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PAPER

Performance Analysis of Sink Mobility Models  
for Wireless Sensor Networks: A Comparative Study

ABSTRACT
Wireless sensor networks (WSNs), deployed in the area of interest to gather data unattended, 
comprise numerous tiny, ponderous, and battery-operated sensor nodes (SNs). Numerous 
research publications presented strategies for extending the lifespan and performance of 
wireless sensor networks because SNs lifetime depends on limited battery life. One strat-
egy for enhancing the performance of wireless sensor networks is to deploy an energy-rich 
sink capable of mobility to gather data sensed by stationary SNs. Therefore, several mobility 
models (MMs) were suggested. The primary objective of this investigation is to compare the 
effectiveness of wireless sensor networks using two MMs for mobile sinks (MSs): Kohonen’s 
self-organizing map-based model and the genetic algorithm-based model, in order to find 
the most suitable conditions under which each one of them can be used. As a result, net-
work performance is investigated using the NS-2 simulator under various scenarios and MS 
speeds. Additionally, throughput, packet delivery ratio (PDR), and end-to-end (E2E) delay are 
the metrics used to analyze performance. Finally, messages are forwarded from their sources 
to the MS using the AODV routing protocol. The results show that the Kohonen-based model is 
suitable for small networks with moderate speeds of the mobile sink. On the other hand, the 
genetic algorithm-based model is suitable to be used with medium-sized networks with low 
speeds of the mobile sink.

KEYWORDS
genetic algorithm (GA), mobile sink (MS), mobility model (MM), self-organizing map (SOM), 
sensor node (SN), wireless sensor network (WSN)

1	 INTRODUCTION

Wireless sensor networks (WSNs) have become a prominent example of ubiqui-
tous and pervasive computing, primarily due to their ability to operate in inhospi-
table environments for extended periods while studying specific phenomena. These 
networks are often deployed randomly and are expected to function autonomously 
without human intervention. The sensor nodes (SNs) are designed to be compact, 
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lightweight, and battery-operated, with limited capabilities to facilitate rapid deploy-
ment. However, these nodes have finite energy resources, necessitating careful energy 
management to maximize the lifespan of the WSN. For these networks to operate effec-
tively, it is crucial to maintain fault tolerance and self-organizing capabilities [1–5].

The SN unit is composed of processing, communication, and sensory modules. 
The communication module is regarded as the primary power consumer since 
power consumption in communication is distance-dependent. For instance, the 
energy required to execute thousands of instructions by the processing subsystem 
in one SN equals the energy required to communicate a single bit [6] [7].

Consequently, it is recommended that the SN employ multi-hop routing and seek 
the assistance of other SNs instead of sending data to the base station in a single-hop 
(S-H) manner. Accordingly, a multi-hop SN will consume less energy because the 
required distance is shorter than with S-H routing. Conversely, the energy consump-
tion of SNs is uneven when multi-hop routing is used instead of S-H routing, espe-
cially for SNs close to the base station, since most of the traffic generated by remote 
SNs would pass through these nodes. Therefore, most of these SNs’ energy will be 
consumed to relay messages from remote nodes [6] [8].

Consequently, deploying a mobile sink (MS) or sink has been introduced. In this 
approach, the MS gathers data from immobile SNs. It moves randomly or by a certain 
mobility strategy before sending the information to the base station. Furthermore, 
using a MS enhances the performance of WSNs in multiple aspects. This includes 
reducing the reliance on intermediary nodes, amplifying the network’s data transfer 
capacity, and extending network coverage to remote locations [1].

This paper studies the performance of two sink mobility models (MMs) and 
compares them based on the same scenarios and simulation environment. The 
compared models are similar in that each employs one MS based on a designated 
model, systematically gathering data from stationary nodes and transmitting it to 
the central base station. Therefore, the following points serve as a summary of this 
paper’s significant contributions:

•	 Simulate a WSN at various scales as the MS travels at various speeds and accord-
ing to various mobility patterns.

•	 Examine the effects of various scales, movement patterns, and speeds on the 
effectiveness of WSNs while utilizing the same protocol to route messages.

