
  
Abstract—Congestion is the major problem in network 

communication that decreases network performance and throughput. 
This paper focuses on congestion due to unbalancing the rate in and 
rate out packet of the queue. We have proposed an efficient protocol 
to detect and avoid congestion. The level of congestion is measured 
using a metric called state of Congestion (SC). In terms of queuing 
theory, service rate of each node is considered. If the arrival rate of a 
node is less than its service rate, the route through this node will be 
balanced. This system allows the intermediate node to choose its 
source node, which sends RREQ with lower service rate than its 
current service rate. In this system, a new scheme concerned with 
state of congestion (SC) based on AODV is proposed to avoid 
congestion. Based on the simulation results, this proposed system 
improves the overall network life, throughput and packet delivery 
fraction and reduces the routing overhead and end-to-end delay. 
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I. INTRODUCTION 
HE principle of queuing theory is that the number of 
packet arrival rate should not exceed the number of 
service rate [1]. The more numbers of service rate than 

that of packet arrival rate leads the node to be congested. A 
congested node leads more packets to delay, drop and reduces 
throughput and the network performance.  

This proposed paper enhances AODV routing protocol to be 
rate-balance routing protocol. AODV is the novel algorithm 
for the operation of ad-hoc networks. It consists of three 
phases of mechanisms such as route discovery, route 
maintenance and route table management. The first two 
mechanisms work through four different types of messages. 
Those are route request (RREQ), route reply (RREP), route 
error (RRER) and Hello messages. A mobile node maintains a 
route table entry for each destination of interest. Each route 
table entry contains the information such as Destination, Next 
hop, number of hops, Destination’s sequence number, active 
neighbor and expire time for route table entry.  

Whenever a node wants to transmit data to any other node 
in the networks, it starts route discovery process by sending 
RREQ to all its neighbors that are within transmission range. 
Whenever an intermediate node receives a RREQ, it 
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broadcasts the RREQ to its neighbor nodes and the 
intermediate node that have fresher route to destination. The 
reply is sent through the route, which is having less number of 
hops. In this way a route with less number of hops is selected 
during the route discovery mechanism [2].  

Certain load-balancing schemes have been proposed for 
congestion avoidance. This proposed system considers service 
rate of each node along the route and applies these concepts 
based on the concept of queuing theory. 

II.  RELATED WORK AND LIMITATIONS 
Weighted Load Aware Routing (WLAR) distributes traffic 

among mobile nodes through load balancing mechanism, 
which is product of average queue size and number of shared 
nodes. A threshold value is considered [3]. Correlated Load 
Aware Routing (CLAR) uses the traffic load through and 
around neighboring nodes. The traffic load is defined as the 
product of average queue size at that node and the number of 
sharing nodes. It is useful for high load network with low 
mobility [4]. Delay-based Load Aware On-demand Routing 
(DLAOR) protocol that utilizes both the estimated total path 
delay and the hop count as the route selection criterion. The 
destination node responds by unicasting a RREP packet back 
to the neighbor from which it received the corresponding 
RREQ packet. If the duplicate RREQ packet has a smaller 
total path delay and hop count than the previous one, the 
destination sends a RREP packet again to the source node to 
change the route immediately [5]. Therefore, routing overhead 
is comparatively high. Simple Load Balancing Approach 
(SLA) resolves the traffic concentration problem by allowing 
each node to drop RREQ or to give up packet forwarding 
depending upon its own traffic load [6]. This requires a 
reliable server node called Credit Manager (CM), which 
manages the nodes.  

In workload-based Adaptive Load Balancing (WBALB) if 
the queue length of a node is greater than the threshold value, 
the node simply drops the RREQ. Otherwise, the node 
forwards the RREQ by rebroadcasting it [7]. Determining the 
threshold value is a limitation in this routing. In enhanced 
Load Balanced AODV routing protocol, it defines the load of 
a node as the ratio of number of packets and queue length and 
also considered the hop count [8]. Load balancing is not sure 
about congestion. Some of these systems also add a new entry 
in their RREQ. Then destination or source node has to choose 
the best route by comparing the entry ratio among many 
RREQs within a time interval.  
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These systems have time overhead in that source or 
destination node. This proposed system also avoids this 
overhead and reduces congestion being caused by the higher 
packet arrival rate of a node than its service rate. 

