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1. Introduction 

A MANET (Mobile Ad Hoc Network) is a assortment of mobile nodes that utilities as a impermanent 

system without a central management. Due to the constrained communication radius, nodes in an ad hoc 

network can function as both hosts and routers, and each node asks its neighbour node for assistance in 

forwarding messages. The use of MANETs is widespread in a variety of industries, including conferencing, 
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Abstract 

An architecture for a wireless network that is constantly developing, decentralized, and multi-hop is called a 

mobile ad hoc network. MANETs are able to function in many different contexts where regular networks are 

unable. As can be seen from the advantages listed above, these networks are well-suited for a wide variety of 

applications, some of which include military and commercial use, as well as applications relating to disaster 

management, rescue operations, and defense. Energy conservation is a standard factor that indicates the overall 

network lifetime in mobile ad hoc networks that operate on rechargeable or replaceable battery. This is because 

usage, battery power consumption in relation to transmission range, type of application running on each 

device, location, and other influences all play a part in determining the overall network lifetime. An earlier 

study used a method called ant colony optimization, which is a form of swarm intelligence enthused by the 

activity of foraging ants in colonies. The best possible travel plan was found using this strategy. Current 

MANETS routing systems face difficulties in load balancing and energy efficiency that must be overcome if 

optimal path convergence is to be achieved. When deciding on the next hop node, the IoT based AEEBLR 

method is recommended. The latency, energy consumption, congestion, and connection quality are all taken 

into account before making a final decision. The likelihood of selecting the next-hop node as the neighbor 

node is determined using these metrics. It is the following hop's probability that determines which ant agent 

goes forward and which goes backward. This paves the door for the creation of many paths, from which the 

most effective might be chosen for transmission. The results of the implementation show that the suggested 

AEEBLR technique outperforms the existing AESR approach when the number of packets, the number of 

nodes, and the mobility of nodes are all varied. 
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emergency response, disaster management, and the military [1]. Some operational locations have specific 

requirements for routing protocols of their own. The changing topology, limited battery life, and bandwidth 

of MANETs necessitate the use of resource-efficient network operations for routing, multicast address 

allocation, energy consumption, certification, and authorization. Thus, there is a need for specially 

designed routing protocols in order to find the best paths between nodes that are more than one hop apart 

[2]. 

The balancing of traffic loads and energy consumption are two concerns that are proportionally related. To 

maintain a balance in traffic, it is best to avoid using the same nodes and pathways. As a result, this enables 

energy conservation, extending the network's lifespan. Data can be sent from the source node to the 

destination node over a number of different paths when using a multi-path routing system [3]. Although 

the higher bandwidth pathways receive more packets, the lower bandwidth paths are blocked. It's known 

as load balancing. Using the network of connections, the ants assist in properly balancing the loads to 

identify a few underloaded and overloaded nests. By directly moving between the two nests, the load is 

transferred from the overloaded to the underloaded nests, preventing a significant amount of information 

from being transmitted across the network. Hence, load balancing can be accomplished using the ant-based 

technique [4]. 

 

When allocating with dismissed infrastructures links, load balancing might be advantageous. In order to 

increase throughput and decrease the typical end-to-end delay, the traffic between mobile nodes must be 

balanced. The control and data plane are parts of the reasoning [5-7]. The suggested technique determines 

how significantly, in terms of network delay operation, node energy ingestion can be condensed. To make 

the present network perform best, all inner movements are autonomously mixed in the network 

surroundings. The chosen weightiness element, however, causes issues for packet forward flow. As a result, 

AESR performs worse in terms of network interruption and excellence of provision [8-10]. 

Ad hoc networks experience capacity scalability issues. As the number of nodes in the network increases, 

specific functions like route finding, encryption, and key exchange procedures will require a large amount 

of overhead. Scalability now ranks as one of MANETs' most important difficulties and should be taken 

into justification when deploying MANETs. The occurrence of a multi-hop network architecture that 

frequently changes due to mobility is one of the crucial properties of MANETs [11]. This increases the 

difficulty of developing effective routing mechanisms that are necessary to investigate the best 

communication channels among the nodes. The computation of the routing methods should avoid placing 

an undue computational or routing burden on mobile devices [12].  

