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Abstract: MANET networks consist of numerous wireless nodes. These networks have not fix and
stable substructures. In this kind of networks, the mobility rate of nodes is high so, excessive use of
energy and also switching off of nodes, will cut links between nodes. In this paper we propose a new
routing approach called Geographical routing method for MANET networks. This method relies on
two matters: energy awareness and mobile source. In this paper, we try to minimize the cost of energy
required for routing and broadcasting data towards destination node. Our proposed method improves
energy consumption through computing the exact required energy for broadcasting every routing
packet. Also, we can gain high reliable routing advantage by this method. The main object of this
method is to minimize the costs of routing and overheads appearing due to the necessity of numerous
routing processes which in turn leads to lower traffic in network and higher lifetime of it. Simulation
and numerical computation results reveal that this method increases lifetime and reliability of network
through reducing energy consumption.

Key words: Reliable Routing, Delivery Rate, DSR Protocol, Traffic Distributed, Network Lifetime,
Power Transfer.

INTRODUCTION

In recent years, wireless mobile MANET networks have been widely used due to their high-mobility
capability. This capability and other advantages of MANETS, causes them to have various applications. Among
the most important regions in which these networks are used we can refer to military zones and also earthquake
and storm stricken regions. Since in these regions it is impossible to use fixed and stable substructures,
MANETS are widely used due to these serious conditions. For example, imagine a soldier. It is not possible or at
least it is very difficult to him to charge his wireless devices due to his continuous mobility. Another example is
earthquake stricken regions in which the wired services are out of order and we have to use wireless networks.

In MANET networks, nodes drastically require battery energy in order to make relation with each other and
compute data to be transmitted or received and also to handle routing computations. Nowadays, wide researches
are being carried out by the object of minimizing the energy consumption of CPU and also other data saving
devices and node-related hard wares of these networks. The results of studies have revealed that the maximum
energy consumption in MANET networks is related to transmitting route discovery packets and data packets.
These processes discharge node battery quickly and interrupt network communications. Generally speaking,
communication theory relies on physical and link layer in order to minimize energy consumption.

In MANET networks the energy source of nodes are batteries embedded in nodes. Therefore, we try to use
these nodes with maximum efficiency of energy. In MANET networks, each node has a specific radio range. If
there be another node with the same range, the source node can identify it. There may be an intermediate node
between two groups of nodes. So, excessive use of a specific node or route for broadcasting data between two
regions may discharge the battery of the node or nodes within the route which may corrupt the route and link
between two sections of network which in turn will decreases life time of network.

Generally, routing protocols in wireless Ad hoc networks are classified in two levels. First level is table
based routing protocols and second level is on demand source routing protocols. (Royer, E., Toh, C. 1999) In
the first level, a routing table is used in which the data of the nodes contributing in data transferring process are
saved. This table is updated periodically. In the second level i.e. on demand routing level, source node starts
routing process towards destination node through broadcasting route discovery packets towards destination node
only when it is necessary. In ref (Brown et al., 2001) it has been indicated that experiences show that since
updating table consumes energy so, the table based routing protocols consume more energy compared with on
demand routing protocols. In the other hand these protocols generate additional overheads and traffics in
network. Ref (Subbarao, M.W., 1999) presents the minimum level of energy required for table based routing.
Ref (Singh et al., 1998) introduces a cost metric for all energy-aware routes. It also assumes a minimum cost for
these routes. It refers to MAC layer improvement technique in which the nodes are switched off when they are
inactive in order to save energy. Ref (Ramanathan, R., Rosales-Hain, R. 2000) refers to energy saving issue
through controlling network topology in multi Hops networks. Ref (Roduplu, V., Meng, T. 1999) introduces a
network protocol based on distributed status of nodes in which the location related data of nodes are used in
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order to identify those routes which require minimum levels of energy for handling data delivery task. Ref
(Chang, J., Tassiluas, L. 2000) presents an algorithm by which routes with coordinate forces are selected for
data transferring purposes. This algorithm maximizes energy save.

