware of their positions. The usual sensor nodes determine their position by 

computing the geographic information of the virtual beacons.     

Here, the beacons protect a particular information at the period of traversing the 

deployment area of network, and transmits their locations regularly. The node which 

is to be localized determines the interval to these beacons, and weighted centroid 

localization proposal is employed to assess its location. The simulation shows that this 

technique is predominant to trilateration and weighted centroid method with one 

beacon.  

Jan Blumenthal and Ralf Grossmann (2007) studied weighted centroid localization. It 

is a quick and simple algorithm to establish devices in WSN. It introduces WCL in 

Zigbee-based sensor networks. The algorithm uses centroid algorithm to compute 

location of devices. The localization is computed by taking the average value of 

known reference points co-ordinates. In order to enhance the estimated location 

further in real implementations, it utilizes the weights to enhance the evaluated 

location to adjacent reference points, given that coarse distances are accessible.  The 

Zigbee gives the Link Quality Indication (LQI). This LQI act as a quality measure of 

an acquired packet, and it can be utilized to rate a distance from a specific node to 

source points. This work has outlined the facts of theoretical and practical aspects 

regarding the research of measurements, using RSSI. Moreover, it explains the 

algorithm of WCL and its strong performance against scaling errors. 
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It presents the outcome of initial localization using Zigbee nodes in outdoor 

atmosphere. The existing positioning algorithm: the proposed algorithm with the 

collaboration of Zigbee makes the process of implementation simpler and easier. This 

is because of previously defined basic functions in the protocol. Other advantages of 

using WCL in WSN are little complexity, quick calculation and least requirements of 

resources.  

Li Bin and Dou Zheng (2013) proposed a new algorithm for WCL, based on 

traditional algorithm, for locating the beacon nodes which improves the localization 

of the unknown nodes. Considering the preference of weight, the space between 

beacon and unknown nodes, and slide range of the triangle are utilized to form the 

weighted factor. From the outcome of the simulation, it has been proven that accuracy 

was increased compared to the traditional algorithm. 

Jun Wang and Paulo Urriza (2011) presented an algorithm based on weighted centroid 

localization, utilizing only RSSI, which is durable to variance in the propagation 

environment. It presented a framework for analyzing performance with regards to its 

localization fault organization, parameterized by node arrangement, density of node, 

correlation space, shadowing variance and location of inaccurate sensor node. Further, 

the strength of WCL for several physical conditions is analysed and it provides 

principles like placing node, for the purpose of actual deployment.  

It presented a power-effective method for executing WCL across a dispersed cluster-

based algorithm, and attained approximate accuracy with centralized accuracy, which 

in turn lowered the energy consumption to a greater extent. Clustering approach is 

often employed in execution of distributed algorithms. The problem in scheming these 

algorithms is to minimize the total information interchanged among the clusters. The 

presented algorithm practiced by dividing this assignment into two stages. Firstly, the 

cluster with the excessive average RSS is determined. Then, the determined cluster 

reacts as the co-ordinator for the next phase that accomplishes the actual WCL 

algorithm.  

Jun Wang and Paulo Urriza (2010) analyzed the performance of WCL for pre-eminent 

user localization in cognitive radio networks. Information regarding pre-eminent user 

location is critical in authorizing various key capabilities in cognitive radio networks. 

As WCL uses received signal strength indication (RSSI) it makes it easy to execute. A 

framework is proposed for analyzing performance with reference to its localization 

error organization, parameterized by node arrangement, density of node, correlation 

space, shadowing variance and location of inaccurate sensor node.  

With this analysis, the strength of WCL is analysed for several physical conditions. It 

shows that the gain in performance by maximizing the node number in unconnected 

shadowing environment behave in a way which saturates at big node density. The 

presence of number of nodes in connected shadowing environments can be dangerous 

to the accuracy of localization.  

Shyi-Ching Liang and LunHao Liao (2014) presented the algorithm based on the 

improved WCL in WSN. Localization is regarded as the most significant in wireless 
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networks. WCL provides a rapid and simple algorithm for the position equipment in 

WSN. The algorithm derives from the centroid estimation and computing device of 

the nearby anchor in the average co-ordinate. After the examination of the radio 

propagation loss model, the most suitable log-space distribution model is chosen to 

simulate the signal propagation. Based on the centroid and the WCL algorithm, this 

work presents an ellipse centroid localization algorithm. This algorithm utilizes the 

ellipse’s features to evaluate the unknown node’s co-ordinates. 

