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Abstract —With recent advances in the field of wireless 

network or Mobile Ad-hoc Networks (MANETs) technologies, 

usage of mobile device computing technologies is the fastest 

growing technology. Formerly in the wired network, telephone 

and cable companies provide wired access to the devices for 

homes and offices. Today, the tendency is to move to wireless 

technology. Effective MANETs come across with numerous 

difficulties and challenges. If a packet is to travel from one host 

to another host, it needs to pass through many interconnected 

networks. The accompanying challenges in the network restrict 

current protocols from routing in MANETs. Also, balancing 

energy consumption is the major design issues since nodes have 

restricted energy, memory, bandwidth etc. Thus, the main 

objective of this research is to design an energy efficient 

protocol to minimize the energy consumption in MANETs. The 

main contribution of this research work includes the 

development of the new routing protocol called Energy Aware 

on Demand Routing (EADR) protocol for MANETs. This 

routing protocol approach is to build the new route discovery by 

evaluating energy consumption, packet loss, throughput and 

network lifetime. The protocol identification of the new route 

path by selection of the nodes which have the minimum energy 

threshold valves for its path to reach the intended destination 

node in network. The algorithm evaluates in minimizing the 

packet loss, energy consumption that increased throughput and 

network life time. 
 
Index Terms—Energy minimization, EADR, mobile ad-hoc 

networks, network lifetime, packet loss, routing protocols, 

throughput 

I. INTRODUCTION 

Wireless networks are a perfect option for applications 

that demand rapid operation with services to devices at 

any time and from any location. The Mobile Ad-hoc 

Network distributes the mobile nodes at random and 

travels independently, due to which, it has increasing 

numbers of applications available [1]. The key problem 

with the present network is battery power constraint, the 

node capacity, limited bandwidth and limited 

transmission range. Mobile nodes transfer the packets to 

neighboring nodes as they connect with multiple nodes 

on a network, battery power is used by nodes because the 

paths are multi-hop and the nodes consume energy to 

send/receive them in a network. One alternative way to 

consume less energy is by budgeting energy while 
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reducing the use of its energy in the network. The 

variation between the node energy rates, cost per packet, 

maximum node cost and time for the network partition 

will usually affect energy consumption, which provides 

the minimum energy path to reduce the overall energy 

consumption for the packet delivery. MANET efficiency 

depends on several parameters, including routing route 

algorithms, distributing and effective bandwidth usage 

and battery power. In MANET, it is possible to minimize 

energy usage by putting energy levels on nodes and using 

energy saving modes to lower network usage [2]. The 

system for energy management allows the energy 

parameters to be set so as to reduce total energy 

consumption. The four kinds of energy consuming modes 

are transmitter mode, receiver mode, idle mode and sleep 

mode respectively is presented in Fig. 1. 

 
Fig. 1. Modes of energy consumption in wireless mobile ad-hoc 

network. 

The utilization of these modes in balancing the energy 

load traffic is the challenging task in design of the routing 

protocol. A routing protocol [3] sets out how routers 

interact to exchange information that can make routes 

between any two nodes on the network of the device. The 

precise determining the type is established by routing 

algorithms. Through router has only a previous 

knowledge of directly connected networks. The 

information is exchanged by a routing protocol first by 

close surroundings nodes, then by the entire network. 

This gives routers an understanding of the network's 

topology. This enhances internet tolerance and high 

availability by the ability to route protocols to 

dynamically adapt to different conditions, such as 

disabled data lines, computers and travel data to delays. 
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Thus, the wireless network routing protocols are 

classified in three main styles as shown in Fig. 2.  

 
Fig. 2. Classification of routing protocols in MANETs. 

Routing is based on the routing strategy and has some 

important design issues relevant to parameters such as 

mobility, bandwidth, energy usage and security issues to 

tackle to strengthen network performance. Several 

existing routing algorithms are available and we discuss 

based on the routing energy management that produce the 

substantial part in high network performance [4]. Routing 

stances the traditional procedures intended majorly for 

the wired network wherein, the routes of the each node 

information in all are discovered and maintained by its 

network itself. The route discovery is accomplished from 

end to end with some event triggered update operations. 

The event triggered updates information consists of 

routing commands/messages interactions between nodes 

at regular intermissions and also for the events such as 

link addition or removal occurred and these updates are 

necessary for the route cache process maintenance of the 

network. Proactive routing protocols [5] use a routing 

table to identify the path to all network nodes. The nodes 

are regularly updated with routing information about the 

network architecture and link-state to refresh the routing 

table. This allows the routing table to control the overall 

state of the links in the network. Proactive routing 

strategy is best suited for small networks, due to the less 

overhead routing in the network. Some of the prominent 

protocols of this routing type available are Destination 

Sequenced Distance Vector (DSDV) [6] protocols and 

Optimized Link State Routing (OLSR) protocols. The 

reactive type follows the traditional distance vector 

protocols for the route establishments by responding to 

the route initiation in the route discovery procedures. The 

reactive routing protocols work by the principle of 

discovering and finding the path to the destination node 

when the data is required. In contrast with proactive 

routing protocols, problems with their overheads are 

reduced by forwarding the request messages. Existing 

popular reactive routing types are Ad-Hoc on Demand 

Distance Vector (AODV) routing protocols [7] and 

Dynamic Source Routing (DSR) protocols [8]. The 

hybrid type of routing protocols is characterized as the 

combination of proactive and reactive routing. Originally, 

these protocols act as reactivity protocols when seeking 

paths when needed, if the path is not found on request, it 

alternates to proactive form of route as shown in the 

Table I. Temporally Ordered Routing Algorithm (TORA) 

and the Zone Routing Protocol (ZRP) are main forms of 

hybrid protocols. The protocols are best suited to the 

applications based on the network topology and 

architecture.  

TABLE I: COMPARISON OF ROUTING PROTOCOLS 

Features Proactive Type Reactive Type Hybrid Type 

Routing 

Assembly 

Flat & 

Hierarchical 
Mostly Flat Hierarchical 

Routing 

Schemes 
Table driven On demand 

Combination of 

both 

Overhead Maximum Minimum Average 

Latency Minimum Maximum Maximum 

Scalability Minimum Average Maximum 

Routing 

Statistics 

Always 

available 

Available when 

needed 

Combination of 

both 

Periodic 

Updates 
Required Not Required Required 

Space Memory Maximum Minimum Average 

Bandwidth Maximum Minimum Average 

Power Maximum Minimum Average 

Traffic Minimum Maximum Minimum 

 

MANETs [9] have various design issues in real time. 

