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 Background: The selection of routing procedures in mobile adhoc networks (MANET) 
is a difficult one due to the unstable nature of the networks. Delivering packets to the 
mobile nodes in the unstable network is a challenging one and is still under research. 
There are various routing protocols available to deliver packets to mobile nodes in 
mobile adhoc networks. Ad hoc On Demand Distance Vector (AODV) routing protocol 
is one of the reactive protocol in MANET. Multiple Route Reply packets in response to 
a single Route Request packet can lead to heavy control overhead in AODV. 
Objective: We propose Radial Basis function Neural Network based AODV (RBFNN 
based AODV) protocol to reduce the time for route selection process by reducing the 
dimensionality of routing table in congested networks. Results: Compared with the 
conventional AODV, the proposed RBFNN based AODV reduces the average end to 
end delay associated with the packet transmission. The proposed technique also 
outperforms the existing techniques in terms of network performance, throughput and 
packet delivery fraction. Conclusion: The RBF Neural Network based Traffic aware 
AODV routing protocol in mobile ad hoc networks is proposed here. The simulation 
results demonstrate that the proposed approach provides an accurate and efficient 
method in all realistic scenarios and high density networks. 
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INTRODUCTION 
 
 Mobile Adhoc Networks (MANET) as the name tells, it is unstable in topology, i.e. its topology changes in 
time to time.  The topology of the network changes in accordance with the speed of the mobile nodes. The 
direction and speed of the mobile node makes the topology of the network as unstable one. Delivering packets to 
the mobile nodes in the unstable network is a challenging one and still under research.  There are various routing 
protocols to deliver packets to the mobile nodes in the adhoc network. 
 Rather, they maintain a dynamic interconnection topology between mobile users, often use multi hoping. 
Ad hoc networks are expected to play an increasingly important role in the future civilian and military setting 
where wireless access to a wired backbone is either ineffective or impossible. Ad hoc network applications 
range from collaborative, distributed mobile computing to disaster recovery (fire, flood, earthquake), law 
enforcement (crowd control, search and rescue) and digital battlefield communications. Some key 
characteristics of these systems are team collaboration of a large number of mobile units, limited bandwidth, the 
need for supporting multimedia real time traffic and low latency access to distributed resources (e.g., distributed 
database access to situation awareness in the battlefield). 
 The AODV routing protocol is designed for mobile ad hoc networks. It is designed for two types of 
communication i.e., unicast and multicast routing. It builds routes between nodes only upon as desired by source 
nodes and these routes are maintained as long as they are needed by the sources. Additionally, AODV forms 
trees which connect multicast group members. The trees are composed of the group members and the nodes 
needed to connect the members. The freshness of the routes is ensured by the sequence numbers in AODV. It is 
loop-free, self-starting, and scales to large numbers of mobile nodes. 
 AODV uses route request and route reply query cycle to build the routes. When a source node desires a 
route to a destination which is not present in its neighbor table, it broadcasts a route request (RREQ) packet 
across the network. Nodes receiving this packet update their information for the source node and set up 
backward pointers to the source node in the route tables. In addition to the source node's IP address, current 
sequence number, and broadcast ID, the RREQ also contains the most recent sequence number for the 
destination of which the source node is aware. A node receiving the RREQ may send a route reply (RREP) if it 
is either the destination or if it has a route to the destination with corresponding sequence number greater than or 
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equal to that contained in the RREQ. If this is the case, it unicasts the RREP back to the source. Otherwise, it 
rebroadcasts the RREQ. Nodes keep track of the RREQ's source IP address and broadcast ID. If they receive the 
RREQ which they have already processed, they discard the RREQ and do not forward it. 
 As the RREP propagates back to the source, the intermediate nodes set up forward pointers to the 
destination. Once the source node receives the RREP, it may begin to forward data packets to the destination. If 
the source later receives the RREP containing a greater sequence number or contains the same sequence number 
with a smaller hop count, it may update its routing information for that destination and begin using the better 
route. 
 Radial Basic Function is solely depending on the distance which uses only real values from an origin. The 
function may be of type like Euclidean distance or anything which compromises ф (X, c) = ф (||X-c||). The 
function ф is the distance function of the points between X from the center C.  In our proposed methodology we 
use the Euclidean distance to find out the distance of other mobile nodes from the source node. We use Radial 
basis function to reduce the dimensionality and select a unique set of destination nodes to which the 
advertisement packets can be sent. 
 Using the Radial basis function for AODV routing protocol at the point of route selection will reduce the 
dimensionality and computation time. AODV selects the route with the number of hops present in the RREP 
packet with the forward pointers, where there are a huge number of mobile nodes surrounding the source node 
the computation and route selection time increases. Also, the dynamic and unstable nature of adhoc network 
produces the node unreachable at the time of packet forwarding. Due to this the node forwarding the packets to 
start the route discovery phase once again and this increases the network traffic and overhead. 
 To overcome these difficulties, we proposed a new enhanced AODV protocol to adopt Radial Basis 
Function, using which the network overhead and dimensionality could be reduced. 
 
