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Abstract 
 
Mobile Ad hoc Network (MANET) is a set of mobile nodes which creates 

the network without any infrastructure. The node with limited battery power 
is considered as an important issue in MANET and this energy constraint 

creates link failure in the network that degrades the overall network 

performance. Since the energy consumption of the nodes is increased 
because of nodes mobility and security is also considered as main issue due 

to openness of channel medium. In this paper, the Artificial Fish Swarm 

Optimization (AFSO) is used to select the optimal Cluster Head (CH) from 

the network. To enhance the energy consumption and security of the 
MANET, a modified Ad-hoc On-demand Distance Vector (AODV) routing 

protocol is developed in the MANET. The main objective of this modified 

AODV routing protocol is to deliver the continuous data transmission. The 
Priority based on Energy Level with Neighbor Nodes (PEL-NN) 

methodology is used to modify the AODV to select the optimal path for 

routing the data packets through the CHs. In addition, the trust value is 

incorporated in the AODV routing protocol to mitigate the malicious 
activities in the network. The performance of the PEL-NN methodology is 

analyzed by means of delay, throughput, energy consumption, Packet 

Delivery Ratio (PDR) and packet drop and it is compared with three different 
existing methods such as RPFAODV, P-AODV and ED-EECL. The energy  
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consumption of the PEL-NN methodology is 21.61 Joules for 100 nodes, it is 

less when compared to the ED-EECL method. 

 
Key words: Ad-Hoc on Demand Distance Vector, Energy Consumption, 

Mobile Ad-Hoc Networks, Priority Based Energy Level and Trust Value. 

 
1 Introduction 
 

MANET is generally a collection of wireless mobile nodes which has the 

capability to transmit the information with neighbor nodes without any 
centralized administration/network infrastructure. The mobile nodes of the 

MANET is connected through wireless connections [1]-[2]. The mobile 

nodes of the dynamic mobile network are independently operated and it acts 
as router as well as host. Here, each node has the responsibility to transmit 

the data packets by creating the path between the nodes [3].  MANET is 

divided into two types such as self-organized network and hostile 
environment. The self-organized network is generally a peer-to-peer network 

which doesn’t use any centralized authority as well as it is operated without 

any initialization phase. In hostile environment, the network contains set of 

mobile nodes which is used to operate in tactical environment [4]. The 
MANET is used in various applications such as rescue locations, military 

battlefields, emergency search, etc. and the all applications of the MANET 

requires active re-configuration and faster deployment [5]. The major 
characteristics of the MANET are restricted energy resource, low channel 

bandwidth, very high node movement and rapid changing topology [6]. 

The battery-operated nodes are considered as main issue in the network, 
even when the installation is simple in MANET. These batteries powered 

nodes loses their energy during the communication that becomes dead nodes 

as well as these dead nodes in the MANET affects the network balance. 

Therefore, the energy consumption of the nodes is required to be preserved in 
the network. Additionally, the security is also considered as one of the 

concern, when the network processes high sensitive data transaction [7]. The 

security accomplishment is difficult in the MANET routing due to the lack of 
infrastructures and features of mobility [8] [9]. Due to open medium and 

resource’s distributed cooperation characteristics, the network is susceptible 

to the active and passive attacks [10] [11]. The unauthenticated user present 

in the communication range overhears the traffic, creates the packet drop and 
interfere in the data transmission [12]. Therefore, the routing protocol with 

secure data transmission is required to preserve the information during 

transmission. Some existing routing protocols used in the MANET are 
mentioned as follows: trust-aware ad-hoc routing protocol [13], memetic 

optimization based routing [14], fuzzy enhanced secure multicast routing 

[15], etc.  
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The major contribution of this research paper is given as follows: 

The AFSO based clustering is developed to minimize the energy 

consumption of the nodes and to minimize the network overhead during the 
communication. To conquer this problem, PEL-NN based energy-model 

evaluation scheme is presented in this paper. The AODV routing protocol 

with the IEEE 802.11 performs the sequential update for neighbor log-

collection. The lack of positional updates during the movement of nodes is 
not an effective in finding priority based on the energy levels of the neighbor 

nodes. The modification developed in the PEL-NN uses Route Request 

(RREQ) and Route Reply (RREP) on neighbor node through sequence ID 
matching. The performance of the proposed methodology will be evaluated 

in terms of packet delivery ratio, packet loss, throughput and delay.  

