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Abstract 
  

In localization, estimating the position of a node is the most significant 

aspect, as the estimated location information is used by several applications 

in wireless sensor networks. To obtain high precision in localization several 

algorithms have been proposed in the past. The idea behind these algorithms 

is to use a beacon node with known co ordinates for estimating the sensor 

node location. Replacing several nodes with a single beacon node associated 

with the global positioning system (GPS) measurement will not only 

minimize the network cost but also improve the accuracy. This paper 

proposes a novel bio-inspired swarm intelligence based heuristic approach 

for global optimization in localizing nodes for a mobile wireless sensor 

network, which claims computationally more efficient. For this non-linear 

optimization problem, the objective function is the mean square error of all 

neighboring anchor nodes. The particle swarm optimization (PSO) used in 

this work minimizes the localization error and promptly converges with an 

average convergence time of 0.066 seconds. 
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1 Introduction 
 
 Wireless sensor networks (WSN) are smart and self-organizing 

networks. The sensor network is capable of sensing the data, collecting the 

information from several nodes and transmitting the data to the sink node, 

which acts as a base station. In WSN, a huge number of sensor nodes are 

randomly deployed across a wider region with a different environment. 

Hence the users can acquire various data (such as humidity, temperature etc) 

conveniently from remote locations [1]. A large number of in expensive, tiny 

autonomous sensor nodes are used to monitor the physical and environmental 

conditions. More over WSN is a prominent and emerging technology that has 

a wide range of potential applications including surveillance in the military, 

health care, agriculture, environment and habitat monitoring [2]. 

 In WSN, all the nodes will communicate within a short range and 

collaboratively work together to carry out a specific task [3]. In many 

applications, we need the information regarding the sensor node‟s position, 

which is otherwise called as localization. In localization process calculating 

exact and correct node location is very crucial. 

 The Sensor nodes equipped with global positioning system (GPS) 

measurement will provide position information accurately, but energy is the 

main constraint for WSN, particularly for the indoor environments, where it 

may not perform accurately. As a huge number of sensor nodes are used in 

WSN applications, the cost effectiveness is a constraint. However, one can 

use some mobile anchors with known coordinates, which are equipped with 

GPS. The mobile anchors broadcast the current coordinates while they are 

traversing. The beacon signals from anchor nodes will be received by the 

sensor nodes in the network [4, 5]. 

 In general localization is carried out in 2 phases. Phase-1 is the ranging 

phase and Phase-2 is the position estimation. The ranging phase determines 

the distance between the target nodes and the nearest beacon nodes. Using 

the ranging information, the position of the target node is estimated in the 

second phase. There are many methods for determining the range like 

Received Signal Strength Indicator (RSSI), Time of Arrival (TOA), Angle of 

Arrival(AOA) and Time difference of Arrival (TDOA) methods, etc  [6, 7]. 

 In this paper, we propose a novel bio-inspired swarm intelligence based 

localization algorithm for estimating the target node position in a WSN using 

two anchor nodes. The particle swarm optimization (PSO) used in this work 

is an efficient optimization technique that avoids local minima. 
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2 Implementation 
 

2.1 Particle Swarm Optimization  
 

 The real-world problems, which are very complex, can be formulated as 

optimization problems. Optimization methods will produce the best results 

and utilize less computational resources. Bio-inspired heuristic algorithms 

like Butter fly optimization, Particle swarm optimization and Firefly 

algorithm are the most efficient and widely used algorithms for node 

localization in mobile WSN [8][14]. 

 PSO is a nature inspired global optimization heuristic algorithm, 

developed by Eberhart and Kennedy [9]. It mimics the flocking behavior of 

swarm bird. The PSO employs „particles‟, which are a set of feasible 

solutions, populated in the search field with random locations. The objective 

function is evaluated corresponding to the particle location. The particles are 

moved in the search space following the rules inspired by swarm bird 

flocking behavior. Each particle, when moving in the search space, will 

collect its „pbest‟ (particle best) and „gbest‟ (global best) position 

encountered by the entire particle population in the search space [10, 

11,12,13]. 

 

2.2 Particle Swarm Optimization Based Localization  
 

 The prime objective of sensor network node localization is to estimate 

the coordinates of a network of size n x m, where n represents the target 

nodes count and m represents the sensor nodes count. Estimating the 

coordinates of target nodes position information in localization can be 

formulated as an optimization problem. The main objective is to minimize an 

objective function. The objective function for this problem is the sum of 

squared errors between the neighboring anchor nodes and target nodes. 