Related Work:

In MANET networks, various approaches have been employed for optimal use of node's energy including:
a) controlling data transmitting force (Chang, L., 2000; Narayanaswamy et al., 2002), b) distributed methods for
data transmitting (Woo et al., 2001; Toh, C.K.,2001) and c) inactivating nodes when network is sleep / power.
(Chen, B., 2001; Xu et al., 2001).

In the approach a, our object is to find the optimal path among available paths between source and
destination nodes which requires minimum cost for data transferring. In this way, the required energy
consumption for data transferring will reach to a minimum level. In ref (Rahebi, S. and M. Asadi, 2009) the
optimum path between source and destination nodes has been found through computing links weights. Also, the
traffic of the selected path has been calculated and support and alternative paths are also selected for situations
in which traffic is overloaded in the selected path. In ref (Li et al., 2001) some routes with minimum
consumption of energy have been selected for data transferring purposes using DIJKSTRA algorithm. Ref
(Doshi et al., 2002) describes some routing protocols like DSR, AODV and DSDV. The base of these protocols
is the selection of nodes with enough energy for transferring data to next hop. Ref (Benerjee, S. and A. Misra,
2002) predicts optimal transferring force through counting the numbers of links are being corrupted in route. in
Ref (Asadi, M. and S.Rahebi, 2010) describes the second approach i.e. distribution of traffic over network nodes
in which the traffic should be distributed over those nodes which have more levels of energy. Therefore, these
nodes will have maximum lifetime in network. The hypothesis of distributing load over reliable routes will
certainly increase network lifetime. Ref (Woo, K., 2001) proposes energy-aware routing protocol which is
called LEAR. In this protocol, the energy of nodes has the first priority in routing process. This protocol
consumes a threshold level for node's rest energy. When node's energy is higher than the threshold value, then
the node will broadcast data to other nodes or in other words, traffic will be spread, otherwise the node will
broadcast no data. In ref (Toh, C.K., 2001) which is about routing and rout selection, among paths available
between source and destination nodes, paths which their energy level are higher than the threshold level are
selected. Then among these selected paths the path with minimum level of energy is selected for data
transferring purposes. This approach has a disadvantage. The route with minimum level of energy looses its
energy quickly. Therefore, links within the route will be cut which in turn will lead to corruption of the
segmented network. Ref (Rahebi et al., 2011) proposes a new approach for routing and reliable data
transferring. In this approach the load is distributed over routes with different levels of energy. This leads to
increasing the speed of data transferring. In addition, network lifetime increases due to the balance of energy
consumption.

The third state covers those protocols which are used when parts of network or nodes are not used as a part
of network. In other words, if currently no routing or data transferring process is being take place the nodes
remain in sleep / power state. These protocols cause significant energy save in network. They divide network to
clusters. Each cluster has a manager node or head cluster and other nodes are considered as normal nodes. In
these protocols, the head cluster node is always turned on. If the node to which the data should be transferred be
located in sub clusters of the head cluster node, the head node will activate its sub cluster node otherwise the sub
cluster node will remain in sleep / power mode. SPAN protocol which has been proposed in ref (Chen et al.,
2001) is a typical protocol of this kind. Ref (Xu et al., 2001) proposes GAF protocol in which whether or not a
node is a manager or normal node depends on the node's rest energy. If the node has higher levels of energy it
will be selected as head cluster and will always be switched on otherwise it will be in sleep / power mode. In
this protocol, the information of node's location and its neighborhood nodes like the position of the node versus
its neighborhood and also nodes energies is obtained through GPS system.