Following is a description of the remaining sections of this study paper. Related 
work is demonstrated in Section 2. The MMs under study are introduced and 
described in Section 3. Section 4 explains the simulation environment, scenarios, 
and performance metrics. Additionally, the outcomes of simulating the MMs are 
shown and discussed in Section 5. Section 6 sums up the conclusion of the paper.

2	 RELATED	WORK

There has been much research that has suggested methods or algorithms to sup-
port mobility in WSNs. Mobility, as defined by [9], refers to a node’s ability in a WSN 
to change locations post-deployment. The use of MSs or sinks that can move while 
still receiving data from immobile SNs is the first of two major categories into which 
mobility algorithms for SNs can be classified. At the same time, the second category 
gives all SNs the ability to move, so they can move from one position to another 
and report data as static SNs would. Because it is more pertinent to the MMs being 
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studied, our review will focus on studies that employed a single moving MS to gather 
data from immobile sensor nodes.

The research proposed in [10] provided a data-gathering approach that employs 
path planning to reduce the MS’s traveled distances and communication ranges. An 
inner-center path planning algorithm reduced an MS’s traveled distance. The prob-
lem of back propagation of the movement path was also considered by introducing 
a back-routing technique. To enable the MS to move, the proposed strategy must be 
able to make adaptive judgments. It is worth noting that the proposed scheme is suit-
able for large-size networks, and the performance decreases for small-size networks.

To further cut energy use and extend the lifespan of WSNs, the authors of [11] 
considered tackling the relay selection problem. As a result, the suggested study used 
the k-means method to create clusters within the network. A method for choosing 
the cluster head (CH) employing moveable sinks was proposed to maximize energy 
utilization inside the cluster. When the MS is near the immobile sensors, it acts as the 
CH to gather data and save energy on both the immobile SNs and the CH. The usage 
of a virtual CH to attain energy savings has been presented in the proposed work, 
and this is another addition to that work. However, the proposed scheme consists of 
several steps. Also, the MS will sometimes need to act as a cluster head, which may 
affect timely data collection from other sensor nodes.

A cooperative strategy was described in [12] to enhance the task of environmen-
tal monitoring and discrepancy search in WSNs. The proposed approach primarily 
consists of two parts. The coordinated installation of the immobile SNs is the initial 
area of focus, which depends on a weighted Gaussian coverage technique. On the 
other hand, the second component, which concentrates on scheduling a track for the 
MS, is built on customizing a dynamic checking and discrepancy exploration engine 
that uses a Markov decision process (MDP) model. Thus, the primary purpose of this 
system is to rapidly detect ecological abnormalities, which will allow the MS to react 
correctly using a cumulative reward function. Another model is suggested in [13], 
which zone-divides the network to improve WSN performance and lengthen their 
lives. Considering the load of each zone, the MS is going to get closer to the zone that 
is highly loaded. It is significant to notice that the heavily loaded zone uses a fuzzy 
logic approach to account for any potential uncertainty. This model is better suited 
for large networks. Also, it has been studied under 50, 100, 150, and 200 node net-
work sizes, and the average packet delivery ratio was 90%. Furthermore, under the 
same circumstances, it has achieved 0.09 second average end-to-end latency results.

This protocol has been studied under 50, 100, 150, and 200 node nw sizes, and 
the AVG e2e delay achieved was 0.09 seconds.

The study in [14] also suggests an adaptive mobile routing technique focused on 
spotting a burst of traffic. The implemented network architecture depends on main-
taining two MSs, and the technique depends on partitioning the network’s clusters 
into two distinct groups. Each SN will control a particular group and interact with 
the CHs. Moreover, the MS would make specific visits to the group’s CHs so that they 
could arrange themselves. If traffic increases are observed, the MS will not adhere 
to visiting CHs in the indicated order and will approach the heavily laden CH. This 
technique must incorporate the MS mobility model and cluster head selection with 
optimization techniques or methods to make them more efficient.

