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ABSTRACT  
Ad hoc network are defined as the category of wireless networks that utilize multi hop radio relaying and are capable of 
operating without the support of any fixed infrastructure. In ad hoc network each node is characterized by a well defined 
quantity of energy. The source of this energy is a battery implemented in each node. If the battery is discharged the node 
cannot receive or send any packet. It means power conservation is crucial problem in mobile ad hoc wireless network because 
each node has a limited energy. The proposed Power Aware Energy Efficient Routing will observe each nodes remaining power 
to avoid a route which is having a tendency to die out. The destination node will make a decision about the selection of best 
route among the multiple requests that reaches to it and sends reply packet to the destination through the selected route. At the 
route request time it also compare the power of each intermediate node to the fixed threshold value and if a node have lower 
value that RREQ packet is dropped there only.  

Keywords: MANET, Transmission, Power, route. 

1. INTRODUCTION & RELATED WORK 
Ad-hoc wireless networks are a comparatively new paradigm in multi-hop wireless networking that is increasingly 
becoming popular and will become an essential part of the computing environment, consisting of infra-structured and 
infrastructure-less mobile networks [1]. Mobile ad hoc network (MANET) [2] is an infrastructure-less multi-hop 
network where each node communicates with other nodes directly or indirectly through intermediate nodes. The credit 
for growth of ad-hoc network goes to its self organizing and self configuring properties. All nodes in a MANET 
basically function as mobile routers participating in some routing protocol required for deciding and maintaining the 
routes. Since MANETs are infrastructure-less, self-organizing, rapidly deployable wireless networks, they are highly 
suitable for applications involving special outdoor events, communications in region with no wireless infrastructure, 
emergencies and natural disasters, and military operations, mine sites  operations, urgent business meetings and robot 
data acquisition [3,4]. In general, routes between nodes in an ad hoc network may include multiple hops and, hence, it 
is appropriate to call such networks “multi-hop wireless ad hoc networks.” 

2. PROBLEM DEFINITION 
Wireless ad hoc network consists of a number of mobile nodes that communicate with each other through multi hop 
wireless link in the absence of fixed infrastructure where each node must work as router in forwards the packets 
between any pair of nodes in the network.   

The principle characteristics of ad hoc network are the dynamic topology and the limited energy of mobile nodes. That 
is, the nodes in an ad hoc wireless network are constrained by limited battery power for their operations. Hence, energy 
management is an important issue in such network. The use of multi hop radio relaying requires a sufficient number of 
relaying nodes to maintain the network connectivity. Hence battery power is a precious resource that must be used.   

When a node sends a packet to a neighboring node and the neighbor has to forward it, the receiving and forwarding 
process use energy. The bigger the network the more nodes that forward the data and more energy that is consumed. 
The end result is that network performance is degrades. It means power conservation is crucial problem in mobile ad 
hoc wireless network because each node has a limited energy.   

There are so many reasons for energy management in ad hoc network are listed below 

 Limited energy reserve: The main reason for the development of ad hoc wireless network is to provide a 
communication infrastructure in environments where the setting up of a fixed infrastructure is impossible. Ad 
hoc wireless network have very very limited energy resources. The increasing gap between power consumption 
requirements and power availability adds to the importance of energy management. 
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 Difficulties in replacing the batteries: Sometimes it becomes very difficult to replace or recharge the 
batteries. In situations such as battlefield, this is almost impossible. Hence energy conservation is essential 
such scenarios.  

 Lack of central coordination: The lack of a central coordinator, introduces multi hop routing and 
necessitates that some of the intermediate nodes act as relay traffic is large, then it may lead to a faster 
depletion of the power source on that node. On the other hand, if no relay traffic is allowed through a node, it 
may lead to partitioning of the network. Hence relay traffic is an important for ad hoc network. 

 Constraint on the battery source: Batteries tend to increase the size and weight of a mobile node. Reducing 
the size of the battery results in less capacity which in turn, decreases the active life space of the node. Hence 
in addition to reducing the size of the battery, energy control is necessary to utilize the battery capacity in the 
best possible way. 

 Selection of optimal transmission power: The transmission power selected determines the reach ability of the 
nodes. The consumption of battery charge increase with an increase in the transmission power. An optimal 
value for the transmission power decreases the interference among nodes, which in turns, increase the number 
of simultaneous transmission. 

 Channel utilization: A reduction in the transmission power increase frequency reuse, which leads to better 
reuse channel reuse. Power control becomes very important for CDMA based system in which the available 
bandwidth is shared among all the users. Hence power control is essential to maintain the required signal to 
interference ratio (SIR) at the receiver and to increase the channel reusability.  

To get efficient utilization of energy and increase the lifetime of the network a routing protocol should contain the 
following matrices: 

Minimal energy consumption per packet: Minimize the power consumed by a packet in traversing from source to 
destination node. The energy consumed by a packet when traversing through a path is the sum of the energies required 
at every intermediate hop in the path. 

