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Abstract—Internet of Things (IoT) systems require localization for the nodes within Wireless Sensor
Networks (WSNs) for many location-based services. Since thousands of sensor nodes would exist in
some networks, having GPS on each node is impractical, not merely due to the hardware cost, but also
because of the poor performance indoors. Localization is now recognized as a crucial area for study.
The research presented in this paper puts forward a half-measure weighted centroid DV-Hop
localization algorithm. The proposed algorithm adjusts the locations of unknown nodes using
redundant information obtained from localization equations. Simulation of sensor networks yielded
significant improvements in accuracy and reduced error rates in localization estimation, while
maintaining low hardware and computational costs.

Index Terms—DV-Hop, WSN, IoT, localization.

I. INTRODUCTION

wireless Sensor Networks (WSNs) are utilized for various applications, and among the significant challenges

for WSNs is the physical localization of nodes; sufficient localization is required for position-based WSN
applications, such as target tracking, path planning, event detection, and data routing [1], [2]. Localization
algorithms are usually implemented to determine the physical coordinates of sensor nodes within a WSN. One
of the many localization solutions for wireless sensor networks is the Distance Vector Hop (DV-Hop)
algorithm. Its cost-effectiveness and ease have made it extremely popular [3]. However, the DV-Hop
algorithm suffers from inherent errors in distance estimation; thus, researchers have developed various
enhancements to improve the DV-Hop algorithm’s ability to determine node positions [4]. Some add gadgets
that measure distance or antennas that point in specific directions [5]. Others use machine learning to make
networks learn on their own [6], [7], [8]. Such approaches involve processing complex computations, which
introduce overheads that may not always be compatible with wireless networks that have limited
computational resources. The DV-Hop, as a decentralized range-free localization algorithm, was initially
proposed by Niculescu et al. [9] and has garnered significant attention due to its ease of use and minimal
hardware constraints for sensor nodes within a WSN. Conversely, the algorithm has the disadvantage of
measuring hop distances rather than straight-line distances, which results in higher range error rates. Li et al.
focused on adjusting the shortest distance of “zigzag” paths using geometric topographies, but did not take
into account the density distribution of the nodes [10]. Tang et al. attempted to correct the average hop distance
of the anchor nodes but did not address the error in estimating the positions of the unknown nodes [11].
Shahzad et al. eliminated some distant anchors that are away from unknown nodes to ease the computation
process, but ignored some anchors’ useful information [12]. Cai et al. tried to improve accuracy through a
weight model but overlooked the weight-error relation [13].

II. BACKGROUND

Localization in wireless networks represents an important area of research in which localization algorithms
consider each sensor node in the affected environment as a physical landmark. Some position-based
applications require location-related information from sensor nodes to determine an accurate position.
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Sometimes, sensor nodes operate in remote and harsh environments, such as disaster relief areas and forests;
in these cases, traditional location tracking methods and simple sensor node localization approaches may not
yield a feasible solution. Therefore, efficient localization methods are adapted to provide accurate positional
information for the sensor nodes. Data aggregation strategies also require the positional information of the
sensor nodes, and the collected data from various sensors would be useless if accurate information on the
sensor nodes is not available. Localization is a process by which sensor nodes can determine their locations.
Cyber-physical systems, eHealth, environmental monitoring, indoor automation, automated path planning,
and weather forecasting are examples of the vast range of applications that require location-based services
[14], [15]. Global positioning systems (GPS) are widely used to determine the locations of nodes; however,
they incur a high cost in terms of power consumption, and their performance is also known to be poor indoors.
Over the past decade, the scientific community has recognized the importance of this topic, leading to a
substantial amount of research in this field. Localization is the process of determining the position of a node
within a network of sensors. When the node’s positions are unknown, connectivity information is utilized to
determine the localization of the unknown nodes. Localization techniques can be classified into two basic
categories: “Target or Source Localization” and “Node or Self Localization”. Target/Source localization is
further localized into “Single-Target Localization” and “Multiple-Target Localization”.

On the other hand, “Node/Self Localization” is further classified into “Range-Based Localization” and
“Range-Free Localization”. Furthermore, “Range-Based Localization” is subclassified into more specific
algorithms, such as “Connectivity”, “Centroid”, “Energy”, and “Region Overlap” localization algorithms. The
“Range-Based” localization algorithms use distance measurement techniques to calculate the location of
unknown nodes; alternatively, “Range-Free” localization algorithms use the contents of the messages rather
than measuring the proximity in terms of hop count or estimated distance to landmarking sensor nodes with
known locations [16], “cooperative” localization techniques which require the existence of communication
among all nodes [17], and “Non-Cooperative” localization techniques, where the unknown nodes
communicate only with the anchor nodes [18], “Centralized” localization technique, which is also known as
“Network-Centric Positioning”, and “Distributed” localization technique, which is also known as “self-
positioning” where no central management for the determination of the nodes’ position; instead, each node
estimates its location based on its local information [19]. Recent studies have investigated the mobility effects
on localization [20], [21], [22], “Anchor-Based” and “Anchor-Free” localization [23], [24]. The methods used
to estimate the location of sensor nodes are: The “Range-Based Localization” algorithms usually adopt one
of the following techniques to measure a distance: “Angle of Arrival (AOA)”, “Time Difference of Arrival
(TDOA)”, or “Received Signal Strength Indicator (RSSI)”. The “Range-Free Localization” algorithms do not
measure distance or angle among nodes. These algorithms can be divided into “Local/Pattern-Match” and
“Hop-Count” localization techniques.

