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Abstract - A Mobile Ad Hoc Network(MANET) is a
acquisition of wireless mobile nodes without any fixed
infrastructure. In MANETs, all nodes are energy
constrained. It is important factor to reduce the nodes
energy consumption.   In this paper, the network coding
aware energy efficient cluster based routing
protocol(ECCRP) :a survey is introduced In this scheme,
network coding technique is applied to existing cluster
based routing protocol. The energy rich cluster head  is
selected, and the coding is done  at cluster head to
reduce the energy consumption of the nodes and to
enhance the throughput of the network. The flow based
structure is also introduced to further increase the
coding opportunities.
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1.INTRODUCTIONMobile AD Hoc Network(MANET) is a infrastructureless wireless network. It is a assemblage of wirelessmobile nodes which are self organized to form ainterim and vital wireless network[1]. To forward thedata packets, each node acts as router and host. Thearchitecture of MANET network has no wires, nocommunication infrastructure and administrativeintervention. . A mobile Ad hoc network of threenodes, where nodes 1 & 3 must discover the routethrough 2 in order to communicate is shown in Figure1.

Fig -1:  A Mobile Ad Hoc NetworkIn MANETs, the researchers have been dedicatedthere efforts for developing the energy efficientrouting protocols. Cluster Based Routing Protocol(CBRP) is a routing protocol designed for  mobile adhoc networks. The process of alienating the networkinto interconnected substructures is called clustering.The interconnected substructures are called clusters.A cluster head is elected for each cluster to maintaincluster membership information. The cluster imbibesmore power compared to other nodes . Thus, theenergy consumption of nodes is increased.To increase the  throughput, reliability,security of the wireless network, the network codingtechnique is used. Network coding is an crucialingredient in achieving the capacity of a network[5].Network coding performs the mixing of packets atintermediate nodes, and this reduces the number ofpacket transmissions. COPE is the first protocol toimplement wireless network coding[6]. In COPE,coding can be performed at all the nodes. Therefore, itcreates additional computing overhead. COPEmaintains a single virtual queue for all the flows.When more than one flow is sent to same next hop, atthe same time, the data is lost. The data has to be sent
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again which increases  the energy consumption andthroughput id reduced.In our work, a Network Coding-AwareEnergy-Efficient Cluster Based RoutingProtocol(ECCRP) is proposed to enhance theperformance of existing cluster based routingprotocol(CBRP)  in MANETs. To reduce the overheadproblem of COPE,  the network coding is applied onlyat particular nodes. Hence this reduces the number ofcoding nodes. The network coding is performed atcluster heads. CBRP is used to identify these clusterheads. The energy rich node is selected as cluster headto reduce the number of transmissions. The queuingstructure of COPE is modified to flow based structureto further increase the coding opportunities.
2. RELATED WORKIn paper[1], Jai shree Mehta and others, discussed theoverview of Mobile Ad Hoc networks(MANETs). AMANET is collection of wireless mobile nodes thatform a vital wireless network without anyinfrastructure. The architecture, advantages, andissues of MANETs are also described. Chin-Min Chaoand others, presented  the lifetime of a mobile ad hocnetwork (MANET) depends on the durability of themobile hosts, battery resources. The results showedthat proposed protocol extended the lifetime ofMANET in paper [2].Rajeshwar Sharma and others in paper[3], presented asummary on routing protocols in MANET with theirfunctionalities. The important characteristics ofproactive, reactive, and hybrid protocols arediscussed.  The  DSDV, AODV, DSR, TORA, OLSR, WRP,DSDV protocols are compared. The results concludethat the  single routing protocol cannot perform bestin all situations. Ms. Deepika and Anjali Namdev,discussed about cluster based routing protocol(CBRP)in MANETs in paper [4]. In CBRP, the nodes aregrouped to form a network. The CBRP reduces thenumber of transmissions. The performance of CBRP isbetter compared to other routing protocols. Theclustering algorithm and routing algorithm are alsoprovided.

Ralf Koetter and Muriel Médar in paper[5], presentedthat network coding is an essential ingredient inachieving the capacity of a network. They  extendedthe network coding framework to arbitrary networksand robust networking. The results are derived forboth delay-free networks and  delay networks. Inpaper[6] S.  Katti and others, proposed COPE, a newarchitecture for wireless mesh networks. Theyshowed  that intelligently mixing packets increasesnetwork throughput and the  design is rooted in thetheory of network coding.  The results obtained  usingCOPE at the forwarding layer, without modifyingrouting and higher layers, increases networkthroughput. M. Chatterjee and others, in paper[7],proposed an on-demand distributed clusteringalgorithm multi hop packet radio networks. These arethe Ad Hoc Networks. A Weight Based Distributedclustering algorithm (WCA)  is proposed, this  candynamically adapt itself with the ever changingtopology of ad hoc networks. The WCA  considers theideal power, battery power of nodes, transmissionpower, and mobility. The WCA has better performancecompared to existing clustering algorithms.
3. ROUTING PROTOCOLS IN MANETs

