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Abstract: Wireless sensor networks (WSNs) require accurate localization of sensor nodes for various applica-
tions. In this article, we propose the distance vector hop localization method (DVHLM) to address the node
dislocation issue in real-time networks. The proposed method combines trilateration and Particle Swarm
Optimization techniques to estimate the location of unknown or dislocated nodes. Our methodology includes
four steps: coordinate calculation, distance calculation, unknown node position estimation, and estimation
correction. To evaluate the proposed method, we conducted simulation experiments and compared its per-
formance with state-of-the-art methods in terms of localization accuracy with known nodes, dislocated nodes,
and shadowing effects. Our results demonstrate that DVHLM outperforms the existing methods and achieves
better localization accuracy with reduced error. This article provides a valuable contribution to the field of
WSNs by proposing a new method with a detailed methodology and superior performance.
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1 Introduction

Smart and cost-effective devices that enable sensing and radio frequency capabilities have changed traditional
network services. One example is wireless sensor networks (WSN) used in various applications including
healthcare systems, battlefield, environment, and monitoring domains. Small and intelligent sensor nodes are
deployed in these networks for monitoring the area or region. With all these features, one aspect is common in
these networks, and that is the vitality of sensor location. During deployment of these nodes, the location
references are set manually or nodes calculate the location by using the distance and Global positioning
system (GPS) services [1,2]. However, GPS services consume energy and high cost. Self-localization is another
method where nodes obtain their location by using the localization method. Location information requires
identifying the event location, near devices information, and network coverage checking. Accurate location
information plays a vital role in WSN applications [3]. There are different types of localization methods such as
target or source-based localization, self-localization, and range-based or free localization. In the first type of
localization, the nodes monitor the area and track the required animal, people, or machine location [4].
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Different types of methods have been used for this type of localization such as decay model-based localization
and model-independent localization. Decay-based localization methods calculate the distance and received
signal strength. However, these methods have suffered from saddle points and local optima issues.

WSN have revolutionized traditional network services and are used in various applications such as
healthcare systems, battlefield, environment, and monitoring domains. Sensor nodes are deployed in these
networks to monitor the area or region, and accurate location information plays a vital role in WSN applica-
tions. However, traditional methods of setting location references, such as GPS services, are costly and con-
sume energy. This is where localization techniques come in, allowing nodes to obtain their location by using
different methods such as range-based and range-free techniques. Localization techniques can help solve the
issue of energy consumption and cost by using receiver signal strength indicator (RSSI) and Time Difference of
Arrival (TDOA) techniques, and anchor-free methods are used for obtaining location information within the
local map. The objective of localization algorithms is to achieve localization in the least amount of time. This
article focuses on discussing different localization techniques and algorithms for WSNs.

There are various types of localization techniques have been proposed in the literature for node location
detection. Anchor nodes (ANs) are also used to estimate the exact location or target node but they need prior
deployment. In WSN networks, the main objective is to achieve localization in the least amount of time. In
addition, the localization algorithms are also categorized into two main types including range-based and
range-free techniques [5]. In range-based techniques, the distance information among sensor nodes is avail-
able as long as nodes are located inside the communication range. The distance information is obtained by
using the RSSI and TDOA [6]. These techniques are further divided into an anchor or without an anchor where
the anchor’s nodes are used with geo-location information. The anchor-free techniques are obtained the
location information within the local map. Some other services are used for indoor and outdoor networks
like underwater sensor networks. Range-based techniques are based on geo-location or a set of known location
information by using triangulation, trilateration, and robust quadrilaterals connectivity information [7]. These
methods are geometric techniques for location determination.

