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Abstract: With the continuous prevalence of wireless sensor network (WSN) applications in the recent days, 
localization of sensor nodes became an important aspect in research in terms of its accuracy, communication overhead 
and computational complexity. Localization plays an important role in location sensitive applications like object 
tracking, nuclear attacks, biological attacks, fire detection, traffic monitoring systems, intruder detections, and finding 
survivors in post-disasters, etc. The objective of localization is to identify the coordinates of target nodes using 
information provided by anchor nodes. Precision improvement of the sensor node positions is a key issue for an 
effective data transmission between sensor nodes and save the node’s energy as well as enhance the network lifetime. 
In this article, a cost-effective localization algorithm with minimal number of anchor nodes is proposed that uses 
nature inspired optimization techniques to enhance the localization accuracy compared to the state-of-the-art 
localization algorithms. The performance metrics considered for simulations and comparison with the existing 
algorithms include average localization accuracy, communication range, and the number of anchor nodes. The 
simulation results prove that the proposed gaussian-newton localization through multilateration algorithm (GNLMA) 
enhances the mean localization accuracy to 92.8% and the range measurement error is limited to 1.22meters. 
Depending on the communication range of sensor nodes, the average localization accuracy is achieved up to 94.4% 
using the proposed GNLMA. 
 
Keywords: Wireless sensor networks, localization, localization accuracy, anchor node, range based localization. 
 
1. INTRODUCTION  

WSN is a key technology in smart city applications and the node’s location is useful information. Installing 
GPS module at each SN to know its location is not cost-effective and sensor networks deployed in harsh 
environment cannot access GPS information. Therefore, “Nodes localization” is an important aspect to 
know the accurate location of sensor nodes in the WSN. The objective of localization is to assign the 
location coordinates to each SN in the sensing area using the known locations of few SNs called ANs. The 
performance of any localization techniques is considered in terms of computational complexity, 
communication overhead, localization accuracy, and energy consumption. Node mobility in WSNs poses 
challenge to the localization accuracy and the static localization algorithms fail to provide accurate locations 
of SNs. The ANs in WSNs are equipped with GPS chips but it has disadvantages in indoor applications and 
networks deployed in hard to reach areas. Therefore, localization algorithms that are independent of GPS 
information are essential in computing the locations of sensor nodes [1]. 
 
In the localization process, the selection of ANs play an important role and their optimal selection can 
minimize the uncertainties and enhance the localization accuracy by 10% [2]. The selection and deployment 
locations of ANs also play a crucial role in WSN localization to minimize interference and enhance 
information routing [3]. In a mission critical applications of WSNs, faster area exploration is achieved using 
mobile ANs who move in the sensing field in a coordinated fashion to help TNs in finding their locations. 
The area exploration schemes using the combination of cost-utility based frontier and max-gain schemes 
mitigate the delay and maximizes the accuracy in localization [4]. To minimize the energy consumption 



and enhance the location accuracy, the network region is divided into multiple sub-regions. In the first 
stage, the mobile ANs determine the TN region and at next stage, the location of TN is computed in the 
given region using trilateration [5]. 
 
Localization techniques in WSNs are broadly classified into self-localization and target localization as 
shown in figure 1. The aim of self-localization algorithms is to localize a sensing node by itself using signals 
that it receives from neighboring SNs. Target localization techniques aim to compute the position of a 
sensing node.  
 

 
Figure 1: Classification of Localization techniques in WSNs 

 
Depending on the kind of information needed for localization, self-localization algorithms are divided in 
types called “range-free” and “range-based”.  Range-free algorithms use the connectivity information of 
SNs to localize the TNs whereas range-based algorithms use distance measurements calculated based on 
ToA [6], AoA [7], TDoA [8], or RSSI [9] of the received signal at SN. The first three techniques give higher 
localization accuracy at the cost of hardware and they are not suitable for large-scale WSNs. RSSI based 
localization demands for good calibration to enhance the location accuracy of mobile nodes in WSNs. GPA 
provides high calibration for RSSI measurements in DTN based localization. The optimal energy 
consumptions at SNs is equally important while finding their location coordinates. Channel-aware 
localization techniques can minimize the communication overhead and maximize the localization accuracy 
under imperfect channel conditions [10]. Range-free localization algorithms use the location information 
of ANs to estimate the location coordinates of TNs. The popular techniques under this category include 
DV-hop algorithm [11], centroid method [12], APIT [13-14], and MCB [15]. These techniques provide 
moderate accuracy at lower cost and power consumption. On the other side, these methods depend on 
environmental conditions in the network space and the spatial distribution of ANs.  
 
The main contributions in this article include the more accuracy in measuring the distance between TNs 
and ANs even at low density of SNs. Computational cost-effective fitness function is defined and applied 
in the proposed localization algorithm. The co-planarity properties of ANs are used to minimize the location 
errors caused by the ANs which are in same plane. The localized TNs in the initial round of localization 
process are designated as assistant ANs in order to enhance the positioning coverage in the WSNs. The 
performance of the proposed algorithm is analyzed in terms of average localization error by considering 
the metrics as node density, anchor density, communication range, noisy measurements, and non-convex 
network areas. Intensive simulations are conducted to prove the efficiency of the proposed algorithm in 
terms average localization error, convergence rate, and localization success ratio. The comparative analysis 
has conducted under the same localization task and network deployment conditions. The rest of the article 
is organized as follows: section 2 briefs the nascent literature on localization techniques and methods in 
WSNs, section 3 describes the proposed methodology, section 4 discuss the simulation results and 



comparisons with the existing algorithms, and section 5 presents the conclusions and future scope of the 
proposed algorithm. 
 

