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Abstract
In Mobile Ad hoc Networks (MANET), load balancing is considered one of the critical issues. Nowadays,
load balancing is introduced to relieve the central nodes by shifting traffic away from the node. Many
conventional routing protocols that have been designed, but cannot provide load balancing. Leader election
is a major problem in wired networks as well as mobile ad hoc networks. Till now, several approaches are
developed for the design and implementation of load balancing, but, the existing leader election techniques
are unable to cope with frequent topology changes and the dynamic nature of mobile networks. In this
research, Clustered ANTHOCNET Subleader, a leader election procedure is proposed, that is highly
flexible to random topological changes and compatible for usage in MANET. The approach is centered on
the discovery of extrema and the use of diffusing calculations to simulate the algorithm in a MANET
environment. This study is carried out in MANETs by generating clusters and appointing a Cluster Leader
(CL) using the Weighted Clustering Algorithm (WCA), as well as transferring various clusters utilizing
Ant Colony Optimization (ACO). The numerical simulations, clearly show that the proposed Clustered
ANTHOCNET Subleader is used to accomplish Quality of Service (QoS) and stability when compared to
Ad Hoc On-Demand Distance Vector (AODV) in terms of Packet Delivery Ratio (95.4%), Throughput
(3991.54 bits/second), Delay (0.088s) and Jitter (0.058s) under random mobility nodes.
Keywords: Ant colony optimization; cluster leader; clustered ANTHOCNET subleader; mobile ad hoc
networks; weighted clustering algorithm
1. Introduction
In recent trends, MANET has grown in popularity and given more attention on the development of Wi-Fi devices
and Internet [1]. MANETs are mobile node networks with a limited radio frequency that have no infrastructure
(i.e., no base station) [2]. Wireless links of variable capacity are used to communicate between the nodes on a
hop-by-hop basis [3]. Furthermore, these mobile nodes are equipped with limited-capacity batteries and frequently
operate in places where charging is not possible [3]. As a result, to improve network speed and endurance, these
limited resources must be used very efficiently. Otherwise, unbiased traffic and resource usage could quickly clog
the network and deplete energy [4]. The majority of the inefficiency in wireless networks can be ascribed to load
imbalance. Consequently, the majority of current routing techniques ignore load distribution. It is shown that
centrally situated nodes carry more load than others. This is because central nodes are involved in a large number
of routes [5]. Because a small number of nodes bear the brunt of traffic transit, they tend to produce negative
outcomes such as a long average end-to-end delay, decreased network life, and lower packet delivery [6], [7].
An optimal position for the center node cannot be determined, because, it depends on intuitive interpretation
of centrality which is subjected to the destination's route reply messages [8], [9]. To update the keys of the nodes,
a central key distributor is required in key management [10]. Routing divides nodes into clusters, each of which
chooses a leader to forward packets from other nodes [11]. As a result, one node can remain active while others
go into energy-saving mode [12]. As a result, the network's success is heavily reliant on an effective clustering
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and leader election mechanism [13], [14]. In both static and dynamic networks, selecting a coordinator is a
traditional difficulty [15]. As a result, coordinating and monitoring several applications running across a network
is a well-studied subject in distributed systems [16], [17]. In reality, there are many leader election techniques for
static environments in our current literature [18]. Conversely, in MANETs, leader election is a rather understudied
topic [19]. It is required for MANET to have a supervisor to monitor ad hoc applications [20].
K. B. Gurumoorthy, S. Gopinath, and K. Vinoth Kumar [21] proposed a two-phase optimization method that
integrates Ant Colony Optimization (ACO) and Genetic Approach (GA) to improve node load handling capability
while also improving packet delivery at the endpoint. However, the recommended solution does not address the
issue of overloading. Narayanasamy Rajendran and E.R. Naganathan [22] developed an efficient hybrid clustering
algorithm that uses ACO techniques to find the best pathways for routing information between two end nodes
with the least amount of energy consumption. This technique has the disadvantage of wasting important resources
and causing overheads in the nodes and MANET. Sunil Pathak and Sonal Jain [23] proposed a priority-based
weighted clustering algorithm for MANETs that employs three methods to minimize cluster head changes and
clustering overhead. However, whether building a cluster or choosing a CH, there is a delay. Naghma Khatoon,
and Amritanjali [24] proposed a congestion adaptive load balanced clustering strategy that focuses not only on
the problem of optimal cluster head selection but also on effectively assigning mobile nodes to cluster heads based
on cluster head congestion state. Balancing loads on CHs in each cluster, on the other hand, does not guarantee
good performance because some nodes may contribute more traffic than others. Arockiasamy Karmel et al. [25]
have developed Ant-based efficient energy and balanced load routing technique (A-EEBLR) for optimal path
convergence in MANET. The proposed A-EEBLR method selects the next hop node based on latency, energy
drain rate, congestion, and network quality parameters. When considering particular cases, however, the number
of packets delivered is reduced due to link failure.
The main contribution of this work is mentioned as follows,
 ACO is used to determine the SCH (Source Cluster Head), DCH (Destination Cluster Head), CG (Cluster
Gateway), and DCH (Destination Cluster Head) threshold.
 When the proposed ANTHOCNET reaches the minimal value, the CSL is triggered to balance the load on
CH.
 The proposed clustering ANTHOCNET Subleader is used for load balancing and QoS stability improvement.
 Once the data transmission among CMs is complete, CSL should leave the cluster and CH will take over as
the leader.
The research structure is mentioned as follows: The process of weighted clustering algorithm, ant colony
optimization and Clustered ANTHOCNET Subleader strategy is elaborated in Section 2. Section 3 discusses the
simulation results and explains the comparative study analysis. Lastly, in Section 4, the conclusion is provided.
2. Materials and method
To have a better understanding of how to build and execute a scheduling scheme that takes into account the
transmission structure of wireless links as well as the mobility which is found in MANETs. In the context of leader
election, it's worth noting that tweaking the protocol's signaling, accounting for the broadcast nature of the
communication network, and changing the leader election system's architecture support to improve the suggested
algorithm's effectiveness. Balance, on the other hand, is the process of evenly distributing load across nodes within
the network. This implies that even if the case requires it, no node in the network should be forced to transfer
additional packets than some other nodes. The data transit among the source and destination is depicted in Figure
1.