 

Ad hoc network security is one of the major issues that need to be addressed.  

1) Each authorized node should have access to all of the network's data and services. This is how security 

services should be designed.  

2) Communication between two nodes is reliable. Key management, key distribution, and certification 

processes can all be used to accomplish this.  

3) The packets can only be created, edited, or deleted by authorized nodes.  

4) Neither the sender nor the receiver may retract their actions or information [13].  

The maximization of battery life and the maximization of network lifespan are two important research 

areas that are almost identical. Hence, designing an energy-efficient system is a major difficulty for 

MANETs. Energy-efficient methods must be created so that: 1) The packets are forwarded using the least 

amount of energy possible, and Optimum pathways are used. 2) Routing overhead is decreased to prevent 

nodes from acting egotistically as a result of having their energy levels held constant. 3) A routing strategy 

that reduces lag time, boosts throughput and extends network lifetime is used. 4) A routing policy is adopted 

that incomes into account the nodes' residual energy for the successful conclusion of packet transfer. 5) 

Nodes that are inactive or asleep use less energy [14-16]. 

 

The outline for the remaining portions of the paper is presented below. In part 2, a brief description of the 

relevant work is provided, and in section 3, a description is given of the methodology as well as the 

theoretical foundations of the methods that were utilised. In section 4, both the results of the simulation 

and an analysis of them are presented. The most significant findings are summed up in the "key findings" 

section that comes at the end of the research paper. 

 

2. Related Work Done: 

Problems with MANET routing can be traced back to the scarcity of available bandwidth and power 

sources. Limited power at each node increases the likelihood of link failure and retransmission. Data 

transmission paths are determined, available energy is utilised efficiently, there is no cost to the user, the 

system may be scaled, and quality of service (QoS) is maintained using energy optimisation algorithms 
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[17]. Inadequately related monitoring sets were used by a limited group of researchers in their upgraded 

version of AOCR (Ant-based On-demand Clustering Routing) to bundle the system depending on the 

maximum node degree or the minimum ID. In order to select the optimal path, AOCR makes use of the 

natural behaviour of ants while maintaining compliance with QoS standards. Results from simulations 

indicate a decline in mean delay and a rise in packet delivery rate [18-20]. Each network node's total 

number of active links is something AESR aspires to reduce. The limitations of the proposed strategy 

decreased the delay performance of the network [21]. 

A route maintenance technique was established using the ABEAR, which integrated the route format of 

reactive appliances and the neighbour preservation of pre-emptive mechanisms [22]. WPAR is made up of 

several important components that were weighted, such as energy and hop count. WPAR used ACR (Ant 

Colony Routing), an optimization process with biological inspiration. Grounded on this impression, a 

movement energy-cognizant technique has been shown to be an opportunity in each node that includes the 

belongings of movement and energy in ACR. Nonetheless, link failure lowers the packet delivery ratio in 

every circumstance [23-25].  

 

The study under discussion employed ant colony optimization (ACO), a swarm intelligence technique 

inspired by the foraging behaviour of ants, to determine the optimal travel path. This method proved 

effective in achieving the best travel plan by mimicking the natural process of ants laying pheromone trails 

to guide others. In the realm of Mobile Ad Hoc Networks (MANETs), current routing systems encounter 

significant challenges related to load balancing and energy efficiency [26]. To address these issues and 

achieve optimal path convergence, the IoT-based Adaptive Energy Efficient Balanced Load Routing 

(AEEBLR) method has been proposed. This method evaluates metrics such as latency, energy 

consumption, congestion, and connection quality to make informed decisions about the next hop node in 

the network. The selection probability of the next-hop node is influenced by these metrics, guiding the ant 

agents in their forward and backward movements [27-29]. This mechanism allows for the establishment of 

multiple potential paths, from which the most efficient one is chosen for data transmission. Comparative 

implementation results indicate that the AEEBLR method surpasses the performance of the existing 

Adaptive Energy-efficient Stable Routing (AESR) approach under varying conditions, including different 

packet numbers, node counts, and node mobility [30-31]. This highlights the efficacy of the AEEBLR 

technique in enhancing routing efficiency in MANETs by effectively balancing load and conserving 

energy, thereby paving the way for more reliable and optimized network communication. 