Most protocols have not paid more attentions to the issue that the rest energy of nodes should be saved or at
least the attentions have not been systematic. In MANET networks nodes are disperses over a wide region.
Transferring a data packet or routing packet between these nodes requires energy. In most current routing
protocols, the same level of energy is consumed for transmitting RREQ and data packets towards nodes through
different distances. In other words, although source node has different distances from neighborhood nodes, but
the maximum level of energy are considered for broadcasting data and route discovery packets. A neighborhood
node may be located very near to the source node while another neighborhood node may be located far from it
but for both nodes we use the same level of energy for broadcasting route discover packets and then
broadcasting data packets while, we can use lower amount of energy for the nearer neighborhood node. Ref
(Narayanaswamy et al., 2002) proposes a protocol called COMPOW. It uses six different levels of energy for
route discovery process depending on distance between source node and neighborhood nodes. At rout discovery
stage, the minimum level is considered and route discovery packets are broadcast towards neighborhood node
with this minimum level. After a specific period of time if the source node receives no response from the
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neighborhood node, it will use second level of energy. This will be continued up to the 6" level of energy. Each
level has higher amount of energy compared with previous level. In this way, at least one level will discover a
rout towards destination node. As we can observe, using this protocol will lead to increasing of overhead. Also,
it decreases the speed of routing process significantly.

Proposed Method:

Our approach consists of following stages:

a) areliable rout towards destination node which requires minimum level of energy is found
b) the amount of energy is set and assigned link by link in order to send and receive packets
c) routes with higher reliabilities are selected

d) data traffics are set and assigned over paths ending to destination node

In this paper, we try to consume lower amounts of energy for routing and transferring data towards
destination node through applying a new routing approach. This method uses advanced GPS system for
identifying the location of neighborhood nodes in order to prevent iterative broadcasting of rout discovery
packets with different levels of energy which leads to energy loss and creation of additional overheads in
network. Source node initiates the process of discovering route towards destination node by referring to routing
table. If there is a registered path which has been previously used towards destination node, the source node will
broadcast data through this path otherwise it defines the positions of nodes within its radio range through GPS
system. In order to prevent subsequent traffic in network, the source node compiles important information of
neighborhood nodes like their energy level and their distance from the source node. If the candidate node meets
all requirements for contributing in a successful routing process, it will be selected for continuing the process.
These requirements are as follows:

- the node should have enough energy for transferring available data
- the node should have minimum distance from previous node
- link between two nodes should be enough stable and high reliable

It should be mentioned that switching off a node may lead to disconnection of two parts of network which
in turn will lead to corruption of whole network. Therefore, we try to use high energy nodes. For this, we define
threshold energy for the node. If the node has lower energy than the threshold level, it will not contribute in
routing process. In this way, we prevent degradation of network into smaller elements while if we select weak
nodes for data transferring purposes, it would be very probable that the node be out of energy and the link
between nodes disconnect.

Our proposed method consists of two stages: a) defining a mechanism for determining different levels of
energy for rout's links and b) assigning energy to nodes link by link in the routing table of rout's nodes. AS we
use GPS system, the neighborhood nodes can be aware of necessary information like the rest energy of nodes,
distance from next node, velocity, direction and radio range of nodes. The source node calculates the stability
level of links available between itself and the neighborhood nodes through information obtained from nodes
with enough energy for contributing in data transferring process. Then, by calculating required energy for paths,
it broadcasts route discovery packets towards neighborhood nodes through most stable routes and similarly with
the same energy it broadcasts RREQ packets in multicast way towards neighborhood nodes. This approach
prevents energy loss and traffic overload in network.

Route discovery packet consists of different fields. One of the most important fields is the field which
determines the required energy for broadcasting packet towards next node or next receiver node. The content of
this field is the calculated required energy up to node e. (see Fig. 1). As soon as node e receives RREQ packet, it
saves the content of the field, which is about required energy for broadcasting the packet towards next node, in
its routing table in order to use the same level of energy for forwarding data packets and broadcasting the same
packet towards node s. This field is updated in the node e again i.e. the required energy for transferring a data
packet with respect to its distance from node f is computed and saved within the field in order the node f get
aware of this information.

