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Abstract

Mobility creates instability of mobile Ad Hoc networks (MANET) and uncer-
tainty for competent routing in an unpredictable, infrastructure-less topology.
Energy is one of the constraints in the MANET due to mobility and generates
irregular bandwidth utilization of the networking real-time environment for
changeable distance among the mobile nodes. Many researchers have pro-
posed using PSO or hybrid PSO-ACO approaches to find an energy-efficient,
stable routing path considering mobility, energy consumption, bandwidth uti-
lization, and distance. This paper designs an energy-efficient MANET routing
EEMR-PSO-CUCKOO (Energy Efficient MANET Routing Using Hybrid
PSO and CUCKOO Search) algorithm. The performance analysis shows that
the proposed routing protocol is more efficient and establishes a new direction
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than the existing one concerning network lifetime, bandwidth utilization for
data transmission, and End-to-End delay. The mobility and energy environ-
ment for the PSO algorithm is applied here to create energy-efficient cluster
heads by considering the additive weight-based fitness value of the individual
nodes. Finally, meta-heuristic CUCKOO’s Levy flight optimization technique
finds the optimized path among the cluster heads to transmit the data to the
node via cluster heads. CUCKOO’s Levy fly optimization technique consid-
ers the remaining bandwidth and distance among the cluster head. Hybrid
PSO and Cuckoo Search-based optimized EEMR-PSO-CUCKOO algorithm
works over various MANET conditions with varying mobile nodes and
CHs scenarios. Extensive simulation results show that our proposed hybrid
technique improves the End-to-End delay and packet delivery ratio (PDR) in
the performance of the given solution by comparing with the existing protocol
ACO, PSO, Hybrid-ACO-PSO, and CSO-AODV. Further, the performance
of the given key improved compared with the current protocol in terms of
energy consumption or throughput and network lifetime with existing AODV,
AOMDV, PSO-AOMDV, and CSO-AODV, demonstrating the dominance of
the proposed algorithm.

Keywords: PSO, Cluster Head, MANET, Routing, Energy.

1 Introduction

MANETs consist of decentralized, transportation-less, distributed-autonomous
mobile nodes in wireless networking that communicate among themselves
without any specific topology. They are self-organizing and also self-created
on demand in infrastructure-less environments. High mobility, dynamic
topology, limited bandwidth utilization, and battery energy are the primary
constraints of this kind of network (Abbas NI et al. 2015). In MANET, for a
particular instance of time, multiple unstable paths exist due to the mobility of
individual nodes. Besides mobility, the path lifetime also depends on various
objectives such as noise in the transmission media, battery capacity, Euclidian
distance, bandwidth utilization, etc. Considering all the purposes mentioned
above and finding the optimal stable path between sources and destinations
in a mobile environment of the nodes is an open, challenging issue. Hence,
a fuzzy logic system (FLS) can provide a possible way for various matters
related to the Quality of Services at a time (N. Fareena et al. 2020) of routing
in MANET and energy conservation (K. Sudhakar et al. 2020) nodes are
reduced applying clustering approach.
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1.1 Related Work

In [1], K Sudhakar et al. proposed a multi-objective micro-micro clustering
framework using a weight-based genetic algorithm to share secret infor-
mation in military communication. It shows better results in terms of load
balancing and time efficiency. In [3], Fareena N et al. suggested an ad-
hoc wireless network for multi-hop communication among several mobile
devices. The distributed fuzzy logic can handle uncertainties in the MANET
environment. Fuzzy rules easily allow optimal route selection and route
repair. It shows an increased network lifetime compared to the existing
protocol MAODV. In [5], Del Valle Y et al. elaborates on the basic concepts of
PSO and its various variants. PSO is applied in multiple system applications
to gain optimization in the system. The designer defines the fitness function
as gaining efficiency in the system. In [6], Selvakumar M et al. suggested a
hybrid evolutionary algorithm for clustering. The routing process is consid-
ered an NP-hard problem, and the EECSRP model’s performance analysis is
compared with that of different existing methods using parameters like end-
to-end delay and packet delivery ratio. In [16], A. Ziagham et al. suggested a
new vehicular ad-hoc network VANET technique to reduce the overhead of
rapid cluster selection and cluster formation change. The authors use Gauss
Markov Mobility (GMM) to change the protagonist rule of cluster formation
and cluster member duration. In [19], Joshi, A.S et al. explain a review on
meta-heuristic search using Cuckoo search techniques to solve optimization
problems. Some species, like Ani and Guira Cuckoos, keep their eggs on
other host bird nests and remove other eggs. They intend to hatch their eggs
properly. This behavioural strategy of cuckooing with other host birds is
compared and studied in detail. In [20], V. Kesavan et al. comprehensively
reviewed the heuristic and meta-heuristic algorithms to solve the NP-hard
problems. In this paper, shorter cellular manufacturing system (CMS) opti-
mization is essential to achieve the best performance. Researchers discuss
meta-heuristic algorithms with hybridization techniques elaborately to solve
such multiple CMS problems.