Related Works: 
 Traffic aware routing has been investigated in high focus on Manet, and there are many ongoing researches 
in this era for efficient routing. We discuss few of the methods proposed earlier according to our problem 
selection. 
 A Destination-sequenced distance vector (DSDV) algorithm (Perkins and Pravin Bhagwat, 1994) is a 
modification of DBF (Bellman, 1957), which guarantees loop free routes. It provides a single path to a 
destination, which is selected using the distance vector shortest path routing algorithm.  Wireless routing 
protocol (WRP) (Murthy and Gracia, 1995) also guarantees loops freedom and it avoids temporary routing loops 
by using predecessor information. However, WRP requires each node to maintain four routing tables. 
 Global state routing (GSR) (Chen and Gerla, 1998) is based on the traditional Link State algorithm. 
However, GSR has improved the way information is disseminated in Link State algorithm by restricting update 
messages between intermediate nodes only. The FSR (Gerla, 2002) is proposed which is descendent of GSR. 
FSR reduces the size of the update messages in GSR by updating the network information for nearby nodes at a 
higher frequency than for the remote nodes, which lie outside the fisheye scope. 
 The Source-tree adaptive routing (STAR) (Gracia and Marcelo Spohn, 1999) is also based on the link state 
algorithm. In this algorithm, each router maintains a source tree, which is a set of links containing the preferred 
paths to destinations. This protocol has significantly reduced the amount of routing overhead disseminated into 
the network by using aleast overhead routing approach (LORA), to exchange routing information. It also 
supports optimum routing approach (ORA) if required. This approach eliminated the periodic updating 
procedure present in the Link State algorithm by making update dissemination conditional. 
 Distance routing effect algorithm for mobility (DREAM) (Basagni et al., 1998) employs a different 
approach to routing when compared to others, where each node knows its geographical coordinates through a 
GPS. These coordinates are periodically exchanged between each node and stored in a routing table (called a 
location table). The advantage of exchanging location information is that it consumes significantly less 
bandwidth than exchanging complete link state or distance vector information, which means that it is more 
scalable. 
 The Ad hoc on-demand distance vector (AODV) (Das et al., 2002) routing protocol is based on DSDV and 
DSR (Johnson et al., 2002) algorithm. It uses the periodic beaconing and sequence numbering procedure of 
DSDV and a similar route discovery procedure as in DSR. 
 The Routing on-demand acyclic multi-path (ROAM) (Raju and Gracia, 1999) routing protocol uses 
intermodal coordination along directed acyclic sub graphs, which is derived from the routers distance to 
destination. Light-weight mobile routing (LMR) is another on-demand routing protocol, which uses a flooding 
technique to determine its routes. The nodes in LMR maintain multiple routes to each required destination. This 
increases the reliability of protocol by allowing nodes to select the next available route to a particular destination 
without initiating a route discovery procedure. 
 Temporally ordered routing algorithm (TORA) is based on the LMR protocol. It uses similar link reversal 
and route repair procedure as in LMR, and also the creation of a DAGs, which is similar to the query/reply 
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process used in LMR (Royer and Toh). Therefore, it also has the same benefits as LMR. Associativity-based 
routing (ABR) (Toh, 1996) is another source initiated routing protocol, which also uses a query-reply technique 
to determine routes to required destinations. However, in ABR route selection is primarily based on stability. To 
select a stable route each node maintains an associativity tick with their neighbors, and the links with higher 
associativity tick are selected in preference to the once with lower associativity tick. 
 Signal stability adaptive (SSA) (Dube et al., 1997) is a descendent of ABR. However, SSA selects routes 
based on signal strength and location stability rather than using associativity tick. As in ABR, the routes selected 
in SSA may not result in the shortest path to the destination. However, they tend to live longer, which means 
fewer route reconstructions are needed. 
 Location-aided routing (LAR) (Ko and Vaidhya, 1998) is based on flooding algorithms. LAR attempts to 
reduce the routing overheads present in the traditional flooding algorithm by using location information. This 
protocol assumes that each node knows its location through a GPS. Ant-colony-based routing algorithm (ARA) 
(Gunes et al., 2002) attempts to reduce routing overheads by adopting the food searching behavior of ants. 