Fig. 1: RREQ Packet Flow.
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Since lower count of hops is considered as a condition for selecting a route for data transferring, when the
RREQ packet passes through each node it adds a count to the number of passed nodes saved in the field HC.
Next field i.e. EC, shows the number of rout's corruptions. In other words, when the RREQ packet passes
through each hop, the number of corrupted links between the node and the previous node which has been saved
in its routing table is saved in the EC field. Next field, which will be described in detail in mathematical
equations section, is link stability degree or LSD. When the RREQ packet passes through each node it compares
LSD of that node with previous node. If the current value is more than previous value it will replace the current
value in the field otherwise no change will be occurred. Next field is related to the energy of nodes which is
updated like LSD field when the RREQ packet passes through each field. When the RREQ packet arrives at
destination node, the minimum level of LSD would be correspond to maximum stability level could be
supported by the route. Next important field shows route energy. Again it is updated like LSD when the RREQ
packet passes through each node and ultimately when it arrives at destination node, the value of the field would
be correspond to the maximum level of energy could be supported by the route.

Equations For Computing Route Selection Criteria:
The required energy for broadcasting route discovery packets and also data packets towards next node is
obtained through equation (1): (Rappaport, T.S, 2002).

P, (d) =2~ 1)

K

In which p,, = 3.653x10**mw, which has been indicated in IEEE protocol, d is distance between two
nodes, /7 is wasted power in route ranging from 2 to 4. If two nodes locate near to each other the value

of /3 approaches to 2. If next node approaches to radio range threshold the value of /5 would approach to 4. K is
the constant of the equation.

If distance between tow nodes be d, the received signal energy during transmitter and receiver
communications is obtained through equation (2): (Shankar, P.M, 2002).

R4

== 2
(4r)*d” @

P.(d)

In which A is wave length carrier, is propagation loss factor or wasted power and P, is the energy of

transmitter. The value of received signal energy should be higher than threshold energy, P, in order to enable
the receiver node to receive data packets successfully. Also, the signal energy of transmitter should be higher

Py (47)*d”
2

than . In other words, if received signal energy be lower than the determined threshold limit,

these signals would not be received. The source node and beside it the intermediate nodes select those nodes
among neighborhood nodes, in order to contribute them in routing process, which have some capabilities for
participating in routing process like having enough energy for transferring whole data. Thus, the source node
uses following equation in order to compute the total required energy for transferring whole data. (Wang et al.,
2007) In radio model, we use equation (3) in order to transfer k bits of data in a distance of d.

Ery (K, d) = Egeo x K + E,pp x K xd?

elec

©)

In which Eote is the consumed energy for transferring 1 bit data and equals to:
oec = 20Njoule/bit

When the distance between two nodes is d, the amount of energy loss is obtained through this equation:
d?E amp in which Eamp is the amount of consumed energy for amplifying packet transferring.

E

The value of consumed energy for receiving packet is obtained through equation (4).

En (K)=E, xK

elec

(4)
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And the value of total consumed energy for transmitting and receiving data packets is obtained through
equation (5).

E o (K) =Ego xK + Eamp XK xd? +(E,.. xK)

elec

®)

The stability degree of a link is directly proportional with the available energy in two heads of the link and
is inversely proportional with the velocity of two nodes. So, the stability degree of a link is expressed as
equation (6).

_ Energy factor

= 6
Mobility ., ©

The highest LSD degree shows the highest link stability degree between two nodes. When the route
discovery packet passes through nodes, it compares its current LSD degree with the previous one. If the result of
comparison show that the current degree is less than the previous degree, it would be replace otherwise no
change would be occurred. When the route discovery packet arrives at destination nodes, its LSD degree shows
the maximum stability of the route. Ref(Rappaport, T.S, 1995) expresses how to find link stability degree
between mobile nodes as follows:

Assume that n; and n, have the same operational radius within a radio range with radius r. (X1,y1) and (X2,y>)

are coordinates of n; and ny, respectively. v; and v;are the velocities of n; and n;, respectively and also 6 and 0,
are directions of nodes n; and n, , respectively. Then, the duration of stability between two nodes n; and n; is
obtained through equation (7).