The complex localization techniques are consuming more processing capabilities and lead to energy
consumption and node depletion issues. The localization techniques should be energy efficient by using less
computational resources and solve the source localization issues in WSN. In this context, different efforts have
been initiated to design energy-efficient localization methods for WSN by using optimization methods [8,9].
The optimization algorithms are used to solve the localization and estimate the source location. However, these
methods rely on precise measured information which is disseminated among sensor nodes in WSN networks.
Broadcasting this precise information needs high computational resources and consumes more energy. On the
other hand, some wakeup schemes are also proposed to activate the series of nodes for estimation of the node’s
location information in the network. There is a need to design a more energy-efficient localization method for
WSN networks. This article presents the distance vector hop localization method distance vector hop localization
method (DVHLM) for localization in WSNs. The other objectives of this article are as follows:

Design localization method for WSN networks.
Minimize the computational processing during location information sharing.
Provide cost-effective, less overhead localization services in WSN networks.

The main contributions of the proposed work are as follows:

The proposed DVHLM combines trilateration and particle swarm optimization (PSO) techniques to estimate
the location of unknown or dislocated nodes in WSNs.

The methodology includes four steps: coordinate calculation, distance calculation, unknown node position
estimation, and estimation correction.

The proposed method outperforms existing methods and achieves better localization accuracy with reduced
error, providing a valuable contribution to the field of WSNs.

The rest of the article is organized as follows: Section 2 presents the related work in the domain. Section 3
presents the design and development phases of the proposed solution. Section 4 discusses the experimental
results and comparison of the proposed solution with state-of-the-art solutions. The last section concludes the
article with a future direction.
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2 DVHLM

The Distance Vector Hop Localization Method (DVHLM) is a distributed localization algorithm for Wireless
Sensor Networks (WSNs) which requires no information- ranging. This concept was first presented by Dragos
Niculescu et al. of Rutgers, USA [1]. Then, much scientific research has been conducted on the DVHLM
algorithm, to improve accuracy. Moreover, the ideal beacon node spacing for reducing the DV-Hop error
rate has been studied by [2]. This technique has two major roles to perform: reducing the error rate in the
average single-hop distance computed by the beacon node and adjusting that distance across the whole
network. Consequently, the least squares method is the means via which the unknown node coordinates
have been identified. Other studies tackled the weighted average of distance error and estimated distance
error used to correct the original average hop distance [3].

The index and logarithmic decrement weight is employed in improving the particle group weight. Each
beacon node has been considered in computing the average hop distance after accumulating individual nodes
weight. The main node is described in short, paying attention to the structure of the network's typology and
essentially balancing between local and global features. Actually, some research employed the enhanced
Particle Swarm Optimization (PSO) algorithm to estimate node distances by changing the traditional estima-
tion methods for node localization [4].

Controlling the beacon nodes of broadcasting information range is implemented by inducing a hop number
threshold, thus restricting the distribution of information within a specific range [5]. However, adjustment of the
average distance of each anchor node is done by including the average distance error of each beacon node.
Additionally, the unknown node from the current round is advanced to a new anchor node, in the subsequent
round of positioning. The multi-communication radius method is utilized in determining the hops found between
nodes. It is necessary to mention that isolated nodes have been ignored when calculating the average hop
distance of the unknown nodes. So, the average hop distance resulting from beacon nodes is then weighted
and normalized, so that the localization accuracy of unknown nodes can be enhanced [6]. Finally, the concept of
computing the distance between unknown nodes and beacon nodes has been dealt with by utilizing the distinct
average hop distances in some studies. The Galactic Swarm Optimization thought beacon nodes in the network
are classified into various species. In each population, the PSO algorithm is employed to estimate the unknown
node for local optimization. In a similar vein, weighted centroid algorithm is utilized in local optimization setting
the coordination of the unknown nodes [7]. A promising technique for WSN localization that has been much
researched and improved in recent years is the DVHLM algorithm. Its spreadability makes it especially appro-
priate for large-scale networks. By including various correction techniques and optimization algorithms, scien-
tists have been capable of significantly improving its accuracy and decreasing the localization error. It can be
suggested that, with further research and advancement, the DVHLM algorithm will have the potential to become
a broadly employed and substantially accurate localization method in WSNs.