Furthermore, [15] presented an optimization-based ant colony approach employing 
E2E data aggregation techniques. The suggested approach creates a tree of data pass-
ing and randomly picking aggregation objects. Consequently, the path of the MS is pre-
dicted and defined. To decrease latency and power consumption, the research in [16] 
focuses on developing mobile paths for the sink. The algorithm’s four stages are data 
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detection, meeting location selection, trajectory design, and data transfer. Geographic 
navigation using portable sinks was suggested in [17]. Using two MSs, this research 
gathered data from SNs in cells or geographical areas. Thus, the gathered information 
gets delivered to the MS by each cell’s SNs. It is important to remember that communi-
cation between the SNs and the MS can be done in an S-H or multi-hop fashion.

Another mobility model was proposed in [18] based on constructing a bipartite 
graph derived from a randomly deployed WSN. After that, the SM model is calculated 
based on the properties of the constructed bipartite graph. In other words, in a bipar-
tite graph, sensor nodes will be divided into two sets, where the nodes in the first set 
are neighbors to the nodes in the second set. Thus, the mobility model is based on mak-
ing the MS visit the nodes in the first set that are not neighbors. Then the mobile sink 
will visit the nodes in the other set. As a result, all the nodes in the network get visited, 
and the neighbors of each node have the opportunity to report data to the MS twice.

To deal with burst traffic, an adaptive mobility model based on detecting bursts of 
traffic was proposed in [19]. The authors suggest dividing the network into clusters 
and selecting a head for every cluster based on the nodes’ energy levels within a 
cluster. Consequently, the MS sink’s movement is based on detecting a burst of traffic 
in a cluster head and moving towards that cluster head to collect data. After that, the 
mobile sink stays in its location until another burst is detected.

The research proposed in [20] presented a routing algorithm based on having 
an MS deployed within the network. The proposed scheme is based on constructing 
cluster-based tree routing with an MS. First, clusters, or grids, are formed. Then, the 
routing tree, consisting of cluster heads only, is constructed. After that, the mobile sink 
selects a node within the constructed tree to be its access point or gateway. As a result, 
sensor nodes will send data to the cluster head, and the cluster head aggregates the 
data and sends it to the next node within the routing tree. Thus, the aggregated data 
traverses the tree until it reaches the access point selected by the MS. Consequently, 
the access point sends data to the MS sink, which will report it to the base station.

The random waypoint model is considered a reference model in this area of research. 
As a result, it will be discussed in this paper to compare the obtained results. This model 
is based on making the mobile sink select a random location to move to. Upon arrival 
at the location, the MS will stay in that location for a specific period. When the time 
expires, a new location is randomly selected again, and the MS sink will move to it [20].

The performance of the random waypoint and mobility models proposed in [18] 
was studied under the same circumstances and parameters. Thus, the performance 
of these two mobility models is illustrated in Tables 1, 2, and 4.

Table 1. End to end latency

Model Name Speed
Network Size

26 Nodes 51 Nodes 76 Nodes 101 Nodes

Ref [18] 5 192.12 31.45 19.33 78.69

10 166.56 28.58 26.65 151.50

15 633.29 51.74 30.60 84.37

20 262.34 73.93 267.47 140.39

Random Waypoint Model 5 1070.78 3590.09 5344.26 7348.23

10 1069.12 4247.96 4665.35 6904.05

15 811.182 3507.06 5812.7 4860.76

20 993.193 3535.66 6268.34 6077.27
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Table 2. Packet delivery ratio

Model Name Speed
Network Size

26 Nodes 51 Nodes 76 Nodes 101 Nodes

Ref [18] 5 95.20 98.52 99.81 95.25

10 91.63 98.96 99.81 99.57

15 88.70 99.24 99.02 99.25

20 90.63 94.83 99.25 98.88

Random Waypoint Model 5 59.76 34.80 20.76 14.84

10 53.55 31.82 19.16 13.32

15 38.51 19.91 15.17 5.70

20 39.72 26.49 13.85 9.47

Table 3. Throughput of the networks

Model Name Speed
Network Size

26 Nodes 51 Nodes 76 Nodes 101 Nodes

Ref [18] 5 15.89 31.09 13.19 12.60

10 14.99 32.07 13.28 13.32

15 15.27 31.95 13.35 13.16

20 14.35 31.94 13.20 16.20

Random Waypoint Model 5 2.44 2.85 2.55 2.43

10 2.19 2.60 2.35 2.18

15 1.57 1.62 1.86 1.18

20 1.62 2.12 1.70 1.55

From Tables 1, 2, and 3, it can be concluded that the mobility model proposed 
in [18] is suitable to be used with medium-sized networks when the mobile sink is 
moving at moderate speeds. On the other hand, it can be observed that the random 
waypoint model did not provide good performance results in all cases because of the 
randomness according to which the new location of the MS was selected.

