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Abstract— Wireless Network has become more popular 

nowadays. There are two types of wireless Network: 

Infrastructure and Infrastructure less. Mobile ad-hoc 

network (MANET) is self-configuring infrastructure less 

network composed of mobile devices connected via wireless 

link. Ad-hoc On Demand Distance Vector (AODV) is one 

of the widely used reactive routing protocols. AODV 

contains the desirable feature that routes are maintained only 

between nodes which need to communicate. Compare to 

other routing protocols, it has small packet size. In wireless 

Mobile ad hoc network energy efficiency is one of the issue 

for battery powered mobile devices. Here AODV and DSR 

protocols are compared to find which protocol gives better 

energy efficiency. 
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I. INTRODUCTION 

Mobile ad hoc networks are collection of mobile nodes 

which can move without restraint and Communicate with 

each other by means of a wireless physical medium. It is a 

self-configuring network of mobile nodes. The mobile nodes 

can be act as a router or a host computer. Features of 

MANET are frequently changed topology, multi hop 

routing, light weight terminals, unbalanced links; restricted 

energy capacity and lack of fixed infrastructure are 

individual when compared to wired networks. MANET does 

not have central controllers which makes it different from 

conventional wireless networks. Ad hoc mobile networks 

have found many applications in various fields like military, 

emergency situation and sensor networks. Each of these 

application areas have their specific requirements for routing 

protocols. 

 The routing protocols in MANET are 

categorized in proactive or table driven protocols, reactive 

or on demand protocols and hybrid protocols. In proactive 

routing protocols every node in the network has one or more 

routes to any possible destination in its routing table at any 

given time. [8] Routing tables are updated periodically as 

network topology changed. The performance of Table 

driven protocols in static scenarios is good. Some examples 

of table driven protocols are Destination-Sequenced 
Distance-vector Routing protocol (DSDV), Wireless 

Routing protocol (WRP) and Optimized Link State Routing 

(OLSR). In reactive routing protocol, every node in the 

network obtains a route to a destination on a particular 

fashion. Reactive protocols do not maintain up-to-date 

routes to any destination in the network and do not generally 

exchange any periodic control messages. The routing table 

contains list of all available destinations, number of hops 

and sequence number originated by source node. Demand 

driven protocol give high performance in dynamically 

changing environment. Some examples of these protocols 

are Dynamic Source Routing (DSR), and Ad-hoc On 

Demand Distance Vector (AODV). The performance of   the 

On Demand Driven protocols is better than the table driven 

protocols with parameters like routing node, energy 

efficiency and packet delivery ratio in ad-hoc network.  In 

Ad-hoc networks there are many challenges in routing in 

MANET. The basic challenges in MANET are dynamically 

changing topology and no centralized infrastructure. The 

node position in an Ad-hoc network continuously varies due 

to which we can’t say that any particular protocol will give 

the best performance in each and every case topology varies 

very frequently so we have to select a protocol which 

dynamically adapts the situation. [4] 
  The main Issues in Mobile Ad hoc Network are: 

 Scalability  

 Mobility 

 Link Failure 

 Bandwidth Limitation 

 Power Constraints 

 Packet loss due to Transmission error 

 Short battery lifetime  
Energy efficiency is a critical issue in mobile ad 

hoc network. Today most of the work is based on energy 

efficient routing because power is main issue in mobile ad-

hoc network. Several protocols have been given for energy 

efficient routing and their modifications have also been 

proposed for use in ad hoc networks.  Energy efficiency can 

be measured by the duration of the time over which the 

network can maintain a certain performance level that is 

called as the network lifetime. [1] Routing with maximum 

lifetime balances all the routes and nodes globally so that 

the network maintains performance level for a longer time. 

Various protocols for effective energy utilization have been 

proposed. There is not a single protocol which can give the 

best performance in ad hoc network. Performance of the 

protocol changing according to the parameters and ad hoc 

network properties continuously changed. The selection of 

the protocol depends on how it performs in a particular any 

type of network. Besides that it depends how many 

protocols are available for energy efficiency issue.  

II. AODV PROTOCOL 

The Ad hoc On Demand Distance Vector (AODV) routing 

algorithm is a routing protocol designed for mobile ad-hoc 

networks. AODV is used for both unicast and multicast 

routing. It is an on demand protocol, it means that it builds 

routes between nodes only as desired by the source nodes. 