The overall organization of the research paper is given as follows: the 
literature survey about the existing routing techniques in MANET are given 

in Section 2. The problem statement about routing in MANET is given in 

Section 3. The clear description of the PEL-NN methodology with modified 

AODV routing protocol is described in Section 4. Section 5 describes the 
experimental results and discussion of the PEL-NN methodology. Finally, 

the conclusion of this paper is made in section 6. 

 

2 Literature Survey 
 

Chettibi and Chikhi [16] presented the two extended AODV algorithms 
such as Dynamic Fuzzy Energy State based AODV (DFES-AODV) and 

FSARSA-AODV for MANET. In DFES-AODV method, Mamdani fuzzy 

logic system was used to calculate the route request’s forwarding probability 
for each node. The inputs given to the fuzzy logic system were mobile node’s 

energy drain rate and residual battery level. This DFES-AODV was energy 

efficient method and self-adaptive through the network. Here, the FSARSA-

AODV requires an empirical modification of numerous functional 
parameters. 

Jabbar et al. [17] introduced the Multipath Battery and Mobility Aware 

routing scheme (MBMA-OLSR) which mainly depends on the MP-OLSRv2. 
This MBMA-OLSR uses the advantages of Multi Criteria Node Rank 

(MCNR) which includes the speed of node and residual energy level. The 

function of link assessment was used to rank the link’s stability. 
Subsequently, an effective optimal path was selected based on the link 

assessment. This MBMA-OLSR transmits high amount of packets in low 

energy cost. The MBMA-OLSR achieves higher throughput only in the range 

of 14% compared to the MP-OLSRv2 with 25 m/s node’s speed. 
Venu and Rahman [18] presented the Restricted Predictive Flooding 

based Ad hic On-Demand Vector (RPFAODV) to create the energy efficient 

routing over the MANET. This RPFAODV algorithm detects the destination 
node and identifies the route by considering the node’s energy level.  
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Subsequently, an end node was addressed by using the route response 

packet and route request packet messages. Then the addressed node transmits 

the message/data from the destination to the remaining nodes. The 
RPFAODV doesn’t considers the energy metrics while detecting the optimal 

path. 

Sharma et al. [19] introduced the route maintenance mechanism namely 
Priority based AODV (P-AODV) that selects the route by considering traffic 

value. The P-AODV focuses on the route mechanism that divides the nodes 

into low and high priority categories. The priorities were transmitted to the 
neighbour nodes by overhearing the traffic. The control packets were 

minimized by using the re-route discovery in high P-AODV. Here, the QoS 

parameters are varied with respect to the nodes. 

Pandeyand Agrawal [20] presented an Energy Degree based Energy 
Efficient Cross Layer Model (ED-EECL) for MANET. The cross-layer 

approach was used to improve the network performances. The transmission 

power was dynamically adjusted by using transmission power control 
techniques that leads to minimize the energy of nodes. The node’s energy 

consumption was high during the route establishment phase. 

 

3 Problem Identification and Objectives 
 

The major concern of MANET is that the nodes are operated with 
restricted less power sources and the nodes in the ad hoc network are not 

accessed easily due to the hostile nature of the environment. Therefore, the 

energy consumption of the network is considered to minimize the energy 

dissipation of the nodes. The distance is calculated based on the transmitting 
power at transmitter and received signal power at receiver. 

In a MAC protocol, the distance can be estimated by using the 

transmitting power level at a transmitter and the actual received signal power 
level at a receiver.  Hence, the MAC protocol is preferred to reduce energy 

consumption in the ad-hoc network.  