Fig. 1. Data Transmit between a source to destination
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The routing protocols obtain legitimate source-destination routes which are responsible for the load imbalance
in a network. As a result, a good routing protocol aims for proper load distribution as well as good throughput and
low latency. When load is not balanced, it causes needless packet delivery delays, raises packet drop ratios,
effectively reduces throughput, shortens the lifespan of nodes, splits the network, and causes traffic. As a result,
a scheduling algorithm must prioritize load balancing among other factors. The suggested Clustered
ANTHOCNET Subleader strategy is employed to perform load balancing of an elected CH by the WCS method
[26] in a multi-hop multi path routing protocol to obtain higher load balance amongst nodes within the network.
Furthermore, to relieve stress from hotspots, strategically situated devices in the network while generating
unacceptable latency.
2.1. Weighted Clustering Algorithm (WCA)
Here, WCA considers four parameters to achieve the clustering process and chooses CH that assigns the random
weights W 1, W 2, W 3 and W 4 to four parameters which are specified as
W1  W 2  W 3  W 4  1

(1)

The evaluation of the weight function WF  for every node is stated as
WF  W 1 D  W 2  P  W 3  B  W 4  M

(2)

Generally, the threshold value specifies the maximum number of nodes that CH should be able to manage.
The degree of difference is specified as D ; The remaining battery is denoted by B , while mobility is denoted by
M , which is calculated by average running speed of each node for the time of T . P is the amount of time a
node spends in CH and is used to compute the battery's power consumption [27], [28]. The WCA-based CH
selection approach is depicted in Figure 2.