One of the major issues in wireless networks is the 

routing strategy used by MANETs. As the architecture of 

the network changes on a regular basis, nodes in the 

wireless network are frequently migrated without any 

predictive pattern. As it is routed, data flow from nodes is 

bidirectional and very energy expensive. MANETs 

typically rely on batteries for power, as they should 

conserve energy. As node mobility lacks centralized 

infrastructure, MANETs are geared towards numerous 

research difficulties. Furthermore, because the network 

determines interference and connection, the device 

mobility designs will have an influence on network 

performance, resulting in data needing to be resent 

several times. When considering all elements of MANET 

design, the following are the primary challenges: The first 

obstacle is with regard to routing concerns, i.e. finding 

the optimum route pathways in networks; ultimately, the 

challenge is to save energy when data transmission from 

source node to destination. The key contributions to this 

research have been updated energy-enhanced routing 

algorithms that give a solution to the limitations of 

existing protocols, as well as the development of new 

routing protocols. The routing technique, Energy Aware 

on Demand Routing (EADR) Protocol, enables overall 

network energy consumption minimization while offering 

the optimum routing in the network. 

The research work is structured as follows. The 

Section I examined the introduction of wireless networks, 

MANETs, design issues and the research contribution. 

Section II discussed the related efforts on different 

category of routing protocols and energy management 

related works in MANETs. The suggested design, 

modelling and implementation of EADR protocol for 

MANETs are presented in Section III. Section IV 
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discusses about the results and analysis the performance 

parameters for the proposed protocols with the existing 

protocols also given at the end. Finally the last Section V 

gives the conclusion of the proposed protocol and its 

comparisons with the other protocols are provided. 

II. RELATED WORKS 

The MANETs routing algorithm generates optimal 

network routes [10]. In general, multipath access is found 

in networks, and protocols are responsible for choosing 

preferences based on network versatility. The selection of 

paths based on energy parameters is a priority for most of 

the existing routing algorithms. 

TABLE II: CATEGORIES OF THE EXISTING ROUTING PROTOCOLS 

Category 
Proactive Reactive Hybrid 

DSDV OLSR AODV DSR TORA ZRP 

Periodical 

Broadcast 

Yes Yes Yes/Hello 

messages 

No Yes Yes 

Protocol 

Algorithm 

Distance 

Vector 

Distance 

Vector 

Distance 

Vector 

Source 

routing 

Link 

reversal 

Zone 

range 

Overhead High High Moderate Low Low Low 

Loop free Yes Yes Yes Yes Yes Yes 

Multi Path 

Routes 

No Yes No Yes Yes Yes 

 

The total energy use in MANETwhen interacting 

effectiveyon the network would be a challenge and a 

difficult problem to mitigate to reduce energy 

consumption and balance all the above resources properly 

[11]. Existing routing protocols [12] are designed for a 

static environment and are incapable of adapting to 

frequent changes in topology, resulting in poor 

performance in terms of convergence, throughput, route 

loops, overhead, and congestion. To enhance this, further 

study on the routing must be conducted. In the recent 

decade, the existing studies of routing protocols are 

presented in Table II. On the different routing types on 

different category of routing, but the proposed apply to a 

specific application or architecture. The design of the 

enhanced routing protocols that suits to all kinds of 

environments and suited for the specific characteristics 

needs specifically energy and security. Thus, the 

evaluation and enhancement of MANET performance at 

all the times is interesting research area. The survey 

results show that there are great interest and research 

trends in the field of improvement of MANET 

performance. A conventional routing protocol is required 

to solve this problem to obtain a modern routing protocol. 

Therefore, we need to consider the performance of the 

traditional protocols for MANET also finds the 

application of the standard MANET protocols. The 

existing surveys outcomes provide the information that 

when the network needs less mobility and low traffic, the 

proactive type routing protocols functions better. 

Otherwise if network has the high mobility and traffic, 

reactive type protocols are suited the most. The proactive 

routing type protocols delivers good performances as 

networks have stable structure and reactive routing type 

are suitable for those application wherein need of high 

mobility. The hybrid protocols [13]-[15] provide better 

performance only when node mobility is limited to 

minimum in the network. The key requirement of 

MANET technology is that it should satisfy energy 

efficient and also the network routing should satisfy the 

load balance of the nodes to prevent the traffic overhead 

in network.  

In paper [16], the author implemented the 

comprehensive packet format for its data transmission. In 

this algorithm, the critical parameters of energy 

conservation and load balancing are been enhanced and 

presented. The enhanced algorithm switches the route 

paths, if the paths are critical and to avoid fragmentation 

which benefits the network lifetime. Also the selection of 

alternate paths is enabled if the network detects the traffic 

load. The energy consumption balancing is limited; 

scalability is for the limited number of nodes in 

assessment to well-known AODV and DSR protocols. 

The optimized algorithm [17] has implemented for its 

routing by enhancing the conventional DSR algorithm 

creates the best multipath route paths in the MANETs. 

The paper has been implemented for limited to 100 nodes, 

for the performance parameters limited to the end-to-end 

delay and energy parameters only and compared with the 

DSDV and AODV protocols. It proposed in their future 

work to improve the local search operation and slower 

convergence speed to improve the network performance. 

The connectivity of the MANET through wireless radio 

spectrum varies considerably from other current networks 

and cooperative networks. Mobile nodes are dynamic in 

nature and often function as network topology 

management. The nodes are autonomous and are intended 

for de-centralized network topology control. It is not 

reasonable to assume that all nodes are connected to one 

another in these networks. This type of network therefore 

requires special, efficient routing protocols to provide 

self-start mobility behaviour. Under these cases, the 

performance of current wired network routing protocols 

will decrease. The interest in MANET has been strongly 

expressed in the wireless communications system for new 

routing protocols. Any new wireless routing protocol has 

been developed, maintained, and modified based on 

functionality and characteristics. We recently studied a 

survey with the goal of clarifying methods and 

approaches for MANET’s high-performance research 

patterns. Six standard MANET protocols that have been 

proposed are then selected and analysed. 

• AODV, DSR: use on-demand routing method  

• OLSR, DSDV: use proactive routing method and  

• TORA, ZRP: use hybrid routing method.  

To clarify the overall network performance of each of 

these protocol in different scenarios about traffic and 

mobility. AODV [18] implements the route discovery 

process and uses the different control frames such as the 

route request and route reply for their trans-reception of 

commands and data in the network. Besides the route 
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discovery procedure, AODV and DSR also have route 

maintenance procedures using Route Error (RERR) 

packets. Although it is designed to fit with the 

characteristics of MANETs, there is a difference between 

AODV and DSR. AODV does not pre-build a route to 

transfer data in network. The transmission path will be 

determined by individually network node when incoming 

data is available, based on the statistics obtained by 

network node. At the same time, AODV also uses a 

sequence number of destinations/sources to determine the 

new route as well as to avoid loop routing. Meanwhile, 

DSR builds the route as the source originates. The node 

will fully determine best routes in the network for 

transmission. Therefore, structure of RREQ and RREP 

packets in DSR must be further extended to contain 

address information of intermediate nodes. Besides, DSR 

maintains a temporary memory to store routes and use 

them until it is no longer valid. The DSR is widely used 

reactive algorithms available for the MANETs [19]. 