_ —(ab+cd)+J(@% + c2)r? — (ad - cd)?

Dy
(a2 +cz)

Y]

a=v,c0s6, —v,cos0, D=X —X,
c=v,sind,—v,sing, d=y, -V,

The duration of link stability between two nodes is obtained by the above mentioned equation i.e. equation
(7). Also, Route Stability Degree (RSD) is determined through specifying the minimum degree of available
LSDs of links. This means that the minimum LSD shows the maximum RSD.

RSD, = Min(LSDs,)

Fig. 2: RREQ Packet Flow.

In the route discovery process, when the next hop of the source node or S receives route request packet, it
compares its ID with the ID of the destination node embedded in the route discovery packet in order to find that
whether or not it is the destination node itself. For example, in Fig. 2 if the node e is not the destination node,
after calculating the minimum energy up to those neighborhood nodes which are capable to contribute in routing
process and also finding the most stable links up to neighborhood nodes, and also its address and the minimum
required energy for arriving at next nodes, it embeds node energy (ECD) into route discovery packet and
broadcast the packet with the minimum required energy towards neighborhood nodes in multicast way. The
ECD and LSD fields are updated during passing through route nodes. Updating process is as follows. The value
of ECD and LSD of route discovery packet is compared with that of a current passing node. If the values of
ECD and LSD of the current node are less than that of the rout discovery packet, they are replaced by the values
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of route discovery packet otherwise no change is occurred. The route discovery packet continues its way in this
way until it arrives at destination node or D. Across the path, when the route discovery packet passes through
each node, the node maps into its routing table the required energy for broadcasting the route discovery packet
or data packet which has been mapped previously by the previous node. In this way, the routing tables of whole
nodes within the route have sufficient information about necessary energy for broadcasting data towards next,
source and destination nodes. When the RREQ packet arrives at the destination node, the value of current ECD
field shows the maximum value of energy could be supported by the route. Similarly, the value of current LSD
field shows the maximum RSD of the route. ECD and Hc fields show the number of corruptions occurred across
the route and the number of the route’s hops up to the destination node, respectively. Obviously, the less values
of hops and EC show that the route is more reliable. When the destination node receives the route discovery
packets from all reliable routes, it calculates the ranks of routes through the equation (8) and embeds each rout’
s rank and also routing data into RREQ packet and broadcasts it back towards the source node through the same
route. (Rahebi, S., M. Asadi, 2009) In the following relation, the value of RSD belonging to the ith node is the
ultimate value embedded into route discovery packet which is divided to the maximum value of all routes RSDs.

The values of EC,, HC, and ECD,; is also replaced in the relation in the same way.

RSD. EC. HC.
I )+C, x(——)+C, x L) +C
MaxRSD) 2 (MaxEC) 3 (MaxHC) s

W,

= Cox( ECh ®)
MaxECD

In the mentioned relation, C1, C2, C3 and C4 are variables which can be changed depending on
requirements. The absolute value of the sum of these variables is always equals to 1. For instance, we can
consider more values for these variables if we focus on stability and corruption of route. In this case, the number
of hops of the route or band width and energy of the route is our next priorities. So we have:

[C+[Co[ +[Cl+[Cy[ =1

When the source node receives the RREQ packets of all routes, it sorts them descending. Then it distributes
the data which should be broadcast towards destination node between routes with respect to the weight of routes
using the equation (9) presented in Ref (Rahebi et al., 2011) in order to make balance in energy consumption. In
this way, the data are directed towards destination with high levels of speed and reliability because the nodes are
located in appropriate distances with each other and their energy level for transmitting data has been predicted
previously and embedded in their routing table. The proposed equation is as follows:

_ ©
DATA,, =| FANK e

'Size n Size
D RANK,;

i=1

In which RANK | is the weight of the ith route or W, , Jf RANK is the
i=1
sum of the weights of all routes and Files;,, is the size of the file to be transmitted towards destination. The
weight of each route is obtained through the equation (8). In following figure, as the route 3 has no capability to
contribute in routing process it gains no rank because the nodes of this route may have no sufficient energy for
data transferring.