3 Related work

Zaidi et al. [10] proposed a range-free localization method for WSNs. Mostly, the WSN networks are fixed and
static, whereas this method is designed for mobility-based networks. The unknown node localization deter-
mines by using the estimation approach and its locally available information. The proposed method can
handle the unnecessary overhead and energy consumption issues especially when the nodes are exchanging
their location information. The proposed method is using two steps localization approach where the initial
guess is evaluated of regular nodes and broadcasted the information. In the second step, a correlation
mechanism is used to check the mobility of the nodes to improve the node’s accuracy. The proposed method
outperforms in terms of accuracy even in the presence of nodes’ mobility effects. However, this method is not
considering some important factors like interference and radio irregularity.

Kanwar and Kumar [11] proposed a framework based on distance vector hop protocol for localization in a
WSN. This framework is designed for displaced sensor nodes. The PSO techniques are also adopted to identify
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the real scenario nodes in the network. The proposed framework decreases the communication overhead
among anchor and unknown nodes by utilizing the hop size. The location estimation is done by estimating the
location only for displaced nodes and reducing the computational and localization time in WSN networks. The
location of unknown nodes is always a significant issue that consumes more resources in terms of energy,
computation, and energy. Experiment results showed the better performance of the proposed framework is
compared to existing frameworks in terms of time, energy consumption, and localization error.

Sharma and Singh [12] proposed an unknown node localization method to estimate the sensor location by
using the RSSI method. Mostly, the GPS services are used for localization estimation in sensor networks which
is somehow generated overhead, processing complexities, and energy consumption in WSNs. This method
adopted three parameters including radio frequency, transmission power, and orientation of nodes for dis-
tance estimation. The proposed method is designed for the healthcare sector without any extra devices or
requirements. The experimental results show the better performance of the proposed method in terms of
localization accuracy and complexity. However, the wireless networks are based on a real-time data environ-
ment whereas the proposed method is based on an estimation strategy.

Singh and Sharma [13] proposed an improved range-free localization method by using a genetic algorithm.
The authors modified the average hop size of anchors nodes and utilized the correlation factor and hop size
for optimization with the help of a search algorithm. This method reduces the location error which is caused
by ANs or coplanar. A genetic algorithm is also adopted for localization accuracy. The proposed method is used
in simulation and evaluated in terms of localization error, accuracy, error variance, and coverage. The
simulation results indicated that the proposed method decreases the localization error and improved the
localization accuracy as compared to the state-of-the-art methods. However, the proposed method’s perfor-
mance degraded due to multiple anisotropies because of holes, sparsity of network, and non-uniform dis-
tribution of nodes.

Kaur et al. [14] presented two nature-inspired solutions by using improved variants including two- and
three-dimensional WSNs. The first algorithms use the grey wolf optimization technique for better estimation.
This solution estimates the average distance per hop to search for the average distance per hop. The weightage
approach is used on every node for weightage average calculation and analyzes all types of anchor nodes'
impact. The basic idea of this solution is to improve the localization accuracy in WSNs. Simulation results
improved the superiority of the proposed solution as compared to existing solutions. However, this type of
solution is suffered from higher accuracy and computational cost issues.

Shahzad et al. [15] discussed the anchor-based range-free localization algorithm and computed the optimal
value of maximum hop to determine the node location. This algorithm used the pioneer distance-vector hop
algorithm. This solution is designed for IoT and WSN networks where localization information is one of the
important factors, especially for anisotropic networks. The basic objective of the proposed solution is to
decrease the complexities and computational overhead. The proposed algorithm is evaluated in simulation
by using several topologies to check the effects of multiple anisotropic factors like obstacles, sparse and
nonuniform sensor distribution, and other irregular radio propagation patterns. The proposed algorithm is
also evaluated in terms of computational overhead, energy cost, and communication cost. However, the
optimal value is applied when the beacon is selected based on a location otherwise discarded. Table 1 shows
the comparative analysis of discussed studies.