 

4 PEL-NN Methodology 
 

The nodes in the MANET are initialized with restricted power that 
creates the link failure during the data transmission from source node to the 

destination node. The main objective of this PEL-NN methodology is to 

achieve energy efficiency and maintain the secured data transmission from 
the source node to the destination node. Initially, the nodes in the network are 

clustered by using the AFSO which minimizes the energy consumption of the 

nodes. Here, the Ad Hoc On-Demand Distance Vector (AODV) with MAC-

802_11 is used to achieve the routing path through the network. The overall 
architecture of the proposed methodology is shown in the Figure 1. 
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 At first, the nodes are randomly distributed in the search area. 

 In network, the communication among the entire network is 

reduced using the AFSO clustering algorithm. The AFSO clustering 

algorithm creates the group of nodes as cluster and the local communications 

among the cluster members are controlled using a cluster head. 

 Subsequently, the routing algorithm is utilized to create the 

optimal path from the source node to the destination node via the CHs. 

 The design of cross layer is utilized to share the information 

between various layers. Here, the physical layer, routing layer and Media 

access control (MAC) layer are integrated for network resources.  

 The nodes in the network consume higher energy because of its 

mobility. The packet transmission is decreased when there is a link failure in 
the routing path. 

 The source node selects the optimal path to the destination node 

based on the energy utilization of the path. Here, the path which consumes 

less energy is selected as optimal path.  
This process is continued until all the data packets are received by the 

destination node. 

 
Figure 1: Flowchart for proposed methodology 
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4.1 Artificial Fish Swarm Optimization Based Clustering  
  

Generally, the AFSO algorithm is inspired by the nature of fish which 
identifies the highly nutritious domain by using individual search or trail 

other fish. The environment with artificial fish is considered as solution 

space. The updating procedure of AFSO is broadly classified into three 

processes such as prey, swarm and follow behavior, which are explained as 
follows: 

 

4.1.1 Prey Behavior 
 

The prey behavior is considered as important behavior which used for 

the nourishment. Consider  is the current state of the fish and  is 

randomly detected in its range. Here, the random fishes are represented as  

and . The distance between the fishes are represented as . 

The selection of new state is expressed in the equation (1). 

                                                                           (1) 

If, in the maximum problem , moves a step in that direction which is 

shown in equation (2). 

                                                             (2) 
Where, the random numbers generated between 0 and 1 is represented as 

; step length of the artificial fish is represented as  and visual 

distance is represented as .  

 

4.1.2 Swarm Behavior 
  

The fishes are naturally assembled in groups at the moving process that 

is a type of living habits for guaranteeing the colony existence and avoiding 
the dangers. Behavior description: Consider the artificial fish current state is 

,  is the center position, the amount of companions in the current 

neighborhood  is represented as  and the total amount of 

fish number is . The companion fish has higher fitness value and it is not 

very crowded, when the food concentration  and . Where, the 

crowd factor is represented as . The artificial fish goes to the companion 
center is represented in the equation (3). 

                                                            (3)  
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4.1.3 Follow Behavior 
 

In the fish swarm’s moving procedure, the neighborhood partner quickly 
reaches the food when the one or more artificial fish finds the food. Behavior 

description: Consider the artificial fish current state is , and the companion 

 in the neighborhood  is explored that has greatest . The 

companion fish  has higher fitness value and it is not very crowded, when 

the  and . 

 

4.1.4 Clustering using AFSO 
 

 The prey, swarm, and following behavior is used to identify the CHs 

from the clusters. The CH from the respective cluster is considered the node 
with less transmission energy for transmitting the data packets to the 

destination. The behavior of the artificial fish swarm is used to select the set 

of optimal CHs from the nodes. The fitness function of AFSO used for 
selecting the CH is expressed in the equation (4). 

                                                   (4) 

Where, the  and  are expressed in the equation (5) and (6). 

                                                               (5) 

                                                                           (6) 

Where,  and  represents the fitness related to the energy and density 

respectively. The node energy is ; cluster head energy is ; 

distance between the node and CH is  and the cluster member is 

. The location information of CHs selected from the AFSO is given to the 
routing protocol to identify the optimal from the source to the destination. 