With the need of source node it maintains the routes. AODV 

allows mobile nodes to obtain routes quickly for new 

destinations. It does not require nodes to maintain route to 

destinations that are not in active communication. One 

important advantage of AODV is its uses of a destination 
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sequence number for each entry in routing table. The 

destination sequence number is created by source and is 

included along with any route information it sends to 

requesting nodes. The use of destination sequence numbers 

ensures loop freedom and gives simplicity in program. The 

selection between two routes to a destination, a node which 

is requesting is required to select the one with the greatest 

sequence number.   

 
Fig. 1: RREQ broadcast 

 
Fig. 2: RREP Forward Path 

It keeps Routing tables. The Routing table consists: 
 Destination IP Address  

 Destination Sequence Number  

 Proper  Destination Sequence Number flag 

 Other state and routing flags (e.g. Valid, invalid, 

repairable, being  repaired)  

 Network Interface 

 Hop Count (number of hops needed to reach 

destination) 

 Next Hop   

 List of precursors  

 Lifetime (expiration or deletion time of the route)  

Routing table size is reduced by only including 

next hop information, not the entire route from source to a 

destination node. Sequence numbers are used for destination 

and source node. To manage the sequence number is very 

important for efficient routing and route maintenance. The 

basic message set consists of RREQ-Route Request, RREP-

Route Reply and RRER-Route Error. In Route Request, 

while communication routes between nodes are proper, 

AODV does not do anything. When a node needs to 

discover a route to a destination, A RREQ message is 

broadcasted. As a RREQ going through the network, 

intermediate nodes update their routing tables (in the 

direction of the source node). The RREQ packet also 

contains the most recent sequence number for the 

destination. A proper destination route must have a sequence 

number at least as big as that contained in the RREQ. When 

a RREQ reaches a destination node, the destination route is 

available by sending a RREP back to the source route. A 

node generates a RREP in two conditions: 1) it is the 

destination itself. 2) It has route to the destination which is 

active. As the RREP send back to the source node, the nodes 

between routes update their routing tables (in the direction 

of the destination node). This RRER message is broadcast 

for broken links. Generated directly by a node or passed on 

when received from another node. 

There are two phases in AODV routing: Route 

Discovery and Route Maintenance. . Each node maintains a 

routing table with valid information of the network. AODV 

contains the route table management. Route information 

even for short lived route-reverse pointers. In Route 

Discovery, when a source S node wants to send a packet to 

the destination node D, First it will checks its routing table 

and if there is no entry, it starts route discovery process. As 

shown in fig.1 it broadcasts a route request (RREQ) packet 

to its neighbors. The RREQ contains IP addresses of 

source(S) and destination(D) node, current sequence number 

of source(S) and last known the Destination’s sequence 

number, a broadcast ID of S, when S sends a RREQ 

message each time it is incremented. The broadcast ID, IP 

address pair of the source S forms a unique identifier for the 

RREQ. AODV contains destination sequence numbers to 

give the fresh route. When a node sends RREQ message, it 

waits for RREP. If no reply is received within certain time 

limit, the source node rebroadcast the RREQ or it assumes 

that there is no route available. After receiving a RREQ 

message, the intermediate node broadcast the RREQ 

message to its neighbor if it is not the destination route and 

creates a temporary reverse route to the source IP address in 

its routing table with next hope equal to the IP address of 

neighboring node that send the RREQ. The intermediate 

nodes can give reply to the RREQ only if they have a route 

to the destination whose corresponding destination sequence 

number is greater than or equal to that contained in the 

RREQ. When the RREQ reaches the destination or an 

intermediate node with a fresher route, it generates RREP 

and it is unicasted back to the requesting node which 

eventually reaches the source node as shown in fig.2. The 

node between route records the route to the destination as 

the RREP follows from destination to source. These are 

mobile nodes, so they can move anytime. In Route 

maintenance, if the source node moving to different 

location, the route discovery process is done by node to 

rediscover the route between source to destination. IF the 

destination node/the intermediate node moves to different 

location, it informs the upper node through Route error 

message which eventually reaches the source node. The 

termination of the ongoing communication is done by 

source node and initiate route discovery process. Hello 

messages are used to maintain the local connectivity. The 

number of routing messages is reduced by AODV protocol 

in the network. It handles the dynamic behavior of the nodes 

efficiently.  