4 Proposed method

The proposed method utilizes the DVHLM to determine the distance among sensor nodes. The sensor nodes are
unknown or ANs. This method is multiplying the node’s distance and counted the number of hops. This process
has four main steps including coordinate calculation, distance calculation, estimate of the unknown node
position, and estimation correction. The coordinate calculation of nodes is done by using the GPS services
where nodes disseminate the location information and send given information to neighbor nodes. This service
is one of the well-known methods adopted by many researchers such as in the studies by Mao et al. and
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Altarasi et al. [16,17]. After this process, the next step is calculating the actual distance among nodes. This
process is done by calculating all distances from the source node to the destination nodes. Unknown node
position calculation is another important factor where the protocol is using the trilateration method [18]. In
the triangulation method, the geometric properties are adopted for triangles to estimate the location informa-
tion. The last step is node position estimation and correction, where PSO is adopted [19]. The PSO is based on
the bird’s flock technique which changes the velocity of each particle [13]. The complete process of proposed
solutions discusses in the next sub-sections. Figure 1 shows the nodes calculation in the network.

~ “Ristance 35"

Figure 1: Distance calculation example.

As shown in Figure 1, the candidate node (CN) is 1, 2, 3, and 4, whereas the others are displaced nodes (DN)
in the network. The distance between CN1 and CN2 is 25 m, that of CN2 and CN3 is 50 m, that of CN3 and CN4 is
35m, and the distance between CN1 and CN4 is 75 m. The gray outline is showing the communication range of
each node and the yellow AN is used for the unknown node which shows the process where this node
estimates the minimum hop count CN2 and CN3 from CN for CN1, CN2, CN3, and CN4 respectively.

4.1 Network design

To test the proposed solution, we set a network where the sensor nodes are randomly deployed in the area of
120 x 120 m? We deployed several sensor nodes in this area and categorized stable and unstable nodes. The
stable nodes are located exactly in their position whereas the unstable nodes are displaced from their position.
The main objective of the proposed solution is to estimate the unstable or displaced nodes in the network. The
position of displaced nodes is estimated from candidate node (CN). The number of CNs is selected to estimate
the location of the unknown node.

4.2 Localization process

The proposed solution is based on different processes such as the selection of candidate nodes and their
coordinate calculation. After this calculation, the information is broadcasted in the network. The initial value
of every node is set to zero and during broadcasting the value change to one to get the minimum value of node
count. The displaced nodes calculated the distance of CNs by using the information of the number of nodes and
the distance between CNs. Equation (1) uses for the distance calculation of CNs.



DE GRUYTER A novel distance vector hop localization method for WSNs =~ === 7

Zﬁ(DeSA:cN/ Hop, ey @
CN ’

Ditance =

where the CN denotes the selected candidate nodes whereas the estimated distance between selected CN A and
CN is calculated as in equation (2).

Desytx = Distancecy*Hop,cy- ”

The true distance between selected CNs A and CN is given by

Desiiye = /(2 - xen)? + (72 — Yoy )*- 3

After this calculation, the error between CN is given as

EI'I'OI'CN = DESACN - DeSACN. @

After these calculations, the displaced nodes can calculate their distance from selected CNs. The Flow chart
of proposed localization methods is shown in Figure 2.

Initialization: Network
Deployment

N
Candidate Node
Broadcast Coordinates

L

Distance Calculation among
CNs

No

Find Shortest Path

CN calculates Average
Hop Size

Unknown Nodes

Calculate Distance to CN

N2
Adopted PSO for
position estimation
N2
Determine Localization
Error

Figure 2: Flow process of proposed localization method.



8 —— Yousra Abdul Alsahib S. Aldeen et al. DE GRUYTER

After designing the proposed method, the Angle of Arrival (AoA) and RSSI are used to evaluate the
proposed method [20]. The AOA uses angle measurement of sensor nodes whereas the RSSI uses at least three
beacon sensors and their signal strength.

5 Experiment results

In this study, we aimed to evaluate the performance of the proposed method for localization in WSNs using
simulation experiments. To ensure the accuracy and reliability of the results, we carefully designed the
simulation setup and selected appropriate parameters. First, we set the simulation area to be 200 x 200 m?,
which is commonly used in previous studies for WSN localization. The reason behind this choice is to provide a
realistic scenario for the WSN deployment and ensure that the nodes are distributed uniformly across the
network. Second, we varied the number of candidate nodes, which are the nodes whose location needs to be
estimated, between 10 and 50, and the number of dislocated nodes, which are the nodes whose location is
already known and used as reference points, between 100 and 300. This range of candidate and dislocated
nodes is typical for many real-world WSN applications.