One of the main concepts of this localization algorithm is the factor for controlling 

accuracy which manages the position precision. In this algorithm, the node is 

expanded as anchor to strengthen anchor density’s effective feature. The simulation is 

carried out, and the outcome of the simulation shows that it is better and effective 

when compared to the centroid and WCL algorithm precision. In future, the 

performance of proposed elliptic centroid algorithm can be implemented in 

heterogeneous environment.  

Umesh Jawarkar and Pankaj Panchore (2013) presented a detailed study on the survey 

of several aspects of WSN, its working advantages and disadvantages in comparison 

with the traditional network systems. WSN primarily consist of a collection of sensor 

nodes. The nodes in the sensor have resource limitations like storage, battery power 

and capability of communication. The sensor nodes are positioned with radio interface 

to build a communication network. Within WSN, it possess wide range of 

applications like target tracking, monitoring remote environment, health applications, 

home applications, military applications, etc.  

The advantages include reduced wiring, accommodation of new devices at any time, 

flexibility over physical divisions and its accessibility by a centralized monitor. The 

disadvantages include its inability to manage the propagation of waves, which makes 

hacking easy, limited speed of communication, easy adherence to element like 

bluetooth and high cost. Use of piezoelectric materials produces optimum strain 

energy for storing energy in capacitors and to regenerate batteries in future, unlimited 

recharge cycles can be obtained for saving energy with the advanced narrow film 

battery chemistries. This also would give durable, permanent, stable, free maintenance 

and wireless monitoring solution.  

Liu Yu and Wang Haipeng (2013) proposed an algorithm of hybrid node localization 

for WSN based on divide and conquer method and refinement method. It is gathered 

from the data matrix that various localization-unions attain various judged positions 

of the Unknown Nodes (UN). The individual outcome of the UN is obtained from the 

above judgements. For more investigation, the space among the UN and every anchor 

is varied. Yet the ranging model of RSS possesses the attribute, that near the space 

comparatively has high precision and long distance is comparatively fuzzy. Hence the 

anchors in the localization union provide separately for computing endmost 

evaluation of location of node.  

Self localization of node is considered as an encouraging technology in WSN. 

Initially, the result of ranging error in the model of RSS on node localization is 
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examined. Then the topography relations of node that produce stability and unknown 

nodes are extracted at the time of achievement of localization error. The strategy 

called localization-union is developed, and refinement method is introduced, to 

enhance the accuracy. By introducing these methods, proposed method possesses 

many advantages like simple design, low overhead and better performance. 

Particularly, it uses limited anchors to attain more localization accuracy. 

Jijun Zhao and Qingwei Zhao (2013) have improved the WCL to restrict unknown 

nodes to a particular place, based on the difference of determined distances for WSN. 

The position of unknown nodes is obtained by taking the mean of co-ordinates 

providing anchor nodes whose locations are intrinsically known. The method is 

improved further by introducing the weights to the appraised location to reach the 

anchor node that has more authority, but it still possesses some margin for 

improvement. Many algorithms are presented for the improvement in accuracy of 

WCL, but the modified – WCL is considered as the efficient one. The result of many 

simulations done show that the percentage of localization error is decreased to 

24.38%.  

Jyoti and Rekha Yadav (2013) discussed about localization by using modified 

trilateration in wireless sensor network based on fuzzy optimization. Trilateration 

refers to the node which extends along the region of circles. This algorithm is 

presented to solve the problem of trilateration in wireless sensor network, and it 

mainly exists with the aim of evaluating the position of sensors based on the 

knowledge of location of any reference nodes. This algorithm with fuzzy optimization 

and centroid technique is called as modified trilateration which is implemented 

through WSN organized by hundreds of nodes. The algorithm of modified 

trilateration comprises of two phases. In the first stage, trilateration is performed. In 

the second phase, fuzzy weighted technique is utilized in centroid technique for the 

points acquired from trilateration to rectify the error in trilateration. The simulation 

tests are conducted using sugeno fuzzy inference to assess the performance of 

Modified Trilateration. The outcome of simulation showed that the presented 

algorithm is a hopeful method, which identifies the location of sensors easily with 

minimum error, when compared to the simple weighted centroid technique.  In 

comparison to the simple weighted centroid technique, proposed technique is 85 to 

90% accurate and energy efficient with minimum number of anchors. The proposed 

algorithm is a 2-D model, and it can be used with only static nodes. In future, this can 

be used for mobile anchor nodes model and it can be enlarged to 3-D modelling.  

Eunchan Kim and Kiseon Kim (2010) evaluated the space for mobile beacon based 

localization with weighted least squares (WLS) in WSN. Communicating with mobile 

beacons directly has benefit of enhancement in location accuracy, which allows the 

nodes to estimate the intervals to the mobile beacons. If the beacons are assumed to be 

static, many sensor nodes are not able to measure the space directly to the beacons, as 

they are positioned outside a communication range of the beacons.  