 Maximize network connectivity: Variable transmission range gives guarantees to preserve the network 
connectivity. 

 Minimum variance in node power level: Distributes the load among all nodes in the network so that the 
power consumption pattern remains uniform across them. The problem is very complex when the rate and size 
of data packet vary. 

 Minimum cost per packet: A node cost decreases with an increase in its battery charge and vice versa. 
Translation of the remaining battery charge to a cost factor is used for routing. With the availability of a 
battery discharge pattern, the cost of a node and at the same time congestion handling is done. 

 Minimize maximum node cost: Minimizes the max cost per node for a packet or after a specific period. This 
delay the failure of a node occurring due to higher discharge because of packet forwarding. 

3. PROPOSED SYSTEM 
Mobile multi hop ad hoc networks play a crucial role in setting up a network on the fly where deployment of network is 
not practical in times of utmost urgency due to both time and economical constraints. Industrial instrumentation, 
personal communication, inter-vehicular networking, law enforcement operation, battle field communications, disaster 
recovery situations, mobile Internet access are few examples to cite. 
In Mobile Ad hoc network (MANET), communication between nodes situated beyond their radio range is also possible. 
For this type of communication, the nodes have to take help from other relay nodes which have overlapping radio 
communication. Here the communication is possible by knowing a path or route between the source and destination 
node. Transmission schedule should be known for the route. Finding the optimal route and transmission schedule shall 
be referred as ‘Route Discovery’. 
Power Aware Energy Efficient Routing Protocol will observe each nodes remaining power to avoid a route which is 
having a tendency to die out. The destination node will make a decision about the selection of best route among the 
multiple requests that reaches to it and sends reply packet to the destination through the selected route. PAEE avoid the 
additional computations required to find out the route as well as the multiple replies to the source. At the route request 
time  it also compare the power of each intermediate node to the fixed threshold value and if a node have lower value 
tha RREQ packet is dropped there only.  
In PAEE the route which is having the tendency to break early is detected and avoided by adding a Least_Pow field in 
the RREQ packet [62]. This Least_Pow field is used to hold the remaining battery power of a node. When a node 
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accepts a RREQ packet from its neighbor it compares the Least_Pow value in the packet with its remaining energy. If 
the remaining power is less than Least_Pow , this power is assigned as the Least_Pow. This process will continue up to 
the destination. The destination which accepts more than one RREQ from different route, select the route which is 
having the highest value in the Least_Pow field and send RREP to the source. That means a route is selected by 
avoiding the node which is having a tendency to die out. This way PAEE is removing the route which may break early. 
 The threshold constraint at the same time will prevent the multiple  RREQ packet  to be forwarded and thus saves the 
energy or power of mobile nodes. 
Steps for implementing power aware energy efficient routing protocol: 
 
Step 1 : If no information about the node  to which communication is requested then the path discovery is done 
 
Step 2. PATH DISCOVERY PROCESS: 
 (a)   Source node  (S.N) broadcast a RREQ packet to its neighbors with  an  extra field  LEAST_POW=POWER( S.N)  

 (b) Neighbors forward the request to their neighbors and so on until the destination or an intermediate node with the 
fresh route to the destination is located  

.Step 3. Each intermediate node (I.N) will check 
(a) if the intermediate node has POWER(I.N) < threshold , the node drops the RREQ packet  
(b) if the intermediate node power i.e POWER(I.N) < LEAST_POWER then LEAST_POW= POWER(I.N) 
Step 4 :ROUTE REPLY 
The destination will wait for few seconds and send the RREP only from the path where the LEAST_POW field is 
maximum. 
ALGORITHMS 
ALGORITHM 1: 
Find path ( destination)  
For (i=1 to member_table_size) 
If ((i.p (member _table[i]= ip(destination)) 
{  
Send the data packet to destination  
Exit(); 
} 
Path_discovery_process(); 
}  
} 
The algorithm 1 will check if source already has a path between for destination. If a path is found source node will send 
the data through that path. Otherwise new route is found i.e. path discovery is initiated. 
ALGORITHM 2: 
Path_discovery( src,dest) 
{  
      if (src !=dest)  
               For (i=1 to neighbor_src[n]) 
                Send  RREQ packet with LEAST_POW= POWER_SN; 
                 Check_i.node(); 
                  If (check_i.node==true) 
                  Src=i.node; 
                  Path_discovery(); 
   Else  
           Path_reply() 
}                        
          The algorithm 2 is doing the work of finding new path between source and destination. When there is no path 
between source and destination then source will forward the RREQ packet to its neighboring nodes (the nodes which 
are in its transmission range).then the check for energy efficiency is applied on these intermediate nodes. 
ALGORITHM 3: 
Check(i.node) 
{ 
      If power ( I.n )< threshold 
              
                 Return false  
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       Else  
             power( i.n ) < least_power  
             return least_pow=power(i.n) 
} 
The algorithm 3 is basically applying the power aware energy efficiency concept. It will check the intermediate node for 
the threshold value and then compare its power to the LEAST_POW field. So in the end RREQ will have 
LEAST_POW as the minimum (power(nodes on that route)) 
ALGORITHM 4: 
Path_reply() 
           { 
                For i=1 to possible_path[x] 
                Desired_path=Max(least_power(possible_path[x]) 
                Send RREP packet from  desired_path 
            } 
 
 
The algorithm 4 will select a desired route thereby reducing the RREP packets and consuming the less energy. The path 
with maximum value of LEAST_POW will be chosen as it will guarantee the longer lifetime of network. 
 