Fig. 2. CH selection process using WCA
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Step 1: At first, Cluster formation is generated during the initialization step.
Step 2: Next, using WCA, a leader election procedure is held to determine CH (CH).
Step 3: Data will be sent from the source node to the destination node.
Step 4: The data will be sent from the source node to the SCH (Source Cluster Head)
Step 5: SCH will look for any cluster heads that include the target address, called Destination Cluster Head
(DCH)
Step 6: If not, it will rely on the CG (Cluster Gateway) to connect to the CH node.
Step 7: Continuously sending data traffic through DCH consumes a significant amount of DCH's energy,
lowering QOS.
Step 8: When the (50% energy) DCH barrier is achieved, the MANET's QOS is severely impacted.
Step 9: Identify Cluster Sub Leaders to deliver QOS (CSL). Note: CSL is the next best node in terms of weight
computed utilizing WCA, as determined by WCA.
Step 10: After CSL has been identified, the rest of the data will be sent through CSL.
2.2. Ant Colony Optimization (ACO)
ACO is most likely the best method for determining the path [29]. They obtain their inspiration from the current
reality of ant behavior and the method they utilize to find food. An ant deposits a compound termed pheromone
on its body as it goes along a path. The pheromone density of the path rises as an enormous number of ants walk
in the same direction. The pheromone with the highest absorption is again chosen [30]. The following are the two
important stages of ACO:
 Route Discovery
 Route Maintenance
2.3. Clustering_ AntHocNet Algorithm


AntHocNet is a hybrid method that includes reactive as well as proactive elements. Then AntHocNet
algorithm employed the Clustering method to effectively split the network.
 Originally, all nodes are constructed in such a way that they should have cluster-related data including a
node's state and IP address, as well as a linear battery model with a size of 10mAh. Depending on Coulomb
counts, this method computes every node's residual battery charge.
 Then, at irregular intervals, confirm the CH. It will create the route discovery process throughout the Reactive
forward Ant stage. Researchers will examine the state of every node throughout the processing stage of this
Reactive forward ant. Call the ClusterHeadAdd function if the node's status is CH; else, the node would be a
regular node.
Whenever a message contains two or even more CH related data throughout processing, it becomes a Cluster
Gateway (CG) node and calls the Cluster Gateway Add function. A threshold battery is provided in the routing
protocol parameters. When the battery remaining in the specified CH goes under the threshold battery capacity, it
sends the CH Give Up message and becomes an ordinary node. Whenever the initial route is constructed via
reactive route setup, the procedure starts proactive route maintenance, which entails updating, extending, and
progressing the available routing data. Figure 3 depicts the CSL implementation as well as how the load is
managed when CSL is activated and when CSL is deactivated.
Step 1: At first, the source will send the data traffic to the end point with the help of the CH node
Step 2: Because of high traffic, the battery will consume more charge.
Step 3: Then, need to check the battery charge capability which is greater than or equal to 50.
Step 4: After checking the capability, data traffic load is shared as CSL by subsequent node.
Step 5: Once the CSL is introduced, easily the stored data will transfer.
Step 6: After transferring the buffered data, need to check the battery charge capacity.
Step 7: If the battery capacity is less than 50, the CSL process will continue to send the data traffic.
Step 8: If the battery capacity is greater than or equal to 50, CSL withdraws the transferred data and handover
to CH
Step 9: Once CSL withdraws, buffered data will transfer using CH
Step 10: Finally, the data traffic will retain and send through CH without using CSL.
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Fig. 3. CSL implementation of load balance

3. Result and Discussion
The proposed method and the required tools for modeling the communication network along with the graphical
representation are observed and analyzed in this part. The EXATA network emulator enables customers to create
a digital twin of a system for actual network modeling and simulation that replicates networking behavior. The
emulator reproduces external behavior with such accuracy and high resolution that the emulated system is
unrecognizable from the genuine one. Network emulation software is a cost-effective way to evaluate new
networking devices before it has been implemented in real systems and applications. EXATA digitally represents
the complete network, including the multiple protocol layers, antennas, and devices, using a Software Virtual
Network (SVN). And provide equipment functionality, the system can communicate with real radios and gadgets
at one or more network protocols. EXATA can also link to systems that run practical applications on the SVN,
just like they might work on real-world networks. Simulink settings and 802.11b specifications are shown in
Tables 1 and 2.
Table 1. Configuration of Simulation Parameters
Parameter
Weather Mobility Interval
Simulation Area
Shadowing Model
Path loss Model
Emulator
Emulation time
Coordinate System
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Value
10 Sec
500m x 500m
Constant
Two Ray
EXata-7.1
100 Sec
Cartesian
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Table 2. 802.11b Parameter
Parameter