Therefore, the important problem in this case is to identify the way of acquiring the 

space among far located sensor nodes and every beacon which is static. For example, 
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the interval is computed as sum of the hop counts or sum of estimated distances 

across shortest route in between static beacon and sensor node. Further, if the beacons 

move, it can provide every sensor node included with their present locations by 

transmitting messages. By obtaining a message, sensor nodes are able to estimate a 

distance directly to the beacon node. It can obtain a single measurement of the 

distance between every beacon location due to the mobile beacon’s continuous 

movement over the networks.  

Initially, it models computation of beacon node’s distance moving in the provided 

linear track. This scheme is proposed with the main objective of minimizing the errors 

in measuring the distance. In addition to this, it evaluates the lower bound of errors 

based on the Cramer-Rao bound. The outcome from simulation shows that this 

algorithm is efficient in estimating the distance and estimating the position. It is 

observed that this estimation scheme minimizes the root mean square error to 30% in 

distance for Moore’s scheme and 70% in position for constrained weighted least 

square (CWLS). 

Pratap Kumar Sahu and Eric Hsiao-Kuang Wu (2013) studied that the position of 

sensor nodes in network is more significant in WSN for many actions like monitoring, 

identifying target and rescue. Two methods of range-based and range-free are 

followed. The method of range based localization uses particular hardware or 

complete values of RSSI and it attains better location accuracy, while range-free 

method attains low accuracy of evaluating location. The reason for these differences 

is that with hardware and energy limitations in networks, RSSI provides a better and 

suitable method to identify the sensor node location, while the existence of channel 

noise, attenuation and fading make it challenging to achieve the definite location. 

Hence, this work presents a scheme of RSSI based localization that examines the 

trend of RSSI values acquired from beacons to determine the place of sensor nodes in 

WSN. By utilizing polynomial modeling on the association between RSSI and 

distance, it is possible to detect the maximal RSSI point on the anchor route. Using 

the two paths, the position of sensor can be found by manipulating the intersection 

point of verticals flowing along the extreme RSSI point on every path. Alongside, a 

scheme is composed to upgrade the method of localization to perform under several 

cases like single route and absence of RSSI trends. One of the main benefits of using 

this scheme is that it does not depend on the absolute value of RSSI and therefore it 

can be used in dynamic environment. From the simulation results, it is demonstrated 

that the proposed scheme attains a better accuracy compared to the existing schemes.  

Baoli Zhang and Fengqi Yu (2010) discussed the accuracy in estimating the location 

of ad hoc deployed sensors in the existence of noise and blockade in wireless sensor 

networks. The terms like estimation accuracy, range independency and energy 

efficiency are taken into consideration. A scheme, using mobile anchor node 

furnished with directional antenna based on the geometric technique, is proposed. 

This scheme employs directional antenna which focuses energy on a specific direction 

with excessive gain and restricted covering area. In the absence of enlarging hardware 
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and computational complexity, nodes determine their locations using the least number 

of beacon information.  

In this scheme, node only needs to accept message from mobile anchor node and it is 

not necessary to interfere with another sensors. Hence, the consumption of energy is 

due to the packet acceptance from anchor node, and the consumption of energy due to 

computation is very small and it can be disregarded. The proposed scheme is also 

validated with the help of simulation software. The result shows that it attains high 

accuracy compared to other localization schemes. This scheme is appropriate for any 

number of sensor nodes in the network with less communication cost.  

Eunchan Kim and Sangho Lee (2010) studied the importance of localization in WSN 

in handling the event reporting from sensor nodes. A mobile beacon based 

localization scheme is introduced for 3-D applications which use multi-dimensional 

scaling (MDS) by gaining the full benefit of MDS with connectivity and 

measurements in large sensor networks. In order to enhance the performance further, 

it picks a selection rule to select needful reference points and a resolution rule to stop 

a failure case, because of reference points positioned on the similar plane. The 

simulation results of proposed MBL-MDS (mobile beacon-based localization - use 

multidimensional scaling) performance is improved, in terms of position accuracy and 

computation complexity. 

Chia-Ho Ou (2011) introduced range-free localization for WSN with mobile anchor 

nodes provided with four directional antennas. Though several solutions are put 

forward, most of them require accurate positioning of each sensor node. Every sensor 

node employs the adjacent node’s position information to examine the local coverage 

condition. Many energy effective schemes and forwarding approaches are discussed 

in this paper.  

In this approach, mobile anchor node decides its location through GPS and then 

transmits its co-ordinates through the network. The sensor identifies these beacon 

messages and employs a simple processing scheme to decide their own co-ordinates 

regarding those of the anchors. It eliminates the need for particular ranging hardware 

on the sensors and avoids the necessity for communications among the sensor nodes. 