                   

4.2 Route Maintenance in AODV Protocol 
 

The information about the CHs is given as input to AODV protocol to 

generate the route from the source to the destination. In MANET, the route 

stability is key element to achieve the continuous data transfer in the 
network. The performance of routing protocol is affected by the link break 

which is considered as general concern in the network. A local repair 

methods/route maintenance approach is used for maintaining the continuous 

data flow through the route. The aforementioned approaches are used for the 
neighborhood information and the link connectivity maintained by the 

frequent change of hello messages is shown by the neighbor information.  
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The network’s topological information and the tables are updated by 

using the hello protocol. The upstream node detects the link break, when an 

active node is invalidated from the neighbor table.Subsequently, the process 
of route maintenance is initialized by the route error (RERR) message. In 

addition, the route maintenance is initialized by link quality metric during the 

mobility. The weak link is considered as link break during the detection 
process.  The cross layer approach contains includes routing, physical and 

MAC layer are considered in MANET development. Since, the local repair 

layer is used in the AODV routing protocol to improve the MANET 
performances. This local repair layer is used for restoring the broken link to 

transmit the buffered data packets of upstream node. The link break’s 

position doesn’t affect the local repair layer. The upstream node restores the 

irregular link break location by selecting the higher priority adjacent node 
from the neighbor table. The malicious behavior in the network is eliminated 

by incorporating the trust model with AODV. The modification made in the 

AODV routing protocol is represented as follows: 
 For each RREQ packet, the AODV transmits the RREP packet. 

Therefore, the AODV makes the destination node to send the numerous 

RREP packets for single RREQ. 

 In this proposed methodology, the structure of RREP is 
integrated with path’s trust value to mitigate malicious activities in the 

network. 

 In frequent intervals, the AODV transmits the request to update 
the routing path. Therefore, the source node receives the trust values from the 

multiple paths along with its own trust value. From the multiple paths, an 

optimal path is selected based on the maximum trust value. 
 If the new path’s trust value is higher than the current trust value, 

the technique of RREP packet handling is altered for updating the route 

entry. 

 The AODV is changed to transmit the RREQ packet for the 
destination. Thus used to disable the transmission of the RREP packet to the 

middle nodes. 

The main variation among the conventional AODV and priority based 
AODV is mentioned as follows:   

 In this proposed methodology, the modified AODV creates the multiple 

RREP packets and this RREP packet includes the path’s trust value. This 
trust based AODV updates the path in a fixed interval to achieve the uniform 

resource utilization. The bit information of each field with modified RREP 

packet structure is presented in Figure 2. 

 
 

 

 
 



                                                                                                                  
 

 

 
 

 
Multicast Priority Routing Based on Energy Level in Maintenance Phase for 

MANETs 6791 

 

 
Figure 2: RREP Packet format 

 

4.3 Priority of Neighbor Nodes Based on Route Maintenance 
Process 
 

The overhearing mechanism is used in the priority based route 

maintenance process. In that, an adjacent node overhears the data packets of 

the routing path. Here, the promiscuous mode is used to accomplish the 
overhearing mechanism. An adjacent node overhears the data packet and 

generates the trust value. The entry that is overheard is added along with the 

destination information. The priority values are frequently updated and these 
values are transmitted with the hello packets to the adjacent nodes. The trust 

value is contained by the node which doesn’t exist in any data session has the 

priority of 1 (i.e., High). Then the remaining nodes of the network has the 
less priority i.e., 0. The neighbor table is changed to preserve the neighbor’s 

priority values. The controlled Re-Route Discovery (CRD) is used to limit 

the route reconstruction. In CRD method, the upstream node transmits the 

RREQ packet only to the adjacent nodes that has higher priority value. 
Subsequently, the node that receives the RREQ packet is again 

communicated with the adjacent nodes. The nodes are connected with 

specific node which has higher priority value and it broadcasts the packet, 
when there is no adjacent node for transmission. In network, an amount of 