When ants search for food they start from their nest and walk towards the food, while leaving behind a transient 
trail called pheromone. This indicated the path that has been taken by the ant and allows others to follow, until 
the pheromone disappears. 
 Flow oriented routing protocol (FORP) (Su and Gerla, 1999) Attempt to reduce the effect of link failure due 
to mobility during data transmission by predicting when a route is going to be broken and therefore using an 
alternate link before route failure is experienced. 
 Unlike other on demand routing protocols in Cluster-based routing protocol (CBRP) (Jiang et al., 1999) the 
nodes are organized in a hierarchy. In this the nodes in CBRP are grouped into clusters. Each cluster has a 
cluster-head, which coordinates the data transmission within the cluster and to other clusters. 
 In (Songbai Lu et al., 2009) they proposes a secure and efficient MANET routing protocol, SAODV 
protocol, which aims to address the security weakness of the AODV protocol and is capable of withstanding the 
black hole attack. In (Bhagwari et al., 2012), they are analyzing the performance of reactive routing protocol via 
the increasing number of nodes and observing its effect on Quality of Service (QoS) of Mobile Adhoc Network. 
In (Oddi et al., 2012) they discussed a proactive link-failure resilient routing protocol for MANETs based on 
reinforcement learning. They used Reinforcement Learning (RL) techniques, to dynamically choose the most 
stable path, basing on GPS information, among the feasible ones and to consequently increase resiliency to link 
failures. 
 In (Meghanathan, 2012) they proposed A MANET multicast routing protocol for stable trees based on the 
inverse of the Link Expiration Times. In this protocol, a stability-based multicast routing protocol for Mobile Ad 
hoc Networks (MANETs) is discussed and it can simultaneously determine long-living multicast trees that also 
have close to minimum hop count per source-receiver paths. The proposed protocol is referred to as the MILET 
protocol, and is based on the inverse of the predicted Link Expiration Times (LET) values.  
 In (Wang, 2012) they proposed a Power-aware dual-tree-based multicast routing protocol for mobile ad hoc 
networks, in which all nodes are randomly classified into two types, group-0 and group-1. To achieve the load 
balance, two multicast trees (tree-0 for group-0 and tree-1 for group-1) are constructed. Simulation results show 
that the proposed PDTMRP scheme outperforms multicast ad hoc on-demand distance vector routing protocol 
(MAODV), reliability of the multicast ad hoc on-demand distance vector (RMAODV) and Parallel multiple 
nearly-disjoint trees multicast routing (Parallel MNTMR) schemes. 
 In (Tracy Camp et al., 2002), they have done various analyses of the mobility models in adhoc networks. 
The routing strategy has to be improved and considered according to the mobility model of the network. They 
simulated various mobility models in the adhoc networks. 
 In (Suresh Kumar et al., 2009) is analyzed the performance of DSR and AODV reactive protocols by 
varying network load, mobility and type of traffic (CBR, TCP). A detailed simulation has been done using NS2. 
They have considered packet delivery fraction, the normalized routing load, average delay, routing overhead, 
and packet loss as metrics for performance analysis of these protocols in their research. 
 In (Hong et al., 1999) they present the survey of mobility models in cellular and multi hop networks and 
investigate the impact of the mobility model on the performance of a specific network protocol or application. 
They have applied RPGM model to two different network protocol scenarios, clustering and routing, and have 
evaluated network performance under different mobility patterns and for different protocol implementations. 
 In (Yang Zhangang et al., 2007) a load balancing in RBF network using genetic algorithm is proposed. In 
that Genetic algorithm adopting the real coding, crossover probability and mutation probability was applied to 
optimize the parameters of the neural network, and a faster convergence rate was reached. Theoretical analysis 
and simulations are proven in their research that this load forecasting model is more practical and has more 
precision than the traditional one. 
 All the above seen proposed methods are focused on the load balancing and mobility of nodes in the adhoc 
network. We consider the huge dimensionality of the mobile adhoc networks where the mobile nodes can 
forward the transmission towards destination and where there are a number of hidden layers. We proposed a 
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new protocol which adapts the classic Radial basis function to reduce the dimensionality of the RBF network to 
increase the efficiency of routing protocol. 
 