One disadvantage of this protocol is that 

intermediate nodes can lead to inconsistent routes if the 

source sequence number is very old and the intermediate 

nodes have a higher but not the latest destination sequence 

number, thereby having stale entries. Also, multiple Route 

Reply packets in response to a single Route Request packet 

can lead to heavy control overhead.  

III. PRESENT ENERGY EFFICIENT ALGORITHMS 

Different types of scenarios are represented here. Here, the 

present routing algorithm considers the remaining energy of 

each node. 
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A. Residual Battery Status  

In this approach the algorithm focuses on two parameters. i) 

The total energy of a path: This is the sum of energies of the 

all nodes encountered in route from source to destination. ii) 

Residual battery power of a node: This parameter indicates 

the power left in a node. 

Parameters Appended on Each Node: 
There are two variables have been appended with each node: 
1) INDEX: Unique identifier of the node. 
2) Eres: This indicates the status of battery of a node and 

is calculated as: 
If (remaining battery status < 20% of the initial energy 
Of a node) 
Set Eres= 1 
Else if (20% of initial energy of a node < remaining 
Battery status < 60% of initial energy of a node) 
Set Eres = 2 
Else (remaining battery status > 60% of initial energy of a 
node) 
Set Eres = 3 
1) Locx, Locy: These variables give the position of the 

node in the network. [7] 
Parameters added to Route Request: The header of 

the RREQ packet includes <source index, destination index, 

A_B_I (Accumulated Battery Indicator of the Route), 

Ndrain (number of drain nodes) and INDEX>. 
The number of drained node (Ndrain) are the nodes 

which bettry power is less than 20 % of the initial energy of 

a node. 
Initially A_B_I = 0 and Ndrain=0 at source node. 

When RREQ packet transmitted along the path, A_B_I is 

updated at each intermediate node i as follows: 
If (Eres = 1) Then Ndrain = Ndrain + 1 
Else-if (Eres = 2) Then A_B_I = A_B_I + 1 
Else-if (Eres = 3) Then A_B_I = A_B_I +3 

The destination node waits for a certain amount of 

time Twait till all the route requests for the destination are 

reached. The destination node compares the destination 

sequence number, hops count and accumulated battery 

indicator (A_B_I) of a route in the RREQ packet and then 

selects the route with maximum energy and minimum 

number of drain nodes.  

For all RREQ 
Reject RREQ’s with Ndrain >=3,  
The destination node then calculates the following 
Parameter Ri for all the remaining RREQ packets. 
Ri = A_B_I / hop_count 

Where, Ri is the route selection ratio for RREQ 

packet i. The destination node then selects the route with 

maximum Ri. [7] 

PARAMETER VALUE 

Number of nodes 20 

Simulation Time 180 s 

Pause Time 5 s 

Environment Size 800m X 800m 

Traffic Type ON or OFF ( Pareto) 

Packet Size 210 bytes 

Packet Rate 20 kbps 

Burst Time 500 ms 

Idle Time 500 ms 

Maximum Speed 10 m/sec 

Initial Energy Of Node 100 Joules 

Transmission Power (for 

RREQ) 
5 W 

Reception Power Utilized 10 W 

No. of Connections 6 

Simulator NS-2.34 

Antenna Type Omni directional 

MAC type IEEE 802.11 

Agent 
User Datagram Protocol 

(UDP) 

Table 1: Simulation environment [7] 

1) Average Residual Energy With Time  

The position (Locx, Locy) are added in the route reply by 

each selected node. These location parameters are used by 

each sending node to find the distance between next hop 

node and the node itself.  

In first approach the simulation the simulation 

setup consists of square flat topology covering an area of 

800 * 800 m2 and a test bed of 20 nodes randomly and 

uniformly distributed in the entire area. 

 
Fig. 3: Average Residual Energy (Joules) with Time 

(number of connected nodes=6) [7] 

Fig.3 represents the comparison of traditional 

AODV and modified AODV with the parameters average 

residual energy and time. 

2) Average Residual Energy with speed 

 
Fig. 4: Average Residual Energy (Joules) with Speed 

(number of connected nodes=20) [7] 

Fig.4 represents the comparison of traditional AODV and 

modified AODV with the parameters average residual 

energy and connected nodes that are 20. 
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3) Average Residual Energy with Nodes 

 
Fig. 5: Average Residual Energy (Joules) with nodes (speed 

= 20m/sec) [7] 

The Fig.5 represents the comparison of traditional 

AODV and modified AODV with the parameters average 

residual energy and speed that is 20m/sec. 