Moreover, we set the transmission range to 30 m, which is a crucial parameter to evaluate the perfor-
mance of localization algorithms. The transmission range determines the maximum distance at which two
nodes can communicate with each other. Thus, it affects the accuracy and efficiency of the localization process.
Additionally, we selected the packet size as 20 bytes, which is commonly used in many WSN applications. The
packet size is essential because it determines the amount of information that can be exchanged between
nodes, which is necessary for distance measurements and localization calculations. Finally, we performed a
comprehensive set of simulations to evaluate the performance of the proposed method. We varied the para-
meters such as the number of nodes, the node distribution, the transmission range, and the packet size, to
ensure that the results are reliable and can be generalized to different scenarios. The other simulation
parameters are present in Table 2.

Table 2: Simulation parameters

S# Parameters Value

1 Network area 200 x 200 m?
2 Dislocated nodes 100-300

3 Known nodes 1,000-7,000
3 Candidate nodes 10-50

4 Transmission range 30m

5 No. of iterations 40

The evaluation of the proposed protocol was conducted through several experiments to investigate the
impact of known sensor density, unknown sensor nodes density, and shadowing on localization error. The first
experiment focused on analyzing the impact of known sensor nodes density on localization error. The experi-
ment was conducted with 100 dislocated or unknown sensor nodes, and the density of the known nodes was
gradually increased from 500 to 700 in increments. The simulation was run a total of 10 times, and the results
were analyzed.

Figure 3 presents the results of the experiment, depicting the localization error percentage for different
numbers of located nodes. The findings demonstrate that the proposed DVHLM method outperforms AOA and
RSSI localization techniques in terms of localization error for varying known sensor densities. Moreover, the
results reveal that RSSI is a more reliable technique than AOA when the sensor nodes density reaches 700
known sensor nodes. Figure 2 presents the localization error with known nodes and further substantiates
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Figure 3: Localization error with known nodes.

these findings. Additionally, to assess the impact of unknown sensor nodes' density on localization error, the
proposed protocol was tested with varying numbers of unknown sensor nodes while keeping the density of
known sensor nodes constant. The results show that an increase in the density of unknown nodes leads to a
proportional increase in the localization error. Moreover, the impact of shadowing on the proposed protocol
was also evaluated. The results indicate that the localization error increases as the shadowing effect increases.

We evaluated the impact of unknown sensor node density on the localization error. The simulation was
performed with a region of interest containing around 5,000 known nodes, and the density of unknown nodes
was increased from 100 to 1,000 nodes. The simulation was repeated ten times, and the number of successfully
localized unknown nodes was recorded for each run. Figure 2 presents the results of the localization error
percentage with increasing unknown node density. The graph shows that the proposed DVHLM method
outperformed the AOA and RSSI localization techniques in terms of localization accuracy. The results also
show that the localization accuracy is better in the fully covered region of interest with known sensor nodes.

Moreover, the results indicate that the proposed method is more robust to the increasing density of
unknown nodes. It can be observed that the localization error percentage of DVHLM is relatively stable
even with a higher density of unknown nodes, while the errors of AOA and RSSI localization techniques
increase with increasing density. This behavior can be attributed to the fact that DVHLM utilizes hop counts,
which are relatively insensitive to the density of nodes in the network. Figure 4 shows the localization error
percentages for the unknown sensor nodes. The results illustrate that the proposed DVHLM method out-
performed the AOA and RSSI localization methods. The graph shows that as the density of unknown nodes
increased, the localization error percentage also increased for all methods. However, the proposed DVHLM
method has a lower localization error percentage compared to the AOA and RSSI methods, indicating its better
performance in handling the increasing density of unknown nodes.