Proposed Approach: 
 The proposed traffic aware routing is designed towards a situation when there is a huge dense of nodes 
present in Manet. The Radial basis function, which is a popular dimensionality reduction method applied for 
Boolean reduction functions where there are many input signals with higher dimensionality but has to select a 
single output. We apply the dimensionality reduction functions for selection of route from computed higher 
dimensional routes.  
 From figure1, the input neurons are the node topology which is the basic input for the routing protocol. The 
route request generated becomes the input for the route discovery phases, once available routes have been 
discovered then the radial basis function come into play. The radial basis function is an multi layer perception 
(MLP) technique where there is three different layers as input, hidden, output. The source node becomes the 
neuron at input layer and the destination layer becomes the neuron at the output layer. The hidden layer consists 
of large size of neurons which present as intermediate nodes in the discovered routes. The radial basis function 
has the property of dimensionality reduction, which chooses a single output from large dimensional input. The 
Gaussian approximation function performs the dimensionality reduction and chooses a best route to forward the 
data packet. 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig. 1: System Architecture of Neural RBF Traffic aware routing. 
  
Neural Radial Basis Function with AODV: 
 In this proposed approach the Neural RBF with AODV is presented which uses RBF with Traffic aware 
routing.  The proposed algorithm uses Radial basis function with Euclidian distance as RBF function. We 
proposed this algorithm to control traffic  and avoid packet drop, then  improve network performance .When we 
look at the design of the neural networks from the perspective of approximation in multidimensional space, then 
learning is equivalent to finding such a plane in the multidimensional space which best approximates the 
training data. Neurons in the hidden layer represent a set of functions which represents the basis functions for 
the transformation of input vectors to the space of hidden neurons.  
 RBF Neural Network involves three different layers. The input layer is made up of source nodes. The 
hidden layer is consisting of neurons in which each neuron computes its output using a radial basis function, 
which is in general a Gaussian function, and an output layer which builds a linear weighted sum of hidden 
neuron outputs and supplies the response of the network. A RBF neural network configured for software effort 
estimation has only one output neuron. RBF networks can be used to solve a common set of problems. The RBF 
is useful where there are many layer of networks or nodes exists between source and destination. RBF implied 
by the input space to transform the hidden space is non-linear, from the hidden layer and output layer space to 
transform the output space is linear. The transformation function of hidden units is Radial Basis Functions, and 
the network can achieve the following mapping between the input and output. Radial Basis Function is a local 
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distribution center of the radial symmetry of the non-negative non-linear attenuation function, Gaussian function 
is relatively common.  
 