Additionally, the approach is more robust, towards the impact of differences in the 

transmission range of the anchor nodes, and the existence of interference in the 

sensing environment.  

This approach is estimated by organizing a sequence of simulations with the help of 

NS-2 simulator. The outcome shows that it attains minimized localization error and 

less consumption of energy, compared to the other previous range-free schemes on 

mobile anchor nodes, beyond a broad range of particular network conditions. Results 

prove that the performance of proposed approach depends on beam thickness of 

directional antennas, GPS error and error of orientation. This scheme is better than the 

MAP and MAP+GC (Mobile Anchor Path and Mobile beacon based on Geometric 

Constraints) schemes when compared with localization error. It also reduces the 

consumption of energy to a greater extent. The future work is to concentrate on 
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localization scheme, with only a single directional antenna provided with adaptable 

direction transmitter. 

Sangho Lee and Eunchan Kim (2009) proposed localization scheme based on 

geometric constraints. The effects of localization scheme in enhancing accuracy with 

mobile beacons are equal to the effects of localization scheme with more number of 

static beacons. It studied the scheme that is presented by Ssu et al. and found that the 

scheme provides a fine grained accuracy, extensible and power efficient without need 

of calculated distance or any other angle information. In this method, there are more 

number of location errors in unsatisfied cases. 

Therefore, in order to upgrade the accuracy of localization in Ssu’s approach, the 

proposed method, which determines the location of sensor from feasible areas with 

the help of geometric constraints, is introduced. The improvement in accuracy by this 

approach is shown with the help of simulation and other approach using a mobile 

beacon. This scheme is more desirable compared to the others in improving the 

accuracy of location, under various degree of irregularity (DOI) in radio inconsistency 

and standard deviation in position error. In future, this can be enlarged further to a 3-

D environment provided with flying beacons. In addition to this, the investigation can 

be made on the route planning of a flying and mobile beacon to enhance the energy 

efficiency.  

 

III. WEIGHTED CENTROID LOCALIZATION 

WCL involves 3 mobile beacons that traverse the deployment area in a specific 

architecture while transmitting their location periodically. The sensor nodes use the 

WCL method to evaluate its position by calculating its distance from these beacons. 

Beacon based methods require a few beacons of known positions in order to generate 

location information to the static sensor nodes. The accuracy of this increases with the 

number of beacons employed. Substituting mobile beacons in place of static beacons 

proves trustworthy despite its cost. A mobile beacon locates its position and transmits 

beacons packets in order to create a number of virtual beacons. This is done while the 

beacon nodes propagate along the network deployment area. The static sensor nodes 

evaluate their positions by measuring the distance or angle of the virtual beacons. 

Localization using mobile beacon can be categorized into range-based and range-free 

method. 
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Fig.1 Innermost intersection points 

 

Localization with Three Mobile Beacons 

Localization by sensor nodes set up in 2D scheme is done by receiving 3 non-

collinear beacon messages. The major disadvantage of using a lone mobile beacon for 

localization process is co-linearity due to the linear path of mobile beacons. 

Meanwhile, the range based localization process depends on the measurement of 

distance. These techniques also have their own drawbacks that interrupt its usage. 

When designing method, the relative position relationships among three mobile 

beacons are to be remembered.   Let   three   beacons   be   B1,   B2    and   B3,   and 

whose transmission ranges are ideal circles. The beacons should be in a triangular 

relationship as they are not co-linear. The appropriate shape is the equilateral triangle 

with side length R. It is easy to compute the position of the other sensor nodes if the 

coordinates of one mobile beacon is given. 

Normally, there are three stages for the WCL method using three mobile beacons. 

They are: (1) The mobile beacons traverse the deployment area while transmitting 

beacon messages, (2) The ordinary nodes record beacon messages to assess their 

positions, and (3) The un-localized sensor node in previous phase sends a request to 

its neighbors, and makes use of their location to estimate its position. 