Performances are better as explained in [20] when 

compared to different reactive protocols. Although many 

researchers have implemented the routing protocols, the 

research is bound with limitation in its design. Optimized 

Link State Routing (OLSR) [21] is an enhancement to 

link-state routing protocol based on multi-hop, using 

three mechanisms for routing:  

• Sending Hello packets to neighbouring nodes 

periodically.  

• Control packets broadcast on the network with 

Multi-Point Relaying (MPRs).  

• Determine the route by the shortest path first 

algorithm. 

OLSR is proposing to eliminate broadcast packet 

congestion by choosing a small number of nodes serving 

as MPRs nodes. The broadcast packets may only move 

through certain nodes that reduce the sum of broadcast 

packets and control packets. In order to elect an MPR 

node, Hello packets are sent within two hops to determine 

neighbouring nodes. Then these nodes perform to elect 

MPR node in the region. OLSR protocol has better 

performance in a dense network environment and large 

data traffic, however, the limitation of OLSR is to occupy 

a lot of network resources. DSDV [22] is a routing 

protocol constructive to pick the path, using the metric 

number of the hops. The loop-back solution is suggested 

by the protocol by adding the routing table with a 

sequential number field. DSDV does not have a routing 

table to define the path to all nodes in the network, unlike 

the routing protocols of the link state. Every node has a 

routing table that it knows and this information is 

regularly shared and modified. DSDV gives priority 

when choosing a route to the route with the highest 

sequence number, if several routes have the same serial 

number the protocol preference will be given to the lower 

cost route. Due to the principle of periodic exchange and 

update of routing information, in the MANETs 

environment, DSDV often wastes system resources if 

network architecture has little change as well as overload 

when the network routes exist for a long time in routing 

tables that are not used. The drawback in the MANETs 

are routing with minimized consumption of energy by the 

nodes [23]. In the MANETs, to find the optimal and 

accurate paths having the mobility that changes uniformly 

over a period of time is a difficult task as the networks 

are distributed in nature. Researchers have presented 

protocols [24], which implements the connecting issues 

within the limitation range of the wireless communication. 

There exist multiple available algorithms which find the 

shortest paths using flooding mechanism generating the 

high traffic and overhead [25]. The need of the dynamic 

algorithms is developed that benefited with the minimum 

energy conservation to the establishment of the route 

paths and for its maintenance, it also provides the 

rerouting options, if any of the paths are not functioning 

as the network topology changes over a period of time 

[26]. In all routing algorithms, optimum paths have been 

implemented to increase the network lives in view of the 

performance parameters such as routing, energy and 

security. Taking into account the number of hop counts 

required to reach the destination, the best paths are 

created [27]. In order to simplify research trends of 

improvements in the MANETs performance in recent 

years, we conducted a short survey of proposed routing 

methods available to expand the network performance in 

the last decade, the survey results are presented in Table 

III. 

TABLE III: ROUTING PROTOCOLS SURVEY 

Proposed 

Protocol 
Simulator 

Comparison 

with existing 

Protocol 

Network 

Performance 

Divide Cluster-

DSDV [28]  
NS-2 DSDV, ZRP 

Number of 

Broadcast Packets 

WRE-OLSR [29]  
NS-2 OLSR 

Node Density, End‐

to‐End Delay 

B-AODV [30]  NS-2 AODV Control Packets,  

M-AODV [31] 
NS-2 AODV 

Packet Delivery 

Rate 

DSR [32] 
NS-2 

DSDV and 

AODV 

Packet delivery 

fraction 

TORA [33] 
NS-2 DSR and AODV 

Throughput, End-to-

End Delay 

ZRP1 [34] Qualnet ZRP Jitter, Throughput 

LB-ZRP [35] NS-2 ZRP and DSR Traffic, Overhead 

E2AODVv2 [36] NS-2 AODV, DSR Energy 

Consumption 

CBMLB [37] NS-2 AODV, 

AOMDV 

Delay, PDR, 

Overhead 

CLOLSR [38] OPNET Traditional 

Protocols 

Delay, PDR, 

Overhead 
 

Survey results show that numerous available protocols 

have been projected over the recent ten years based on 

improvements from traditional protocols. About 80% of 

the studies equated the performance of the projected 

algorithms with traditional protocols such as AODV or 

DSR. About 90% of the studies performed simulations 

and performance evaluation on simulation software such 

as NS-2 and MATLab. The performance criteria 

commonly used for comparison are delay, network 
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lifetime (about 88%), packet delivery ratio (about 95%), 

and energy, throughput (about over 75%). The number of 

studies in recent years has increased. In particular, over 

65% of the total works are proposed in the recent five 

years (period 2016 - 2020). The survey results also show 

that maximum proposed new enhanced routing 

algorithms are based on improvements from known 

traditional routing protocols. The focus of this research 

contribution is towards the design techniques in 

enhancing routing operations in the network, energy 

minimizing and their impacts has been analysed. 

Summarizing all the issues and limitation in many of the 

existing protocols in MANETs, still sufficient 

enhancement is needed in the energy routing protocols 

that satisfy many of existing limitations. 

III. DESIGN AND MODELING OF THE ENERGY EFFICIENT 

ROUTING 

The key concept that we use to model and develop 

energy aware on demand routing protocol for the 

MANETs is to avoid direct source-to-destination 

transmission, because, it requires a high energy battery to 

transmit data, rather than relay protocols to intermediate 

nodes with minimal energy that can transmit packets 

through a network. In this methodology, the energy and 

security policies of the network nodes are to be checked 

after each associated node has been configured. 

A. Minimize Energy Consumption per Broadcast 

Energy consumption is one of a most indisputable 

metrics which throwback immediate insight roughly 

safeguarding energy. Let p is defined as few packets to 

broadcast in the networks in which to pass or move over 

the number of nodes  n1, n2, n3, … , nk where,  n1  is 

considered as source and n2, n3, … , nk are 

neighbor/intermediate nodes that retransmit the packet. 

E(ni)  is the energy consumption by n nodes for 

transmitting the total number of data packets. 

𝐸𝑝 = ∑ 𝐸(𝑛𝑖)

𝑘

𝑖=1

 (1) 

The energy consumed for packet 𝑝  by all the 

transmitters is given in Equation (1). Thus, the desire 

about metric is to reduce 𝐸𝑝, for all broadcast packets 𝑝. 