 Consider an N dimensional vector xj = (xj1, xj2 … xjN), which represents 

the position of the j
th
 particle. The particle with minimum objective function 

gbest = [g1, g2, g3,…gN]. The position vector of the best particle in the swarm 

gives the minimum objective function gbest. pbest j = [pj1,pj2,pj3,…pjN] be 

the position vector of  j
th
 particle personal best i.e, pbest. 

 Let (X, Y) represents the coordinates of the target node to be determined 

and dj be the distance between the jth anchor node and the target node. (Xj, 

Yj) denotes the estimated location of sensor Sj. 

From equation (1) the distance from the neighboring anchor node to each 

localizable node can be calculated. 

……………………………….. (1) 

Equation (2) calculates the distance by considering the effect of Gaussian 

noise (nj). 



 
 

 

 

 

942 K.Umamaheswari et al. 

 

……………………………………….. (2) 

From equation (3) the objective function is calculated. 

…………………………. (3) 

 

 

 

 

 
Figure 1 Proposed WSN Environment 

 

 Figure 1 shows the proposed sensor network environment. In this 

scenario, two anchor nodes are traversing in parallel from one side to 

another. When a target comes under the coverage area of an anchor node, the 

distance between the two nodes will be evaluated through the measures of 

received signal strength. The two virtual anchors will be projected with some 

angle inside the sensing region at a distance equal to in range target node and 

anchor node. 
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Figure 2 shows the flow chart of algorithm used in the process of 

localization of target nodes [13].  

 

 
  

Figure 2 The Proposed WSN Environment 
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2.3 Evaluation Metrics 
 
2.3.1 Localization Error 
 

 The localization error is a measure of Accuracy. Localization error is the 

difference between the actual and estimated target node location. The 

performance of the proposed localization algorithm is evaluated by the 

performance parameter, i.e., localization error. 

 

2.3.2 Location Estimation 
 

 Based on the RSSI from the beacon node positions, the target node 

position is estimated. 

 

3 Simulation Results 
 

 A network of size 15x15 units with 2 anchor nodes and 20 target nodes 

has been simulated using MATLAB2018b software. The performance of the 

proposed heuristic algorithm on mobility based scenarios is evaluated by 

performing simulations in MATLAB2018b software. At the edges of the 

sensing area, 2 anchor nodes are deployed. Table.1 shows the parameters 

used for simulation. 

 
Table 1 Simulation Network Parameters 

 
S.No Simulation parameters Number 

1 Network size 15x15 units 

2 Anchor nodes 02 

3 Target nodes 20 

4 Range 5 Units 

5 Virtual Anchor nodes 02 

6 PSO radius 1 unit 

 

The target node actual coordinates, which are randomly deployed in the 

sensor network area are shown in Table.2. Fig.3 represents the nodes 

simulation in MATLAB 2018b. 
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Table 2 Target Node Actual Coordinates 

 
Node No Coordinates of Target 

 X Y 

1 0.51055 12.6250 

2 6.82478 3.07373 

3 1.92909 14.2853 

4 4.22165 6.66799 

5 14.8640 5.32203 

6 3.83470 10.9464 

7 9.01423 4.74768 

8 13.2440 2.96530 

9 14.4876 13.1099 

10 11.3770 12.1950 

11 10.1050 11.4325 

12 2.36550 8.25980 

13 13.0669 2.13020 

14 0.01755 6.17040 

15 13.6670 10.7765 

16 4.03142 6.17399 

17 3.53408 4.98011 

18 11.8349 11.3715 

19 14.1316 5.68451 

20 10.8958 7.15990 

 

 
 

Figure 3 Nodes Simulation in MATLAB 2018b 
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 The results of 15 anchor node positions are shown. The coordinates for 

the first movement of localized nodes with the error are listed in Table.3. 

Localization error, i.e., the performance evaluation parameter, is considered 

and results are summarized. The coordinates of efficiently localized target 

nodes with Node ID and Localization error at various anchor node positions 

for further movements are listed in Tables 4,5,6,7,8,9,10 and 11. 