 

IV. SIMPLE WCL ALGORITHM 

Centroid Localization (CL) algorithm uses centroid to assess the location of sensor 

nodes. This algorithm, unlike the WCL uses only the mean of the beacon node co-

ordinates to locate the sensor nodes. In the CL algorithm all determinations of beacon 

signals are considered equal to 1 while in WCL an individual determination wij is 

introduced for every node and Bij for every beacon. The length between the unknown 

and the beacon nodes gives quantifications of the beacons. In the more general WCL 

equation, the number of beacon n is replaced by the sum of weight factors wij and 

each beacon position (xj, yj) is multiplied by its weight factor wij. 
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The mobile beacons maintain the relative position while moving in the deployment 

area. Let𝑆𝑖be a sensor node whose estimate location is (𝑥𝑠𝑖,̂ 𝑦𝑠�̂�). The positions of 𝐵1, 

𝐵2 and 𝐵3 are (xB1, yB1),(xB2, yB2)and (xB3, yB3)respectively. The WCL method 

estimates the location of 𝑆𝑖as:    

 

Si(xsî, ysî) =
∑ wijBj(xvj, yvj)

m
j=1

∑ wij
m
j=1

          (1) 

where, 

𝑤𝑖𝑗 =  
1

 (𝑑𝑖𝑗)𝑔
 

 

𝐵𝑗=jth beacon 

𝑑𝑖𝑗=Distance between the 𝑆𝑖 and 𝐵𝑗 

g = adjustable degree 

The weight 𝑤𝑖𝑗 is a function which depends on the distance and the 

characteristics of the receivers of sensor nodes. In WCL, shorter distances results in 

higher weights. Thus 𝑤𝑖𝑗 and 𝑑𝑖𝑗 (the distance between beacon 𝐵𝑗 and unknown node) 

are inversely proportional, the correlation is equivalent to the function    
1

 (𝑑𝑖𝑗)𝑔 .  

According to Friis’ free space transmission equation (2), the detected signal 

strength decreases with the distance to the sender. It is given as 

 Prx = Ptx. Gtx. Grx. (
λ

4πd
)

2

                     (2) 

where, 

𝑃𝑟𝑥 = Remaining power of wave at the receiver 

𝑃𝑡𝑥 = Transmission power of the sender 

𝐺𝑡𝑥 = Gain of Transmitter 

𝐺𝑟𝑥 =Gain of Receiver 

𝜆 = Wavelength and 

d= Distance between sender and receiver. 

 

Blumenthal, R. Grossmann (2010) conducted an experiment to evaluate the 

optimal g. The simulation showed that g=1 produces best localization results for a 

very small transmission range, but g=3 yields best results in other configurations. The 

value of g is kept constant, and hence it is called as static-degree WCL method. 

The simple WCL algorithm is explained below. 

 

Algorithm: 

Procedure Beacons (𝐵𝑗) 

repeat 
Move to a new position; 

Broadcast a packet including its ID, location, time stamp; 

Until finish 
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end procedure 

procedure Unknown Node (𝑆𝑖) 

repeat 

Receive message from beacons𝐵𝑗;  

Calculate𝑑𝑖𝑗; 

Until finish 

Estimate position according to (1); 

end for 
Use average of all estimated positions as the final value; 

end procedure 

 

In the algorithm, the beacons carry out the task procedure Beacons and three 

beacons maintain the equilateral triangle formation. The unknown nodes implement 

the procedure Unknown Nodes. The term “finish” states the completion of the 

movement of beacons through the deployment area. 

 

From ref. [1] Received signal strength is related to distance using equation as 

RSSI [dBm] = -10n log10 (d) + A [dBm]           (3) 

where, 

n = Propagation path loss exponent  

(value of n ranges from 2 to 4 for free space propagation) 

d = Distance from the beacon and sensor node 

A = Received signal strength (RSS) at 1m of distance (44.8 dBm) 

 

In embedded devices, the RSS is converted to the received signal strength 

indicators. It is called as ratio of the received power to the reference power (𝑃𝑟𝑒𝑓). 

Generally, the reference power represents an absolute value of 𝑃𝑟𝑒𝑓=1mW. The 

actually received power𝑃𝑟𝑥
′ can be obtained by the RSSI and vice-versa, as denoted in 

the following equations (4) and (5). 

 

Prx
′ = Pref ∗ 10(RSSI/20)           (4) 

 

RSSI = 20 ∗ log10 (
Prx

′

Pref
)         (5) 

 

An increasing received power results in a rising received signal strength 

indicators. Thus, distance 𝑑𝑖𝑗 is indirectly proportional to 𝑃𝑟𝑥
′ and Equation (6) with 

power g is formed. 

wij = (Prx
′ )g                           (6) 

 

So, it can be seen that in contrast to the simple weighted centroid localization 

method where 𝑤𝑖𝑗 =  
1

 (𝑑𝑖𝑗)𝑔
  , the knowledge of dij is not necessary as the algorithm 

can just use the received power Prx
′  or alternatively the RSSI as a weighting factor. 
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The RSSI is used, i.e., Equations (4) and (6) are taken and Equation (7) is 

formed.  

wij = (Pref ∗ 10(
RSSI

20
))^g         (7) 

Equation (3) to (7) referred form IJAER journal, Vol.10, No.29, 2015. 

