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Abstract 

Mobile Ad Hoc Networks (MANETs) also called connected networks are self-configuring networks of mobile devices connected 

by wireless links. The aim of this paper is to proposed mathematical model that helps in increasing life time of a network and 

provide way to different researchers for giving new technique to improve the network life time of networks.   

Keywords: Ad-hoc Network, AODV, MANET, Energy Efficiency 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Mobile ad hoc networks (MANETs) are self-possessed of a collection of mobile nodes which can move freely and communicate 

with each other using a wireless physical medium. Therefore, dynamic topology, unstable links, limited energy capacity and 

absence of fixed infrastructure are special features for MANET when compared to wired networks. MANET does not have 

centralized controllers, which makes it different from traditional wireless networks (cellular networks and wireless LAN) [1]. 

MANETs, find applications in several areas. Some of them are: military applications, collaborative and distributed computing, 

emergency operations, wireless mesh networks, wireless sensor network, and hybrid wireless network architectures [2]. 

In reactive protocols (also called "on-demand" routing approach) routing paths are discovered only on demand. A route 

discovery task invokes a route-finding method and which terminates when either a route is found or there is no doable route 

exists. Because of nodes mobility, active routes may be disconnected and therefore route maintenance is important in reactive 

routing protocols. A reactive routing protocol has less control overhead as compared to the proactive routing protocol and 

therefore a reactive routing protocol has better scalability than a proactive routing protocol. However, source nodes may undergo 

from long delays for route discovery in reactive approach. Dynamic Source Routing (DSR) and Ad hoc On-demand Distance 

Vector routing (AODV) are well-liked reactive routing protocols for MANET. 

The uniqueness of MANETs has led to the design of MANET specific routing protocols. These protocols are mainly classified 

as proactive and reactive [2]. Proactive protocols are table driven i.e., nodes maintain information regarding the routes. Reactive 

routing protocol find the routes only when they are desired i.e., on-demand. Reactive protocols have gained more importance as 

they reduce routing overhead and guzzle less energy [4]. 

Energy is a limited resource in ad hoc wireless networks [3]. Each node has the functionality of acting as a router along with 

being a source or destination. Thus the failure of some nodes operation can greatly impede performance of the network and even 

affect the basic availability of the network, i.e., routing, availability, etc. Thus it is of paramount importance to use energy 

efficiently while establishing communication patterns. Energy management is classified into battery power management, 

transmission power management, system power supervision [2]. There are four energy cost metrics based on which we can 

decide the energy efficiency of a routing protocol. They are transmission power, remaining energy capacity, estimated node 

lifetime and combined energy metrics. 

The whole of routing protocols, suggested by the Mobile Ad-hoc Network group (MANET) of the Internet Engineering Task 

Force (IETF), use the same routing metric which is the direct path. In other words, the paths are computed based on the 

minimization of the number of intermediate nodes between the source and the destination. Thus, some nodes become liable for 

outing packets from many source destination pairs. After a short period of time, the energy resources of those nodes get 

exhausted, which leads to node breakdown. It is therefore significant that the routing protocols designed for ad hoc networks take 

into account this problem. Indeed, a better choice of routes is one where packets get routed through paths that may be longer but 

that contain only nodes that have enough energy. 

Routing protocols in MANETs like AODV and DSR, usually intend to find a single path between a source and destination 

node. Multipath routing is finding multiple routes between source and destination nodes. It comprises of three components: route 

discovery, route maintenance, and traffic allocation. These multiple routes between a source node and a destination node 

compensate for the dynamism and unpredictability of ad hoc networks. 
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The remaining part of our paper is organized as follows: In section II we will discuss the Related Work done in field of Energy 

Aware Routing in MANET in IV we proposed an approach to increase life time of a network and finally in section V we will 

conclude the paper and give the future scope of this paper. 