B. Node Energy 

A simple approach based on local decisions can be adopted. 

While searching a route, each node uses its battery 

information to decide whether to take part or not in the route 

selection process. Thus, a node whose battery is exhausted 

can preserve its remaining energy by refusing to relay 

packets which are not intended to it. This is called a local 

approach, since the decision of a node is only based on its 

own state and does not require global information about the 

entire network, neither about its neighbors. The steps are 

taken in this approach is: 

If node A (source) wants to send data to B (destination) then 

{ 

 AODV ( ) // finds a route between A and B. 

{ 

For (each node between A and B) 

{ 

Calculate energy of each node with the help of Energy 

Model & Manage a routing table with one additional 

parameter node energy. 

When any node receives a packet 

{ 

If (Node Energy >Eth) 

{ 

Receive RREQ packet and forward it to next Hop. 

Route maintenance is done in which the next hop is selected 

based on remaining energy of a node. 

} 

Else 

{ 

Drop RREQ Packet 

It sends a RERR to the last node and source need to call 

AODV () again 

} 

} 

} 

} 

} 

In second approach two parameters are used. 

Packet Delivery Ratio (PDR): is the ratio of the 

number of packets successfully received by all destinations 

to the total number of packets injected into the network by 

all sources. The PDR is therefore a number between 0 and 1.  

End-2-End Delay: End-to-end delay refers to the time taken 

for a packet to be transmitted across a network from source 

to destination.  

1) Simulation environment: 

Simulator NS-2.34 

Packet Size 512 Bytes 

Packet/Session 1000 

MAC Protocol IEEE 802.11 

Propagation Model Two Ray Ground 

Number of Node 10. 15. 20 

Environment Size 2000 x 2000 

Traffic Type CBR 

Mobility 20 m/s 

Table 2: Simulation environment [1] 

2) Results 

a) Packet Delivery Ratio 

 
Fig. 6: Packet Delivery ratio Versus Number of node [1] 

Fig. 6 represents the comparison of traditional AODV and 

modified AODV with the parameters packet delivery ratio 

and number of nodes connected. 

b) End-2-End Delay 

 
Fig. 7: End-2-End Delay Versus Number of nodes [1] 

Fig. 7 represents the comparison of traditional AODV and 

modified AODV with the parameters End-2-End Delay and 

number of nodes connected. 

C. Stability Factor 

In this approach one parameter is used to find the route. The 

parameter is called as stability factor. 

Stability Factor (SF) = Remaining Energy of node / Initial 

full Energy of node 

An improved ad hoc routing mechanism for finding 

a quicker path between source and destination, decreased 

RREP wait time during the back-off and the predefined time 

to live (TTL) threshold value has been modified. AODV 

Protocol uses Expanding Ring Search (ERS) for route 
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discovery operation. This approach uses the modified ERS 

for fast route discovery. The scenario is displayed by a 

flowchart.  

 
Fig. 8: flowchart of present algorithm [2] 

Simulations of this method were carried out 

according to nodes and environment characteristics in 

different scenarios and variations: 

In this simulation, packet sizes are varied from 64 

to 1024 bytes. Number of nodes is considered 100 and 

simulation area is kept 1000m×1000m. Nodes speed is kept 

at 1 m/s. 

1) Energy Consumption: 

 
Fig. 9: Packet size vs. Energy consumption [2] 

The Fig.9 represents the comparison of traditional AODV 

and modified AODV with the parameters packet size and 

energy consumption. 

 
Fig. 10: Node Speed vs. Energy Consumption [2] 

Fig.10 represents the comparison of traditional 

AODV and modified AODV with the parameters node 

speed and energy consumption 

D. Maximum Remaining Energy 

Here the algorithm based on Energy Constrained Based 

Routing protocols. The algorithm is based on maximum 

remaining energy of node. The algorithm explained as 

below; 

Begin 

 Step1. Initialize network (Source, Destination) 

 Step2. Find neighbors of source node 

 Step3. Select the node which has maximum 

remaining energy 

3(a) Send the packet to the neighbor node 

 Step4. NEXTHOP = k: ekremain = max {ejremain} 

 Step5. If all the neighbors have same energy 

All neighbors have to find their neighbors and tell 

the maximum remaining energy of 

Next neighbor’s node. 