 

V. AVERAGE WEIGHT BASED CENTROID LOCALIZATION ALGORITHM 

In my proposed technique, the distance among all non-beacon nodes and distance 

from sensor to beacon nodes are found using RSSI value received. Then, for each 

sensor node, the circles are drawn by taking distance between beacon and non-beacon 

node as radius and by taking beacon as center. There are 6 intersection points, two 

from the intersection of beacon 1 and beacon 2, two from the intersection of beacon 1 

and beacon 3, and two from the intersection of beacon 2 and beacon 3.  Then, the 

innermost three intersection points are found as shown in   Fig.1. 

 

Weight of each beacon node is calculated using equation (6).Weight of a point at 

intersection of beacon 1 and beacon 2 is taken as the average of the weights of 

beacon1 and beacon 2. Similarly, weights of other intersection points are calculated. 

Weight for the point because of intersection of anchor 1 and anchor 3 is: 

W1 =
(Weight1 + Weight3)

2
        (8) 

Weight for the point which is because of intersection of anchor 1 and anchor 2 is: 

W2 =
(Weight1 + Weight2)

2
        (9) 

Weight for the point which is because of intersection of anchor 2 and anchor 3 is: 

W3 =
(Weight2 + Weight3)

2
      (10) 

For estimating the coordinates of the sensor nodes, apply formula of weighted 

Centroid technique for both x-coordinate and y-coordinate.Weighted centroid formula 

is used as shown in equation (11)  

(Xest, Yest) = (
x13W1 + x12W2 + x23W3

W1 + W2 + W3
,
y13W1 + y12W2 + y23W3

W1 + W2 + W3
)  (11) 

where (𝑋𝑒𝑠𝑡, 𝑌𝑒𝑠𝑡)are the coordinates of sensor locations, (𝑥13, 𝑦13)are point of 

intersection of beacon node 1 and 3, (𝑥12, 𝑦12) are point of intersection of beacon 1 

and 2 and (𝑥23, 𝑦23)are point of intersection of beacon 2 and 3. 

 

The Average Weight Based Centroid Localization algorithm is discussed below. 

 

Algorithm 

The WCL algorithm using the intersection points of circles has eight steps. 

Step 1: Find the distance among all sensor nodes and distance from sensor to beacon 

nodes as 

 Prx = Ptx. Gtx. Grx. (
λ

4πd
)

2
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Step 2: Then, for each sensor node draw circles taking distance between beacon node 

and sensor node as radius and taking beacon node as center. 

  

Step 3: There are 6 intersection points, two from the intersection of beacon 1 and 

beacon 2, two from the intersection of beacon 1 and beacon 3 and two from the 

intersection of beacon 2 and beacon 3. 

 

Step 4:  Then, find the innermost three intersection points as shown in Fig.1. 

 

Step 5: Weight of each beacon node is calculated as 

wij = (Pref ∗ 10(
RSSI

20
))^g 

Step 6: Weight of a point at intersection of beacon 1 and beacon 2 is taken as the 

average of the weights of beacon 1 and beacon 2. Similarly weights of other 

intersection points are calculated. Value of weights  𝑊1 ,𝑊2 and 𝑊3 is given as 

 

W1 =
(Weight1 + Weight3)

2
 

W2 =
(Weight1 + Weight2)

2
 

W3 =
(Weight2 + Weight3)

2
 

Step 7: For estimating the coordinates of the sensor nodes, weighted centroid formula 

is used as  

 

(Xest, Yest) = (
x13W1 + x12W2 + x23W3

W1 + W2 + W3
,
y13W1 + y12W2 + y23W3

W1 + W2 + W3
) 

 

Step 8:  Finally, the error using the obtained position and the actual position of the 

sensor node is calculated using equation (12) shown below 

LE = √(xest − xsensor)2 + (yest − ysensor)2     (12) 

 

The Modified techniques result in reduced localization error when compared to the 

existing simple WCL algorithm and Modified static-degree WCL algorithm. 

 

VI. IMPLEMENTATION 

Simulation is carried out using Matlab. The performance of mobile beacon supported 

Weighted Centroid Localization (WCL) algorithm is evaluated based on the 

localization error. In this work RWP (Random Waypoint) model is used as a moving 

trajectory of the beacons in the simulation. 
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The beacon initiates the tracing/simulation by staying put off for few seconds. It then 

chooses a destination at random in the network area and traverses there at a uniform 

speed ranging between zero and some maximum limit. Once the destination point is 

attained, it repeats the movement by choosing another random destination and speed. 