The main contribution here is summarized as follows.

(a) Cluster formation and energy efficient cluster head (CH) selection for
future data transmission.

(b) Increasing the whole network lifetime through energy-efficient opti-
mized route selection.

The flow diagram shown in Figure 1 is about the layout of the proposed
work. We propose a new framework using PSO and the metaheuristic Cuckoo
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Figure 1 Work flow diagram of EEMR-PSO-CUCKOO.

search optimization technique. In this paper, cluster heads in MANET select
bandwidth-optimized routes among all available paths in between the cluster
heads using Cuckoo’s Levy fly techniques [2]. Through Levy fly tech-
niques, the number of hopping should be less compared to other optimized
techniques, which can lead to less energy utilization.

2 Modular Description of EEMR-PSO-CUCKOO

We discuss the proposed EEMR-PSO-CUCKOO algorithm in three modular
parts below.

A. Cluster Formation and Cluster Head Selection using PSO
B. Packet distribution using cuckoo search.
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C. Final packet transmission

2.1 Cluster Formation and Cluster Head Selection Using PSO

The node’s energy for cluster formation instead of the entire only some nodes
initially transmit the hello message. The reply received from the neighbor
node initially formed the cluster. Through the Pseudo number generator
(PRNG), after the network is deployed, some selected node works as a
temporary cluster head and transmit the hello message. The reply received
from the neighbor node is stored in a table form by the individual cluster
head and shared in their table to check if all the existing nodes reflect any of
the clusters. If not, repeat the process three times by selecting different nodes
as a cluster head through PNRG and trying to form the cluster. Figure 2 shows
the pictorial view of the initial cluster formation with temporary cluster head
selection.

The particle swarm optimization (PSO) [5, 11, 13] method finds the fit-
ness value based on the additive weight of every node’s energy. A set of nodes
forms a cluster here and searches for the optimal results through generation
updates, and after each iteration so far, each node updates individual energy
as Pbest . In a particular cluster, the best value obtained within the groups is
Gbest among the available energy values of the individual node. Here, we
consider the Gbest value for energy of the node within a cluster that belongs
to the center and has minimum mobility within the collection, known as a
best-fitted monitoring Cluster Head MCH , and the best fitted value is given
below.

HighestGbest(E) =>
Energy of Center Node

Node mobility ∼ 0
(1)

Here, a nodes energy (NGbest(E)) value is considered below

NGbest(E) = HighestGbest(E)− dic +Minimobility +Maxi(E)

Where,

NGbest(E) is Highest energy value of a Node that MCH cluster head
belongs.
dic is ith node distance from MCH .
Minmobility is minimum mobility of a node.
Maxi(E) is maximum energy of a node.
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Figure 2 Graphical representation of Cluster formation and temporary CH selection.

Depending upon Pbest and Gbest values the particles update their Energy
and mobility using the following equations.