 
Table 3 Efficiently Localized Target Nodes for 1

st
 Count 

 
1st  count 

Anchor 

node 

position 

1st  count 

Efficiently 

localized Target 

node position 

Node ID Localization 

Error 

 X Y   

1 
0-15 

0.227 12.833 1 0.3516 

1 0.418 5.992 14 0.4384 

 
Table 4 Efficiently Localized Target Nodes for 2

nd
 Count 

 
2nd   count 

Anchor node 

position 

2nd  count 

Efficiently 

localized Target 

node position 

Node 

Number 

Localization 

Error 

 X Y   

2  

0-15 

 

1.219 12.421 1 0.7372 

2 2.724 4.872 17 0.8172 

 
Table 5 Efficiently Localized Target Nodes for 4

th
 Count 

 
4th  count 

Anchor 

node 

position 

4th  count 

Efficiently 

localized Target 

node position 

Node 

Number 

Localization 

Error 

 X Y   

4 

0-15 

4.3475 6.6772 4 
0.12618 

 

4 3.3508 6.0979 16 
0.68486 
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Table 6 Efficiently Localized Target Nodes for 6

th
 Count 

 
6th  count 

Anchor 

node 

position 

6th  count 

Efficiently 

localized Target 

node position 

Node 

Number 

Localization 

Error 

 X Y   

6 
0-

15 
6.6448 2.9131 2 

0.24123 

 

 
Table 7 Efficiently Localized Target Nodes for 8

th
 Count 

                       
8th count 

Anchor 

node 

position 

8th  count 

Efficiently localized 

Target node position 

Node 

Number 

Localization 

Error 

 X Y   

8 0-15 8.0279 4.7490 7 
0.98633 

 

 
Table 8 Efficiently Localized Target Nodes for 8

th
 Count 

 
10th count 

Anchor node 

position 

10th count 

Efficiently 

localized Target 

node position 

Node 

Number 

Localization 

Error 

 X Y   

10 
0-15 

 

10.4991 12.1892 10 
0.87791 

 

10 9.6720 11.3477 11 
0.44122 

 

 
Table 9 Efficiently Localized Target Nodes for 12

th
 Count 

 
12th  count 

Anchor node 

position 

12th  count 

Efficiently localized 

Target node 

position 

Node 

Numbe

r 

Localization 

Error 

12 

0-15 

X Y   

12 13.0891 2.9579 8 0.15507 

12 12.2519 12.336 10 0.88618 

12 12.2379 2.3466 13 0.85677 

12 12.3801 11.401 18 0.545998 
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Table 10 Efficiently Localized Target Nodes for 14

th
 Count 

 
14th  count 

Anchor node 

position 

14th  count 

Efficiently localized 

Target node position 

Node 

Number 

Localization 

Error 

14 

0-15 

 

X Y   

14 14.6101 4.8602 5 0.527022 

14 13.8593 13.365 9 0.678113 

14 13.7171 2.2949 13 0.670736 

14 13.5566 5.4382 19 0.625535 

 
Table 11 Efficiently Localized Target Nodes for 15

th
 Count 

 

 

 

 

 

 

 

 

 

 

 

 The algorithm should convergence fast for mobility based applications. 

The proposed algorithm is converged with an   average convergence time of 

0.066 seconds. The computational time could be reduced by considering less 

number of iterations, but at the cost of accuracy. 

 

4 Conclusion and Future Scope 

 
 In this paper, a bio-inspired, swarm intelligence based heuristic 

localization algorithm in the mobile wireless sensor network environment has 

been proposed. The proposed algorithm is more energy efficient during the 

localization of mobile target nodes. The proposed optimization heuristic 

algorithm has been divided into 2 phases. In Phase-1 the distance between 

the anchor node and target node has been estimated and the two virtual 

anchor nodes are projected at a distance equal to the anchor node and in-

range target node inside the sensing network. In Phase-2, Centroid has been 

calculated and Particle swarm optimization is used for the optimization of 

localization error. The proposed heuristic algorithm will quickly converge 

with an average convergence time of 0.066 seconds. 

 The proposed heuristic algorithm can be applied for different 

applications in battlefield surveillance, logistics, Industrial sensing and 

diagnostics.  

15th  count 

Anchor node 

position 

15th  count 

Efficiently localized 

Target node position 

Node 

Number 

Localization 

Error 

 X Y   

15 

0-15 

 

12.7989 2.3848 8 0.731501 

15 11.9696 11.7660 10 0.731584 

15 10.5679 11.0560 11 0.596681 

15 12.8998 1.8928 13 0.296181 

15 11.8982 11.1789 18 0.202735 
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     Further the algorithm may be implemented for Range free multi-hop 

localization for mobile anchors or mobile targets and 2D/3D centralized 

localization. Better accuracy can be achieved by using a hybrid optimization 

algorithm. Different kinds of trajectories can be applied to optimize the path 

planning in node localization. 
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