Value

Transport Protocol
Routing Protocol
Physical layer Model
Packet Reception model
Antenna Model
MAC Protocol
Mobility
Network Protocol

UDP
ANTHOCNET
802.11b Radio
PHY802.11b Reception Model
Omni-directional
802.11
None/Random Waypoint
IPv4

The projected Clustered ANTHOCNET with Subleader procedures is grouped into Scenarios, that are
explained in the below subsections.
3.1. EXata Scenario 1:
The proposed ANTHOCNET Subleader method works using a 30 node count when analyzing the EXata scenario
1 is illustrated in figure 4. The video will be delivered to the endpoint over EXata, and the CM (via VLC player
and statistics), SCH, CG, DCH, and CSL will all be developed and displayed.
3.2. EXata Scenario 2:
The developed ANTHOCNET Subleader method works around 50 node counts while evaluating the EXata
scenario 2. The data transfer between 50 nodes is depicted in Figure 5 below.

Fig. 4. Transmission of data under scenario 1.

Fig. 5. Transmission of data under scenario 2.
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Fig. 6. Transmission of data under scenario 3.

3.3. EXata Scenario 3:
The developed ANTHOCNET Subleader method goes around 80 node counts when examining the EXata scenario
2. The data transfer through 80 nodes is depicted in Figure 6.
3.4. EXata Scenario 4:
The recommended ANTHOCNET Subleader technique works around 100 node counts when evaluating the EXata
scenario 2. The data transfer through 100 nodes is depicted in Figure 7.
3.5. Physical Layer Configuration
The suggested technique's physical layer arrangement is presented in figure 8, and its energy patterns are detailed
in figure 9. It directly shows the voltage levels, amplification, and other configurations.

Fig. 7. Transmission of data under scenario 4.
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Fig. 8. Configuration of physical layer

Fig. 9. Configuration of energy model
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Fig. 10. Configuration of MAC layer

3.6. MAC Layer Configuration:
The proposed technique's MAC layer design is depicted in Figure 10. And depicts the setting for packet transfer
limit, propagation delay, RTS threshold, and other parameters.
3.7. Routing Protocol and CBR Configuration
The suggested technique's routing algorithm setup is presented in figure 11, and CBR configurations are detailed
in figure 12. The arrangement for battery threshold, SINR threshold, speed penalty, Jitter range, and other
parameters may be seen in Figure 11. Where, figure 12 shows the destination, interval, start time, finish time, and
other details.

Fig. 11. Configuration of routing protocol
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Fig. 12. Configuration of CBR

3.8. Scenario Visualization
The proposed strategy's case visualization is given in Figure 13 and it depicts the operating technique for running
the full system across various conditions.

Fig. 13. Model Visualization under various scenarios

3.9. Statistical Analysis
The models' primary goal is to obtain a better knowledge of how to design and implement MANET leader election
procedures, as well as to investigate how different simulation settings affect the presented system's efficiency.
PDR, Delay, Throughput, and Jitter are the performance metrics used in the simulations. The statistical analysis
of total received messages using the developed model is shown in Figure 14. While figure 15, 16 & 17 shows the
statistical analysis of delay, throughput and jitter performances.
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Fig. 14. Statistical analysis of PDR

Fig. 15. Statistical analysis of end-to-end delay

Fig. 16. Statistical analysis of throughput
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Fig. 17. Statistical analysis of jitter.