In Figure 5, the impact of shadowing on localization error is demonstrated. To perform this experiment,
the simulation setup used 7,000 located nodes and 70 dislocated nodes. The shadowing effect was increased
from O m to 100, and the proposed DVHLM method was analyzed. For each simulation run, the number of
successful localizations of dislocated sensor nodes was counted using the located nodes, and the results were
recorded in terms of shadowing percentage. The results of this experiment indicate that the proposed DVHLM
method outperforms both RSSI and AOA techniques in terms of the localization error. The proposed method
achieves the best performance, while AOA is the second-best method. These findings are consistent with the
results of the previous experiments (Table 3).
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Figure 4: Localization error with dislocated nodes.

Overall, the detailed experiments demonstrate that the proposed DVHLM method has better performance
in terms of localization error with known nodes, localization error with dislocated nodes, and localization
error with the shadowing effect. These findings provide strong evidence that the proposed method is effective
in accurately localizing sensor nodes in WSNs.

6 Discussion

In our research article, we have presented a comprehensive evaluation of our proposed DVHLM and have
compared its performance with state-of-the-art localization methods. Our evaluation includes a range of
metrics, including localization accuracy, localization error, and computational complexity. Regarding the
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Figure 5: Localization error with shadowing effect.
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Table 3: Comparing localization error percentage of the proposed DVHLM method with state-of-the-art localization techniques

Method Localization error (m)
Proposed method 35
DV-Hop 4.0
Multidimensional scaling (MDS) 4.2
Range-free localization algorithm (RFLA) 4,5
Received signal strength indicator (RSSI) 5.0
AoA 6.5

performance-enhancing aspects of our proposed model, it is worth noting that our approach employs a
combination of well-established techniques such as trilateration and PSO to estimate the location of unknown
nodes. Trilateration calculates the position of an unknown node based on its distance from multiple ANs. Our
method enhances the accuracy of trilateration by utilizing PSO, which is a powerful optimization algorithm
that refines the node’s position estimate. Furthermore, our method incorporates distance vector hopping,
which facilitates communication among nodes to obtain distance information that is used to estimate the
location of unknown nodes. This technique reduces the number of ANs required for localization and improves
the overall accuracy of the localization process.

The proposed DVHLM has significant implications for real-time WSNs. The method utilizes a combination
of techniques such as trilateration and PSO to estimate the location of unknown nodes, which enhances the
accuracy of the localization process. Moreover, the incorporation of distance vector hopping reduces the
number of ANs required for localization and improves the overall accuracy of the process. The proposed
solution can be applied in various real-time applications such as environmental monitoring, precision agri-
culture, and military applications. It can be used to locate misplaced nodes in the network and improve the
overall network performance. Additionally, the proposed solution can reduce the computational complexity of
the localization process, which is a crucial factor in real-time networks. Hence, the proposed solution is
expected to have a significant impact on real-time WSNs. Further research can explore the potential applica-
tions and implications of the proposed solution in real-world scenarios.

The accuracy of the proposed method is dependent on the number of ANs available and their placement in
the network. The accuracy of trilateration-based methods decreases as the number of ANs decreases, and the
nodes are far apart from each other. Therefore, in scenarios where there are few ANs, or the ANs are far apart,
the proposed method may perform poorly. The proposed method relies on distance measurements between
nodes, which can be affected by signal interference, such as fading or attenuation, leading to inaccurate
distance measurements and resulting in incorrect node localization. The proposed method involves complex
calculations, including trilateration and PSO. Therefore, it may not be feasible for resource-constrained
devices with limited processing power and memory.

7 Conclusion

This article proposed a DVHLM for localization in WSNs. This method is used for real-time localization where
the position of the node can be dislocated and need attention. The proposed method has four main steps
including coordinate calculation, distance calculation, estimate of the dislocated node position, and estimation
correction. The PSO technique is used for the selection of candidate nodes and their coordinates calculation.
The proposed DVHLM is compared with AOA and RSSI localization methods to check the performance. The
proposed method has achieved better results in terms of localization error with known nodes, localization
error with dislocated nodes, and localization error with the shadowing effect. In the future, we will evaluate
the proposed method with error estimation and compared the method with more state-of-the-art localization
methods.
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