 

3. The Objective Of The Work 

1) To suggest effective MANET routing optimization algorithms that consider energy consumption. 

2) To look for methods of network resource conservation. 

 

4. THE PROPOSED WORK: 

Load balancing in traffic and energy use are directly proportional. In order to distribute traffic evenly, 

redundancy in the use of the same nodes and pathways should be minimised. This allows for reduced 

energy consumption, which in turn extends the service life of the network. While sending data from one 

node to another, a multi-path routing method allows for more than one possible route to be taken. There is 

no traffic on the higher-bandwidth paths since the lower-bandwidth ones are inaccessible. The process is 

known as load balancing. 

 

The ants use their interconnected network to identify a few under loaded and overloaded nests, allowing 

them to more accurately balance the weights. By executing load transfer between the overloaded and under 

loaded nests via unmediated transferring between the two nests, a large amount of network traffic can be 

avoided. Thus, the ant-based approach can be used for the purpose of load balancing. Both the control and 

data planes are a part of the reasoning. All incoming traffic are aggregated in a way that optimises the 

current network infrastructure. This causes a drop in A-performance ESR's with respect to latency and QoS 

in the underlying network. Figure 1 is an early version of the AEEBLR prototype. 
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Figure 1: Prototype model of AEEBLR approach. 

 

In this case: Information classification: Low-pass filters reduce high-frequency noise from detection data. 

The Gaussian filter standard deviation is 

 x(t)=+x(t)e22(t)2d,            (1) 

Where x(t) is the raw sensor data and x(t) is the filtered data. 

Laying: Sensor data is normalized using the following method to maintain scale: The formula  

x norm(t) = x(t)            (2)  

Shows the mean, standard deviation, raw data, and normalized data. 

B. Method for deleting traits 

Feature extraction is necessary to turn sensor data into identification algorithm-friendly models [20]. These 

temporal and spectral properties are removed: 

MAD (Mean Absolute Deviation): MAD calculates the average deviation of sensor data from its mean as  

   MAD=N1i=1Nxi,       (3) 

Where N is the number of data points, xi is each data point, and is the mean. 

 FFT stands for Fast Fourier Transform. The FFT is used to extract the frequency domain representation of 

sensor data, allowing cyclic patterns to be captured. It is calculated as follows:  

X(f)=+x(t)e2iftdt        (4) 

C. Algorithms for Recognizing Activities 

We use three unique algorithms for activity recognition: 

Algorithm of Random Forests: The Random Forest algorithm is an ensemble approach for improving 

classification accuracy by combining numerous decision trees. A decision tree's prediction function is 

stated as:  

  f(x)=m=1McmI(x Rm),       (5) 
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 Where f(x) is the expected activity, cm is the m-th tree's output value, and Rm is the region specified by 

the m-th tree. 

Network using Long Short-Term Memory (LSTM): The LSTM is a sort of recurrent neural network that 

works well with sequential input. The cell dynamics of the LSTM are defined as follows: 

ft=σ( W f⋅[ht−1,x t ]+bf)                                                          (6) 

it=σ(Wi⋅[ht−1,xt]+bi)                                                                        (7) 

ot=σ(Wo⋅[ht−1,xt]+bo)                                                          (8) 

c~t=tanh(Wc⋅[ht−1,xt]+bc)                                                                        (9) 

ct=ft⋅ct−1+it⋅c~t                                                         (10) 

ht=ot⋅tanh(ct)                                                                       (11) 

Ku-Nearest Neighbours (K-NN): K-NN groups data by proximity. The class with the most members among 

its k nearest neighbors classifies instance x. As illustrated by the equation  

y(x)=argmax(i=1kI(yi)),                                                                       (12)  

y(x) is the projected activity for instance x, yi is the neighbor's class name, and k is the number of neighbors. 