Ei(t) = (EiX(t), EiY (t)), Ei(t) energy of ith node at t time (2)

M i(t) = (M iX(t),M iY (t)),M i(t) ith node mobility at time t (3)

Considering energy and mobility of a node the fitness function using PSO
is computed here as per the proposal in Equation (4) below

Ei(t+ 1) = (Ei
pbest(t+ 1) = Ei(t) +M iupdate(t+ 1) (4)

As we know the mobility at time t would be,

Mupdate(t) =>

(
Resudue Energy (R)

Mobility (M)

)
(5)

Where the mobility updating will be,

Mi
update(t + 1) = wMi(t) + c1 ∗ rand() ∗ (Ei

Pbest − Ei(t))

+ c2 ∗ rand() ∗ (EGbest − Ei(t)) (6)

For our proposal in a Cluster the EGbest is best fitted monitoring cluster
head energy that would be ideal if it placed at the center of the cluster and
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will consider as Gbest value. The best fitness value for cluster head (CH) is
consider as

EGbestMax(t) =>
Maximum Energy (Emax)

Lowest Mobility (Lmob)
(7)

For global update fitness value for a node with CH the difference of
energy would be for a node is given below as

EGbest[t + 1] = EGbestMax(t)− Eupdate[t + 1] (8)

Eupdate[t + 1] = dic +min(mobility) + RRes max(Energy) (9)

Where,

dic = distance of a node from cluster head.
min(mobility) = as minimum as possible mobility for a node.
RRes max(Energy) = Maximum possible residue energy.

Here, Eupdate[t+1] is node energy in the existing position of the particle
and rand() function is considered here as a random number value lies between
(0,1), where c1 and c2 are the learning factors, and the measurement value
is 2 for both. Maximum energy Emax needs to calculate the nodes of each
dimension for the mobility of the nodes. As shown in Figure 1, the updating
process is continual until a satisfactory value in the CH is given below.

CH(t+ 1)i =


CHi(t) if ((Pbesti(CHi(t))

> Fitness(Pbesti(node i(t+ 1))))

Pbesti(node i(t+ 1) otherwise.

(10)

2.1.1 Fitness function
The observation here in the proposed model is that the fitness function
depends on the average intra-cluster distance and average distance among
the mobile nodes, which is given below in Equation (11) The main objective
for optimal CH selection is to make minimization of middle intra-cluster and
average migratory distances of all the CHs. Thus, the first objective of the CH
selection process here in Equation (11).

ffirst =

m∑
j=1

1

lj

 lj∑
i=1

D(Si,CHj) +D(CHi, CHj)

 . (11)
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2.1.2 Energy parameter
ECHj is jth selected CH’s present total energy, among the mobile nodes
in an iteration process. where, 1 ≤ j ≤ m. The optimal energy uses during
cluster head selection is required to utilize as minimize as possible energy
values of the mobile nodes in between the iteration, which is given below by
Equation (12).

Minimize fsecond =
1∑m

j=1(ECHj
)

(12)

Here, minimize of the above objectives that used and fitness function that
produces shown in Equation (13).

ffitness = α× ffirst + (1−α)× fsecond 0 < α < 1 (13)

Now, as per the algorithm [1], after finding the CHs within an individual
CH’s region, the data has to be transmitted by the mobile node through their
respective CH in which cluster they are in on that particular instance of
time. Finally, the cluster formation occurs by the CHs to residue energy, the
distance among the mobile nodes within CHs, the space among the cluster
heads and the degree of CH’s node combining this Equations (14) and (15)
are defined as the respective energy of CHs. Finally, the respective energy of
CHs is given below.

The respective energy of CHs.

CHweight(si,CHj) ∝
Current Residue Energy(RH)

dis(si,CHj)× dis(CHi,CHj)

×node degree(CHj)

(14)

CHweight(si,CHj) = L× RH

D(si,CHj)

×D(CHj ,CHj)

×node degree(CHj)

(15)

Algorithm 1 Finding CH using PSO
1. Input: n number of mobile node
2. Output: Formation of Cluster and Cluster Head
3. Begin Process
4. for Each mobile node m = 1 to n do
5. Initialize Ei for Mobile Node (Em1, Em2, . . . , Emn)
6. end for
7. End
8.
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Algorithm 1 Continued
9. repeat

10. for m = 1 to n do
11. Calculate f fitness for individual mobile node
12. if ffitness > Gpbest then
13. Set ffitness as current Gpbest