This paper examines and compares two sink MMs within the context of WSNs. 
The objective is to assess and contrast the performance of these models under iden-
tical scenarios and simulation environments. Both models share a common charac-
teristic: the utilization of one MS that employs a specific mobility pattern to collect 
data sensed by immobile SNs and send it to the base station. The main objective of 
this paper is to study the performance of the Kohonen SOM-based mobility model 
and the genetic algorithm (GA)-based mobility model under the same simulation 
environments to study their behavior and decide on the best conditions under 
which each one can be used.

3	 THE	COMPARED	MODELS

This section discusses the MMs employed in our comparative study, including the 
Kohonen self-organizing map (K-SOM) based and the genetic algorithm-based model.
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3.1	 Kohonen	SOM-based	model

Before deploying the MS, K-SOM is used to compute the movement trajectory. 
It is done offline to ensure the MS’s movement trajectory is predetermined and fixed. 
Additionally, it’s crucial to check that the chosen movement path includes every 
immobile SN that the MS will visit at this step [21].

Specifically, the network will comprise N randomly placed static SNs distributed 
around the study region. The MS node will also be settled randomly in the same 
region. The path of an MS could begin at an SN’s static SN that has been arbitrarily 
chosen. The MS’s movement is then split into sojourn and moving periods. The MS 
starts randomly, joins the sojourn phase, and maintains its current position for a 
predetermined time. The MS gathers information from the nearby stationary SN 
through this period. Therefore, it is evident that the suggested strategy’s main pur-
pose is to decrease the energy quantity utilized in transmission by shortening the 
distance connecting a stationary node and a mobile node (sink) [21].

The motion retro begins when the pause retro is over, and the MS then has to choose 
a new position using the K-SOM’s calculations. Thus, the MS chooses a stationary SN 
location as its target location and moves in that direction. When the MS gets to its new 
location, it joins the sojourn phase again and begins gathering information from the 
stationary node. After visiting all stationary SNs, the sink node comes back to its initial 
location. The MS then embarks on a new journey in the same way until the topology of 
the network changes brought on by energy exhaustion are discovered. This requires 
the incident to be relayed to the base station, where a new course is determined [21].

3.2	 Genetic	algorithm-based	model

The suggested work in [22] is based on a heterogeneous WSN with N station-
ary SNs that are randomly placed. An additional node is included to represent the 
MS node, in charge of gathering data from the stationary SNs. Additionally, in the 
described MM, the primary goal is to employ GAs to give the MS an ideal route that 
visits all immobile SNs and gathers data, with the movable sink’s movement begin-
ning and ending at the same node.

The GA’s initial population is generated randomly because the suggested MM is 
built on a WSN deployed randomly. The nodes in this model representing the ini-
tial solution are chosen randomly. Random numbers between 0 and n are created 
for each generation. The system then determines whether the randomly produced 
number exists in the present individual. A new number is generated if it is found; it 
is also appended to the current individual [22][23]. The primary objective of the sug-
gested MM is to identify an ideal path that the MS can follow to visit each static SN 
precisely once and gather data. To compute the distance, or cost, between immobile 
nodes, which may be computed using (1) [23], Euclidean distance, D, is used.

 D x x y y� � � �� � � � �( ) ( )
1 2

2

1 2

2  (1)

In (1), the coordinates of node m’s are represented by x1 and y1, while the coor-
dinates of node n are represented by x2 and y2. It is important to note that the dis-
tance between any two nodes remains constant in both directions [23]. To determine 
the best course for the MS, the fitness value is derived by summing the distances. 
Therefore, the node with the smallest fitness function value from the MS’s current 
location is chosen as the sink’s new location. The MS will consequently travel in the 
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direction of the new position. It is important to remember that the suggested MM is 
separated into rounds, each beginning at the node chosen to serve as the path’s start-
ing point. A round also ends whenever the MS finishes its cycle. To put it another 
way, the round ends when the MS returns to the initial location after stopping at 
each static SN. A new round is initiated after a previous round has concluded by 
following the same strategy.