Data transmission using the ACO algorithm. The ant builds a pheromone table with the data from the nodes 

it visits during its search. Data transfer latency is used as the delay metric. The drain rate and index value 

are used to determine the energy loss per second. The protocol's workload is distributed in this way. 

Successful transmission rate is used to calculate a congestion metric and determine the quality of the link, 

preventing the network from being congested. 

Each node in ant colony founded routing will keep a pheromone table in RAM. The basis node initiates 

the path setup stage, which involves the broadcast of forward ants Fant to identify the track from the source 

to the terminus node. Depending on whether or not the forward ant has path information, it is either unicast 

or announcement from separately middle nodule to the final destination nodule. 

Tables 1 and 2 detail the forward ant Fant packet format and the reverse ant Bant packet format, respectively. 

The collection of traversed nodes in the path field is stored in the forward ant Fant. The addresses of all 

intermediate nodes along the path between the source and the target are stored in the path field. In order to 

obtain the whole forward ant, destination must wait till time dt. 

 

Table 1: Packet organization of Forward ant. 

Cradle ID Terminus 

ID 

Sequence 

Numeral 

Hop 

Numeral 

Energy 

Cesspit 

Degree 

Flinch 

time  

Path Arena Link 

Excellence 

 

Table 2: Packet organization of Backward ant. 

Terminus 

ID 

Exclusive 

Cradle 

ID 

Flinch 

Time 

Recognized 

Path Arena 

Path 

Predilection 

Probability 

 

Several forager ants depart for their predetermined destinations at irregular intervals. The forerunner ant 

takes information from each node along the path it discovers. At the terminal node, the forward ant transfers 

its data to the backward ant, which then continues its journey back to the nest. Meanwhile, the lagging 

node is responsible for the pheromone table and delay statistics for the nodes that have been uncovered. 

5.  RESULT AND DISCUSSION: 

Packet delivery, output, residual energy, and latency are evaluated between the proposed AEEBLR and the 

ant-based energy saving routing (AESR) method to determine which is more effective. The simulation 

backgrounds and standards are sketched in Table 3. 

Table 3: Simulation Constraints 

Parameter  Value 

Dimension 1250X1250 sq. m. 

Node Count 30-110 

Connection Count 25 

Source Type CBR 

Transmission 

assortment 

250 m 

package Size  512 packets 

MAC layer IEEE 802.11 

Degree 250 kb 

Primary Energy 10.3 J 

Spread Power 0.660 
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Receipt Power 0.395 

Movements 2-10 

Speed 10-50 

 

 

5.1.   Throughput refers to the rate at which data is successfully transmitted from the source to the 

destination in a network. It is typically measured in bits per second (bps) or packets per second (pps). 

High throughput indicates efficient data transfer and network performance. 

5.2.   Residual Energy is the remaining energy in a sensor node's battery. It is a critical metric in WSNs, 

where nodes are usually battery-powered and energy-constrained. Monitoring residual energy helps in 

optimizing energy consumption and prolonging the network's operational lifetime. 

5.3.   Ratio of Packet Delivery, also known as Packet Delivery Ratio (PDR), is the ratio of the number of 

packets successfully received by the destination nodes to the number of packets sent by the source nodes. 

It is expressed as a percentage and indicates the reliability and efficiency of the network in delivering 

data. A high PDR means that most of the transmitted packets are reaching their destinations. 

5.4.   Delay, or End-to-End Delay, refers to the time taken for a data packet to travel from the source node 

to the destination node across the network. This includes all possible delays caused by route discovery, 

transmission time, propagation time, and processing time at intermediate nodes. It is usually measured 

in milliseconds (ms) or seconds (s). Lower delay signifies a faster and more responsive network. 

These metrics are crucial for evaluating the performance of WSNs, as they directly impact the 

network's efficiency, reliability, and longevity. 