14. else
15. Gpbest is current Gpbest

16. end if
17. end for
18. while CH not found within si do
19. end while
20. until condition is met 21.
21. for each CH do
22. if EGbest is not found then
23. Calculate ffitness for EGbest for all CH
24. else if ffitness(EGbest) > EGbest then
25. ffitness(EGbest) = EGbest

26. else
27. EGbest

28. end if
29. end for
30. End

Here, L = 1 is a constant and the output concert of the EEMR-PSO-
CUCKOO algorithm. Every mobile node calculates its Weight value during
cluster formation, as shown in Equations (14) and (15). The pseudo code
of the EEMR-PSO-CUCKOO algorithm is shown here in Figure 3. Here,
we consider throughput comparable to local best value and fitness F from
Equation (13).

2.1.3 Packet distribution using cuckoo search
2.1.4 Mechanism of Levy flight using cuckoo search techniques
The haphazard walk of the cuckoo is a Levy flight. The next move of the
cuckoo for its following location is based on the current state and transition
probability. A heavy-tailed probability distribution function is used for the
calculation of step length. The Levy flight helps cuckoos to cover the distance
to a stable distribution position after a random walk from the starting position
through many steps. Here, we consider ‘n’ data to transmit after finding the
path, next position, or hops to ship and would be the solution vector xi of our
optimization problem. The throughput for the following work for sending
data by source CH [7–10] after time ‘t’ can be measured using the below
stochastic Equation (16) which is comparable with the cuckoo’s random
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walk or random search technique. The random search follows the Markov
chain method to find the next steps dependent upon the current position,
representing the first part of the equation.

Tt+1
i = xti + α ∗Hop distance ⊕H(Pa− ε)⊕ (xtj − xti ) (16)

H is the Heaviside step function [14] used for discovery probability with a
random number ε in [0,1]. Here, α > 0 is the step distance that can be the best
optimized hop. Generally, α = 1 uses in many cases. The second part of the
equation is a transition probability. The random search and transition prob-
ability are the product here, which means an entry multiplication occurred,
and this product is similar to the cuckoo’s haphazard walk via Levy flight.
This competent search space helps the cuckoo to find the following location
using Levy flight. This search technique is comparable among the CHs for
data transmission like a cuckoo’s random walk, and using Levy distribution,
the haphazard step distance is drawn.

Levy ∼ u = A = t−λ, (1 < λ ≤ 3) (17)

Cuckoo’s Levy walk technique applied here to speeds up the local search
like discovering the best route between source CH and destination CH before
data transmission take place. Cuckoo optimization algorithm (COA) is a
inhabitants-based algorithm in an approach comparable solution when the
locations should be far enough. It is observed that there are some familiar
characteristics between the cuckoo optimization algorithm (COA) to GA and
PSO is more competent as the step distance is heavy-tailed. The number
steps of parameters could be less than those used for GA and PSO and
potentially more generic to adapt to the optimization problems. Due to this,
less number of steps technique approach incorporate less number of control
message transmission to find the route in between CHs.

2.1.5 Comparison
The comparison of similar PSO and Cuckoo search (CS) based works is
presented here. It is being observed that the fitness formulas, values, and
areas of working principles are different for matching criteria [10]. It is found
the proposed hybrid protocol gives better lifetime then compared to other
meta-heuristic approaches. CS has outperformed both GA and PSO.

Our optimization problem we focus here energy and optimized route
to transmit the data in mobile environment of the nodes hence, from PSO
we already formed the clustered and after cluster formation we applied CS
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Figure 3 Comparison table CS, PSO, ACO and GA.

Figure 4 Comparison table CS, PSO, ACO and GA.

to find optimized route. This hybrid approaches have a potentially prevail-
ing optimization tactic that can easily be absolute to study multi-objective
optimization approaches with various constraints NP-hard problems. Table 2
shows the comparison results related to GA, Cuckoo Search and PSO in terms
of energy with time iteration.