 Step6. Else follow step3 and 4. 

 Step7. Repeat Step2-5 until request is reached at 

the destination. 

 Step8. Reply via same path on which request is 

reached. 

End. 

In this approach the simulation parameters are: 

Parameters Dimension 

Area 1500*1500 

No. of Nodes 21 

Minimum Transmission Power 3.97e-6 mW 

Data Rate 1kbps 

Simulation Time 40 Sec 

Pause time (QTR) 15 Sec 

Periodic update 1-8 sec 

MAC Layer IEEE 802.11 

Bandwidth 2Mbps 

Radio Range 250m 

Initial Energy 1000J 

Table 3: Simulation environment [6] 

1) Signaling Overhead 

In order to find the best available route, protocol MECB-

AODV needs to propagate more control packets in the 

network during the process of route discovery. This 

signaling overhead can be measured, for each simulation, by 

the following formula: 
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Signaling overhead = (total number of control Packets) / 

(total number of data packets). 

2) Packet Delivery Ratio: 

It can be defined as the percentage of ratio between the 

number of packets received at the destination and the 

number of packets sent by source. 

Packet delivery ratio = _i (No. of received packet at 

destination i / No. of packet sent by 

Source i)*100 

3) Energy Consumption: 

The energy consumed when nodes are forwarding a packet 

is equal to the sum of transmitting and receiving the packet, 

Et = Etx + Erx 

Where 

Etx is energy consumed in transmission of packet 

Erx is energy consumed in receiving the packet 

 
Fig. 11: Overhead Vs Time [6] 

Fig.11 represents the comparison of traditional 

AODV and modified AODV with the parameters overhead 

and time. 

 
Fig. 12: Packet Delivery Ratio [6] 

Fig.12 represents the comparison of traditional 

AODV and modified AODV with the parameters packet 

delivery ratio and time. 

 
Fig. 13: Energy Consumed Vs Time [6] 

Fig.13 represents the comparison of traditional 

AODV and modified AODV with the parameters packet 

delivery ratio and time 

IV. RESULTS AND ANALYSIS 

Simulator NS-2.35 

Agent 
Transmission control 

protocol(TCP) 

MAC Layer IEEE 802.11 

Propagation Model Two Ray Ground 

Number of Node 5,10,15,20 

Environment Size 500 x 500 

Minimum Transmission Power 31.32e-3 mW 

Initial Energy 100J 

Table 4: Simulation environment 

Network animator (NAM) is use to visualize the simulation 

of network designed using NS-2. The NAM window shows 

the node topology and the connection establishment and 

release. 

The comparison of AODV protocol and DSR 

protocol is done. The graphs are plotted with the parameters 

average residual energy, number of nodes, packet size and 

node speed. 

 
Fig. 14: Average Residual Energy (Joule) vs. Nodes 

Fig.14 shows that average residual energy 

decreases when no of nodes are increased. Compare to 

AODV in DSR protocol consume more energy. So in 

AODV protocol less average residual energy decrease. 

 
Fig. 15: Average Residual Energy (Joule) vs. Packet size 

Fig.15 shows the packet size comparison for two 

protocols with respect to average residual energy. The 

AODV protocol performs well for all packet size variation 

then the DSR protocol. 
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Fig. 16: Average Residual Energy (Joule) vs. Node speed 

(ms) 

Fig.16 shows the variation of average residual 

energy with respect to node speed. The speed of the node is 

varied from 0-65 ms. the number of nodes are keep 10. In 

both the protocols average residual energy decreases when 

the speed of nodes are varied. 

From above all results the AODV performs well 

then DSR protocol with respect to different parameters 

because AODV selects the least congested route instead of 

shortest route. So the network lifetime increases. It also 

responds to the topological changes that affect the active 

routes. AODV performs better or longer duration of traffic 

then other protocols.   

V. CONCLUSION 

Energy efficiency is one of the main problem in a mobile ad 

hoc network, especially for designing a routing protocol. 

Here after implementation the result shows that the AODV 

protocol is more energy efficient than DSR protocol. The 

AODV performs well in different scenarios with respect to 

energy.  

VI. FUTURE SCOPE 

In future, the modified AODV can be implemented by 

considering energy for each node for the selection of route 

to gain better efficiency of energy. 
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