 

Table 4: Comparison of Evaluation parameters of AEEBLR with AESR founded on the numeral of 

packages 

Packet 

Count 

Throughput (Bytes/S) Residual energy (J) Ratio of packet 

delivery (%) 

Delay (S) 

AESR AEEBLR AESR AEEBLR AESR AEEBLR AESR AEEBLR 

2 2200 6200 5.8 7.8 75 110 8 1 

4 1700 11500 5.9 6.7 35 105 15 4 

6 1800 12500 5.7 6.2 30 75 14 5.2 

8 3200 13500 5.6 5.6 40 65 13.2 7.1 

10 2900 16500 5.7 6.4 35 70 14.3 6.3 

 

 

 
Figure 2: Assessment of throughput of AEEBLR with AESR founded on the numeral of packets 
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Figure 3: Assessment of Residual energy and Delay of AEEBLR with AESR founded on the numeral of 

packages 

 

 
Figure 4: Assessment of PDR (%) of AEEBLR with AESR founded on the numeral of packages 

 

The first experiment tried out four different packet amounts: two, four, six, eight, and ten. Delay for the 

AEEBLR and AESR techniques under varying packet densities is depicted in Figure 3. Delivery rates for 

the AEEBLR and AESR techniques are shown for a range of packet densities in Figure 4. The packet 

delivery ratio of the proposed AEEBLR method is judged to be 73% higher than that of the AESR method. 

Figure 3 shows the AEEBLR and AESR residual energy for the various packet numbers. Compared to the 

AESR approach, the residual energy is 14 % more when using the proposed AEEBLR method. In Figure 

2, we compare the performance of the AEEBLR and AESR protocols under varying packet-count 

conditions. Compared to the AESR approach, it can be determined that the output of the proposed AEEBLR 

method is 85% lower. 

Table 5: Assessment of Evaluation constraints of AEEBLR with AESR founded on the numeral of nodes. 

Node 

Count 

Throughput (Bytes/S) Residual energy (J) Ratio of packet 

delivery (%) 

Delay (S) 

AESR AEEBLR AESR AEEBLR AESR AEEBLR AESR AEEBLR 

30 3500 4500 8.3 9.2 20 23 22 26 

50 3000 8500 6.1 6.3 22 52 25 14 

70 2500 6500 5.2 6.1 21 45 16 13 

90 2000 10500 5.5 6.4 20 72 15 8 

110 1500 10000 6 6.2 21 75 13 7 
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Figure 5: Assessment of throughput of AEEBLR with AESR founded on the numeral of nodes. 

 

 
Figure 6: Assessment of PDR (%) and Delay of AEEBLR with AESR founded on the numeral of nodes. 

 

 
Figure 7: Assessment of Residual Energy of AEEBLR with AESR founded on the numeral of nodes. 

 

After this, experiments were conducted with varying numbers of nodes, including 30, 50, 70, 90, and 110. 

Figure 6 depicts the delay of the AEEBLR and AESR approaches for the various numbers of nodes. 

Compared to the AESR approach, the deferral of the proposed AEEBLR method is 39% lower. 

The ratio of delivery for the AEEBLR and AESR approaches in the case of varying numbers of nodes is 

shown in Figure 6. It may be deduced that the proposed AEEBLR approach has a 67% higher packet 

delivery ratio than the AESR method. 
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Figure 7 depicts the AEEBLR and AESR residual energy for the varying node number case. The proposed 

AEEBLR methodology is shown to have a 12% higher residual energy than the AESR method. In Figure 

5, we compare the throughput of the AEEBLR and AESR approaches under varying node densities. 

Compared to the AESR method, it can be determined that the output of the proposed AEEBLR method is 

72% lower. 

