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 Background: This article proposes an energy efficient wireless routing protocol used 
for selecting best path in mobile Ad Hoc network (MANET).  Objective: It is based on 

multipath routing network with fuzzy cluster in respect of energy saving routing 

protocol. Results: This method reduces the traffic load and power consumption for 
selecting best path from multipath routing network from source to destination node in 

multipath routing network. Conclusion:  In this proposed model transform the attribute 

values converted into fuzzy. Fuzzy Cluster based Energy Saving Routing Protocol 
(FCESRP) reduces the inefficient use of battery power and network load. 
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INTRODUCTION 

 

  Mobile Ad Hoc Network (MANET) is a fast changing and unfixed infrastructure, the independent mobile 

node move freely to the wireless network; all the mobile nodes are sharing the resources to achieve the goals 

(Gomathi, M. and G. Rajendran, 2012). The researcher has been selected any one of routing protocol to find the 

optimal path by applying various methods. The following are the routing protocols are used in MANET.1.Table-

driven routing, 2.On Demand routing, 3.Flow oriented routing, 4.Hybrid routing, 5.Hierarchical routing 

protocol. The table-driven routing protocols are maintaining the list of destination and their routes by 

distributing routing table. These types of routing protocols have slow reaction on restructuring and failures. The 

On Demand routing protocols do not maintain the routing table. Instead, when a node needs to route, transmit a 

message packet to destination node and establish the route discovery process for the particular session.  This 

process maintains until the destination node is inaccessible and the route is no longer desired (Elizabeth M. 

Royer, 1999). 

 The flow oriented routing is based on pure flooding. These protocols are expertise to scalability problem in 

huge networks. Any link is broken to the data transmission, in that time this strategy using an alternate path to 

transmitting the data packet. The advantage of this strategy compare to another protocol it maintain the constant 

flow of data (Humayun Bakht, 2011). Hybrid routing is both distance vector and link state routing protocol to 

determine the optimal path to the destination node, which is sharing the knowledge to entire network and its 

closest neighbors. It requires the less battery power and memory. Hierarchical routing protocol is widely used in 

internet routing. It consist a high speed backbone network which are connected to the all the routers in a 

particular workgroup (Makarand R. Shahade, 2012; Anju Gill Chander Diwaker, 2012). 

 

MATERIALS AND METHODS 

 

 In this article all the node are categorized into master node and slave node.  The master node has one hop 

away from the slave node. The master node keeps the Cluster Agent Table (CAT) that takes the IP address of 

the neighbor master node and then member.  The entire master node maintains the Agent table into clean record. 

The slave node maintains the IP address of the master node. 

 In this paper, a protocol called Fuzzy Cluster Based Energy Saving Routing Protocol for MANET is being 

proposed. It indicates the utilization of battery power in the mobile nodes. In this strategy the neighbor node are 

grouped under one master node. Master node has been maintaining all the routing information about the slave 

node and its neighbor master node. In the cluster hierarchal structure management to concentrate on choosing 
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suitable and effective path based on the cluster based multipath routing. It reduces the inefficient battery power 

and network traffic load .In this model transform all attributes values are converted into fuzzy.  

 In wireless ad hoc network all the nodes are connected to another remote node and it operates on a limited 

energy and transmission range. In MANET the routes are in multihop nature, in case the number hops and route 

length is increased, it automatically increases the power consumption to route a packet. In this article, we have 

given an example to find an optimal path with a cluster based power efficient routing protocol. Each of these 

techniques saves some energy of mobile device using clustering method. Each vector is assigned to calculate 

power consumption as displayed in table 1 (Raju, A.N. and S. Rmachandram, 2008). 

 
Table 1: Resources Allocated To Paths With Power Consumption. 

Vector BandWidth 

bps 

Computer Efficiency Traffic load No of Inter 

Nodes 

Power Cons 

1 0.950 0.998 1.00 0.000 0.28 

2 0.671 0.987 0.35 0.500 0.4 

3 0.520 0.644 0.60 1.000 0.21 

4 0.380 1.000 0.85 0.670 0.00 

5 1.000 0.444 0.01 0.266 0.14 

 

Power Aware Cluster Structure and Cluster Forming: 

 

 
Fig. 1: Forming of Cluster Structure in MANET. 