The DV-Hop is a range-free algorithm that estimates the distance between sensor nodes based on the hop
count; it goes through three steps: 1) counting the minimum number of hops between the unknown node and
the anchor; 2) estimate the distance from anchors to the unknown node by multiplying the minimum number
of hops and the average distance per hop. and 3) determining the unknown node’s coordinates mostly based
the trilateration method or probability evaluation [31], [32], [33], [34], [35]. Many researchers have conducted
extensive studies on improving the DV-Hop algorithm [25], [26], [27], [28], [29], [30]. Some research has
focused on optimizing steps (1 and 2) of the DV-Hop algorithm; for example, Li et al. optimized the minimum
number of hops by setting two communication radii and increasing the communication radius (R) [36]. Gui
et al. proposed a medium access control (MAC) method based on the “Chinese residual set (CRT)” protocol
sequence to localize DV-Hops [37]. Kaur et al. developed the “Enhanced Weighted Centroid DV-Hop
(EWCL)” algorithm to address the issues of poor accuracy and excessive power consumption. The
transmission radius determined the EWCL algorithm’s weighting factor, average hop distance, and hop count
[38]. Other scientists have also optimized step (3) of DV-Hop. Recently, due to the impressive performance
of intelligent computing on complex optimization problems, several nature-inspired schemes have been
introduced [13], [39]. For example, Zhou et al. optimized DV-Hop based on bacterial foraging optimization
(BFO) [40]. Kaur et al. optimized DV-Hop algorithm based on the “Gray-Wolf” optimization for 2D and 3D
WSNs environments [41]. Song et al. applied “Firefly Swarm Optimization™ algorithm [42] with a chaotic
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inertial weight update [43]. Cui et al. proposed the CS-DV-Hop algorithm [44], a hybrid DV-Hop algorithm
that combines the “Cuckoo Search” optimization algorithm [45]. Wang et al. proposed an improved DV-Hop
algorithm based on both BFO and glow-worm swarm optimization (GSO), thus it is called “BFO-GSO.” This
approach has proven to have a convergence speed; however, its computing time has increased slightly
compared to merely BFO [46].

I1I1. HD-DV-HOP ALGORITHM

The half-distance DV-Hop routing protocol is the decentralized range-free localization approach utilized by
the DV-Hop localization method. The essential idea involves determining the distances between signal and
obscure hubs by replicating the typical hop distance in WSNs, with the bounce considered a fundamental part
of reference point hubs. Three mathematical techniques are typically used to determine a receiver’s position
(en) from signals received from multiple transmitters: triangulation, trilateration, and multilateration. When
employing the DV-Hop algorithm, localization errors may occur because paths between beacons and
unknown nodes may not be direct in a network with randomly positioned wireless sensor nodes. Moreover,
the more hops there are, the larger the accumulated errors are. In the initial step, each anchor hub conveys its
coordinates as a reference point to the other nodes within the network, containing the anchor’s area with a
hop count of one. Each hub tracks the base bounce count per anchor for all signals it receives. Reference
points with higher hop count values associated with a specific anchor are considered outdated and will be
disregarded. Then, those not flat guides overflowed outward, with bounce count values augmented at each
middle-of-the-road hop. Through this component, all hubs in the organization get a negligible bounce build-
up to each secure hub. In the next phase, when an anchor receives hop counts from various anchors, it
calculates an average hop size and shares it with the entire network. Nodes without visual information use the
hop size multiplied by the hop count to calculate the distance from the anchor. The average hop size to an
anchor i is estimated as:

Z§=1(xi — %)%+ (i — ¥;)? M
%e1 by

HHopSize -

Where (x;,y;), (x;, y;) are coordinates of anchor i and anchor j, h;; denotes the hops between beacons i and
Jj. Each anchor node transmits the information about its hop size to the network using “controlled flooding”.
Unknown nodes receive hop size data and save the first one; they also transmit their hop size to neighboring
nodes. This method enables nodes to receive the hop size from the beacon node with the minimum number of
hops. Ultimately, the unknown nodes determine the distance to beacon nodes based on the hop lengths to
those beacon nodes.

Each anchor node shares its hop size with the network during controlled flooding. When an unknown hub
gets this hop-size data, it stores it first and then passes it to its adjoining hubs. This method ensures that most
nodes get the hop size from the beacon node with the fewest hops to them. As a result, based on the hop
lengths to the beacon nodes, unknown nodes ultimately establish the distances to the beacon nodes.