II. RELATED WORK 

The energy model calculates the residual energy of a node [5] by reducing energy used by a node for various routing decisions 

and for all packets sent, received, forwarded and dropped while traversing from source to destination node. This residual energy 

of the node is added as a routing metric in the packet header and is used towards selection of an energy efficient path from the 

source to destination node. It is noted that this selected path may not be the minimum energy path but the path having maximum 

residual energy of the nodes since routing to maximize the lifetime of the network is different from minimum energy routing. 

Minimum energy routes attract more traffic flows, and the nodes along these routes suffer battery exhaustion and die very soon; 

hence causing a complete network failure. However, routes selected based on maximum residual energy results in increased 

network lifetime by balancing load through all the routes and nodes globally within a network. In [6] AODV protocol is 

modified and converted to work on multiple paths to send data First we customized route discovery process of AODV when a 

destination receives a RREQ packed it replies for all the RREQ packets received even for same sequence number using back 

path. At the sender end sender takes all the paths and short them on the bases of hope count, at the time of data forwarding 

sender uses best three paths among all paths .This process also eliminates problem of route brakeage in AODV .When one route 

breaks source can send the data using different path available. The proposed method is more energy efficient because it divides 

the load of packet forwarding to all the nodes available in multiple paths. According to author energy aware [7] AODV modifies 

route request (RREQ) packet for route discovery process. We modified the fields in the RREQ packet by adding minimum 

residual energy and sum of residual energy (SRE) which keeps the minimum remaining energy and sum of remaining energy 

along the path respectively. An Energy Difference field, which stores the difference between either average minimum residual 

energy or threshold or average sum of residual energy and threshold is also added on the routing table at a destination node. In 

BBU-AODV, when all nodes in some possible routes between a source destination pair have large remaining energy than the 

threshold then a route with maximum of the difference of average sum of residual energy and threshold among the routes is 

selected. Otherwise the maximum difference of the average minimum residual energy and threshold among the routes is selected. 

In [8] Author proposes an energy efficient routing protocol called GBBU-AODV for MANETS. The algorithm combines 

minimum remaining energy and node density or number of neighbour nodes as a cost metric to minimize energy consumption of 

MANETs. The GBBUAODV routing protocol overcomes shortcoming of BBU_AODV and traditional routing protocols of 

MANET while still maintaining an acceptable level of reachability. In GBBU_AODV scheme, the gossiping probability for each 

node is calculated based on the minimum residual energy from source to the node itself. Thus the algorithm protects small 

residual energy nodes as part of data communication route by assigning small rebroadcasting probabilities for each intermediate 

node on the path. 

In [9] when a source node wants to reach a destination node, it starts the route discovery process and broadcasts the route 

request packets (RREQ), as in AODV. But when an intermediate node receives this request, there is an additional step that it has 

to do before sending the packet: it must compare its remaining energy with a certain threshold. If it finds that its energy level 

exceeds the threshold value, it rebroadcasts the request to all its neighbors. In the other case, the node concludes that its 

remaining energy is not enough anymore to route the others’ packets. Therefore, the node rejects the RREQ packets and ignores 

the request. 

In [10], Jin-Man Kim and Jong-Wook Jang proposes an enhanced AODV (Ad-hoc On-demand Distance Vector) routing 

protocol which is modified to improve the networks lifetime in MANET (Mobile Ad-hoc Network). One improvement for the 

AODV protocol is to maximize the networks lifetime by applying an Energy Mean Value algorithm which considerate node 

energy-aware. Increase in the number of applications which use Ad hoc network has led to an increase in the development of 

algorithms which consider energy efficiency as the cost metric. 

In [11], Yumei Liu, Lili Guo, Huizhu Ma and Tao Jiang propose a multipath routing protocol for mobile ad hoc networks, 

called MMRE-AOMDV, which extends the Ad Hoc On-demand Multipath Distance Vector (AOMDV) routing protocol. The 

key idea of the protocol is to find the minimal nodal residual energy of each route in the process of selecting path and sort multi-

route by descending nodal residual energy. Once a new route with greater nodal residual energy is emerging, it is reselected to 

forward rest of the data packets. 