The localization error is estimated as the difference between the real and estimated 

position of sensor nodes. It is given as shown in equation (12). In order to assess the 

position errors for all the estimated and actual nodes, the following relation is used 

given in equation (13), where N is the total number of sensor nodes. 

 

Average LE =
∑√(xest − xsensor)2 + (yest − ysensor)2

N
  (13) 

 

VII. SIMULATION AND RESULTS 

The algorithms are simulated using Matlab with three beacons by varying the network 

parameters like network size (say 100x100 meters and 1000x1000 meters) and the 

number of sensor nodes (say 200, 500,1000) for different values of the beacon 

communication range R (say 5, 10,15 and 20 meters). The signal power is assumed to 

be -24 dBm and the noise power is assumed to be 20 dBm. Fig.2 shows the simulation 

output for simple weighted centroid localization algorithm with 100 sensor nodes 

deployed in the network area of 100x100 meters for the beacon communication range 

of 10 meters. Fig.3, Fig.4, Fig.5 and Fig.6 show that it is the error graph for the 

beacon communication range of 5, 10, 15 and 20 meters respectively. 

 

 
 

Fig.2. Deployment of 100 nodes in the network area of 100x100 m for R=10 m 
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Fig.3. Error graph for 100 nodes in the network area of 100x100 m for R=5 m 

 

 
 

Fig.4. Error graph for 100 nodes in the network area of 100x100 m for R=10 m 

 

 
 

Fig.5.Error graph for 100 nodes in the network area of 100x100 m for R=15 m 
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Fig.6.Error graph for 100 nodes in the network area of 100x100 m for R=20 m 

 

Fig.7 and Fig.8 show the graph Vs beacon communication range (R) and average 

localization error (Avg. LE) for different network area of 100 x 100 meters and 1000 

x 1000 meters with different number of sensor nodes (say 200, 500 and 1000) 

respectively. It is seen from the graph that the value of the localization error increases 

from approximately 0.2 to 1.5 when the communication range increases from 5 m to 

20 m, but the variation is very small for different area of the network with different 

number of sensor nodes for Simple WCL algorithm. 

 
 

Fig.7. Graph Vs R and Avg LE for 100 x 100 m area 

 
Fig.8. Graph Vs R and Avg LE for 1000 x 1000 m area 
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Fig.9 shows the simulation output for average weight based centroid localization 

algorithm with 100 sensor nodes deployed in the network area of 100x100 meters for 

the beacon communication range of 10 meters. Fig.10,Fig.11, Fig.12 and Fig.13 show 

the error graph for the beacon communication range of 5, 10, 15 and 20 meters 

respectively. 

 
 

Fig.9. Deployment of 100 nodes in the network area of 100x100 m for R=10 m 

 
 

Fig.10. Error graph for 100 nodes in the network area of 100x100 m for R=5 m 

 
 

Fig.11. Error graph for 100 nodes in the network area of 100x100 m for R=10 m 
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Fig.12. Error graph for 100 nodes in the network area of 100x100 m for R=15 m 

 
 

Fig.13. Error graph for 100 nodes in the network area of 100x100 m for R=20 m 

 

Fig 14 and 15 show the graph Vs beacon communication range (R) and 

average localization error (Avg LE) for different network area of 100 x 100 meters 

and 1000 x 1000 meters with different number of sensor nodes (say 200, 500 and 

1000) respectively. It is seen from the graph that the value of the localization error 

increases but remains within approximately 0.1 when the communication range 

increases from 5 m to 20 m, but the variation is very small for different area of the 

network with different number of sensor nodes. 

 
Fig.14. Graph Vs R and Avg Localization Error for area of 100 x 100 m 
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Fig.15. Graph Vs R and Avg Localization Error for area of 1000 x 1000 m 

 

VIII.COMPARISON TABLE 

The values of the maximum localization error, minimum localization error and the 

average localization error are tabulated for different values of the beacon 

communication ranges R for simple WCL, modified static-degree WCL and average 

weight based centroid localization algorithms. Table.1, Table.2 and Table.3 show the 

results for maximum, minimum and average localization error of simple WCL 

algorithm, modified static-degree WCL algorithm and average weight based centroid 

localization algorithm respectively for various values of R with 200 sensor nodes 

deployed in the network area of size 100 x 100 meters. Table.4 shows the comparison 

of the average localization errors of the simple WCL algorithm, modified static-

degree WCL algorithm and average weight based centroid localization algorithm. 

Table.5 shows the computation time for the simple WCL, modified static-degree 

WCL  algorithm and average weight based centroid localization algorithm. 

 

Range(m) MaxError MinError 

Avg. 