Fig. 3: Four-weight path leading to the destination node.

Using equation (9) makes a balance between high and low energy routes so that regarding to route capacity,
high energy routes carry high volumes of data while low energy routes carry less data. In this way, high energy
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routes will not loose energy due to excessive use of their energy which in turn will lead to increasing of network
lifetime. When the volume of data which should be transmitted is obtained, the source node discovers the
required energy for transmitting this volume of data from its routing table and broadcasts data with the same
energy towards next nodes. Similarly, subsequent nodes take from their routing table the minimum level of
energy which is sufficient for data transferring and broadcast data towards destination with the same energy. In
this way, a huge amount of energy is saved during data transferring process. So, the lifetime of network
increases considerably.

Data To Be Transmitted Intact, Completely and In Order:

Intact data transferring is one on the most important issues which should be considered in a routing
contract. This means that the data should not be distort during transferring process. Besides, all data should be
delivered to destination. In other words, if a packet is lost during transferring process, another packet should be
requested. Another important issue is the order of transferring. Imagine that a new node is added in network
during data transferring and this node creates another route with different condition. So, it is possible to some
data packets to be delivered to destination sooner or later. The routing contract should be capable to identify this
matter. Generally, the three mentioned principles affect total functional capability of a network. The number of
packets which have been transmitted successfully is derived through equation (10)

(10)

In which F is the number of successfully delivered packets, C is the sum of current communications in
network, f is exclusive current ID, Rf is the number of exclusive received packets and Tf is the total

number of current sent packets.

Network Delay Calculations:

Various factors have considerable influence on routing protocols and contracts like size and shape of
networks, radio range or radius (m), MAC layer contract, data current including work load in conjunctions,
packet buffers, packet size, traffic type and movement pattern of nodes in network. Generally network delay
value is derived through following equation and a contract with less delay is considered as a successful contract.
Of course in cases in which security and reliability are our priorities, we should accept some delays. For
example, in our proposed method, data packets may deliver with delay to destination due to complex
calculations carried out for reducing energy consumption and also selecting most reliable route for data
transferring. But our method ensures data delivery. For calculating delay time we use equation (11).

S
Average end —to —end delay :éZ(ri -5s;) (11)

i=1

In which S is the number of packets which have been delivered successfully, i is the exclusive ID of the

packet, I} is the time within which the packet with exclusive ID has been received and S; is the time within

which the packet with exclusive ID has been sent.

In the proposed method, when data packets are being quickly broadcast towards destination node through
high reliable routes, traffic cost of each node is calculated through equation (12) which has been described in
Ref.(Asadi, M., S. Rahebi, 2010). If the traffic cost of a node, which ranges from zero to one, approaches to one,
that node will send back a packet towards source node in order to enable the source node to decrease or
completely stop sending data packets towards that node regarding its traffic cost. In this way, we will have a
smooth traffic over nodes of different routes from source to destination. Equation (12) is expressed as follows:

1 1
Cost =a) ———+(1-a) [1—1—]
Z1+ ER | 2 1+(Qi*Ey) (12)
t
In which ER; is the rest of energy in the ith node at time t, Q is the number of packets waiting for

receiving service in the ith node at time t and By is required energy for transmitting a data packet. Right hand
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1
side of this equation i. e. the term * 2 TET shows the rest of energy in a node and left hand side of the equation
shows the value of node's buffer. In order to make balance between right hand side and left hand side of the
equation, we use the variable & . The more o approaches to one, the more traffic is occurred in network. When
& becomes one, the second hand of the equation equals to zero. This means that the buffer is completely full
and sending data packets towards this node should be completely stopped.