2.2 Final Packet Transmission

The Cuckoo search algorithm for optimization techniques specific to breeding
and egg laying. 2009 Yang and Deb primarily used the Cuckoo Optimization
Algorithm (COA). In 2011, Rajabioun used it as the objective function. A
meta-heuristic COA is applied here to identify the most optimized path from
the source node to the destination node before data transmission occurs
among the CHs. The cuckoo bird lays their eggs in the habitat of other
birds, and if that bird is not identified, the cuckoo’s laying egg would be
the optimized solution in that space. The optimization comprises of Cuckoo’s
Levy Flights mechanism and Search Implementation [19]. The optimization
lies in the following three rule sets.

1. At the time of data transmission, the source cluster dumps it in a
randomly chosen path.
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2. In the next step, the appropriate data comes with a low bandwidth and
energy efficiency path. Source CH computes the residue energy (RH) by
applying the following equation,

RH = (Current Energy of CH)−
(

Size of Data

Evailable Bandwidth

)
∗ Energy Required (18)

3. The rest of the CHs identify the available fixed path where the data laid
by the source cluster head with probability Paε (0, 1). The data, when
transmitted through the intermediate CHs or hops, the next level energy
efficient and sufficient available bandwidth is considered. If the fitness
value of residue energy (FR) and bandwidth (FB) is higher than the
threshold value, both these parameters are considered here for optimized
path selection of fitness value (F) using Levy’s Flight mechanism of
cuckoo search and are computed by the following Equation (19).

F = (α ∗ F) + (FR + FB) (19)

Where,

FR =
Residual Energy of CH

Maximum Battery Level of CH
(20)

FB =
Current Available Bandwidth

Maximum Bandwidth Level
(21)

Algorithm 2 Optimized path using Cuckoo Search
1. Input: SET of Cluster Head (CH)
2. Output: Finf OPtimized root between Source CH to Destination CH
3. Input: Objective function f(x), where x = (x1, x2, . . . , xd)

T

4. Input: Possible paths xi (for i = 1, 2, . . . , n) from CH
5. while (t, Pi) do
6. if P−

s > CH weight(si, CHj) then
7. Replace CHj by Ps for the new optimized path
8. end if
9. end while

10. if optimized path = select then
11. Transmit data from CHi to CHj

12. Abandon other paths and select the new path
13. Current best solution
14. end if
15. while (no more best result obtained) do
16. end while
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3 Simulation Background

The proposed algorithm is tested with varying numbers of nodes with mobil-
ity ranging from 20 to 100 with 3 to 8 CHs. We present our performance
evaluation by considering different network situations in three different ways.
Here, the sensing field of area 1000 × 1000 m2 for all these scenarios. The
number of mobile nodes is 20,40,60,80,100 mobile nodes are considered
here. Performance analysis is measured here with varying network scenarios.
The initial energy of mobile nodes is considered 2J, the packet length is 4000
bits, and the message size is 500 bits.

Table 1 Simulation parameters
Parameter Used for Simulation Value Channel Wireless
Number of Nodes 20 40 60 80 100
MAC IEEE 802.11
Simulation Area 1000*1000 m2

Traffic Type CBR
Pause Time (1–25) s
Simulation Time 180s
Node Speed 0–20 m\sec
Mobility Model Random Way Point

3.1 Packet Delivery Ratio (PDR%)

PDR increases proportionally with the packet release rate as it depends
upon sending and receiving packets through optimized routing. EEMR-PSO-
Cuckoo is a better PDR than the existing techniques shown in Table 2 and
Figure 5, where the X-axis represents the number of nodes and the Y-axis
indicates the PDR. The comparison shows that EEMR-PSO-CUCKOO is a
minimum of 10.7%,2,5%,5%,2%, and 2% better than ACO, PSO, Hybrid-
ACO-PSO, and CSO-AODV for 20, 40, 60, 80 and 100 numbers of a nodes
deploy in the network.

Table 2 PDR (%) vs. number of nodes
Number of
Nodes CSO-AODV ACO Hybrid ACO-PSO PSO EEMR-PSO-CUCKOO
20 89.21 81.22 83.56 83.22 89.99
40 91.11 83.33 87.98 86.75 92.65
60 91.07 76.95 85.31 83.94 91.15
80 89.04 81.83 89.04 94.5 96.93
100 88.32 77.52 88.32 83.75 98.17
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Figure 5 Comparison of PDR (%) with existing and EEMR-PSO-CUCKOO.