4	 SIMULATION	ENVIRONMENT

This section describes the experimental setup used to simulate various scenarios 
and parameters and the evaluation metrics employed for the comparative analysis 
presented in this paper. The meticulous experimental setup design ensures a robust 
and reliable evaluation of the sink MMs. In contrast, the carefully selected evalua-
tion metrics enable a comprehensive assessment of their performance.

4.1	 Simulation	scenarios	and	parameters

The NS-2 simulator, one of the most popular simulators for studying the perfor-
mance of wired and wireless networks, was utilized in simulation experiments to 
evaluate the performance of the MMs. Furthermore, the messages are forwarded 
to the MS via the AODV routing protocol. Four different network sizes—26, 51, 76, 
and 101—were randomly deployed in a 1000 × 1000 flat grid to examine the effec-
tiveness of the MMs. It is important to note that the 26-node network comprises 
25 immobile SNs and an additional MS node for data collection. Furthermore, the 
static sensor nodes (SNs) generate consistent bit rate (CBR) traffic. In addition, we 
assessed the effectiveness of the MMs under various velocities of the MS, including 
{5 m/s, 10 m/s, 15 m/s, and 20 m/s}, while accounting for a pause duration of 5 sec-
onds to simulate the MS’s temporary stay. The efficiency of the studied MMs was 
inspected for every network size using the following methodology: First, immobile 
SNs are deployed randomly. The MS will relocate throughout the network following 
a certain MM. The network size is fixed in the first scenario; for example, in a net-
work with 26 nodes, the mobile node’s movement speed is adjusted following the 
values indicated in Table 4. We extended the network size to 51 nodes, and again, we 
assessed the effectiveness of the MMs at different speeds of the MS. In other words, 
the network size was fixed, and the MS speed was changed based on a specific MM. 
After that, the same approach was adopted for the same network size, but another 
MM was adopted, and so forth.

Table 4. Model factors

Factor Name Factor Value

Simulation Duration 1000s

Node Count {26 – 51 – 76 – 101} nodes

Pause Time 5s

Simulation Space 1000 × 1000

Type of Traffic CBR

MS_Velocities {5 – 10 – 15 – 20} m/s
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For example, the MS moves at a 5 m/s speed, and the network initially has a size 
of 26 nodes for 500 seconds. An MS traveling at 10 m/s was subsequently simulated 
to a similar duration with the same network size using the same MM, and the same 
scenario was executed again at speeds of 15 and 20 m/s. Following this, we extended 
the size of the network to 51 nodes, and again, we assessed the effectiveness of the 
MMs under different speeds of the MS in the same way as for the 26-node network 
for the same MM. The same methodology was used for different network sizes and 
other MMs. Table 4 displays the simulation parameters.

4.2	 Performance	metrics

Three performance indicators—PDR, throughput, and mean E2E latency—were 
considered to examine the studied models’ performance. The following is a brief 
description of these performance metrics:

A) The mean E2E latency is the duration a packet needs to reach its destination con-
cerning when it originally left the source. By calculating the average time required 
for packet transmission between the sender and receiver nodes for every connec-
tion in the interior network, the mean E2E latency for the entire network can be 
determined [24]. To calculate this performance parameter, (2) is used [24].

 T
H H

N
AVG

i

N

r

i

t

i

�
�

�
��

�

1

( )
 (2)

In (2) H
r

i  and H
t

i  Denote the sent and received packet copies correspondingly. 
Also, N represents the overall amount of received packets [24]. For a MM to per-
form well, low mean E2E latency values must be achieved [25].

B) According to (3) [25], the PDR is the sum of all successfully received packets 
divided by all transmitted packets.