In [12], Zhang Zhaoxiao, Pei Tingrui and Zeng Wenli propose a new mechanism of energy-aware routing named EAODV, 

which is based on the classical AODV protocol. Here a backup routing mechanism is adopted. In EAODV, the route which 

spends less energy and owns larger capacity is selected by synthetic analysis. 

In [13], M. Phrika and Fatima Gaundhaur propose a new mechanism of energy constrained routing protocol based on AODV 

(ECB-AODV) which is based on local decision of the nodes and uses the concept of saving the energy of nodes which have very 

less energy by using the concept of threshold energy. 
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III. AD-HOC ON DEMAND ROUTING PROTOCOL 

The AODV protocol is a reactive unicast routing loom for mobile ad hoc networks and therefore AODV only has to maintain the 

routing information about the active routes. Routing information in AODV is maintained in routing tables at nodes. Every node 

maintains a next-hop routing table that has the destinations to which it has a lively route. A routing table entry drop if not used or 

reactivated for a predefined expiration time. In addition, AODV assumes the destination sequence number system as used in 

DSDV but in an on-demand way. 

IV. PROPOSED METHOD 

Although considering a design objective and a new approach it should be understood that the two objectives of routing i.e. 

minimum total energy consumption and lifetime of the network can be commonly conflicting. Consider a case, when a common 

node lies on some paths from various nodes, then the battery power of this node quickly runs into exhaustion. As a result this 

particular node may die of battery exhaustion very soon, eventually restrict the network lifetime. When choosing a path, the 

existing routing protocol implementation chooses the path with the minimum number of hops. However for energy efficient 

approach, first we calculate the Left over battery power energy for each node, and find the lowest Left over battery power of a 

node on a particular path. Then the selection is made by choosing the path with the maximum lowest Left over battery power. 

To find the Left over battery power of a node we first calculate the total amount of energy consumed at a node in sending, 

receiving, forwarding and dropping packets over a hop. We send the message through the path which has max-min left over 

battery power for a network. 

 Algorithm 

 Begin 

 Step 1: Consider node with minimum LBP in network. 

 Step 2: Set threshold with 30% greater than min.LBP. 

 Step 3: Send route request to the Destination. 

 Step 4: Consider Max-min value for sending message. 

 Step 5: If two paths have same LBP then consider the min-hop path. 

 Step 6: If threshold < min LBP. 

 Step 7: Send packet to the destination with max LBP in a minimum path. 

 Step 8: Repeat Step2-7 until LBP > 30% 

 Step 9: End. 

In Fig.1, a distinctive on-demand routing protocol has an option of selecting the shortest path out of three possible routes i.e. 

PQRU, PSTU or PQSTU. The proposed algorithm selects the path PSTU only, because that selected path consists of the node 

with minimum Left over battery power upper than that of nodes on the other paths. This protocol favours the path whose lifetime 

is maximum and thus increases the network lifetime of the MANET. 

 
Fig. 1: network lifetime of the MANET 

For example, consider a scenario given in fig.1, in which there is three paths to choose from. The first path contains three hops 

with node Left over battery power values 70, 80, 20, and 60, and the second path contains three hops with energy values 70, 50, 

30, and 60 and the third path contains four hops with energy values 70, 80, 50, 30 and 60. The minimum LBP for the second and 

third path is 30, 

While the minimum LBP for the First path is 20. Since 30 is greater than 20, we have two options second and third path. The 

second path (P-S-T-U) will be selected because of min hop count. This increases the network lifetime and message passing takes 

place in a smooth manner. 
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V. CONCLUSION AND FUTURE SCOPE 

This paper provides an overview of Reactive routing protocol and discusses how energy is one of the most important constraints 

for these types of networks. The objective of this work is to develop an approach that maximize the network life time of the 

network and there are so many possibilities to researches to improve the existing scenario by using different parameters. 
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