 

 In this method all the nodes are categorized into master node and slave node. The master node one hop 

away from the slave node, every slave node has a one master node and records the IP address of its master node 

in to an agent table. Master node keeps the IP address of the slave node and maintains the agent table that 

records the IP address of the neighbor master node (Muthuramalingam, S., 2010).  
 
Table 2: Master Node with Power Consumption 

Message type length Reserved word 

Own IP Address 

master node IP 

IP (master nodes can be heard) 

Power Consumption 

 

Table 3: Slave node with Power Consumption. 

Message type length Reserved word 

Own IP Address 

slave node IP Address 

neighbor master nodes IP Address 

Power Consumption 

 

Fuzzy Clustering Based Energy Saving Routing Protocol For MANET (FCESRP): 

Format of Data packet: 

 Data packet is used to exchange the data between mobile nodes. The data packet header format is given in 

the table 4.  

 
Table 4: Format of Data Packet 

Packet id SurceAddr DestiAddr Battery power List of visited node 

1 3 3 1 3-60 

Where 

Packet id: unique number to identify the data packet. 
Surceaddr  : IP address of the source node. 

Destiaddr: IP address of the destination node. 

Battery power: threshold battery power value between 0-100. 
List of visited node: Contain a list of addresses of previously visited nodes.  
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 The battery power describes the minimum required battery power in each intermediate node between the 

sources to destination node. Any nodes that has lower strength of battery, is not involved in forward the data 

packets. This method used to help in reducing the network traffic in MANET and extend the life time of the all 

mobile nodes. 

 

Master Awareness Table (MAT): 

 Each master node maintains the details of its slave node and neighbor master node by broadcasting a route 

HELLO _REQ packet. The format of HELLO_REQ packet is given in table 5. 

 
Table 5: Format Of HELLO_REQ. 

Packet type SurceAddr DestiAddr 

1 5 5 

Where 

Packet id: to identify the data packet. 
Surceaddr: IP address of the source node.  

Destiaddr: IP address of the destination node. 

 

 Each master node adds the information of all the members of its node (slave node) and the neighbor master 

node is called MAT table. The IP addresses of the slave node and available battery power are store in the 

decreasing manner. The format of the NAT table is given in the following table6. 

 
Table 6: Format of NAT. 

Addresses of the slave node and neighbor master node Available  Battery 
power 

176.30.11.08 

176.30.11.09 
176.30.11.10 

176.30.11.11 

60 

55 
50 

45 

  

 The member node, which receives the HELLO_REQ packet, turns back the acknowledgement to the master 

node by sending HELLO_REP packet. The format of the HELLO_REP is given in the following table 7. 

 
Table 7: Format of HELLO_REP. 

Packet type SurceAddr DestiAddr Current Battery Power 

1 5 5 1 

Where 
Packet type: identify data packet as HELLO_REP 

SurceAddr:  contain the IP address of the source node. 

DestAddr: contain the IP Address of the destination node 
Current Battery Power: contain the current battery power of the particular node. 

 

 All the nodes in MANET will repeat the process until every node has details about their neighbor nodes 

used by the nodes to forward the data packets. Due to this mobility any nodes will be drop to the data packet, the 

NAT entries will update that details. In clustering, every node retransmits a HELLO_REQ packet in regular 

interval of time to readjust the network information about its neighbor nodes (Seyed-Amin Hosseini-Seno, 

2011). 

 

Cluster Agent Table (CAT): 

 When data packet searches a node, the information is stored in Vist_Nodes. The Vist_Nodes consist of the 

list of all visited nodes, addresses of the intermediate node and number of hops to reach the destination. The 

CAT table used to obtain the optimal path without increasing the network traffic (Sharma, A.K. and AmitGoel, 

2007). The format of CAT table is given in table 8. 

 
Table 8: Format of CAT Table. 