2. LITERATURE REVIEW  

The nature inspired heuristic and metaheuristic optimization algorithms are very popular in the recent days 
for localization of SNs in WSNs to achieve optimal coverage, power consumption [16-18]. PSO is one of 
the popular meta-heuristic optimization techniques to localize the SNs in WSNs. It gives faster convergence 
rate and higher localization accuracy with efficient energy utilization [19]. CSA further increases the 
convergence rate and minimizes the communication overhead, energy consumption, localization error, and 
computational complexity compared to PSO algorithm. But, these algorithms are defined with a 
predetermined number of iterations to achieve the optimal solution. Even if the optimal solution is achieved 
at early number of iterations, still it causes energy loss because of predefined number of iterations. “Early 
stopping” method overcomes this drawback to enhance the localization efficiency and mitigates the average 
localization error. With suitable selection of ANs and a modified version of COA improves the accuracy of 
SNs location [20]. DECPSOHDV-Hop algorithm aims at ubiquitous positioning accuracy of TNs up to 
90% using dynamic optimization method. Algorithms like BOA and its variants enhance the robustness, 
speed of localization process. The combination of heuristic algorithms such as GA, WOA improves the 
localization accuracy by 14.2% compared to individual algorithms [21]. The modified versions of BOA 
simplify the local and global search strategies thereby minimizing the computation time and mean 
localization error. Incorporating quantum evolution and annealing strategies into BOA enhances the global 
and local search capabilities in order to converge to a best optimized value. Trilateral localization used in 
BA improves the convergence speed and accuracy of localization by 90.35%, 75.26% compared to other 
heuristic algorithms in 2D and 3D WSNs. The global search capabilities of heuristic algorithms can reduce 
the localization error in 3D WSNs [22]. 
 
Diagonal-PSO and diagonal-centroid methods are ANs based localization algorithms where the AN traverse 
in a diagonal path in the given network terrain and broadcast its location coordinates. Out of these two 
algorithms, the PSO based heuristic approach provides more location accuracy and with minimal energy 
consumption. Fitness function is optimized using PSO to calculate the locations of TNs. Quantum GA 
optimizes the location coordinates of SNs in WSNs with minimum delays and energy consumptions. The 
location computations of TNs based on the degree of collinearity and GWO algorithm can reduce the 
number of iterations and energy consumptions. The combination of GWO-FA algorithms addresses the 
anisotropic properties of SNs in finding the location coordinates using a single AN and multiple virtual 
ANs [23]. An improved version of WOA has clustering intelligence to optimize the node localization 
process and enhance the positioning accuracy compared to RSSI based methods and other swarm 
intelligence algorithms.  
 
AI based localization enhances the efficiency of WCL algorithm in order to achieve the higher localization 
accuracy. SSA is a bioinspired algorithm that performs better than other nature inspired localization 
algorithms such as PSO, BOA, FA, and GWO in terms of scalability, computing time, and mean localization 
error. Bio-inspired meta-heuristic algorithms like COA can mitigate the time taken for localizing the target 
node and the average localization error to 0.5m – 0.8 m. Non-linear optimization scheme called “intelligent 
water drops” computes range values based on RSSI. It provides global optimization by minimizing the 
mean squared range error between neighboring anchor nodes and increases localization accuracy compared 
to GA, PSO, and ACO [24].  
 



2.1 Hop based Localization  

Assigning different communication powers to the nodes in WSN establishes the accurate relation between 
physical distance and the hop count values. Using mobile anchor nodes, the given target node can compute 
its position by considering the mean distance per hop and this method mitigates the localization error. DV-
hop localization algorithm based on weighted centroid in 2D WSNs provides accurate hop distance to find 
the optimal path. The shadowing effects of RF signal propagation in urban environment causes errors in 
RSSI measurements and it needs to be addressed. In hop count based localization, each TN calculates 
average distance to three nearest ANs which are one hop away from itself. This gives the more accurate 
relation between true distance and the distance per hop. 
 
In ToA based localization, each SN computes azimuth angle, distance from its neighborhood and form a 
fuzzy set to compute its own coordinates. This fuzzy based localization improves localization accuracy by 
33.9% compared to non-fuzzy based algorithms [25]. Average distance per hop can be considered to 
compute location coordinates of SNs using DV-hop algorithm in order to minimize localization errors up 
to 30% compared to conventional DV-hop algorithm [26]. With the given number of ANs, DEEC-GGD 
algorithm gives a lower localization error compared to weighted centroid, DV-hop, weighted hyperbolic, 
compensation coefficient algorithms [27-28]. Geographic routing is relied on a weighted centroid 
localization in which the positions of unknown nodes are computed using fuzzy techniques to minimize the 
localization error [29-30]. In order to enhance the location accuracy of DV-hop localization algorithm, an 
optimal subset of ANs are generated using binary PSO. Node positioning of UNs using this optimal set 
instead of all the ANs can minimize the computational efforts and maximize the localization accuracy [31]. 
RSSI based localization is one of the popular methods and it provides accurate location values using 
multiple scans. It demands for good calibration to enhance the location accuracy of mobile nodes in WSNs. 
Grey prediction scheme provides high calibration for RSSI measurements in DTN based localization. 
Weight assignment for the signals received at TN from the various ANs can minimize the influence of error 
in range measurements compared to the selection of all ANs with in the communication range. Application 
of a modified version of COA can further enhance the localization accuracy. With the given number of 
ANs, DEEC-GGD algorithm gives a lower localization error compared to weighted centroid, DV-hop, 
weighted hyperbolic, compensation coefficient algorithms [32]. 
 