Localization 

Error 

5 0.6021 0.0398 0.1597 

10 1.7108 0.0211 0.4913 

15 1.7532 0.0987 0.8075 

20 2.3861 0.2849 1.1479 

Table.1: Comparison of localization errors for Simple WCL algorithm 

 

Range(m) MaxError MinError 

Avg. 

Localization 

Error 

5 0.1717 0.0329 0.10226 

10 0.2392 0.0545 0.17773 

15 0.4626 0.1718 0.27696 

20 0.5807 0.2311 0.40216 

Table.2:  Comparison of localization errors for  

Modified Static-Degree Weighted Centriod Localization (MSDWCL) algorithm 
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Range(m) MaxError MinError 

Avg. 

Localization 

Error 

5 0.1246 0.0206 0.062767 

10 0.1442 0.0623 0.093691 

15 0.1714 0.0189 0.083298 

20 0.1732 0.0217 0.089997 

Table.3:  Comparison of localization errors for 

Average Weight Based Centroid Localization (AWBCL)algorithm 

 

Radius 

(m) 

Avg. 

Localization  

Error 

Simple 

WCL  

Algorithm 

Avg. 

Localization 

Error 

MSDWCL 

Algorithm 

Avg. 

Localization 

Error 

AWBCL 

Algorithm 

5 m 0.1597 0.10226 0.062767 

10 m 0.4913 0.17773 0.093691 

15 m 0.8075 0.27696 0.083298 

20 m 1.1479 0.40216 0.089997 

Table.4: Comparison of the average localization errors for  

different WCL algorithms 

 

 

WCL Algorithms 

Computation 

Time (S) 

Simple Weighted Centroid Localization algorithm 0.283508 

Modified static-degree Weighted Centroid Localization algorithm  0.314736 

Average Weight Based Centroid Localization algorithm 0.348787 

Table.5: Computation Time for different WCL algorithms 

 

From Table.1, Table.2, Table.3, Table.4 and Table.5 it is inferred that   

1) For every 5 meters increase in the beacon communication range (R), the value of 

the average localization error results in increase of nearly 0.3 in the Simple WCL 

algorithm, 

2) For every 5 meters increase in the beacon communication range (R), the value of 

the average localization error goes up by nearly 0.1 in the Modified static-degree 

WCL algorithm,  

3) For every 5 meters increase in the beacon communication range (R), the value of 

the average localization error goes up by approximately within 0.1 in the Average 

weight based centroid localization algorithm, and 

4) The Computation time is nearly 0.28 s for the Simple WCL algorithm, 0.31 s for 

Modified static-degree WCL algorithm and 0.34 s for Average weight based centroid 

localizationalgorithm. 
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IX. CONCLUSION  

The localization of a sensor node is a challenging task in wireless sensor networks. In 

large scale sensor networks, localization with mobile beacons is one of the most 

efficient channels to deploy sensor nodes as well as locate them, and it also enhances 

the localization accuracy. In this work Random Waypoint (RWP) model is used as a 

moving trajectory for the beacon nodes. There are various localization algorithms 

present for localizing the sensor nodes. The low complexity, the fast calculation and 

the minimal resource requirements suggest WCL as localization algorithm in wsn. 

The WCL algorithms are simulated using Matlab to evaluate their performance based 

on the average localization error and the results are compared. It is inferred that for 

the Simple WCL algorithm, the value of the average localization error increases from 

approximately 0.2 to 1.5 as the beacon communication range (R) increases from 5 m 

to 20 m, whereas for the Modified static-degree WCL algorithm, the value of the 

average localization error increases from approximately 0.1 to 0.4 as the beacon 

communication range (R) goes up from 5 m to 20 m which is less compared to the 

Simple WCL technique. Whereas for the Average weight basedcentroid localization 

algorithm, the average localization error increases but it is within approximately 0.1 

as the beacon communication range (R) increases from 5 m to 20 m which is less 

compared to the simple WCL algorithm and Modified static-degree WCL algorithm. 

The Modified static-degree WCL algorithm is 60% to 75% accurate when compared 

to the Simple WCL technique, and the Average weight basedcentroid localization 

algorithm is 70 % to 95% accurate when compared to the Simple WCL technique. 

Therefore, from the simulation result it is understood that the Average weight 

basedcentroid localization algorithm results in reduced localization error when 

compared to the existing simple WCL and Modified static-degree WCL algorithm.  

However, the algorithm cannot achieve precise positioning to the unknown nodes, 

which requires further improvement. So, as a future work the algorithm can be 

simulated for different moving trajectories of the beacon nodes. The algorithm can be 

analyzed by further modifying the weights of the WCL algorithm, and optimization of 

the algorithm can be done using fuzzy techniques to result in further reduced 

localization error. 
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