It is not difficult to manage the metric that will cut the 

respectable energy consumed per broadcast packet. The 

measure that also cuts respectful energy used by each 

broadcasting packet cannot be difficult to manage. 

However, to take this step, as it is obscure for the 

competent broadcast trees to follow this objective, is not 

insignificant. One major drawback of the metric is that 

nodes often have differentiated energy consumption 

profiles to enable sprinkling nodes to disappear quickly. 

B. Modeling of Minimum Energy Routing 

The consumption of energy over all in the network can 

be done through minimizing the node energy while 

forwarding the packets in networks. Another important 

parameter in minimizing the energy is that, protocol 

should not broadcast unnecessary without knowing the 

route path to destination.  The selection of nodes in the 

path is the identification of nodes with maximum energy 

and the trusting of connections can reduce the network 

energy consumption. Another important part in the 

selection of nodes for the route paths in network by the 

protocols are considering nodes conditions in network. 

The routing protocol checks the node conditions and 

selects the nodes, which satisfies the mobility and its 

threshold energy valve. The parameter consideration in 

defining the routing that enhances the performance in 

network are described in the below sections. 

1) Mobility 

Due to their mobile behavioral properties, in MANET, 

the nodes are unstable, leading to network route failure. 

The movements of the nodes in the network are defined 

by knowing their position and movement speed. To 

monitor nodes movement, distance Di,j  between the two 

nodes located at (x1, y1)  and (x2, y2)  co-ordinates 

respectively and is calculated by the Euclidean distance 

formula [39] and is given by Equation (2). 

𝐷𝑖,𝑗 = √(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2 (2) 

The mobility of the nodes is having impact on the 

selection of route paths in MANET. If the nodes move 

beyond this distance, then nodes are considered out of 

range and cannot be considered in the routing in the 

network. 

2) Energy level 

 
Fig. 3. Node route selection path. 

In MANETs, the nodes are battery operated that use 

energy in data reception/transmission [40]-[42]. If the 

intermediate nodes expend their energy before reaching 

the target node on the routing path, the nodes cannot 

transmit data into the network. This energy also leads to 

the network failure. Fig. 3 provides the selection of the 
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route path considering the mobility and high energy level 

for the associate nodes, based on the threshold energy 

ingestion of the nodes in the set-up. To order to quantify 

the benefits of this metric, the entire factor is taken into 

factor to design energy efficient routing that reduce the 

energy consumption per broadcast for routing with the 

energy mobility. To determine the advantages of this 

metric are summarized as follows: 

In order to pick nodes and create route to the network, 

energy features will soon be integrated into the broadcast. 

The proposed protocol divides the network into a 

partition and reduces the node energy cost variance to 

reduce energy consumption. 

Network congestion consequences are indivisible into 

this metric.  

The following are the key energy consumption 

possibilities in the network. 

• Nodes entering and leaving the networks 

• Forwarding the messages 

• Identifying and selection of the route paths in the 

network 

• Broadcasting the control frames and data frames 

• Transmission and receptions of the 

acknowledgements frames 

• Updating routing information / route maintenance 

• Idle/ Sleep mode operations 

C. Modeling of Mathematical Energy Consumption to 

Balance Nodes Traffic 

The minimum transmit energy emin ij  required to 

transmit from node i  to node jhaving the distance d  is 

given in Equation (3). 

𝑒𝑚𝑖𝑛 𝑖𝑗 = 𝑑∝
𝑖,𝑗 (3) 

where, an exponent ∝ depends on the environment.  

The transmission and reception energy constraint along 

with the other different energy consuming constraints like 

the sleep mode and idle mode also should be considered 

while evaluating the overall energy consumption. The 

transmission energy is depended on the forwarding 

energy at each of the hop count, whereas the reception, 

sleep and idle energy valve is fixed as constant valve 

roughly. 

The transmission energy is measured for the route in 

terms of cost function over link i and j  is modeled in 

Equation (4). 

𝑒i,𝑗 = 𝑑∝
𝑖,𝑗 + 𝑘 (4) 

where, variable k is the overhead of network and valve of 

this is fixed, so as to increase the performance of network.  

D. Design of Energy Aware on-Demand Routing 

Protocol 

In MANETs, the transfer of data between all nodes 

involves the exploration of the shortest route and less 

energy consumption and data protection. A routing path 

with data transmission from source node is built to reach 

the destination node via an intermediate node. The source 

node should also take into account, by selecting the 

intermediate node with the lowest energy threshold, so 

that the chosen node can relay information before it 

reaches the destination node. If the source and destination 

nodes are not within the transmission range, the protocol 

will update and add nodes to the network, whenever 

nodes are present. The MANET model is complicated 

because of the various environmental obstacles. Mobility 

and energy metrics are included in the proposed research 

work, energy is restricted in the nodes used when the 

information is routed from the beginning to discovery, the 

path and then the transfer from the source to the 

destination. Thus, energy is the essential resource to be 

used effectively or the network continues to collapse. 

Therefore, energy use and its consumption should be 

efficiently managed in these types of networks. The 

efficiency of the network depends on the energy use 

control of the nodes transmission / reception, which 

extends the nodes lifetime internally. Such energy usage 

tools monitor the energy transmission of the node to 

determine their energy levels to further precede the data. 

The need for energy management in mobile ad hoc 

wireless networks is illustrated by many challenges and 

solutions, to reform these effects and to effectively 

transmit the information and receipt is very tedious work. 

The proposed Energy Aware On-Demand Routing 

(EADR) protocol implementation is done by considering 

the following factors that are listed below: 

• Identifying the suitable nodes for selection based 

on the availability of mobility. 

• Categorizing the nodes based on energy threshold 

valves for the selection in the network. 

• Route discovery and  

• Route maintenance. 

• Route Discovery and  

• Route Maintenance 

The discovery of the route and its maintenance play a 

major role in network success. In the EADR protocol, in 

order to understand the route path discovery and its 

maintenance, we have consider the MANET model 

consisting of the n  number of nodes in the network, 

where in source node S , destination node D  and the 

remaining as its associate nodes in network as shown in 

Fig. 4. 

 
Fig. 4. MANET mobile nodes distribution model. 

Journal of Communications vol. 17, no. 9, September 2022

©2022 Journal of Communications 696



The multiple routing paths as shown in Fig. 4 are 

identified based on the energy level availability is given 

in Table IV. 