3. METHODOLOGY   

Selection of more favorable ANs and optimal number of ANs lead to the higher localization accuracy and 
minimize the energy consumption. In the existing optimization algorithms, once a set of optimal 
localization SNs are identified, the TNs in the entire network start using the same set. This causes inefficient 
use of ANs and leads to large errors in localization. Also, these algorithms can minimize the location 
deviation errors of individual TNs at the cost of higher number of iterations which will cause a huge energy 
consumption at SNs. Weight assignment for the signals received at TN from the various ANs can minimize 
the influence of error in range measurements compared to the selection of all ANs with in the 
communication range. In view of enhancing the localization accuracy by minimizing the localization error, 
we have introduced RSSI values based AN selection strategy. The ANs are SNs installed with GPS 
modules. The following assumptions are made for defining the proposed method and analyzing the results. 
Assumptions 
1. All the SNs are homogeneous in terms of hardware and communication range. 
2. The communication range of ANs and TNs are equal. 
3. The wireless channel in the network is anisotropic. 
4. The noise and irregularities are modeled. 



5. All the processes and computations are performed at the TNs in order to improve energy efficiency.  
When the TNs are within the communication range of ANs, they compute their own locations based on the 
RSSI values received from ANs. In order to localize the TNs, they need at least three RSSI values from 
different ANs. If the SN receives RSSI values from all the ANs, then it selects the best three values to 
compute its geographical location. The accurate position coordinates of TNs is achieved through the 
minimization of fitness function values as mentioned in equation 1.  
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),( mm yxF in equation 1 is the MSE between TN and ANs those are within the communication range of 

TN whose coordinates to be calculated.  mnd is the true distance between TN and AN whose coordinates 

are ),( mm yx and ),( nn yx respectively.  
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mnd is the estimated distance between TN and AN whose coordinates are ),( mm yx and ),( nn yx

respectively. The estimated distance is modelled as shown in equation 2. 

mnmnmn edd +=1                                                                                   (2) 

where mne is the ranging error between TN and SN whose coordinates are ),( mm yx and ),( nn yx

respectively. The localization based on the fitness function presented in equation 1 involves distance 
measurements. RSSI values based distance measurements are efficient and simple to implement in WSNs. 
If there exists LOS path between AN and TN, then the free-space path loss model is used to measure the 
RSSI values as shown in equation 3. 

2
, )

4
(

d
PGGRSSI TRTLOSd 

=                                                                      (3) 

where TG and RG are the gains of antennas at AN and TN respectively.  

TP represents transmitting power at the AN. 

‘ d ’ is the distance between AN and TN, ‘ ’represents the wavelength. 

In the absence of LOS path between AN and TN, the log-normal path loss model is used as shown in 
equation 4 which considers the multipath and shadowing effects of signal propagation in the wireless 
channel.  

XdPL
d

d
aPRSSI TNLOSd +−−= )()(log10 0

0
10,                                            (4) 

where )( 0dPL represents the signal path loss at reference distance 0d , ‘ a ’ is the path loss exponent that 
lies between 2 and 4 depends on environmental conditions. 

X represents the gaussian noise with zero mean and standard deviation, ‘ ’. 

‘ 2 ’ is proportional to the true distance mnd between thm TN and thn  AN as shown in equation 5. 

222  = mnd                                                         (5) 



where  represents the distance error factor. 

In practical scenarios, larger distances between SNs in the network causes the maximum ranging and 
localization errors. To minimize the range measurement errors and enhance localization accuracy, an 
optimal AN selection strategy is proposed based on RSSI values. The proposed algorithm has mainly three 
steps: identification & classification of TNs, optimal ANs selection based on the class of each TN, and 
accurate location estimation to minimize the localization error. 
 

3.1 Identification & Classification of TNs  

At each TN, measure the RSSI values of the signals received from the ANs within its communication range 
using equations 3 and 4 for LOS and non-LOS paths respectively. Compute the difference between 
minimum and maximum RSSI values of the received signals as RSSIdiff. The RSSIdiff value is compared with 
a threshold value (Dth) to classify the given TN as either boundary node or a non-boundary node as shown 
in equation 6. If the RSSIdiff value is greater than the value Dth, then the corresponding TN is declared as a 
boundary node, otherwise it is a non-boundary sensing node.  

 ∀, TNK =      boundary sensing node              RSSIdiff ≥ Dth   
                                  non-boundary sensing node       otherwise                                                                (6) 

                 

where )(35.0 kRSSID MAXth =                                                                          (7) 

More likely, the value of RSSI is smaller if the distance between TN and AN is larger and vice versa. The 
value 0.35 is selected as scaling factor in equation 7 for defining the optimum threshold value.  
 

3.2 Optimal ANs selection 

The measured RSSI values of the received signals from ANs are dependent on noise due to spatial and 
temporal changes of the radio environment. At each TN, the received signal RSSI values from farther ANs 
causes more localization error. The main objective of this step is to create favorable ways to enhance the 
localization accuracy by mitigating the signal noise levels from the selected ANs. To achieve this objective, 
an optimal ANs selection strategy needs to be followed based on the given TN is a boundary node or a non-
boundary node. For a boundary TN, sort out the received signal RSSI values and choose three ANs with 
higher RSSI values. If the TN is a non-boundary sensing node, choose all the ANs within its communication 
area. After conducting rigorous experiments, the proportional factor is defined as 0.8 for the boundary node 
to mitigate the effect of ranging errors due to farther ANs on localization accuracy. 
 

3.3 Accurate location estimation  

In order to enhance the localization accuracy further, the distances measured between each TN and the 
selected ANs are assigned with weights which are inversely proportional to the measured distances. In this 
proposed method, minimum three ANs are considered for optimal contributions in distance calculations. 
Different weights are assigned to different ANs and these weights are normalized using the equation 8. 
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Where nW is the weight factor at nth selected AN, 1
mnd is the distance measured between mth TN and nth AN. 