Route Discovery: 
 Each node in the network initially sends advertisement packet to identify its neighbor and later propagate 
RREQ packet to all identified neighbors and through the reply for the packet type RREQ it generates a matrix 
which contains its neighbor id and its location in the network, its mobility speed, signal strength etc., Using 
these values fetched we generate a set of data vector which contains parameters to train the neural network. 
Algorithm: 
Step1: Start. 
Step2: Initialize Neighbor matrix N. 
Step3: Initialize Route matrix R. 
Step4: Initialize Signal Strength matrix SS. 
Step5: Initialize Speed matrix SP. 
Step6: Initialize Location Matrix L. 
Step7: Initialize Gate Matrix G. 
Step8: generate advertisement packet AD. 
Step9: do broadcasting. 
 Br = Ø× (AD×Ni). 
 Ø-Broadcast to All nodes in Neighbor matrix 
 Ni -a node in neighbor matrix. 
 Br – Broadcasting done by a node N. 
Step10: receive the reply for broadcasting. 
BRP = Ф × (AD×Ni).   
Ф- Receive reply from neighbor nodes. 
BRP – Broadcast Reply from all neighbor nodes. 
Step11: For each reply received 
  Send RREQ packet from which the AODV reply received. 
  RR= € ×﴾ф × (AD × Ni)﴿   
  € -set of all nodes which reply for AODV. 
 
 End 
Step12: For each reply RR received  
  Store values in Neighbor matrix N. 
  Store values in route matrix R. 
  Store signal strength in the matrix SS. 
  Store speed value in the matrix SP. 
  Store location value in the matrix L. 
 End. 
Step13: Identify the routes using route matrix R. 
  Store as gate matrix G. 
Step14: for each value in the matrix G. 
  Create a vector Vi= {Ni,SSi,Ri,SPi,Li}. 
 End. 
Step15: Stop. 
 
Neural Network Training: 
 The input neurons are trained with various parameters; they are node signal strength, the number of 
neighbors, estimated lifetime, speed of mobile node etc.,  All these parameters are used to train the neural 
network and Gaussian function is used with Euclidean distance measure to calculate the distance between 
neurons. We used a supervised learning method to train the network, with the initial center given as an input. 
For each vector Vi, 
Algorithm: 
Step1: Read size Si of Input Vectors(V). 
Step2: Read all input vectors from the set V. 
Step3: set Distance function as Euclidean. 
Step4: store all values and pass to RBF. 
Step 5: end. 
 
 



202                                                              G. Kavitha and Dr. J. Sundararajan, 2014 
Australian Journal of Basic and Applied Sciences, 8(1) January 2014, Pages: 197-206 

 
Radial Basis Function: 
 The radial basis function we designed will read input vectors which we generated in the route discovery 
phase. Each vector contains various parameters like location, speed, signal strength, route values, and neighbor 
id. The identified route is stored in the gate matrix, which specifies the exact input vectors for neighbor nodes. 
We identify the neighbor id from the matrix G, according to the id present in the matrix G; we generate vectors 
using other matrix. We assigned the distance function as the Euclidean function and for the radial basis function 
we specified Gaussian function. 
Algorithm: 
Step1: Read Vectors set Vi. 
Step2: Read matrix G. 
Step3: Read Radial basis function parameter. 
 Set function as Gaussian and parameter σ = 2dav. 
 σ = the width of Gaussian. 
Step4: for each vector Vi compute the distance as follows. 
 The distance ||Xp-Xq||, between vectors p and q are fixed by training. 
 $pq= φ (|| Xp-Xq||) is the matrix of constant numbers of distance. 
 Weight w=$−1t. 
 $−1- is the inverse matrix. 
 End. 
Step5: Store all Values. 
Step6: stop. 
 
Route Selection: 
 From the computed weight for each node in the network, we select the top node by sorting the calculated 
weight from the weight matrix. The weight matrix contains all the computed weights and the top one is selected 
and the node which contains the weight is identified.  The selected node is given as the forwarding node and will 
be given to the next phase. 
Step1: Read the computed weight matrix W. 
Step2: from the weight matrix W select the top weight wi. 

 Wi = ð× (W). 
 ð – Function selecting the maximum weighted node. 
Step3: select the node with the weight wi. 
 Ni=Û (wi). 
Û - Specifies projecting a node with the highest weight. 
Step4: send node details to the forwarding phase. 
Step5: stop. 
 
Packet Forwarding: 
 Packet forwarding is a network support module provided for our algorithm which accesses the network 
interface to forward the packet to the next node, which is recommended by our algorithm.  The destined node 
will take care of forwarding the packet towards destination. Whenever a node receives the packet it checks the 
destination. If the destination address matches with own then it stops the process. If the address does not match 
with local entry then it request the same route selection phase and it forwards the packet to the next node. 
 