3.2 Throughput Analysis

The throughput Table 3 and Figure 6 show the throughput of PSO-AOMDV,
AODV, CSO-AODV, AOMDV, and proposed EEMR-PSO-CUCKOO routing
models and comparisons. EEMR-PSO-CUCKOO routing models are com-
pared by considering 20, 40, 60, 80, and 100 mobile nodes in the network.
Figure 6 shows that the proposed EEMR-PSO-CUCKOO performs better
than PSO-AOMDV and CSO-AODV techniques in providing throughput
with an increased number of nodes.

Table 3 Throughput vs number of nodes
Number of
Nodes PSO-AOMDV AODV CSO-AODV AOMDV EEMR-PSO-CUCKOO
20 10.12 8.75 5.85 9.37 6.86
40 10.12 8.75 6.78 9.37 14.6
60 9.51 6.25 7.89 7.5 10.6
80 10.25 7.5 8.34 8.75 12.01
100 10.26 8.75 10.32 9.37 16.46

Figure 6 Comparison of throughput with existing and EEMR-PSO-CUCKOO.
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3.3 End-to-End Delay

Table 4 and Figure 7 show the results of End-to-End delay for CSO-AODV,
ACO, Hybrid ACO-PSO, PSO, and proposed EEMR-PSO-CUCKOO routing
techniques compared with five network topologies having 20, 40, 60, 80, and
100 numbers of nodes. From Figure 8, the End-to-End delay is inversely
proportional to network size for all cases. Among all the circumstances,
observation reflects that our proposed EEMR-PSO-CUCKOO is better than
other methods.

Table 4 End-to-End delay vs. nodes
Number of
Nodes CSO-AODV ACO Hybrid-ACO-PSO PSO EEMR-PSO-CUCKOO
20 0.2 0.32 0.22 0.25 0.14
40 0.23 0.32 0.25 0.28 0.15
60 0.17 0.31 0.26 0.28 0.12
80 0.19 0.25 0.13 0.21 0.13
100 0.18 0.26 0.15 0.23 0.14

Figure 7 Comparison of End-to-End with existing and EEMR-PSO-CUCKOO.

3.4 Energy Consumption

The energy comparison Table 5 below and Figure 8, the experimental results
show the energy consumption for AODV, AOMDV, PSO-AOMDV, CSO-
AODV, and proposed EEMR-PSO-CUCKOO routing models having 20,
40, 60, 80, and 100 numbers of nodes respectively. From Figure 8, the
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Table 5 Energy consumption vs number of nodes
Number of
Nodes AODV AOMDV PSO-AOMDV CSO-AOMDV EEMR-PSO-CUCKOO
20 59.5 57.75 52.33 34.56 19.5
40 64.25 59.66 53.68 50.81 19.5
60 69.75 59.48 54.67 53.98 29.64
80 74.58 67.55 56.84 64.52 39.75
100 79.82 74.66 56.24 54.22 49.78

Figure 8 Comparison of energy consumption with existing and EEMR-PSO-CUCKOO.

Energy consumption of AODV, AOMDV, PSO-AOMDV, CSO-AODV, and
proposed EEMR-PSO-CUCKOO are increasing with the increasing number
of nodes. However, our proposed EEMR-PSO-CUCKOO performs better
than AODV, AOMDV, PSO-AOMDV, and CSO-AODV methods concerning
energy consumption.

4 Conclusion

Our proposed algorithm and fitness function using hybrid PSO and Cuckoo
search for MANET routing protocol show more efficient energy than the
existing hybrid proposal. Here, Cluster Head selection uses existing Intra-
Cluster differences and the remaining power of mobile nodes within a radio
range of any CHs to select the path for data transmission, giving a better
scenario. Our algorithms derived weight functions for forming clusters and
after that data transmission using energy efficient routing in meta-heuristic
approaches using PSO and Cuckoo search, tested over several network sce-
narios MANET. The experimental result shows that the proposed algorithm
performs well in stipulations of network lifetime and total energy utilization,
and the performance of our proposed hybrid model shows future direction
better than the existing one.
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