ANN is the number of selected ANs. From the equation 8, it is evident that the contributions of ANs are 

smaller when they are away from the TN.  
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Finally, the proposed algorithm computes the location coordinates using the optimal value of the fitness 
function defined using the equation 9. In order to achieve minimum mean square error of localization, the 
value of the fitness function should be minimum. The complete steps that are followed in the proposed 
GNLMA algorithm are shown in the form of flowchart in figure 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Flow chart of the proposed GNLMA algorithm 

deploy the TNs and ANs in the 2D-network terrain 

ANs measure their coordinates & broadcast at regular intervals 

Start 

for each TNk, measure RSSI from ANs 

identify each TNk & classify it based on RSSI 

select ANs as per class of TNk  

number of selected ANs ≥ 3 

measure the distance between TNk and each selected AN 

assign weights to ANs based on their distances to TNk 

define the fitness function 

find the minimum value of fitness function 

locate the TNk with minimum fitness value 

k = k+1 

k > T 

End 
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NO 

NO 
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4. RESULTS AND DISCUSSIONS 

This section presents the simulated results of the proposed GNMLA and the simulations were conducted in 
MATLAB 2022B tool. The number of SNs are varied from 100 to 500 and they are deployed in the 
geographical areas of 100100m2 to 500500m2 with random placement and the four static ANs are 
deployed at the corners of the network terrain. The network deployment settings and the SN parameters are 
presented in table 1. The performance metrics that are considered to analyze the performance of the 
proposed method is the average localization accuracy and mean localization error with increasing number 
of number of ANs and communication range. Under the ideal conditions of localization, the true location 
and the estimated locations are same as shown in Figure 3a. The proposed GNLMA localization method 
estimates the location of TNs which is very close to their true locations as shown in figure 3b to figure 3g. 
The simulated results (each value is averaged for thirty simulations) are also compared with the existing 
state-of-the-art localization algorithms [33-36]. 
 
Table 1: Simulation Parameters of the proposed GNMLA protocol 

Parameter Values 

Network terrain dimensions 100m100m, 500m500m 
Number of sensor nodes 100 to 500 
Initial energy (E0) 0.5J 
Number of Anchor Nodes 4 
Node density 0.02m2 and 0.03m2 
Maximum communication range, R 50m 
Free-space energy (Efs) 50nj/bit 
Energy required to run the circuity(Eelec) 0.0013pj/bit/m4 
Energy consumed by the amplifier for bit transmissions (Eamp) 10pj/bit/m2 
Data Packet size 4000-bits 
Maximum number of iterations  100 
Number of simulations per reading 30 

 

The average or mean localization error is computed using equation 10 as,  

The mean localization error
N
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where ( ), mm yx  are the actual coordinates of the TN and ),( nn yx are the estimated coordinates of the TN. 

‘N’ is the total number of SNs in the network. 



 

Figure 3a: Ideal case of sensor nodes location estimations in a 100 100 meter2 network terrain 

 

Figure 3b: Localization of 100 sensor nodes in a 100 100 meter2 network terrain using the GNMLA method 



 

Figure 3c: Localization of 200 sensor nodes in a 100 100 meter2 network terrain using the GNMLA method 

 

Figure 3d: Localization of 300 sensor nodes in a 100 100 meter2 network terrain using the GNMLA method 



 

Figure 3e: Localization of 400 sensor nodes in a 100 100 meter2 network terrain using the GNMLA method 

 

Figure 3f: Localization of 500 sensor nodes in a 100 100 meter2 network terrain using the GNMLA method 



 

Figure 3g: Localization of 500 sensor nodes in a 500 500 meter2 network terrain using the GNMLA method 

 

Figure 4: Average Localization Accuracy versus Total number of Anchor Nodes  

In figure 4, the average localization accuracy of the proposed GNLMA algorithm is compared with the 
other meta-heuristic optimization based localization algorithms. It shows that that the DCK-GWO [37] 
algorithm is performing better than the other meta-heuristic optimization algorithms. It works based on the 
degree of K-value collinearity with improved GWO. This algorithm gives better localization accuracy only 
when the AN ratio is above 20% and also the communication range should be at least 35m. Therefore, it 
leads to higher GPS hardware costs and higher number of computations in the network. The DECPSOHDV-



Hop algorithm [38-39] provides stability and localization accuracy of 84.62% at the AN ratio of 50 and 
communication radius of 50m. WOA based localizations [40-41] are performing poor in terms of 
localization accuracy compared to the other algorithms. However, the proposed GNLMA algorithm is 
providing 86.72% of localization accuracy even with four ANs and it is further increases linearly with 
increasing number of ANs. In this way, the proposed algorithm is minimizing the hardware cost and 
computational cost in the network. The reason for achieving higher localization accuracy using the proposed 
algorithm is that the selection of more favorable and optimal number of ANs lead to the higher localization 
accuracy and minimize the energy consumption. Also, the TNs are not dependent on a particular set of ANs 
instead the location measurements are performed in a distributed manner and it leads to minimal number 
of iterations. The localization accuracy using the proposed GNLMA algorithm is enhanced by 12.56%, 
22.36%, and 20.83% compared to DCK-GWO, IWOA, DECPSODV-Hop algorithms respectively as 
shown in Table 2. 

Table 2: Average Localization Accuracy (in %) vs Number of ANs 

Number of ANs 

Protocol 4 5 6 7 8 9 10 15 20 25 30 35 40 45 50 Average 

DCK-GWO 58.42 62.61 66.72 68.18 72.92 73.56 76.54 83.28 88.12 90.04 92.17 92.05 92.85 93.02 93.08 80.24 

IWOA 52.84 55.42 60.94 63.85 64.96 66.75 66.96 70.19 74.61 75.42 76.92 81.45 82.02 82.08 82.14 70.44 

DECPSODV-Hop 62.96 63.12 63.82 64.25 66.67 68.19 70.69 71.05 71.52 72.09 75.15 78.6 82.64 84.15 84.62 71.97 
GNLMA 
(Proposed) 

86.72 86.92 87.45 87.56 89.91 90.01 90.56 92.14 94.55 95.78 96.42 97.21 98.64 98.92 99.18 92.80 