 

6. Conclusion 

Cell power is often used by the nodes that make up a MANET. This is due to the fact that the nodes' 

computing resources are limited by their energy supply. These nodes may be installed in locations that 

make routine charging difficult, shortening their service life. Because of these restrictions, we've had to 

come up with new approaches that are effective while still conserving energy. This could potentially reduce 

bandwidth availability if nodes are unable to sacrifice the power needed to run at full link rate. We used 

these numbers to figure out how likely it is that we'll choose a surrounding node as our next hop. The 

purpose of this effort is to maximise energy efficiency and load balancing in a MANET. It has been 

proposed to use an ant-based energy-efficient and balanced-load routing approach. By altering the number 

of nodes, the degree to which each node is mobile, and the rate at which packets are transmitted, a 

comparison was made between the AEEBLR technique and other ant-based systems. The AEEBLR 

technique increases both throughput and the proportion of successfully delivered packets. When compared 

to other approaches, AEEBLR shortens transmission times and uses less power at each node. More 

experiments with real-time analysis of the discussed approach are planned for the future. 

 

References 

[1] Adem, O, Seong-jin Kang & Young-Bae Ko 2013, ‘Packet Loss Avoidance in Content Centric Mobile 

Ad Hoc Networks’, Proceedings of Fifteenth International Conference on Advanced Communication 

Technologies, pp. 245-250. 

[2] R.Pandi Selvam, Performance of MAODV and ODMRP Routing Protocol for Group Communication 

in Mobile Ad Hoc Network, International Journal of Wireless and Ad Hoc Communication, Vol. 1 , 

No. 1 , (2020) : 26-32 (Doi   :  https://doi.org/10.54216/IJWAC.010104) 

[3] Alireza Sajedi Nasab, Vali Derhamia, Leyli Mohammad Khanlib & Ali Mohammad Zareha Bidokia 

2012, ‘Energy-Aware Multicast Routing in Manet based on Particle Swarm Optimization’, 

ProcediaTechnology, vol. 1, pp. 434-438. 

[4] Al-Zurba Hiba, Landolsi Taha, Hassan Mohamed & Abdelaziz Fouad 2011, ‘On the Suit Ability of 

using Ant Colony Optimization for Routing Multimedia Content Over Wireless Sensor Networks’, 

International Journal on Applications of Graph Theory in Wireless Ad Hoc Networks and Sensor 

Networks, vol. 3, no. 2, pp. 15-35. 

[5]. Sajjad Ali Ettyem, Ibrahem Ahmed, Wasan Saad Ahmed, Naseer Ali Hussien, Maryam Ghassan 

Majeed, Korhan Cengiz, Narjes Benameur,  Intelligent Wireless Sensor Networks for Healthcare: 

Bridging Biomedical Clothing to the IoT Future,  Journal of Intelligent Systems and Internet of 

Things,  Vol. 9 ,  No. 2 ,  (2023) : 36-50 (Doi   :  https://doi.org/10.54216/JISIoT.090203) 

[6]. Mustafa Nazar Dawood, Mohammed Ayad Alkhafaji, Ahmed Hussian, Hussein Alaa Diame, Naseer 

Ali Hussien, Sahar Yassine, Venkatesan Rajinikanth,  Developing a Risk Management System with 

an Optimistic Predictive Approach and Business Decision-Making,  Journal of Intelligent Systems 

and Internet of Things,  Vol. 9 ,  No. 2 ,  (2023) : 51-64 (Doi   :  

https://doi.org/10.54216/JISIoT.090204) 

[7] Anjum Asma & Gihan Nagib 2012, ‘Energy Efficient Routing Algorithms for Mobile Ad Hoc Networks 

–A Survey’, International Journal of Emerging Trends and Technology in Computer science, vol. 1, 

no. 3, pp. 218-223. 

[8]. S. Shukla, V. Roy and A. Prakash, "Wavelet Based Empirical Approach to Mitigate the Effect of Motion 

Artifacts from EEG Signal," 2020 IEEE 9th International Conference on Communication Systems 

and Network Technologies (CSNT), Gwalior, India, 2020, pp. 323-326, doi: 

10.1109/CSNT48778.2020.9115761. 

[9] Arun Biradar & Ravindra C Thool 2014, ‘Reliable Genetic Algorithm Based Intelligent Routing for 

MANET’, IEEE World Congress on Computer Applications and Information Systems, pp. 1-8. 