Let (x,y) denote the unknown coordinates of node D, (x;,y;) are the known coordinates of the i*" receiver
anchor node, and i" anchor node distance to node D is d;, then we can compute the unknown coordinates of
node D as:

(x —4\‘1)2 +(v— _\'1)2 e (/12

(x—x,) +(v-v,)" =d;
] : 2
(x—=x) +(v-y,) =d;
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The coordinates are computed as:
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Where: P=(4"4)"4"B

HD-DV-Hop Algorithm
Inputs:

- Set of anchor nodes A = {al, a2, ..., an}
- Set of unknown nodes U = {ul, u2, ..., um}

- Location coordinates of anchor nodes (x_a,y a)fora € A

Output:

- Estimated location coordinates (x_u,y u) foru € U

Initialization:

For each anchor node a € A:
Broadcast the location coordinates (x_a,y_a)
for each unknown node u € U:

Calculate hop count to each anchor node h(u, a)

Distance Estimation:

for each anchor node a € A:
Sum_dist =0
Sum_hops =0
for each anchor node b € A, b # a:

Sum_dist += distance((x_a, y_a), (x_b,y b))

Sum_hops +=h(a, b)
HopSize(a) = Sum_dist / Sum_hops

)

“)

©)
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Coordinate Estimation:

for each unknown node u € U:
Distance estimates = []
for each anchor node a € A:
Estimated distance = h(u, a) x HopSize(a)
Distance estimates.append(Estimated distance)
(x_u, y_u)= Multilateration(Distance estimates, anchor locations)
Refinement (Optional):
while stopping criteria not met:
for each unknown node u € U with estimated coordinates (x_u, y u):
Treat u as a pseudo-anchor node
Broadcast (x_u, y_u) to other nodes
Repeat Distance Estimation and Coordinate Estimation steps
for the remaining unknown nodes using pseudo-anchor nodes
Return estimated coordinates (x_u,y u) forallu € U

Explanation:

Initialization: Anchor nodes broadcast their location coordinates, and unknown nodes calculate their hop
counts to each anchor node.

Distance Estimation: For each anchor node, the average hop distance (HopSize) is calculated by dividing the
sum of distances between the anchor node and other anchor nodes by the sum of their respective hop counts.
Coordinate Estimation: For each unknown node, the estimated distance from each anchor node is calculated
by multiplying the hop count to that anchor node with the corresponding average hop distance (HopSize).
Using these estimated distances and the known locations of anchor nodes, the unknown node’s coordinates
are calculated using a multilateration technique, such as the least-squares method.

Refinement (Optional): In this optional step, the algorithm can be iteratively refined by treating the unknown
nodes with estimated coordinates as pseudo-anchor nodes. The Distance Estimation and Coordinate
Estimation steps are repeated for the remaining unknown nodes, using both the pseudo-anchor nodes and the
original anchor nodes.

The algorithm continues to refine the coordinates until a stopping criterion is met, such as a maximum number
of iterations or a desired accuracy threshold.

IV. SIMULATION AND DATA ANALYSIS

In this section, we compare and analyze the outcomes at a system level; the simulation was carried out with
MATLAB software to assess the sufficiency of the proposed algorithm, in terms of efficiency and suitability.
We randomly distributed 100 wireless sensor nodes within a 100 m x 100 m square; 60 nodes are unknown,
40 of which are beacons.. The half-weighted centroid shapes the premise of the organization geography
utilized by the DV-Hop bounce confinement calculation. The estimated distances between the unknown and
the beacon nodes were calculated by multiplying the least hop distance by the average hop distance between
the two nodes. The communication radius of the nodes plays a significant role in determining the minimum
amount of hops between nodes. Node locations also vary depending on the hop distances between
communication radii. The correspondence range is more modest, and the geography is nearer to the actual
area, which has higher hub densities, as shown in Figures 1-10. By optimizing the network’s topology,
network longevity can also be extended, and energy consumption can decrease.

We compared the localization errors of the proposed algorithm over an identical communication radius (R =
100 m). The DV-Hop algorithm’s node localization error (e) fluctuated between 15 and 60. In contrast, the
proposed algorithm’s error rate ranged between 2 and 15, so it is more precise, mainly attributed to the
increasing radiuses of unknown nodes, which reduced the minimum communication radius, as illustrated in
Figures (10-20).
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Figure (19): Localization errors over communication radius (90 Beacons) Figure (20): Localization errors over communication radius (100 Beacons)

V. CONCLUSION

An enhancement algorithm for WSNs localization was proposed half-measure weighted centroid DV-Hop
algorithm, where the uneven distribution of nodes, holes, and errors in the average hop distance was simulated.
The new algorithm used a cutting-edge localization strategy by adding a half-measure weighted centroid with
the DV-Hop algorithm. Beacon nodes use the centroid algorithm to determine their location, and the DV-Hop
localized accuracy is then used as the weight for locating unknown nodes. The enhanced localization
algorithm decreased localization error and increased the localization accuracy of unknown nodes. The
simulation outcomes indicate that a higher location coverage and a lower error rate are associated with more
frequently placed beacons. In the application scenario, anchor nodes can be manually placed, and location
performance can be enhanced. Since the study was conducted in a perfect network simulation environment,
future research will be required to examine how the enhanced algorithm might be used in less typical network
environments.
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