 Packet Delivery Ratio
P

P

rs

i

n

sent
i

� � ��

�� 1

 (3)

Prs and P
sent

i

 represent the overall number of correctly sent and received packets.
C) Throughput, expressed in bits/sec, is computed as the total count of success-

fully received packets over the length of the simulation period. Consequently, 
a sink MM ought to attain superior outcomes for this performance metric. [24]. 
According to [25], (4) is used to compute throughput.

 Throughput
Number of Packets Delivered Packet Size

Total
=

� � � * � *

�

8

SSimulation Time�
 (4)

5	 SIMULATION	RESULTS

The simulation factors, along with the performance indicators, were discussed in 
subsections 4.1 and 4.2. This section shows and evaluates the simulation results for 
the MMs under investigation. Ten iterations of each scenario were done to ensure 
more precise results. Therefore, the simulation’s results were achieved by averaging 
the outcomes of the 10 runs for each case.
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Figures 1 and 2 display the final results for mean E2E latency for the MMs studied 
in this paper. The mean E2E latency results are displayed in Figure 1, depending on 
different network sizes and the speed at which MSs move. As clearly seen, Kohonen-
based MM has achieved lower and steady E2E latency outcomes for small networks, 
especially networks with 26 nodes, because the MS’s movement path is shorter than 
that of other networks. Consequently, the MS may exchange messages with all the 
static nodes in its path, utilizing S-H to gather data from them. Thus, lower values for 
E2E latency were acquired, improving performance.

According to Figure 1, the outcomes obtained for network configurations con-
sisting of 26 nodes exhibited higher values for speeds of 15 and 20 m/s compared to 
speeds of 5 and 10 m/s. When traveling at low speeds, the MS spends more time near 
a static SN. Thus, a stationary SN has a longer time to send data via S-H communica-
tion to the MS. On the contrary, the MS will rapidly enter and exit the neighborhood 
of a stationary SN with a higher velocity, such as 15 and 20 m/s. Thus, a stationary 
SN may need multi-hop to transfer data to the MS, raising the E2E delay values. The 
increased latency values obtained increased as the network size increased because 
of the path length the MS must travel.

Consequently, the frequency at which the MS visits immobile SNs decreases. 
Multi-hop routing will therefore be employed more often. Higher values for E2E 
latency were, as a result, gained.

Fig. 1. Mean E2E latency for Kohonen SOM-based model

Figure 2 examines the mean E2E latency for the mobility-based GA model with 
various network sizes and MS velocities. As can be observed, the mobility-based GA 
model produced small E2E latency values at slow MS rates for all network sizes. These 
values augmented while increasing the speed of the MS. Additionally, the performance 
of the 51 and 76-node networks was nearly consistent. The rise in values was within a 
permissible range for various MS speeds that may be viewed in relation to the network 
size. On the contrary, for 26-node networks, there was a sharp rise in the E2E latency 
when the MS speed was equivalent to 20 m/s because sending packets from distant 
nodes to the MS while traveling quickly is challenging. Hence, these packets must travel 
long distances and may get routed through certain nodes as they follow the MS. The 
fact that there are many nodes and that it will take a while for the MS to visit all of the 
static nodes contributed to the 101-node networks’ achievement of high E2E latency 
outcomes. Consequently, numerous data packets will be routed through many hops 
instead of a single hop, resulting in relatively long distances for the packets to traverse.
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Fig. 2. Mean E2E latency for genetic algorithm-based model

Figure 3 illustrates the Kohonen-based MM results for PDR, consistent with those 
shown in Figure 1, since the network produced higher PDR values with minimal 
E2E delays. Figure 3 shows that higher ratios for small network sizes and slow MS 
speeds can be attained. This can be attributed to the MS’s ability to visit all stationary 
SNs more often. Hence, S-H communication is frequently used. Moreover, the paths 
to perform this operation are fairly short when a stationary SN needs to employ 
multi-hop communication. In contrast, networks with 51, 76, and 101 nodes perform 
worse because stationary sensors are not visited as frequently as in networks with 
26 nodes. Multi-hop routing is consequently used more frequently. However, adopt-
ing multi-hop routing could cause many nodes to become overwhelmed with mes-
sages coming from other immobile nodes, increasing the amount of dropped PDR. 
Additionally, the paths to transport packets are longer and could get longer if an MS 
relocates. As a result, dropping occurs for packets beyond the time-to-live limit (TTL).