[8] S. K. Malik, M. Dave, S. Dhurandher, I. Woungang and L. Barolli, “An ant-based qos-aware routing 

protocol for heterogeneous wireless sensor networks,” Soft Computing, vol. 21, no. 21, pp. 6225–

6236, 2017. 

[10] D. Sarkar, S. Choudhury and A. Majumder, “Enhanced-ant-aodv for optimal route selection in mobile 

ad-hoc network,” Journal of King Saud University-Computer and Information Sciences, vol. 33, no. 

10, pp. 1186–1201, 2021. 

https://doi.org/10.54216/IJWAC.010104


100 
 

[11]. Mustafa El-Taie,Aaras Y.Kraidi, Cybersecurity Detection Model using Machine Learning 

Techniques, Journal of Journal of Cybersecurity and Information Management, Vol. 12 , No. 1 , 

(2023) : 41-49 (Doi   :  https://doi.org/10.54216/JCIM.120104) 

[12]. Heba Mohammed Fadhil,Mohamed Elhoseny,Baydaa M Mushgil, Protecting Medical Data on the 

Internet of Things with an Integrated Chaotic-GIFT Lightweight Encryption Algorithm, Journal of 

Journal of Cybersecurity and Information Management, Vol. 12 , No. 1 , (2023) : 50-66 (Doi   :  

https://doi.org/10.54216/JCIM.120105) 

[13] N. Papanna, A. R. M. Reddy and M. Seetha, “EELAM: Energy efficient lifetime aware multicast route 

selection for mobile ad hoc networks,” Applied Computing and Informatics, vol. 15, no. 2, pp. 120–

128, 2019. 

[14] J. Ren, Y. Tu, M. Zhang and Y. Jiang, “An ant-based energy-aware routing protocol for ad hoc 

networks,” in Proc. of Int. Conf. on Computer Science and Service System (CSSS), IEEE, Nanjing, 

pp. 3844–3849, 2011. 

[15] Kumar P., Baliyan A., Prasad K. R., Sreekanth N., Jawarkar P., Roy, V. , Amoatey E. T., "Machine 

Learning Enabled Techniques for Protecting Wireless Sensor Networks by Estimating Attack 

Prevalence and Device Deployment Strategy for 5G Networks", Wireless Communications and 

Mobile Computing, vol. 2022, Article ID 5713092, 15 pages, 2022. 

https://doi.org/10.1155/2022/5713092. 

[16]. Preeti Baderiya , Chetan Gupta , Shivendra Dubey, A Review on Software Fault Detection 

Mechanisms and Fault Prevention Mechanisms in Networks, International Journal of Wireless and 

Ad Hoc Communication, Vol. 6 , No. 2 , (2023) : 34-42 (Doi   :  

https://doi.org/10.54216/IJWAC.060203) 

[17]. Denis A. Pustokhin , Irina V. Pustokhina, FLC-NET: Federated Lightweight Network for Early 

Discovery of Malware in Resource-constrained IoT, International Journal of Wireless and Ad Hoc 

Communication, Vol. 6 , No. 2 , (2023) : 43-55 (Doi   :  https://doi.org/10.54216/IJWAC.060204) 

[18] U. Srilakshmi, G. Parimala and A. Sathyavani, “Modified energy efficient with aco routing protocol 

for MANET,” Turkish Journal of Computer and Mathematics Education (TURCOMAT), vol. 12, no. 

2, pp. 1739–1745, 2021. 

[19] D. Sinwar, N. Sharma, S. K. Maakar and S. Kumar, “Analysis and comparison of ant colony 

optimization algorithm with DSDV, AODV, and AOMDV based on shortest path in manet,” Journal 

of Information and Optimization Sciences, vol. 41, no. 2, pp. 621–632, 2020. 

[20] A. Sharma and D. S. Kim, “Robust bio-inspired routing protocol in MANETs using ant approach,” in 

Proc. Int. Conf. on Ubiquitous Information Management and Communication, Springer, Phuket, 

Thailand, pp. 97–110, 2019. 