DestAddr Inter Addr No of Nodes Battery Power 

176.30.11.05 

176.30.11.06 

176.30.11.07 
176.30.11.12 

176.30.11.08 

176.30.11.08 

176.30.11.09 
176.30.11.10 

2 

3 

2 
2 

75 

70 

60 
50 

Where 

DestAddr: consist the IP Address of the destination node 
Inter Addr: consist the IP address of the intermediate node. 

No of Nodes: consist the count of intermediate node. 

Battery Power: consist the battery power of the particular node. 

 

 This process is continued until all the nodes are entering to the Visit_Nodes and inserted to the CAT table. 
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Proposed Algorithm: 

 In Clustering based Energy Saving Routing Protocol is used to select the best neighbor node to which data 

packet should be forwarded through source to destination. In this proposed method, let Surce be the source node 

and Dest be the destination node.  

Step 1: Data Packet travel from Sr(source node) to De(destination node). 

Step 2:  Data Packet should be forwarded to the best neighbor node. 

Step3: If a destination node is in a same cluster, a DP forwarded from using FWD () function. The data packet is    

            selected a one of the node from list of visited node (Visit_Nodes). 

Step 4:  If a destination node is not in the same cluster, to use the CAT table to find the optimal path. 

Step5: Using CAT() function to find an optimal intermediate node with the help of the CAT table. Using CAT  

            table it is easy to find the best optimal path from Sr(source)  to De(destination). 

Step 6: FCBCR chooses a furthermost node to call a function of GET_FUR_NODE ( ). The reasons of selecting  

             furthermost node, is to consider a nearer node to the destination node. 

 In case of any error will be occur, in that time the FCESR retransmit a data packet to follows a new path in 

order to find the destination node. CAT ( ) function is used to search the best optimal intermediate node for the 

particular destination node. 

 Using FWD ( ) function is used to select the node that confirms the battery power, which is more than the 

selected threshold battery power. The address of the intermediate node is stored into the list of visited nodes 

(Visit_Nodes). The data packet is selected from list of visited node (Visit_Nodes). 

 GET_FUR_NODE ( ) function is used to search for a node in NAT table that is furthermost from the Sr 

(source) node to De (destination) node. In the NAT table all the visited nodes are store in the decreasing order 

depending upon the battery power. This algorithm begins to search from the bottom of the NAT table entry. The 

data packet has already visited to the entire nearest node, in this extreme situation the data packet select the 

furthermost node using GET_FUR_NODE ( ) function. 

 This proposed algorithm is used to select the best neighboring intermediate node and send data packet to 

that node. In this clustering method, master node knows all the details of its member, so master node is easy to 

choose the best optimal path. This method is used to reduce the network traffic and saving the energy.  

 

Route discovery and route maintenance: 

 If any slave node fails to receive the data packet from the master node, it retransmits data packet to the new 

route, and also deletes the entry from the CAT table. To avoid the looping problem, the addresses of the already 

visited nodes are stored into the list of visited node (Visit_Nodes). Master node decide to transmit a data packet 

to the neighbor node, it check whether the address is present in the List of visited node or not. If it is present, it 

chooses the next best slave node to transmit the data packet. This process continues until the neighbor node is 

not present in the list.  

 The route maintenance is another important issue. In this method is used to handle the link failures between 

the various nodes. The MAC layer is handle this situation and it inform to the appropriate node. If any data 

packet is lost the MAC layer notify to the network layer. The node is retransmitting the process of sending 

HELLO_REQ. 

 In this proposed algorithm assure to better stability of routing and also reducing the packet loss. 

 

F. Example: 

 For the sake of simplification, participating nodes has been designed by alphabets (A to J) instead of IP 

address. Each node constructs the NAT and CAT table. Initially in CAT table all the nodes are empty. 

 The data packet will be transmitting the node A (source node) to J (destination node). The CAT table 

construction is given below.  

 
Fig. 2: Mobile node located in different cluster and communicating without any infrastructure. 
 

Table 9: Nat Entries Of Participating Node. 