TABLE IV: MULTIPATH FOR MANET MODEL 

Multipath Hops 

Count 

Paths Priority 

𝑺 → 1 → 2 → 3 → 6 → 7 → 𝑫 5 5 

𝑺 → 1 → 2 → 3 → 6 → 8 → 𝑫 5 6 

𝑺 → 1 → 2 → 3 → 6 → 8 → 9 → 𝑫 6 9 

𝑺 → 1 → 2 → 4 → 5 → 8 → 9 → 𝑫 6 10 

𝑺 → 1 → 2 → 4 → 5 → 9 → 𝑫 5 7 

𝑺 → 1 → 2 → 8 → 𝑫 3 1 

𝑺 → 1 → 2 → 8 → 9 → 𝑫 4 2 

𝑺 → 1 → 3 → 6 → 7 → 𝑫 4 3 

𝑺 → 1 → 3 → 6 → 8 → 𝑫 4 4 

𝑺 → 1 → 3 → 6 → 8 → 9 → 𝑫 5 8 

 

For the design simplicity in an experimental setup, 

considered the nine nodes heterogeneous neighborhood 

are identified and all other remaining nodes are having 

identified as the low energy threshold valves in network. 

Table V shows the initial energy of the node presented in 

the network. The initial energy is set by 10J to all the 

nodes in MANET. The nodes after they participate in the 

routing operations from source node to destination node 

consume certain energy depending on its mobility and 

selection of the energy threshold. The route discovery is 

implemented by using the control commands like route 

request, route reply, route confirmation and route 

acknowledgements in the network. 

TABLE V: INITIAL ENERGY LEVEL OF ALL THE NODES 

Node Boot-Time (s) Status Energy Left (J)   

S 08:36:27:652 Active 10.00 

1 08:36:27:655 Active 10.00 

2 08:36:27:658 Active 10.00 

3 08:36:27:661 Active 10.00 

4 08:36:27:670 Active 10.00 

5 08:36:27:675 Active 10.00 

6 08:36:27:678 Active 10.00 

7 08:36:27:683 Active 10.00 

8 08:36:27:687 Active 10.00 

9 08:36:27:691 Active 10.00 

D 08:36:27:693 Active 10.00 
 

The evaluation of the EADR protocol for route 

discovery with the best optimal path S → 1 → 2 → 8 → D 

in network model has been considered. Table VI provides 

the network model at the first iteration for source node. 

TABLE VI: ENERGY LEVEL ITERATION FOR SOURCE NODE 

Node Boot-Time (s) Status Energy Left (J)   

S 08:37:20:655 Active 8.17245 

1 08:37:20:658 Active 10.00 

2 08:37:20:662 Active 10.00 

3 08:37:20:675 Active 10.00 

4 08:37:20:688 Active 10.00 

5 08:37:20:690 Active 10.00 

6 08:37:20:695 Active 10.00 

7 08:37:21:125 Active 10.00 

8 08:37:21:259 Active 10.00 

9 08:37:21:633 Active 10.00 

D 08:37:21:635 Active 10.00 

The energy consumption for the control commands and 

its utilization is observed to be 1.82755J and energy left 

is 8.17245J. Table VII gives the energy consumption by 

introducing the node 1 for routing operations in the 

network.  

TABLE VII: ENERGY LEVEL ITERATION FOR NODE 1 

Node Boot-Time (s) Status Energy Left (J)   

S 08:38:12:655 Active 8.06555 

1 08:38:12:658 Active 8.29753 

2 08:38:12:662 Active 10.00 

3 08:38:12:675 Active 10.00 

4 08:38:12:688 Active 10.00 

5 08:38:12:690 Active 10.00 

6 08:38:12:695 Active 10.00 

7 08:38:26:125 Active 10.00 

8 08:39:26:259 Active 10.00 

9 08:39:26:633 Active 10.00 

D 08:39:26:635 Active 10.00 
 

The node energy consumption for the node 1 is found 

to be 1.70247J and energy left as 8.29753J and for the 

source node is still more energy consumed of about 

1.93445J and energy left is 8.06555J. Table VIII gives 

the energy level iteration for node 2 involving in the 

routing. The nodes energy consumption at the source 

node is observed as 2.80543J and energy left as 7.19457J 

and at the node 1 is found to be 1.92755J and energy left 

out as 8.07245J and for the iteration for node 2 is seen as 

1.62755J and energy left out as 8.37245J respectively in 

the network. 

TABLE VIII: ENERGY LEVEL ITERATION FOR NODE 2 

Node Boot-Time (s) Status Energy Left (J)   

S 08:40:18:849 Active 7.19457 

1 08:40:18:851 Active 8.07245 

2 08:40:18:853 Active 8.37245 

3 08:40:18:853 Active 10.00  

4 08:40:18:853 Active 10.00 

5 08:40:18:853 Active 10.00 

6 08:41:18:853 Active 10.00 

7 08:41:18:853 Active 10.00 

8 08:41:18:853 Active 10.00 

9 08:41:18:853 Active 10.00 

D 08:41:18:865 Active 10.00  
 

Table IX provides the energy consumption by iteration 

of node 8 in the route discovery process. The nodes 

energy consumption valves measured are as tabulated are 

given as source node is about 3.02667J and energy left is 

6.97333J, node 1 is about 2.1354J and left is 7.86453J, 

node 2 is about 1.89434J and left is 8.10566J and node 8 

is found to be 1.70851J and left is 8.29149J. 

TABLE IX: ENERGY LEVEL ITERATION FOR NODE 8 

Node Boot-Time (s) Status Energy Left (J)   

S 08:42:11:235 Active 6.97333  

1 08:42:11:451 Active 7.86453  

2 08:42:18:853 Active 8.10566  

3 08:42:20:658 Active 10.00  

4 08:42:20:658 Active 10.00 

5 08:42:20:658 Active 10.00 

6 08:42:20:658 Active 10.00 

7 08:42:20:658 Active 10.00 

8 08:43:20:658 Active 8.29149  

9 08:43:20:658 Active 10.00 

D 08:43:20:676 Active 10.00 
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The energy valve consumption till it reaches to its 

destination node is given 8.22145J as observed in Table 

10. The routing path energy consumption for the source 

node is 3.23679J and energy left is 6.76321J, for the node 

1 it is 2.63449J and energy left is 7.36551J, for the node 2 

it is 2.21575J and energy left is 7.78425J, for the node 8 

it is 1.96486J and energy left is 8.03514J and for the 

destination node it is 1.77855J and energy left is 8.22145J 

respectively. 

TABLE X: ENERGY LEVEL ITERATION FOR DESTINATION NODE 

Node Boot-Time (s) Status Energy Left (J)   

S 08:44:09:305 Active 6.76321  

1 08:44:10:410 Active 7.36551 

2 08:44:14:123 Active 7.78425 

3 08:44:17:258 Active 10.00 

4 08:44:19:777 Active 10.00 

5 08:44:20:451 Active 10.00 

6 08:45:21:452 Active 10.00 

7 08:45:23:256 Active 10.00 

8 08:45:24:145 Active 8.03514 

9 08:45:26:451 Active 10.00 

D 08:45:30:455 Active 8.22145  

 

From Table VI to Table X, we observed the changes in 

energy consumption from source node to the destination 

nodes. Table XI gives the energy consumption is found to 

be 23.66088% and the energy left in the nodes is 

76.33912% in the network. 