[21] Khan A. A., Almuzaini K. K., Macedo VDJ, Ojo S., Minchula V.K., Roy V., MaReSPS for energy 

efficient spectral precoding technique in large scale MIMO-OFDM, Physical Communication, 

Volume 58, 2023, 102057, ISSN 1874-4907, https://doi.org/10.1016/j.phycom.2023.102057. 

[22]. Anamika Goel,Jawed Wasim,Prabhat Kumar Srivastava,Aditi Sharma, Ultrasound Image Noise 

Reduction and Enhancement Model based on Yellow Saddle Goatfish Optimization Algorithm, 

Journal of Fusion: Practice and Applications, Vol. 12 , No. 2 , (2023) : 08-18 (Doi   :  

https://doi.org/10.54216/FPA.120201) 

[23]. Maysaloon abed qasim,Qusay Abboodi Ali,Noor Mezher Sahab,Refed Adnan Jaleel,Musaddak 

Maher Abdul Zahra, Multimedia Imaging System of Data Collection and Antenna Alignment for 

Unmanned Aerial Vehicles Based Internet of Things, Journal of Fusion: Practice and Applications, 

Vol. 12 , No. 2 , (2023) : 19-27 (Doi   :  https://doi.org/10.54216/FPA.120202) 

[24] Ch. Niranjan Kumar & Satyanarayana, N 2015, ‘Limited Battery Power & Limited Bandwidth 

Multipath QoS Routing for Traffic Splitting in MANETs’, Procedia Computer Science, vol. 48, pp. 

414-426. 

[25] Ankita Srivastava,P. K. Mishra, Fuzzy Logic Based Load Balanced Clustering for Network Lifetime 

Enhancement in WSN, Journal of International Journal of Wireless and Ad Hoc Communication, Vol. 

7 , No. 1 , (2023) : 08-17 (Doi   :  https://doi.org/10.54216/IJWAC.070101). 

[26] Dipika Sarkar, Swagata Choudhury and AbhishekMajumder, ―Enhanced-Ant-AODV for optimal 

route selection in mobile ad-hoc network‖, Journal of King Saud University - Computer and 

Information Sciences, Elsevier, August 2018, Pages 1-25. 

[27] Rabie A. Ramadan, An Improved Group Teaching Optimization based Localization Scheme for WSN, 

International Journal of Wireless and Ad Hoc Communication, Vol. 3 , No. 1 , (2021) : 08-16 (Doi   :  

https://doi.org/10.54216/IJWAC.030101). 

[28]. Mahmoud A. Zaher , Mohmaed A. Labib, Artificial Flora Optimization Algorithm with Functional 

Link Neural Network for DoS Attack Classification in WSN, International Journal of Wireless and 

https://doi.org/10.1155/2022/5713092
https://doi.org/10.1016/j.phycom.2023.102057
https://doi.org/10.54216/IJWAC.030101


101 
 

Ad Hoc Communication, Vol. 4 , No. 1 , (2022) : 08-18 (Doi   :  

https://doi.org/10.54216/IJWAC.040101). 

[29]. Arockiasamy Karmel, Varadarajan Vijayakumar and RadhakrishnanKapilan, ―Ant-based efficient 

energy and balanced load routing approach for optimal path convergence in MANET‖, Wireless 

Networks, Springer, July 2019, Pages1–13. 

[30]. V. Roy et al., “Network Physical Address Based Encryption Technique Using Digital Logic”, 

International Journal of Scientific & Technology Research, Vol. 9, No. 4, 2020, Pp no.- 3119-3122. 

[31]. Annapurna Patil & Saunhita Sapre 2014, ‘Intelligent Energy Efficient Routing Protocol based on 

Biological Agents for MANETS’, International Journal of Emerging Technology and Advanced 

Engineering, vol. 4, no. 7, pp. 558-589.  

https://doi.org/10.54216/IJWAC.040101