4. SIMULATION RESULT 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Shortest Path vs PAEE Routing Protocol 

A graph is plotted between the least_power value of each path and no of nodes which  have obtained during simulation. 
The comparison is done between the shortest path obtained that is the path which contain minimum no of intermediate 
hops or nodes and our PAEE routing protocol. During this thesis it can be stated that for longer network lifetime and 
energy efficiency this approach is quite fair. 
Theoretically the network lifetime can also be calculated .Suppose for transmission of each packet one unit of power is 
lost. So if compared to shortest path in different no of nodes it is analyzed that: 
Node 10 : The percentage difference for 10 nodes is 173. The network in case of PAEE will be stable for more then 270 
units of time in comparison to shortest path.  
Node 15 : The percentage difference for 15 nodes is 40. The network in case of PAEE will be stable for more then 116 
units of time in comparison to shortest path.  
Node 20 : The percentage difference for 20 nodes is 45. The network in case of PAEE will be stable for more then 103 
units of time in comparison to shortest path. 
Node 25 : The percentage difference for 25 nodes is 65. The network in case of PAEE will be stable for more then 101 
units of time in comparison to shortest path. 
 

5. CONCLUSION 
MANETs, its properties and challenges in the Routing are studied. The different types of routing and its properties are 
also studied. AODV algorithm is studied and analyzed and a method is proposed to make it energy efficient. Proposed 
PAEE is analyzed and the simulation results show that the performance is better than AODV. It is concluded PAEE 
ROUTING PROTOCOL works better than AODV in giving more lifetimes to the network. 
PAEE worked on minimal energy consumption and maximize network connectivity with the help of reduced number of 
RREQ and RREP packets. As forwarding the RREQ & RREP packets consumes a lot of energy so have to apply some 

 
SHORTEST PATH VS PAEE ROUTING PROTOCOL

0
50

100
150
200
250
300
350
400
450

10 15 20 25

no of nodes

m
in

im
um

 p
ow

er
 (i

n 
m

V)

SHORTEST PATH

PAEE ROUTING
PROTOCOL



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 1, Issue 2, October 2012   ISSN 2319 - 4847 
 

Volume 1, Issue 2, October 2012 Page 194 
 

algorithm to reduce the total number of RREQ and RREP packet to be forwarded. For reducing these packets PPAE is 
using basically two approaches  

1. To reduce RREQ packets : for this a threshold power value is used. This threshold is calculated according to the 
data need to be forwarded. The nodes whose power is less then the threshold value are blocked i.e they will drop the 
RREQ packet and does not participate in route discovery process. So a large no of RREQ packets are dropped thereby 
saving the energy. 

2. To reduce RREP packets: for this the load-balancing approach is used . Destination will receive multiple RREQ 
packets all of them satisfying the threshold value but it will reply or send the RREP packet only to the best path and the 
best path is the one in which least_pow  value is maximum. 
 
As observed the POWER AWARE ENERGY EFFICIENT PROTOCOL is better in many ways: 
1. Number of Route Transitions: no of route transition were less because the path which is found by PAEE routing 
protocol is stable for greater time and thus don’t have to find new paths frequently. 
2. Hop Count per Path : the path may not contain the minimum no of hops but in comparison with shortest path it is 
definitely better in terms of energy efficiency. 
3. Fairness of Node Usage: as we are using load balancing approach so every node is used to fair limit means the 
energy rich nodes are provided with more data to forward. 
4 Time of First Node Failure: the first node failure time is much more in PAEE protocol as the path is rich in energy.  
5. Total Energy Consumed: as the no of RREQ & RREP packets are less in PAEE protocol so total energy consumed is 
less in PAEE protocol. 
6. Throughput: throughput was better in case of PAEE routing protocol. 
7. Network Stability: network in case of PAEE routing protocol was more stable as the node does not die easily.  
 

6. FUTURE WORK 
The proposed algorithm can be used in other efficient protocols also. It can be combined with other power aware 
protocols to provide more energy efficiency. The algorithm can be implemented with location based protocols in which 
it this will be applied only into a particular vicinity area. This will provide better energy efficiency and thus more 
stability to the network. Other approaches can also be combined with PAEE routing protocol in future.  
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