 

Figure 5: Mean Localization Error versus Total number of Anchor Nodes  

For ease of comparison, the maximum number of iterations and population size are kept constant for ECS-
NL, QABA, IDE-NSL-AWSN, and the proposed GNLMA algorithms. The average value of 30 consecutive 
simulations is considered for performance comparison. Bio-inspired meta-heuristic algorithms like COA 
can mitigate the time taken for localizing the target node and the average localization error up to 0.5m. The 



localization error in ECS-NL algorithm [42] is limited to 0.5m to 2m and the errors are decreased with 
increasing node density, but the minimum number of ANs needed are 10. This will increase the need of 
GPS modules and cost of the network. IDE-NSL-AWSN was proposed to enhance the distance estimation 
that depends on SN selection in an obstacle-aware WSNs. But, it needs at least 15m and 75m as 
communication range in small-scale and large-scale environments for each SN in order to have at least one 
connection and the average localization error is limited to 2.54m [43]. Incorporating quantum evolution 
and annealing strategies into BA enhances the global and local search capabilities in order to converge to a 
best optimized value. Trilateral localization used in BA improves the convergence speed and accuracy of 
localization by 90.35%, 75.26% compared to other heuristic algorithms in 2D and 3D WSNs. QABA 
algorithm gives higher localization accuracy when the minimum communication range is 30m and the 
average error is limited to 1.25m [44]. Overall, the localization error is minimum with the proposed 
GNLMA algorithm compared to the other algorithms considered in figure 5 especially when the number of 
ANs are less than 10. This feature is attractive to build cost-effective localization algorithms for WSNs. 
From table 3, the localization error using the existing localization algorithms is mitigated to minimum levels 
only after the number of ANs are increased to 10 whereas the need of ANs is limited to four using the 
proposed algorithm to reach the same error values. There is 117.21%, 81.48%, 166.49% improvement in 
localization measurements using the proposed GNLMA algorithms compared to ECS-NL, QABA, IDE-
NSL-AWSN algorithms respectively.  
 
Table 3: Mean Localization Error (in meter) vs Number of ANs 

Number of ANs 

Protocol 4 5 6 7 8 9 10 15 20 25 30 35 40 45 50 Average 

ECS-NL 6.45 5.82 5.64 5.2 4.25 3.06 2.01 1.42 1.28 1.2 0.72 0.68 0.62 0.81 0.64 2.65 

QABA 4.82 4.79 4.32 3.89 3.57 3.25 2.06 1.92 1.72 0.58 0.42 0.48 0.44 0.47 0.43 2.21 

IDE-NSL-AWSN 6.64 6.02 5.85 5.02 4.59 4.14 3.86 2.84 2.12 1.86 1.84 1.02 0.98 0.98 0.96 3.25 
GNLMA 
(Proposed) 

2.27 2.24 2.15 2.07 1.96 1.82 1.35 1.12 0.96 0.72 0.46 0.42 0.28 0.26 0.25 1.22 

 



Figure 6: Mean Localization Error versus Communication range  

The communication range of SNs affects the localization accuracy through the suitable ANs selection. The 
localization accuracy improves with the communication range as more number of ANs are participated in 
localization. In figure 6, as the communication range increases, the localization accuracy increases using 
the proposed GNLMA algorithm and it has linear relation. But, with the meta-heuristic and hop-based 
algorithms the average localization accuracy is less and also linear relation does not hold good between 
communication range and localization accuracy. From the table 4, the localization accuracy is improved by 
6.55% and 10.24% in the mean localization accuracy of the proposed GNLMA algorithm compared to 
DCK-GWO and DECPSODV-Hop algorithms respectively.  

Table 4: Communication range vs Mean Localization accuracy (in %)  

Protocol 
Communication range in meters 

10 15 20 25 30 35 40 45 50 Average 

DCK-GWO 84.57 86.01 86.52 85.14 84.42 90.67 90.53 90.62 92.14 87.85 
DECPSODV-Hop 82.42 83.54 85.62 86.64 87.43 84.91 83.69 81.52 81.64 84.16 
GNLMA (Proposed) 88.67 89.92 91.45 94.58 95.61 96.39 96.82 97.52 98.68 94.40 

 

The modified versions of BOA simplify the local and global search strategies thereby minimizing the 
computation time and mean localization error [45]. Considering different communication powers to the 
nodes in WSN establishes the accurate relation between physical distance and the hop count values. Using 
mobile ANs, the given TN can compute its position by considering the mean distance per hop and this 
method mitigates the localization error [46].  

5. CONCLUSIONS AND FUTURESCOPE 

The proposed GNLMA algorithm addresses localization and optimal coverage problems in WSNs in a cost-
effective manner with reduced computational cost compared to other meta-heuristic as well as range-based 
localization algorithms. The low complexity fitness function is defined and applied in the proposed 
localization algorithm. This algorithm reduces the number iterations in achieving the global optimal 
solution even at the lower values of communication range, AN ratio, and node density. The simulation 
results prove that the proposed GNLMA algorithm enhances the mean localization accuracy to 92.8% and 
the range measurement error is limited to 1.22meters. Depending on the communication range of sensor 
nodes, the average localization accuracy is achieved up to 94.4% using the proposed GNLMA. From the 
overall results, even though the localization performance of all the algorithms are increasing with increasing 
number of ANs, the minimum number of ANs are reduced to four in the proposed algorithm without 
compromising for localization accuracy. The presence of higher ANs and SNs density lead to further 
enhancement of the location estimation precision. As a future work of this, the reposed algorithm is 
implemented in the hardware of SNs during the real-time deployment of WSNs. 