Participating Mobile Node Neighbor Node Battery Power for Each Node 

A B,C 55,70 
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B 

C 

D 

E 

F 
G 

H 

I 
J 

C,D,E 

D,E 

E,F 

F,G,H 

G,H 
I,J 

G,I 

J 
I,G 

60,70,80 

55,65 

70,75 

70,75, 80 

70,75 
60, 85 

75,85 

80 
80,85 

Example 1: Data Packet traverse from node A to J 

 

 During the transmission of each destination / intermediate node will be compare to the NAT table entry and 

to choose the neighbor node for data forwarding.  

 
Table 10: Traverse Data Packet From Node A To J. 

Surce node Action Inter/Desti node 

A Choose the node C for data forwarding C 

C Choose the node E for data forwarding E 

E Choose the node G for data forwarding G 

G Choose the node J for data forwarding J 

J Destination node reached.  

 

 In clustering method the master node maintains the details of slave node and its neighbor master node. After 

the transmission of data packet every node constructs the CAT table as follows. 

 
Table 11: CAT Table Construction Of Node A To J. 

DestiAddr Inter addr No of Hops Battery Power 

A C 1 70 

DestiAddr Inter addr No of Hops Battery Power 

A 
C 

C 
E 

1 
2 

70 
65 

DestiAddr Inter addr No of Hops Battery Power 

A 

C 
E 

C 

E 
G 

1 

2 
3 

70 

6570 
 

DestiAddr Inter addr No of Hops Battery Power 

A 

C 
E 

G 

C 

E 
G 

J 

1 

2 
3 

4 

70 

65 
70 

85 

 

Analysis of FCESRP: 

 This proposed method is highly self-active, in mobility any mobile node drops a data packet, and the NAT 

entry updates this detail. In regular interval of time the mobile node is retransmit a HELLO_REQ to the 

neighbor node. So it used to maintain the network view, in order to readjust the network information. The list of 

visited node makes certain loop free routing protocol, because already the traverse node is not visited again. The 

source node sends a data packet to the various nodes, all the nodes details and the total number of hops are 

stored in to the NAT table. So our proposed protocol consumes less memory and also reduces the network 

traffic. Using the clustering method we will avoid to the unwanted data packet forwarding, so power 

consumption is also minimal.  

 

Results: 

 The evaluated performance of Fuzzy Clustering Based Energy Saving Routing Protocol for MANET is 

compared to a Cluster Based Energy Efficient Location Routing Protocol (CELRP) protocol and LEACH (Low 

Energy Adaptive Clustering Hierarchy) protocol.  CELRP in terms of network life time to meet the focus of this 

paper which concentrates on balancing energy consumption and efficiency of the network’s lifetime LEACH 

(Low Energy Adaptive Clustering Hierarchy), a clustering-based protocol that utilizes randomized rotation of 

local cluster based station (cluster-heads) to evenly distribute the energy load among the sensors in the network. 

LEACH uses localized coordination to enable scalability and robustness for dynamic networks, and incorporates 

data fusion into the routing protocol to reduce the amount of information that must be transmitted to the base 

station. 

 First we studied the characteristics of CELRP algorithm, and then investigated the parameter setting and 

energy efficiency of CELRP in terms of network life time to meet the focus of this paper which concentrates on 

balancing energy consumption and efficiency of the network’s lifetime. In this paper, the network lifetime is 

defined by the number of rounds made by a node until the first node exhausts all of its energy in the network. 
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One round defines the operation beginning from the cluster formation up until the final Base Station receives all 

data from the Cluster Head Leaders. The assumed parameters used in the simulations are summarized in table 1. 

 
 

Fig. 3: Comparison of FCESRP Energy Consumption with LEACH and CELRP. 

 

Conclusion: 

 On the observation of my article, it is suggested that the proposed method reduces the network overhead 

and power consumption. Fuzzy clustering based power consumption routing protocol is an ideal routing 

approach used to reduce the looping problem. Using CAT and NAT table it easy to identify the optimal path 

without unwanted data forwarding. In future the performance of the proposed algorithm is possible to evaluate 

another parallel architecture. 
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