TABLE XI: ENERGY LEVEL MANET MODEL FOR HOPCOUNT = 3 

Path 
Node Energy 

Consumption (J)   

Energy Left (J)   

𝐒 → 𝟏 → 𝟐 → 𝟖
→ 𝐃 

S 3.23679 6.76321 

1 2.63449 7.36551  

2 2.21575 7.78425 

8 1.96486 8.03514 

D 1.77855 8.22145  

Energy (%): 23.66088 % 76.33912 % 

TABLE XII: ENERGY LEVEL MANET MODEL FOR HOPCOUNT = 4 

Path 
Node Energy Consumption 

(J)   

Energy Left 

(J)   

𝑺 → 𝟏 → 𝟐 → 𝟖 → 𝟗
→ 𝑫 

S 3.98154 6.01846 

1 3.10058 6.89942 

2 2.96256 7.03744 

8 2.70156 7.29844 

9 2.36452 7.63548 

D 1.97845 8.02155 

Energy (%): 28.48202% 71.51798% 

𝑺 → 𝟏 → 𝟑 → 𝟔 → 𝟕
→ 𝑫 

S 3.96255 6.03745 

1 3.07542 6.92458 

3 3.00412 6.99588 

6 2.97451 7.02549 

7 2.65411 7.34589 

D 2.10845 7.89155 

Energy (%): 29.63193% 70.36807% 

𝑺 → 𝟏 → 𝟑 → 𝟔 → 𝟖
→ 𝑫 

S 3.97154 6.02846 

1 3.12058 6.87942 

3 2.76256 7.23744 

6 2.45156 7.54844 

8 2.15452 7.84548 

D 1.95845 8.04155 

Energy (%): 27.36535% 72.63465% 

 

In Table XI, observed that the energy consumption 

increases linearly as and when the nodes join the routing 

operations in the network. Table XII provides the 

multiple paths from the source to destination having the 

number of hop count as 4, the energy consumption and 

energy left is provided in the network. 

The path S → 1 → 2 → 8 → 9 → D  energy 

consumption is 28.48202% and the energy left is 

71.51798% in network, whereas the path S → 1 → 3 →
6 → 7 → D  has the energy consumption of 29.63193% 

and energy left is 70.36807% and the final path S → 1 →
3 → 6 → 8 → D  is having the energy consumption of 

27.36535% and energy left is 72.63465% respectively.  

Table XIII provides the multiple paths from source to 

destination having the number of hop count as 5, energy 

consumption and remaining energy left is also provided. 

The path(S → 1 → 2 → 3 → 6 → 7 → D), (S → 1 → 2 →
3 → 6 → 8 → D) , (S → 1 → 2 → 4 → 5 → 9 → D)  and 

the final path in this hop count 5 is (S → 1 → 3 → 6 →
8 → 9 → D)  having energy consumption of 33.2791%, 

36.66244%, 35.16514% and 32.03664% respectively. 

Also, the remaining energy left in this paths is 66.7209%, 

63.33756%, 64.83486% and 67.96336% respectively in 

the network.  

TABLE XIII: ENERGY LEVEL MANET MODEL FOR HOPCOUNT = 5 

Path 

Node Energy 

Consumption 

(J)   

Energy Left 

(J)   

𝑺 → 𝟏 → 𝟐 → 𝟑 → 𝟔 → 𝟕 → 𝑫 

S 4.78568 5.21432 

1 4.10256 5.89744 

2 3.79562 6.20438 

3 3.26894 6.73106 

6 2.86451 7.13549 

7 2.69152 7.30848 

D 1.78654 8.21346 

Energy (%): 33.2791% 66.7209% 

𝑺 → 𝟏 → 𝟐 → 𝟑 → 𝟔 → 𝟖 → 𝑫 

S 4.98542 5.01458 

1 4.25416 5.74584 

2 4.17451 5.82549 

3 3.98452 6.01548 

6 3.37544 6.62456 

8 2.90212 7.09788 

D 1.98754 8.01246 

Energy (%): 36.66244% 63.33756% 

𝑺 → 𝟏 → 𝟐 → 𝟒 → 𝟓 → 𝟗 → 𝑫 

S 4.97145 5.02855 

1 4.22452 5.77548 

2 4.08493 5.91507 

4 3.45632 6.54368 

5 3.10235 6.89765 

9 2.80147 7.19853 

D 1.97456 8.02544 

Energy (%): 35.16514% 64.83486% 

𝑺 → 𝟏 → 𝟑 → 𝟔 → 𝟖 → 𝟗 → 𝑫 

S 4.78145 5.21855 

1 4.12301 5.87699 

3 3.76523 6.23477 

6 3.10452 6.89548 

8 2.68954 7.31046 

9 2.00945 7.99055 

D 1.95245 8.04755 

Energy (%): 32.03664% 67.96336% 

 

Table XIV gives the two paths from source to 

destination having the number of hop count as 6, the 

energy consumption and energy left is also provided.  

TABLE XIV: ENERGY LEVEL MANET MODEL FOR HOPCOUNT = 6 

Path 
No 

D 

Energy 

Consumptio

Energy  

Left (J)   
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e n (J)   

𝑺 → 𝟏 → 𝟐 → 𝟑 → 𝟔 → 𝟖 → 𝟗 → 𝑫 

S 6.38455 3.61545 

1 5.86499 4.13501 

2 5.56254 4.43746 

3 4.89526 5.10474 

6 3.56236 6.43764 

8 3.10231 6.89769 

9 2.69852 7.30148 

D 1.87456 8.12544 

Energy (%): 42.43136% 57.56864% 

𝑺 → 𝟏 → 𝟐 → 𝟒 → 𝟓 → 𝟖 → 𝟗 → 𝑫 

S 6.35624 3.64376 

1 5.75412 4.24588 

2 5.10231 4.89769 

4 4.56287 5.43713 

5 3.12546 6.87454 

8 2.78456 7.21544 

9 2.14562 7.85438 

D 1.57895 8.42105 

Energy (%): 39.26266% 60.73734% 

 

This approach provides with multipath for the network 

with efficient energy status of the confined neighborhood.  

The process uses a disseminated node-level methodology 

that empowers a node to independently select the path for 

routing in the network.    

E. Implementation of Energy Aware on-Demand 

Routing Protocol 

The algorithm displays execution flow of the Energy 

Aware on-Demand Routing (EADR) protocol 

implementation. The energy routing model selects the 

nodes with minimum energy requirement to forward data 

from source node Ns to destination node ND, and when 

the nodes does not satisfies the energy requirement, those 

are not selected in route operation. Fig. 5 gives the 

implementation flow of the EADR protocol in MANET. 