RREQ packets are minimized by switching the RREQ packets based on the 

adjacent nodes priority value. In this PEL-NN methodology, the priority 

value of the nodes is determined by considering both the energy harvesting 
rate and residual power. The node’s residual power is effectively used, when 

there is less energy harvesting rate and huge residual power. The power 

consumed by the node is very less, when the node which has significant 
residual power and less energy harvesting rate. The respective node is 

selected as relay node for data transmission and a significant energy is used 

in each transmission interval. The residual power is set as a priority value 
after the unit sleep interval. 
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4.4 Node Energy Level Model 
 

 The sensor node used their energy to perform three different tasks such 
as acquisition, data processing and communication. But the amount of energy 

consumed while processing the data is less than the energy used by the 

communication. The energy consumption of the node is mainly depending on 
the distance among the transmitter node and receiver node. The energy 

consumed for transmitting the  bit data over the distance of d during the 

free space propagation is given in the equation (7). 

                                         (7) 
 The energy consumed during the multipath propagation is expressed in 

the following equation (8). 

                                       (8) 

 The energy used for receiving the  bit data during the data transmission 
is expressed in equation (9). 

                                                                                (9) 
Where, the energy utilized for transmitting and receiving the data are 

represented as  and  respectively; Then the  and  represents the 

amplification energy for the free space and multipath model respectively; 

The  represents the energy consumed by the transmitter/receiver. The 

threshold distance is which is calculated by using the following equation 

(10). 

                                                                     (10) 

 The multipath model is considered when the distance among the 
transmitter and destination node is greater than the threshold distance. 

Otherwise, the free space model is considered during the data transmission. 

 

5 Result and Discussion 
 

This section describes the experimental results and discussion of the 
PEL-NN methodology. The software used to implement and simulate the 

PEL-NN methodology is NS2 simulation tool. The specifications used for 

PEL-NN methodology is given in the Table 1 and the overall simulation time 

for the PEL-NN methodology is specified within the range of 0.0001-
50.0000. Here, five different number of nodes are used to analyse the PEL-

NN methodology such as 20, 40, 60, 80 and 100. The antenna model 

considered during data packets transmission is 802_11 with Omni Antenna 
model.  
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Table 1: Simulation parameters 

Parameter Value 

Clustering protocol AFSO 

Routing Protocol AODV in Maintenance Phase 

Methodology Used Priority based on Neighbor node’s 

energy 

Network layer MAC-802_11 

Simulator used NS2 

Simulation start time 0.000000000 m/s 

Simulation End time 50.00000000 m/s 

Number of mobile nodes 20, 40, 60, 80 and 100 Counts 

Antenna Model Omni Antenna 

Queue Length 5000 

Minimum speed 28 ms 

Network Interface types Wireless ad-hoc 

MAC Type MAC/802_11 

Initial Transmit Power 0.175 

Initial Receive Power 0.456 

The performance of the PEL-NN methodology is analysed as PDR, 

energy consumption and delay. Additionally, the performances of the PEL-

NN methodology is compared with three existing methods such as 
RPFAODV [18], P-AODV [19] and ED-EECL [20] methods. 

 

5.1 PDR 
 

PDR is defined as the ratio among the total amount of data packets 

generated at the transmitter and packets received by the destination node. 

The PDR is expressed in the following equation (11). 

                           (11) 

 

5.2 Energy Consumption 
 

A larger amount of nodes in the network is results in huge energy 
consumption. In network, the node losses their energy while transmitting and 

receiving the data packets. The energy consumption is specified in the 

equation (12). 

                             (12) 
 

5.3 Delay 
 

Delay is generally defined as the difference among the transmitting time 
and receiving time of packets. Equation (13) shows the delay occurred during 

the communication. 
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       (13) 

 The performance evaluation and comparison of the proposed PEL-NN 
methodology are described as follows: 

 The comparison of delay for PEL-NN methodology with RPFAODV 

[18], P-AODV [19] and ED-EECL [20] is shown in the Figure 3. The delay 
comparison shown in the Figure 3 is taken for varying nodes such as 20, 40, 

60 80 and 100 nodes. The delay in a different amount of nodes are calculated 

for PEL-NN methodology. In MANET, a huge amount of data packets is 
reached to the destination with high delay. Here, the delay is occurred when 

there is huge amount of nodes in the network. Therefore, the increment in the 

nodes over the network results in higher delay. But, the Figure 3 shows that 

the PEL-NN methodology has lesser delay than the RPFAODV [18], P-
AODV [19] and ED-EECL [20] methods.  