GLOSSARY  

 

2D                two dimensional 
3D                three dimensional 
ACO            ant colony optimization 
AN               anchor node 
AoA             angle of arrival 
APIT            approximate point in triangulation test 
BA               bat algorithm 
BOA            butterfly optimization algorithm 



BFO             bacterial foraging optimization 
COA            cuckoo optimization algorithm 
CSA            cuckoo search algorithm 
DCK           degree of K-value collinearity 
DECPSOHDV differential evolution chaotic PSO Hybrid DV  
DEEC          distributed energy efficient clustering 
DTN            dynamic triangulation algorithm 
DV              distance vector 
ECS-NL      enhanced CSA for node localization 
FA               firefly algorithm 
FPA             flower pollination algorithm 
GA               genetic algorithm 
GGD            gaussian gradient distance 
GNLMA      gaussian newton localization through multilateration algorithm 
GPA             grey prediction algorithm 
GPS             global positioning system 
GTP             gorilla troop optimizer 
GWO           grey wolf optimization 
IDE-NSL-AWSN   improving distance estimation based on node selection in obstacle-aware WSNs 
IWO            invasive weed optimization 
IWOA         improved whale optimization algorithm 
LOS             line of sight 
MCB           Monte Carlo Localization Boxed algorithm  
ML              maximum-likelihood 
MSE            mean square error 
PIR              pyroelectric infrared 
PLD             parametric loop division 
PSO             particle swarm optimization 
QABA       quantum annealing bat algorithm 
RF                radio frequency 
RSSI            received signal strength indicator 
SN               sensor node 
SSA             salp swarm algorithm  
TDoA          time difference of arrival 
TN               target node 
ToA            time of arrival 
UN              unknown node 
WOA          whale optimization algorithm 
WSN           wireless sensor network 
 
Declarations 

Ethical Approval: Not Applicable 
Competing Interests: Authors do not have any competing interests  
Authors Contributions: Mandli Rami Reddy has contributed towards conceptualization, methodology, 
formal analysis, and original draft preparation. M.L. Ravi Chandra has contributed towards review, editing, 
visualization, and supervision.  
Funding Resources: Not Applicable 
Availability of Data and Materials: Not Applicable 
 
 
 

https://www.sciencedirect.com/topics/engineering/firefly-algorithm


REFERENCES 
[1] Zaarour N, Hakem N, Kandil N (2022) Localization Context-Aware Models for Wireless Sensor Network. Emerging Trends in 
Wireless Sensor Networks. Emerging Trends in Wireless Sensor Networks, IntechOpen. 
https://doi.org/10.5772/intechopen.103893 

[2] Álvarez R, Díez-González J, Verde P, Ferrero-Guillén R, Perez H (2023) Combined sensor selection and node location 
optimization for reducing the localization uncertainties in wireless sensor networks. Ad Hoc Networks, 139: 1–12.  
https://doi.org/10.1016/j.adhoc.2022.103036 

[3] Bouchoucha T, Ding Z (2020) Anchor selection for topology inference and routing in wireless sensor networks. Journal of 
Communications and Information Networks, 5(3):318–323. https://doi.org/10.23919/JCIN.2020.9200895 

[4] Nagaraju S, Gudino  LJ, Tripathi N,  Sreejith V, Ramesha CK (2021) Mobility assisted localization for mission critical Wireless 
Sensor Network applications using hybrid area exploration approach. Journal of King Saud University-Computer and Information 
Sciences, 33(5): 608–618. https://doi.org/10.1016/j.jksuci.2018.04.008 

[5] Xu T, Wang J, Shi W,  Jianfeng W, Chen Z (2019) A Localization Algorithm Using a Mobile Anchor Node Based on Region 
Determination in Underwater Wireless Sensor Networks. J. Ocean Univ. of China, 18: 394–402. https://doi.org/10.1007/s11802-
019-3724-x 

[6] Cheon J, Hwang H, Kim D, Jung Y (2016) IEEE 802.15.4 ZigBee-Based Time-of-Arrival Estimation for Wireless Sensor 
Networks. Sensors, 16(2):1–11. https://doi.org/10.3390/s16020203 

[7] Wang W, Bai P, Zhou Y, Liang X, Wang Y (2019) Optimal Configuration Analysis of AOA Localization and Optimal Heading 
Angles Generation Method for UAV Swarms. IEEE Access, 7: 70117–70129. https://doi.org/10.1109/ACCESS.2019.2918299 
 
[8] Zhang Y, Wang M, Tan, Z (2019) Design of wireless sensor network location algorithm based on TDOA, In: Proceedings of 
the 2019 IEEE 3rd Information Technology, Networking, Electronic and Automation Control Conference (ITNEC), pp. 70–75, 
Chengdu, China, March 2019. https://doi.org/10.1109/ITNEC.2019.8729242 
 
[9] Abonyi, Dorathy O (2022) Investigation of Received Signal Strength (RSS) as a Matrix for Localization in Wireless Sensor 
Networks (WSNS). European Journal of Engineering and Environmental Sciences, 6(1), 29–38.  
 
[10] Niu R, Vempaty A, Varshney, PK (2018) Received-Signal-Strength-Based Localization in Wireless Sensor Networks. 
Proceedings of the IEEE, 106(7): 1166–1182. https://doi.org/10.1109/JPROC.2018.2828858 
 
[11] Li G, Zhao S, Wu J, Li C, Liu, Y (2019) DV-Hop localization algorithm based on minimum mean square error in Internet of 
things. Procedia Computer Science, 147: 458–462. https://doi.org/10.1016/j.procs.2019.01.272  
 
[12] Shi Y, Liu H, Zhang W, Wei Y, Dong J (2020) Research on three-dimensional localization algorithm for WSN based on RSSI. 
Advances in Intelligent Systems and Computing, 928: 1048–1055. https://doi.org/10.1007/978-3-030-15235-2_139 