The EADR protocol use the Equation (2) for checking the 

node’s mobility for measuring the distance between 

nodes, and then EADR protocol checks the minimum 

energy requirement as given in Equation (3) and packet 

energy provided in Equation (4) for updating the routes 

path in the network to forward the data to reach the 

intended destination. 

Algorithm: Energy Aware On-Demand Routing 

Protocol  

Step 1: Source Node  

1 Initialize N Nodes; 

2 Send Route Request; 

3    if  (source node) then 

4 { 

5        Set Timer for the source node; 

then 

6 Find the node distance using the 

𝐷𝑖,𝑗 = √(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2  ;then 

7        Traffic Load Initialization ;then 

8        Save and Store path in the cache; 

9    Else 

10 New node available in the network; 

then 

11 Go to step 1; 

12      } 

13 Send Route Request; 

Step 2: Intermediate Node 

14 Update (Route Request); 

15 { 

16 Initialize the node with  minimum 

energy valve 𝑒𝑚𝑖𝑛 𝑖𝑗 = 𝑑∝
𝑖,𝑗 ;then 

17         Calculate the packet energy 

using 𝐸𝑝 = ∑ 𝐸(𝑛𝑖)
𝑘
𝑖=1  ;then 

18         Update all the energy fields; then 

19         Save and Store all the valves in 

the cache; then 

20         Update Route Request (RREQ); 

then 

21      } 

22         Forward Route Request (RREQ); 

Step 3: Destination Node 

23         Initialize (Route Reply); 

24      { 

25         Calculate total route link 

energy 𝑒i,𝑗 = 𝑑∝
𝑖,𝑗 + 𝑘 ;then 

26         Find best optimal path; 

27      } 

28         Send Route Replay; 

29 end; 

 

 
Fig. 5. Implementation flow of the EADR protocol. 

The algorithm provides the available route paths in 

network and selects the best optimal route path in 

network with the minimum energy consumption in the 

network there by enhancing the overall network lifetime 

and throughput and minimum packet loss and energy 

consumption. 

IV. SIMULATION RESULTS AND DISCUSSION 

The implementation of EADR protocol is done in NS-

2 and the comparison evaluation is executed with the 

existing DSDV, AODV and DSR protocols. 
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 TABLE XV: SIMULATION PARAMETERS OF EADR PROTOCOL 

Simulator NS-2 

Network Area 1000 X 1000 meters 

Total Number of Mobile 

Nodes  

100 

Total Simulation Time 200 seconds 

Energy 50 Joules 

Transmitter Power 0.9 watts 

Receiver Power 0.7 watts 

Idle Power 0.5 watts 

Sleep Power 0.1 watts 

Node Speed 0,5,10,15,20 m/s 

Node Pause time 0 

Packet Size 512 Bytes 

Position Allocator Random Rectangular Mobility 

Model  

Propagation Loss Model Friis 

MAC Standard 802.11B 

Protocol EADR, DSDV, AODV and DSR 

 

The performance metric selected for the evaluation of 

the protocols are packet loss, energy consumption, 

throughput and the network lifetime. The simulation, 

routing traces are collected with mobility history. The 

EADR implementation model for simulation is given in 

Table XV. 

A. Packet Loss 

The packets are forwarded in the network to reach to 

destination node if the packets fail to reach its intended 

destination node then packet loss occurs. Then packets 

are retransmitted again in the network. As the number of 

nodes increases, the link breakages also increase, 

resulting in the packet loss in the network. The packet 

loss is measured as a percentage of packets lost with 

respect to packets send in the network given by the 

Equation (5). 

𝑃𝑎𝑐𝑘𝑒𝑡 𝐿𝑜𝑠𝑠 = (
𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝐹𝑜𝑟𝑤𝑎𝑟𝑑𝑒𝑑 −  𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑆𝑒𝑛𝑡
) ∗ 100 (5) 

 
Fig. 6. Packet loss analysis for EADR, DSDV, AODV and DSR 

protocols. 

The comparative analysis of the packet loss is 

observed in Fig. 6 for the EADR and performance 

analysis of packet loss with various protocols is 

compared in Table XVI. The packet loss in the EADR 

protocol is found to be 28% to 32%, the least when 

compared to DSDV is 30% to 34%, AODV is 32% to 

36%, and DSR is 31% to 34% respectively. 

TABLE XVI: PERFORMANCE ANALYSIS OF PACKET LOSS 

Node Speed 

Time (m/s) 

Packet Loss (%) 

DSDV AODV DSR EADR 

0 30 32 31 28 

5 32 35 34 32 

10 31 31 31 30 

15 32 33 32 32 

20 34 36 34 32 

 

The Table XVI the gives packet loss details with 

respect to node speed time for the DSDV, AODV, DSR 

and EADR protocols. The EADR protocol provides the 

minimum packet loss in the channel as evaluated with the 

other existing protocols. Finally, the EADR provides the 

improved performance in the network. 

B. Energy Consumption 

The energy consumption in the EADR protocol is 

measured based on its node speed (m/s) and the energy 

consumption by number of the each nodes in the network. 

The observation is evaluated and a comparison on the 

existing protocols is provided and results that the energy 

consumption is reduced as shown in Fig. 7 and Fig. 8 

respectively. The energy consumption is measured by the 

Equation (6). 

𝐸𝑛𝑒𝑟𝑔𝑦 =  ∑ 𝐸𝑖 − 𝐸𝑛𝑜𝑑𝑒(𝑖)              

𝑛

𝑖=1

(6) 

where, 𝐸𝑖 is initial energy and 𝐸𝑛𝑜𝑑𝑒(𝑖) is node energy Ɐ 

𝑖 𝑡𝑜 𝑛nodes. 

 
Fig. 7. Energy analysis vs. node speed. 

Fig. 7 provides the comparative analysis of the energy 

consumption vs. node speeds is (0m/s, 5m/s, 10m/s, 

15m/s, 20m/s) for the EADR, DSDV, AODV and DSR 

protocols respectively.  

TABLE XVII: PERFORMANCE ANALYSIS OF ENERGY WITH NODE SPEED 

Node Speed 

Time (m/s) 

Energy (J) 

DSDV AODV DSR EADR 

0 18 19 18 17 

5 22 23 20 20 

10 28 30 26 25 

15 38 41 35 34 

20 45 47 44 44 
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Fig. 8. Energy analysis vs. number of nodes. 

In Table XVII, observed that data for energy 

consumption of 17J to 44J in the EADR, 18J to 45J in the 

DSDV, 19J to 47J in the AODV and the 18J to 44J in the 

DSR protocols respectively. The energy consumption in 

terms of the node speed is least in the EADR protocol.  