3.10. Comparative Analysis
Statistical comparison between ANTHOCNET and CLUSTERED_ANTHOCNET: From the numerical
simulations, tabulate all of the results for various node counts, such as 30, 50, 80, and 100. Table 3 displays the
assessment results for nodes with no mobility at different node levels.
Nodes
30

50

80

100

Routing Protocol
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER

Table 3. Nodes without Mobility
Throughput
(bits/second)
93.66
3827.27
98
4072.33
98.33
4083.58
85.4
3579.7
94.2
3957.81
96.8
4013.47
80.5
3339.54
89.83
3777.24
90.16
3782.52
75.8
3154.27
94.8
3942.27
95.4
3991.54
PDR (in %)

Delay (seconds)
0.0207
0.017
0.0165
0.0532
0.0530
0.050
0.0786
0.0769
0.0767
0.0924
0.0883
0.088

Jitter
(seconds)
0.0191
0.009
0.0083
0.0423
0.0395
0.0331
0.0635
0.0568
0.0558
0.0763
0.0593
0.058

Table 3 perfectly indicates that the proposed clustered ANTHOCNET with subleader outperforms the
remaining current procedures in all node quantities while contrasted to the previous methods. The proposed
technique obtains a 95.4% PDR, 3991.54 bit/second throughput, 0.088s delay, and 0.058s jitter.

Fig. 18. Comparison of PDR
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Fig. 19. Comparison of Throughput

Fig. 20. Comparison of Delay

Fig. 21. Comparison of Jitter
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Routing Protocol
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER
AODV
CLUSTERED ANTHOCNET
WITH SUBLEADER

Table 4. Nodes with Random Mobility
Throughput
PDR (in %)
(bits/second)
88
3642.68
94.72
3956.87
95
3971.67
89.6
3776.5
91.2
3880.65
92.4
3885.56
84.5
3506.75
94.16
3945.2
94.32
3956.2
87.4
3653.37
90.8
3784.04
91.2
3793.28

Delay (seconds)
0.0181
0.0167
0.0158
0.0325
0.0312
0.0311
0.0513
0.0511
0.0507
0.0428
0.0407
0.0403

Jitter
(seconds)
0.0138
0.0101
0.010
0.028
0.028
0.0264
0.046
0.0359
0.0354
0.0394
0.0376
0.0367

The following figures 22, 23, 24 and 25 show the performance analysis of AODV, CLUSTERED
ANTHOCNET with SUB-LEADER under random mobility conditions in terms of PDR, Throughput, Delay
and Jitter.

Fig. 22. Performance of PDR

Fig. 23. Performance of Throughput
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Fig. 24. Performance of Delay

Fig. 23. Performance of Jitter

Table 4 displays the evaluation results for nodes with random mobility at different node counts (30, 50, 80,
100). Table 4 clearly illustrates that the designed clustered ANTHOCNET with subleader outperforms the
remaining current procedures in all node quantities while contrasted to the previous methods. The proposed
technique provides a PDR of 91.2%, throughput as 3793.28 bit/second, delay as 0.0403s and jitter as 0.0367s.
4. Conclusion
One of the most important areas of research in the world of MANET is load balancing. Various load balancing
methodologies and research in the design and implementation of routing protocols for MANET is presented in
this study. Since multiple articles have been published using assessments and evaluation metrics, traditional
routing techniques have received little attention. In addition, due to the experience in creating a leader election
method, the proposed clustered ANTHOCNET subleader was built, which provides significant insights. Similarly,
it was discovered that little adjustments to the method and the communication methods it employs result in
significant gains in computational efficiency. Additionally, the suggested approach outperforms conventional
AODV when key performance indicators such as Packet Delivery Ratio (95.4%), Delay (0.088s), Throughput
(3991.54 bits/second), and Jitter (0.058s) are analyzed. While related to the traditional methods, the results of the
simulation demonstrate that the suggested clustered ANTHOCNET subleader gets higher outcomes in all node
counts even under conditions. This research can be extended in the future by employing various Weighted
Clustering Processes in various case studies.
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