Fig. 3. PDR for Kohonen SOM-based model

The results from investigating the GA-based MM’s performance based on PDR are 
shown in Figure 4. Network sizes 51 and 76 achieved higher and more consistent 
PDR results than others. The network size and the frequency with which the MS 
visits stationary SNs might be viewed as the causes of such behavior. Alternatively, 
the MS can collect data more quickly and visit the fixed SNs more frequently. On 
the other hand, in a network of 26 nodes, the MS may visit a stationary SN when 
it has no information to report. Multi-hop routing is therefore utilized when data 
from an SN needs to be sent to the MS. Due to the mobility of the sink node, routing 
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becomes more difficult since packets continue to circulate the network till their 
TTL limit reaches zero, and they are dropped. Low PDR values are thus achieved. 
Furthermore, because there are so many nodes in the 101-node network, it took 
much longer for the MS to reach some static SNs, yielding lower results than the 
51 and 76-node networks. Consequently, multi-hop routing is utilized when some 
stationary SNs get congested, and some packets could be dropped, impacting the 
network’s packet delivery ratio.

Fig. 4. PDR for genetic algorithm-based model

Figure 5 illustrates network throughput performance across a range of network 
sizes. It is clear that smaller networks, such as the 26-node network, had greater 
throughput when compared to all other network sizes, consistent with the findings 
from Figures 1 and 3. E2E latency and the PDR have performed better on smaller 
networks. As these two metrics are related, they will also deliver better through-
put. Therefore, decreased E2E latency yields better throughput and PDR figures. 
The identical argument used to justify the behavior and output in the previous two 
cases can be applied to this kind of performance. Put another way, the total length of 
the routing pathways and increased movement speed immediately impact the use 
of S-H and multi-hop communication, affecting E2E latency, throughput, and PDR. 
It is important to note that larger networks perform better when the MS velocity 
increases since immobile SNs can be visited frequently. Nonetheless, the number of 
visits needs to be higher to have a significant effect on performance.

Fig. 5. Network throughput for Kohonen SOM-based model
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Figure 6 displays the results from analyzing the throughput-based performance 
of the GA-based MM. As can be seen, network sizes 51 and 76 consistently outper-
formed other network sizes in terms of throughput. One could hypothesize that 
the causes of this behavior are the size of the network and the frequency with 
which the MS accesses immobile SNs. Put another way, the MS may travel more 
frequently to the stationary SNs and quickly gather data. In a network of 26 nodes, 
on the contrary, the MS might go to a static SN even if it has no data to report. 
Multi-hop routing sends data from an SN to an MS. However, because the sink 
node is moving, routing becomes more challenging because packets continue to 
travel through the network until their TTL parameter expires, so they are dropped. 
Thus, low throughput values are attained. The 101-node network also produced 
lower performance results than the 51 and 76-node networks because of the large 
number of nodes, which made it take much longer for the MS to reach some sta-
tionary SNs. Therefore, multi-hop routing is used when some stationary SNs get 
overloaded and some packets may be dropped, which would affect the network’s 
performance.

Fig 6. Network throughput for genetic algorithm-based model

6	 CONCLUSIONS	AND	FUTURE	WORK

Using the NS-2 simulator and various simulation scenarios, the effectiveness of 
two WSN MMs was evaluated in this study. Additionally, various measures, includ-
ing E2E latency, throughput, and packet delivery rate, have been utilized to exam-
ine how these MMs operate using various network sizes and speeds of the MS. Our 
results show that the Kohonen-based MM suits small networks with an MS node 
moving at high speeds. However, the GA-based MM is better suited for small or 
medium-sized networks when an MS moves at moderate speeds. In our upcoming 
research, we intend to examine the performance of the studied models regarding 
energy consumption. In other words, consideration will be given to how these MMs 
affect the energy used by MSs and static SNs. The behaviors of the studied MMs 
under various packet sizes are another research direction to be considered. Along 
with AODV, we also intend to investigate how the MMs examined in this paper will 
function under other routing protocols. These limitations of this research can be 
addressed in future work.
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