The other evaluation parameter for the energy is with 

respect to the energy consumed by the number of nodes 

in the network is presented as shown in the Fig. 8. In the 

network, the energy consumption is increased linearly as 

the numbers of nodes are increased. The number of nodes 

varying from 0 to 100 nodes, the energy consumption is 

found to be 13J to 44J in the EADR protocol, whereas the 

DSDV have 14J to 45J, the AODV have 15J to 47J and 

the DSR have 14J to 44J respectively.  

TABLE XVIII: PERFORMANCE ANALYSIS OF ENERGY WITH NUMBER OF 

NODES 

Number  

of Nodes 

Energy (J) 

DSDV AODV DSR EADR 

0 14.00 15.00 14.00 13.00 

10 16.66 17.66 17.11 15.22 

20 20.00 21.00 21.00 18.00 

30 21.77 23.22 22.77 19.77 

40 24.00 26.00 25.00 22.00 

50 26.22 27.77 27.22 24.66 

60 29.00 30.00 30.00 28.00 

70 33.00 34.88 34.44 32.44 

80 38.00 41.00 40.00 38.00 

90 41.11 43.66 41.77 40.66 

100 45.00 47.00 44.00 44.00 

 

The Table XVIII provides the observation of the nodes 

energy consumption in the network, and providing that 

the EADR has better energy consumption when analysed 

with the other existing protocols. The energy of the nodes 

proves that the higher energy consumption results in poor 

nodes lifetime in the network. 

C. Throughput 

The throughput is defined as calculation of the packets 

received at receiver to the packets forwarded by the 

sender in the allotted time in the network. The throughput 

is measured as ratio of the packets received at receiver to 

simulation time as given in Equation (7). 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 = (
𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 ∗ 8

𝑆𝑖𝑚𝑢𝑙𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
) ∗ 1000 𝐾𝑏𝑝𝑠 (7) 

 

 
Fig. 9. Analysis of throughput. 

Fig. 9 provides the maximum throughput transmitted 

in the network is by the EADR protocol and are better in 

comparison to the DSDV, AODV and DSR. The 

performance analysis is presented in the Table XIX. The 

throughput of the EADR is 0.785Kbps to 0.415Kbps, 

DSDV is 0.685Kbps to 0.310Kbps, AODV is 0.718Kbps 

to 0.395Kbps and for DSR is 0.675Kbps to 0.325Kbps. 

TABLE XIX: PERFORMANCE ANALYSIS OF THROUGHPUT. 

  Node Speed 

Time (m/s) 

Throughput (Kbps) 

DSDV AODV DSR EADR 

0 0.685 0.718 0.675 0.785 

5 0.631 0.691 0.651 0.711 

10 0.524 0.624 0.514 0.651 

15 0.380 0.428 0.390 0.580 

20 0.310 0.395 0.325 0.415 

 

The results after the simulation, provides variation of 

the throughput for the EADR, DSDV, AODV and DSR. 

These protocols have different throughput valves for the 

increasing node speed in the network.  

D. Network Lifetime 

The network lifetime denotes requisite time for 

exhausting the energy of the mobile nodes (n), which is 

given by the Equation (8)  

𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝐿𝑖𝑓𝑒 𝑇𝑖𝑚𝑒 =  ∑ 𝐸𝑛𝑜𝑑𝑒(𝑖)

𝑛

𝑖=1

 (8) 

where, Enode(i) is Node Energy (Joules) and Enode(i)  is 

node energy Ɐi to n nodes. 

TABLE XX: PERFORMANCE ANALYSIS OF NETWORK LIFETIME. 

Node Speed 

Time (m/s) 

Network Lifetime in Nodes 

DSDV AODV DSR EADR 

0 2 2 2 2 

5 4 4 4 5 

10 8 6 7 9 

15 10 8 10 11 

20 13 10 12 14 

 

The network lifetime as shown in Fig. 10 provided the 

exhaust nodes in the network. The performance analysis 

of the EADR, DSDV, AODV and DSR protocols is given 

in the Table XX. 
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Fig. 10. Analysis of network lifetime. 

The exhaust nodes in the EADR is ranging from the 2 

to 14 nodes, with respect to the DSDV is from 2 to 13 

nodes, with respect to the AODV is from 2 to 10 nodes, 

and with respect to the DSR is from 2 to 12 nodes 

respectively. When the nodes speed increases, the 

exhausts nodes also increase in the network. 

E. Performance Metric Analysis 

The performance metric considered for the simulation 

of the EADR, DSDV, AODV and DSR protocols are the 

packet loss, energy, throughput and the network lifetime. 

The performance metrics of the network in terms of the 

percentage is given in the Fig. 11. 

 
Fig. 11. Performance metric analysis for the EADR, DSDV, AODV and 

DSR protocols. 

In the MANETs, the overall performance metric 

analysis evaluates reduction in the energy consumption 

and the packet losses, increase in the throughput and the 

network lifetime in EADR protocol as compared to the 

existing protocols. 

V. CONCLUSION 

EADR protocol has been implemented by considering 

the matrices such as the energy consumption, packet loss, 

throughput and network lifetime. The protocol 

implements the route discovery by selecting appropriate 

nodes that have the energy level threshold valves for its 

path to reach the intended destination node in network. 

The comparison of all the performance metric of EADR 

is validated and tested with the existing DSDV, AODV 

and DSR protocols. The energy consumption is 

considered as one of the major issue and in the EADR the 

energy consumption is reduced to the 28% as compared 

against the DSDV is 30%, AODV 32% and DSR 28.6%. 

Also, the other metrics like the packet loss EADR is 30% 

have improved to the DSDV is 31%, AODV is 33% and 

DSR is 32%. The throughput also improved in the EADR 

by 62% compared to the DSDV is 51%, AODV is 57% 

and DSR is 52%. The network lifetime also enhanced to 

the EADR is 76% as analyzed with the DSDV is 74%, 

AODV is 70% and DSR is 72%. The algorithms 

performance evaluates the reduction in packet loss and 

energy consumption and is better in terms of its 

throughput and network lifetime. The EADR protocol 

enhances the existing protocols in terms of performance 

metrics. This research work is focusing on routing and 

energy aspects of the protocols that enhance the network 

performances. There is still further work available to be 

carryout that enrich and prolong the proposed protocols. 

The proposed protocols have been simulated in the NS-2 

simulation software and this should be executed 

practically in real time for the realistic results. The 

proposed EADR protocol have been simulated under the 

constant bit rate traffic. This traffic type can be extended 

to the Pareto and Exponential traffic to analyse and better 

understanding of the routing schemes in wireless 

communication. 
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