Routing is used  to move the data from source node todestination node within the network. The nodes needto know information of its neighboring nodes forrouting a packet. Many routing protocols are designedfor MANETs. They are categorized into proactive,reactive, hybrid, hierarchical and geographicalprotocols . The classification of routing protocols isshown in Figure 2. These   routing  protocols  arebriefly discussed below:

Reactive

Proactive
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Fig -2:  Classification of routing protocols
a) Proactive routing protocols:Proactive routing protocols are also known as tabledriven protocols. These protocols frequently updatethe routing information. In MANETs, these protocolsfacilitate the nodes to analyze the routes to alldestination nodes by periodically updating the routingtable. Some of the proactive routing protocols areDSDV, OSLR etc.
b) Reactive routing protocolsReactive routing protocols are 'on-demand' routingprotocols. In these protocols, the routing paths arefound whenever they required. The routes areadjudicated   continuously  until they are needed, andterminates only when either route has been found orno route is discovered. Due to mobility of node, theactive  route may be disconnected in the worst cases.Therefore, the  route maintenance is an importantprocess for reactive routing protocols. The reactivehas less overhead compared to proactive routingprotocols. The  three reactive routing protocols areAODV, DSR, and TORA.
c) Hybrid routing protocolsHybrid routing protocols  combines  the merits andadvantages of the both proactive and reactive routing

protocols. Some of the example of the hybrid protocolslike ZRP,  ZHLS,   DDR etc.
d) Hierarchical routing protocols:In the  hierarchical structure, the  nodes in a networkare grouped to form the clusters. In each cluster, thecluster head is elected to route the packets todestination. The cluster head  acts as a coordinator.The clustering is done to maintain network tabletopology. The hierarchical protocols includes CBRP,CEDAR, GSR, OSPF etc.
e) Geographical routing protocolsIn the Geographic routing protocols, the data isdelivered  to a node in a network over multiple hopsby means of position information. In these protocols,the routing decisions does not involve networkaddresses and routing tables. The protocol route themessages towards a destination point. TheGeographical routing protocols imply that the nodesparticipating in the routing process should be awareof their geographic positions.
4. NETWORK CODING

The Network coding concept was first introduced byAhlswede in 1999.  Network coding is a technique toencode and decode the transmitted data to increasethe throughput of the network. In this technique, thecoders are used in place of switches and routers. Thepackets from different nodes are mixed atintermediate node. The network coding involves bothinter and intra-session coding. In inter-session coding,the packets from different sources are mixed. Incontrast, intra session coding, the packets from samesources are mixed and use the diversity of wirelesslinks. The simple example without and with networkcoding technique  is shown in Figure 3.
P1 P1

P2 P2

(a)

Routing
protocols

Geographical

Hierarchical

Hybrid
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Fig -3:(a) Without Network Coding, (b) With NetworkCoding
a) Without Network CodingConsider in figure 3(a), the nodes   A and C want toexchange packets between each other via a relay nodeA. If  the model uses  TDMA (time division multipleaccess) channel access method for the sharedmedium. The node B is not in the communicationrange between A and C.  In the network, to exchangethe  packet between B and C, the  4 transmission arerequired. Therefore this increases energyconsumption.
b) With Network CodingConsider in figure 3(b),  the nodes B and C want toexchange packets  between each other via a router A.In the network, the XOR operation is performed atnode A. The node A is the communication rangebetween B and C. To exchange the packets,   only 3transmissions  are required. The  saved time canfurther be  used to transmit new packet, thusincreasing network throughput. The shared nature ofwireless medium leads to  larger bandwidth saving.
5. Overview of  Existing Methods
5.1 Cluster Based Routing ProtocolCluster Based Routing Protocol (CBRP) is a routingprotocol designed for use in mobile ad hoc networks.A cluster head is elected for each cluster to maintaincluster membership information. The informationdiscovers the cluster routes. The structure of clusterincludes the cluster head, the Gateway node, and themember shown in Figure 4.