Performance Analysis: 
 The goal of our simulation is to analyze the behavior of RBFNN based AODV protocol in high density 
environments. The simulation environment is created in NS-2, a network simulator that provides support for 
simulating multi hop wireless networks. NS-2 was written using C++ language and it uses Object Oriented Tool 
Command Language (OTCL). It came as an extension of Tool Command Language (TCL). The simulations 
were carried out using a MANET environment consisting of 71 wireless mobile nodes roaming over a 
simulation area of 1000 meters x 1000 meters flat space operating for 60 seconds of simulation time. The radio 
and IEEE 802.11 MAC layer models were used. Nodes in our simulation move according to Random Waypoint 
mobility model, which is in a random direction with maximum speed from 0 m/s to 20 m/s. A free space 
propagation channel is assumed for the simulation. Hence, the simulation experiments do not account for the 
overhead produced when a member leaves a group. Sources start and stop sending packets; each packet has a 
constant size of 512 bytes. Each mobile node in the network starts its journey from a random location to a 
random destination with a randomly chosen speed.  
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Table 1: The parameters used in our simulation. 

Parameters Value 
Version NS-allinone 2.28 

Protocols RBFNN based AODV 
Area 1000m x 1000m 

Transmission Range 250 m 
Traffic model UDP,CBR 

Packet size 512 bytes 
 
Simulation Results: 
 The simulation scenario is designed specifically to assess the impact of network density on the performance 
of the protocols. The impact of network density is assessed by deploying 20 –71 nodes over a fixed square 
topology area of 1000m x 1000m  using 5m/s node speed and 3 identical source-destination connections. AODV 
with RBF neural network describe a number of quantitative metrics that can be used for evaluating the 
performance of MANET routing protocols. We have used the following metrics for evaluating the performance. 
 
Table 2: Comparison Results. 

S.No Number of Nodes Protocol Throughput Average Delay(ms) PDF 
1. 71 AODV 0.5 18 86.70 
2. 71 RBFNN based  AODV 0.62 9.02 93.50 

 
Throughput Performance: 
 Throughput is the rate of packets received at the destination successfully. It is usually measured in data 
packets per second or bits per second (bps). Average throughput can be calculated by dividing the total number 
of packets received by the total end to end delay. 
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Fig. 2: Throughput performance comparison. 
 
Packet Delivery Fraction: 
 Packet Delivery Fraction (PDF) is defined as the ratio of data packets received by the destination to those 
generated by the source. It is calculated by dividing the number of packets received by the destination through 
the number of packets originated from source. 
PDF = (R / S) x 100 
where R is the number of packets received by the destination and S is the number of packets sent by the source.
 PDF indicates the loss rate, which shows the maximum throughput that can be achieved with the network. 
 
Average End-to-End delay: 
 Average end to end delay includes all possible delay caused by buffering during route discovery latency, 
queuing at the interface queue, and delay at the MAC due to retransmission, propagation and transfer time. It is 
defined as the time taken for a data packet to be transmitted across a MANET from the source to destination. 
Delay = tR - tS 
Where tR is the receiving time and tS is the sent time. 
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Fig. 3: Packet Delivery Ratio performance. 
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Fig. 4: Latency Ratio. 
 
 The figure shows the delivery ratio of the proposed protocol.  The red line shows the packet delivery and 
the green line shows the packet lost in 10 seconds of the simulation.  In this figure, x-axis shows a particular 
time scale of 10 seconds and y-axis shows the number of packets received and lost in the particular time. The 
delivery ratio keeps on increasing about the time. 
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Fig. 5: Delivery Ratio and efficiency of proposed protocol. 
  
Conclusions: 
 The RBF Neural Network based Traffic aware AODV routing protocol in mobile ad hoc networks is presented 
in this paper. The simulation results demonstrate that the proposed approach provides an accurate and efficient 
method in all realistic scenarios and high density networks. Finally we suggest that in the future this protocol 
can be extended to multicast communications also. Other possible future research works include the study of 
RBF Neural Network based traffic aware routing protocol to further improve network performance and Average 
End-to-End Delay. 
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