 

 
Figure 3: Performance analysis of delay for different number of nodes 

 

The throughput comparison of PEL-NN methodology with three existing 
methods are shown in the Figure 4. Here the throughput comparison is taken 

for different number of nodes such as 20, 40, 60 80 and 100 Nodes. Figure 4 

shows the throughput of the PEL-NN methodology is high than the 
RPFAODV [18], P-AODV [19] and ED-EECL [20] methods. The main 

reason for the PEL-NN methodology is that the mitigation malicious nodes 

by using the modified AODV. In addition, the throughput is increased with 

the increment of the nodes. 
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Figure 4: Performance analysis of throughput for different number of nodes 

 
The comparison of energy consumption for PEL-NN methodology with 

ED-EECL [20] is shown in the Figure 5. The energy consumption 

comparison shown in the Figure 5 is taken for varying nodes such as 20, 40, 

60, 80 and 100 nodes. Figure 5. shows that the energy consumption of the 
PEL-NN methodology is less in the case of ad-hoc nodes. The energy 

utilization of manager sink node is high when compared to the sensor nodes, 

because the sensor nodes transmits the acquired data only to the manager 
sink node. Figure 5 shows that the PEL-NN method achieves lesser energy 

consumption during the communication. Due to selection of an optimal path 

with lesser distance, the PEL-NN methodology consumes only less energy 

than the ED-EECL [20]. 
The PDR comparison of PEL-NN methodology with three existing 

methods are shown in the Figure 6. Here the PDR comparison are taken for a 

different number of nodes such as 20, 40, 60 80 and 100 Nodes. Figure 6 
shows that the PEL-NN methodology achieves higher PDR due to the 

optimal path selection. Additionally, the mitigation of malicious node during 

the data transmission is helps to avoid the packet loss through the network. 
The higher PDR is shows that the amount of packets transmitted to the 

destination is high in MANET. 
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Figure 5: Performance analysis of energy for different number of nodes 

 

 
Figure 6: Performance analysis of PDR for different number of nodes 

 
The comparison of packet drops for PEL-NN methodology with 

RPFAODV [18] and P-AODV [19] is shown in the Figure 7. The packet 

drop comparison shown in the Figure 7 is taken for varying nodes such as 20, 
40, 60 80 and 100 nodes. From the Figure 7, knows the proposed PEN-NN 

methodology achieves less packet drop than the RPFAODV [18] and P-

AODV [19]. The reason behind the PEN-NN methodology with less packet 

drop is the mitigation of malicious nodes in the transmission path and an 
optimal path selection with the use of modified AODV. 
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Figure 7: Performance analysis of packet drop for different number of nodes 

 

6 Conclusion 
 

In this PEL-NN Methodology, an AFSO clustering is used to minimize 
the energy consumption of the nodes and a modified AODV routing protocol 

is used for routing the data packets from the source to the destination. The 

optimal path is selected based on the trust value. In modified AODV, the 
route requests are frequently transmitted to update the routing path. The 

probability value of the paths was calculated by considering the energy 

harvesting rate and residual energy level of the nodes. Additionally, the trust 

value is integrated in the modified AODV model to improve the security 
during the communication. The malicious activities are mitigated using trust 

value of the paths. The main objective of this proposed PEL-NN 

Methodology is increasing the PDR and minimizing the energy consumption 
of the network. The experimental analysis concludes that the PEL-NN 

methodology provides better performance than the RPFAODV, P-AODV 

and ED-EECL methods. The energy consumption of the PEL-NN 

methodology is 21.61 Joules, it is less when compared to the ED-EECL 
method for 100 nodes. In the future, the faster rerouting can be obtained 

between the nodes by using the node discovery algorithm in MANET. 
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