Fig -4:  Cluster StructureThe network is divided the  into interconnectedsubstructures  called clusters and the process ofdividing is  called clustering. The cluster head (CH) iselected for each cluster  act as a coordinator withinthe substructure. Clustering in Mobile Ad HocNetworks (MANETs) has many advantages comparedto the traditional networks. But the highly dynamicand unstable nature of MANETs makes it difficult forthe cluster based routing protocols to divide a mobilenetwork into clusters and determination of clusterheads for each cluster. In the network, some nodesconsumes more power, and some consumes less.  Aspecial node like cluster head or a cluster gatewaymanage and forward all the messages of the localcluster. The energy consumption is high of thesenodes compared to others. This causes the shutdownof nodes at some point. A MANET has a highly vitaland unstable network, this creates difficulty forcluster based routing protocol to divide the networkcluster and elect the cluster head. The major issues ofclustering in MANETs are  as follows:
 In a cluster, the nodes like cluster head orcluster gateway forwards all the informationof the respective cluster, the energyconsumption of these nodes is high. At somepoint this causes the shutdown of the nodes.
 The maintenance cost for a MANET increasesas the nodes explicitly exchange the

A B C
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information. As the  network topologyfrequently changes in MANETs,  the exchangeof information consumes more energy andbandwidth.
 A ripple effect  of re-clustering occurs, if  anode die in cluster. This re-clustering of newcluster head results in a new clusterformation.
 The overhead on packet increases as thecluster size increase.
 As the cluster size increases, the transmissiondelay is also increased.

3.2 Coding Opportunistically(COPE)Network coding was first proposed for wirednetworks to solve the bottleneck problem and toincrease the throughput. It performs mixing ofpackets at intermediate nodes. Network coding wasperformed by COPE protocol.In COPE, coding can be performed at all the nodes.Therefore, it creates additional computing overhead.The COPE based network gives higher priorities tocoded packets and reordering of packets is notallowed. It decreases  the coding opportunities whenmore than one flow of data is sent to the next hop. Asingle virtual queue is maintained  for all the flows,this increases the overhead on packets.
6.  Overview of Proposed Work

A network coding aware energy efficient cluster basedrouting  protocol(ECCRP) efficiently utilize theresources of the nodes. The network coding reducesthe energy consumption in transmitting and receivingthe packets at a nodes. In COPE, the network coding isapplied to all nodes, which increases the overhead ofbroadcasting. Thus, in this proposed scheme, thecoding is applied to cluster based  routing protocolusing weight based clustering to get the advantage ofclustering, and the queue structure of COPE ismodified to reduce the overhead problem. Theproposed system transmit the packets successfully at

the given time. Thus, the throughput of the network isalso enhanced. The system takes parameters likenumber of nodes, mobility of nodes, initial energy ofthe nodes, and the packets which has to be destined asthe inputs. The system generates  number of packetsdelivered to destination, the time taken for execution,and residual energy of nodes after execution as theoutputs. The ECCRP system model  is shown in Figure5.
Nodes        Mobility            Energy           Transmitted

Packet

Delivered packets         Time         Residual energy

Fig -5: ECCRP System Model
6.1 Cluster formation schemeTo stop the changes in cluster configuration, the leastcluster change(LCC)   concept is used.
6.2 Coding at Cluster HeadThe energy consumption is directly proportional tonumber of transmissions. In CBRP, the cluster headimbibes more energy and node may die at some pointand re-clustering consumes the time. This  increasesthe transmission delay of the packets, and which inturn decreases throughput of the network. In ECCRP,the network coding is applied at cluster head(CH). Toidentify the CH, the CBRP protocol is used.  Theselection  a of cluster head is done using energy

ECCRP SYSTEM MODEL
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efficient clustering scheme to increase the energylevel and lifetime of network. By applying networkcoding at CH,  the coding opportunities are increased.
6.3 Flow Based StructureIn existing COPE system, only one queue is availablefor the all the nodes. This increases overhead ofbroadcasting. Whereas, in the flow based structurethe nodes maintain different virtual queuesirrespective of next hop. All the packets are moved tonodes in a single path. At these nodes, the number offlows are increased, and the network coding is appliedto these nodes. Hence, the coding opportunitiesincreases at these nodes.
6.4  Weighted Based Clustering SchemeIn this scheme, a combined weight metric with someparameters like transmission power, node degree,mobility, and battery life of the node for election ofcluster head is used.
7. CONCLUSIONThe cluster based routing protocol(CBRP)is used toelect the cluster head for routing the packets inMANETs. The clustering in MANETs consume morepower as the nodes are mobile. The COPE protocoldecreases the coding opportunities by maintaining asingle queue for all the nodes.  Both CBRP andnetwork coding based COPE protocol reduces theenergy consumption.  In this paper, a survey onnetwork coding aware energy efficient cluster basedrouting protocol is discussed to reduce the  energyconsumption of the nodes, and to enhance thethroughput of the network by applying networkcoding at cluster heads and identify cluster headsCBRP is used.
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