[13] Liu Z, Feng X, Zhang J, Li T, Wang Y (2016) An improved GPSR algorithm based on energy gradient and APIT grid. Journal 
of Sensors, 2016: 1–8. https://doi.org/10.1155/2016/2519714 
 
[14] Stanoev A, Filiposka S, In V, Kocarev L (2016) Cooperative method for wireless sensor network localization. Ad Hoc 
Networks, 40: 61–72. https://doi.org/10.1016/j.adhoc.2016.01.003 
 
[15] Li H, Yu D, Hu Y, Yu H (2019) Grey Model Prediction Based Monte Carlo Localization Boxed Algorithm for Wireless Sensor 
Network, In: 2019 IEEE 5th International Conference on Computer and Communications (ICCC), Chengdu, China, 06-09 
December 2019, pp. 619–623, 2019. https://doi.org/10.1109/ICCC47050.2019.9064402 
 

[16] Singh A, Sharma S, Singh J (2021) Nature-Inspired Algorithms for Wireless Sensor Networks: A Comprehensive Survey. 
Comput. Sci. Rev., 39: 1–23. https://doi.org/10.1016/j.cosrev.2020.100342 
 
[17] Kaur A, Gupta GP, Mittal S (2020) Impact of Nature-Inspired Algorithms on Localization Algorithms in Wireless Sensor 
Networks. In G. Gupta (Ed.), Nature-Inspired Computing Applications in Advanced Communication Networks, IGI Global, pp. 1–
18. https://doi.org/10.4018/978-1-7998-1626-3.ch001 
 
[18] Kaur P, Rani S (2021) Nature-Inspired Optimization Algorithms for Localization in Static and Dynamic Wireless Sensor 
Networks—A Survey. In: Goyal, D., Gupta, A.K., Piuri, V., Ganzha, M., Paprzycki, M. (eds) Proceedings of the Second 

https://www.sciencedirect.com/journal/ad-hoc-networks
vol.%20139
https://doi.org/10.1016/j.adhoc.2022.103036
https://doi.org/10.23919/JCIN.2020.9200895
https://www.sciencedirect.com/science/article/pii/S1319157818300740#!
https://www.sciencedirect.com/science/article/pii/S1319157818300740#!
https://www.sciencedirect.com/science/article/pii/S1319157818300740#!
https://www.sciencedirect.com/science/article/pii/S1319157818300740#!
https://www.sciencedirect.com/science/article/pii/S1319157818300740#!
33(5
https://doi.org/10.1016/j.jksuci.2018.04.008
https://link.springer.com/article/10.1007/s11802-019-3724-x#auth-Jianfeng-Wang
https://link.springer.com/article/10.1007/s11802-019-3724-x#auth-Zhe-Chen
https://doi.org/10.1007/s11802-019-3724-x
https://doi.org/10.1007/s11802-019-3724-x
https://doi.org/10.1016/j.procs.2019.01.272
https://doi.org/10.1155/2016/2519714
https://doi.org/10.1016/j.adhoc.2016.01.003
https://www.semanticscholar.org/author/Abhilash-Singh/2110052785
https://www.semanticscholar.org/author/Sandeep-Sharma/145718711
https://www.semanticscholar.org/author/Jitenda-Singh/2047317765
https://doi.org/10.1016/j.cosrev.2020.100342


International Conference on Information Management and Machine Intelligence, Lecture Notes in Networks and Systems, vol. 
166, 2021, https://doi.org/10.1007/978-981-15-9689-6_25 
 

[19] Cheng E, Wu L, Yuan F, Gao C, Yi J (2019) Node selection algorithm for underwater acoustic sensor network based on 
particle swarm optimization. IEEE Access, 7: 164429–164443. https://doi.org/10.1109/ACCESS.2019.2952169 
 
[20] Cheng J, Li Y, Xu Q (2022) An Anchor Node Selection Scheme for Improving RSS-Based Localization in Wireless Sensor 
Network. Mobile Information Systems, 2022: 1–12. https://doi.org/10.1155/2022/2611329 
 

[21] Díez-González J, Verde P, Ferrero-Guillén R, Álvarez R, Pérez H (2020) Hybrid Memetic Algorithm for the Node Location 
Problem in Local Positioning Systems. Sensors, 20 (19):1–26. https://doi.org/10.3390/s20195475 
 
[22] Chai Q, Zheng JW (2021) Rotated Black Hole: A New Heuristic Optimization for Reducing Localization Error of WSN in 3D 
Terrain. Wirel. Commun. Mob. Comput. 2021: 1–13. https://doi.org/10.1155/2021/9255810 
 
[23] Kargar Barzi A, Mahani A (2020) Obstacle-resistant hybrid localisation algorithm. IET Wirel. Sens. Syst. 2020 (10): 242–
252. https://doi.org/10.1049/iet-wss.2020.0052 
 
[24] Fan X, Wen X, Jiang S (2020) Research on path planning and location optimization of quantum wireless sensor networks. 
Journal of Computers, 31(5): 324–330. https://doi.org/10.3966/199115992020103105025 
 
[25] Singh P, Mittal N, Parulpreet S (2022) A novel hybrid range-free approach to locate sensor nodes in 3D WSN using GWO-
FA algorithm. Telecommun Syst, 80(3):303–323. https://doi.org/10.1007/s11235-022-00888-0  
 
[26] Huthaifa MK, Essam HH, Mazen MS (2019) Salp Swarm Algorithm for Node Localization in Wireless Sensor Networks. 
Journal of Computer Networks and Communications, 2019:1–12. https://doi.org/10.1155/2019/1028723 
 

[27] Gumaida BF, Luo J (2019) Novel localization algorithm for wireless sensor network based on intelligent water drops. Wireless 
Netw, 25:597–609. https://doi.org/10.1007/s11276-017-1578-y 
 