Simulation Results:

In this section we compare our proposed method with DSR routing protocol from view point of energy
consumption and packet delivery rate. For simulation we use OPNET soft ware. First of all, we introduce some
parameters employed in our simulation.

Area 2500 m * 2500 m
simulation time (Hours) 120m

mobility Random Waypoint

max speed (meter / second) 25 m/s

pause time 10s

Energy battery (miliwatt) 20 mw

Traffic One Source(10 packet/sec)
receive power(miliwatt) 0.0001 mw

transmit power(miliwatt) 0.0005 mw

packet size (Byes) 1024 B

The simulation has been carried out in a 2500*2500 square meter area. It has two stages. In first stage we
use 100 nodes and in second stage we use 200 nodes. Our objects is to increase the number of nodes in a limited
area and to asses the variations of energy consumption in different speeds in one hand and in the other hand to
assess the distributed traffic over network in order to compare the efficiency of our proposed method with DSR
protocol which is considered as a base protocol in wireless networks. In the simulations, the speed on nodes
ranges from zero to 250 m/s and pulse time is 10 seconds. The movement pattern of nodes is Random Waypoint
which is a typical pattern in most routing protocols.

Network Lifetime:

Network lifetime is considered as the number of off nodes after a specific period of time for example 120
minutes. It is expected that in our proposed method network life time be considerably higher than DSR protocol
due to following reasons:

- the required energy for transferring route discovery packets and data packets has been computed link by
link

- energy consumption and traffic load over network has been decreased

- all capable route contribute in routing process

Figs. A (1) and a (2) show simulation results for 100 nodes and 200 nodes, respectively.
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The Value Of Consumed Energy:

Fig. b(1) shows the value of energy consumed by routing packets and data packets in our proposed method
and DSR protocol. In this simulation, the total consumed energy in the stage of route discovery process via route
discovery packets and data packet has been calculated and shown. The magnitude of energy consumed by a data
packet is derived through dividing the total consumed energy to the number of delivered packets to destination
node. Fig. b (1) shows the magnitude of consumed energy for transferring a data packet per 100 and 200 nodes
in DSR protocol and the proposed method.

—a—DSR
—m— New Method

200
180
160
140
120
100

# Off Nodes

80
60
40
20

40 60 80 100 120

o 20
Simulation Time (min)
Fig.a 2:
—a—DSR
—m— New Method
9
8
7
g
g 6
E 5
[
g 4
T 3
el
2
1
0 -+ T T T T 1
100 120 140 160 180 200
Number Node
Figs. b 1:

Fig. b (2) shows the the magnitude of consumed energy by a route discovery packet per 100 and 200 nodes is:
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Fig. b 2:

Our proposed method saves energy consumption up to 90%. In DSR protocol the main part of energy is
consumed by data packets of a network with 100 nodes while in cases is which the number of nodes reaches to
200, the main part of energy consumption is related to overhead.
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Packet Delivery Rate:

Packet delivery rate is the ratio of transmitted packets to delivered packets to destination node. Simulation
results show a 2.5 rimes increase of packet delivery rate in our proposed method compared with DSR protocol.
In other words more than 90% of packets are successfully delivered to destination node. Also the simulation
results reveal that this rate increases as the number of nodes increases.

Conclusion:

In this paper we presented a new routing approach based on saving the rest energy of nodes. Our simulation
results revealed that this method increased the efficiency of network in two ways. First, network lifetime
increases significantly due to decreasing of energy consumption and second, data are transmitted between nodes
with high reliability. This method also prevented repeating the process of transmitting and receiving route
discovery packets. There was also no need to re routing during corruption of routes because we had enough
reliable supporting routes. This increases network efficiency significantly.
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Fig. C 1:
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