[28] Yin LJ (2019) A New Distance Vector-Hop Localization Algorithm Based on Half-Measure Weighted Centroid. Mobile 
Information Systems, 2019: 1–9. https://doi.org/10.1155/2019/9892512 
 

[29] Chuku N, Nasipuri A (2021) RSSI-Based Localization Schemes for Wireless Sensor Networks Using Outlier Detection. 
Journal of Sensor and Actuator Networks, 10 (1):1–22. https://doi.org/10.3390/jsan10010010 
 

[30] Deng Z, Tang S, Deng X, Yin L, Liu J (2021) A Novel Location Source Optimization Algorithm for Low Anchor Node 
Density Wireless Sensor Networks. Sensors, 21 (5):1–14. https://doi.org/10.3390/s21051890 
 

[31] Xue D, Huang W (2021) Smart Agriculture Wireless Sensor Routing Protocol and Node Location Algorithm Based on Internet 
of Things Technology. IEEE Sensors Journal, 21 (22): 24967–24973. https://doi.org/10.1109/JSEN.2020.3035651 
 

[32] Shilpi, Kumar A (2023) A localization algorithm using reliable anchor pair selection and Jaya algorithm for wireless sensor 
networks. Telecommun Syst, 82: 277–289. https://doi.org/10.1007/s11235-022-00984-1  
 
[33] Amri S, Khelifi F, Bradai A, Rachedi A, Kaddachi ML, Atri M (2019) A new fuzzy logic based node localization mechanism 
for Wireless Sensor Networks. Future Generation Computer Systems, 93: 799–813. https://doi.org/10.1016/j.future.2017.10.023 
 

[34] Lu B, Liu W (2021) Non-uniform Clustering of Wireless Sensor Network Node Positioning Anomaly Detection and 
Calibration. Journal of Sensors, 2021: 1–10. https://doi.org/10.1155/2021/5733308 
 

[35] Cao Y, Xu J (2023) DV-Hop-based localization algorithm using optimum anchor nodes subsets for wireless sensor network. 
Ad Hoc Networks, 139:1–11. https://doi.org/10.1016/j.adhoc.2022.103035 
 
[36] Oluwasegun JA, Nalindren N, Timothy TA (2023) Node localization in wireless sensor networks using a hyper-heuristic 
DEEC-Gaussian gradient distance algorithm. Scientific African, 19:1–13. https://doi.org/10.1016/j.sciaf.2023.e01560 
 

[37] Meng Y, Zhi Q, Zhang Q, Lin E (2020) A Two-Stage Wireless Sensor Grey Wolf Optimization Node Location Algorithm 
Based on K-Value Collinearity. Math. Probl. Eng., 2020: 1–10. https://doi.org/10.1155/2020/7217595 
 
[38] Zhao Q, Xu Z, Yang L (2023) An Improvement of DV-Hop Localization Algorithm Based on Cyclotomic Method in Wireless 
Sensor Networks. Appl. Sci. 13 (6): 1–16. https://doi.org/10.3390/app13063597 

https://doi.org/10.1109/ACCESS.2019.2952169
https://doi.org/10.3390/s20195475
https://doi.org/10.1155/2021/9255810
https://doi.org/10.1049/iet-wss.2020.0052
https://doi.org/10.3966/199115992020103105025
https://doi.org/10.1155/2020/7217595
https://doi.org/10.3390/app13063597


 
[39] Deng T, Tang X, Wu Z, Liu X, Wei W, Zeng Z (2022) An improved DECPSOHDV-Hop algorithm for node location of WSN 
in Cyber–Physical–Social-System. Computer Communications, 191: 349–359. https://doi.org/10.1016/j.comcom.2022.05.008 
 
[40] Gou P, He B, Yu Z (2021) A Node Location Algorithm Based on Improved Whale Optimization in Wireless Sensor 
Networks. Wireless Communications and Mobile Computing, 2021: 1–17. https://doi.org/10.1155/2021/7523938 
 

[41] Jeng-Shyang P, Fan F, Shu-Chuan C, Du Z, Zhao H (2020) A Node Location Method in Wireless Sensor Networks Based on 
a Hybrid Optimization Algorithm. Wireless Communications and Mobile Computing, 2020: 1–14. 
https://doi.org/10.1155/2020/8822651 
 

[42] Kotiyal V, Singh A, Sharma S, Nagar J, Lee C-C (2021) ECS-NL: An Enhanced Cuckoo Search Algorithm for Node 
Localisation in Wireless Sensor Networks. Sensors. 21(11):1–15. https://doi.org/10.3390/s21113576 
 

[43] Phoemphon S, So-In C, Leelathakul N (2021) Improved distance estimation with node selection localization and particle 
swarm optimization for obstacle-aware wireless sensor networks. Expert Systems With Applications, 175:1–20. 
https://doi.org/10.1016/j.eswa.2021.114773 
 
[44] Yu S, Zhu J, Lv C (2023) A Quantum Annealing Bat Algorithm for Node Localization in Wireless Sensor Networks. Sensors, 

23(2):1–24. https://doi.org/10.3390/s23020782 
 

[45] Mohar SS, Goyal S, Kaur R (2022) Localization of sensor nodes in wireless sensor networks using bat optimization algorithm 
with enhanced exploration and exploitation characteristics. J Supercomput 78:11975–12023. https://doi.org/10.1007/s11227-022-
04320-x 
 
[46] Jia Y, Zhang K, Zhao L (2020) Improved DV-Hop Location Algorithm Based on Mobile Anchor Node and Modified Hop 
Count for Wireless Sensor Network. J Electrical and Computer Engineering, 2020:1–9. https://doi.org/10.1155/2020/9275603 

https://www.sciencedirect.com/journal/computer-communications
https://www.sciencedirect.com/journal/computer-communications/vol/191/suppl/C
https://doi.org/10.1016/j.comcom.2022.05.008
https://doi.org/10.1016/j.eswa.2021.114773