III. PROPOSED SYSTEM 
In this system, the load of a node is defined as the ratio of 

number of packets and queue length. In addition, the service 
rate of a node (μ) and the packet arrival rate (λ) are also 
considered. This consideration is based on the principle of 
queuing theory. The principle is that the values, λ > μ, are 
guaranteed to cause infinite delay [1]. One of the main reasons 
of being congested node is that the service rate of a node is 
less than the packet arrival rate of that node. 

A. Congestion Detection  
In this section, congestion is detected by calculating state of 

congestion at each intermediate node. Packet arrival rate to the 
queue and service rate of that queue of a node are used to 
calculate the state of congestion (SC). It is the ratio of packet 
arrival rate and packet service rate as in (1). The arrival rate is 
considered on the mean inter arrival times as illustrated in Fig. 
1. 

 
State of Congestion (SC) =                 (1) 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
Fig. 1 Packet arrival between time 0 and t. 

 
λ =                         (2) 

 
λ =                          (3) 

 
λ =                                       (4) 

 
λ =                                  (5) 

 
In that case, three state of congestion is considered as free, 

balance and high states. If the value of SC is 1, the rate in and 
rate out condition will be balanced. If the value of SC is lower 
than 1, it means the service rate is higher than arrival rate. In 
that case, there is no congestion and it will be in free state.  If 
the value of SC is greater than 1, it will be sure that congestion 

will be occurred. Fig. 2 shows the three states of congestions. 
 
 
 
 
 
 
 

Fig. 2 Three states of congestion. 
 

TABLE I 
SYMBOLS AND DESCRIPTIONS OF PROPOSED ALGORITHM 

Symbols Descriptions 
p Number of packets in a queue  
q Queue length 
μ Service rate of current node 
rq_src Source node in RREQ 
rq_hops Hop count in RREQ 
rt0_src Source node in route reverse path entry 
rt0_congestion_state State of congestion ratio in route 

reverse path entry  
my_congestion_state State of congestion ratio of current 

node 
rq_congestion_state State of congestion ratio in RREQ 

 
B. Proposed Algorithm 
On adding an entry to RREQ 

if ( no refresh route) 
{ 
Calculate state of congestion (SC) in three states; 
my_congestion_state =  (p/q) *(SC); 
Add (my_congestion_state) to RREQ; 
Increment hop count; 
Broadcast (RREQ); 
} 
endif 
On receiving RREQ 
if (first-RREQ) 
{ 
Create route reverse path entry, rt0; 
} 
On comparing entry ratio in intermediate nodes 
if ( new-RREQ) 
{ { if ((rq_src  == rt0_src && rq_bcast_id == rt0_bast_id)&&  
(rq_hops <= rt0_hops)) 
{ 
if ( (my_congestion_state > rq_congestion_state > 
rt0_congestion_state) | |    (my_congestion_state < 
rq_congestion_state <  rt0_congestion_state)  | | 
(rq_congestion_state < my_congestion_state < 
rt0_congestion_state)) 
{ 
Update route reverse path entry ratio by rq_congestion_state; 
rt0_congestion_state = rq_congestion_state; 
} 
else  
{ 
Don’t update route reverse path entry ratio; 
}}}  
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endif 
When a source node initiates a route discovery procedure by 

flooding RREQ messages, each node that receives the RREQ 
looks in its routing table to see if it has a fresh route to the 
destination. If it doesn’t have the route, it calculates the 
number of packets in its interface queue and divides it with the 
product of queue length and service rate (the ratio of the time 
required to depart the packets from the queue by the number 
of departed packets). 

 
my_congestion_state = (p/q) *(SC)            (6) 

 
It then adds calculated ratio, my_congestion_state, as in 

Equation (6), to the RREQ packet and broadcasts it further. 
The process is repeated till either the destination is reached or 
no destination is found in broadcasting RREQ. In AODV, 
when an intermediate node receives a RREQ, it creates a route 
reverse path entry for its source node. If this node receives 
another RREQ for the same source and hop count then it 
updates the route reverse path entry. This proposed system 
also compares the calculated entry ratios. 

 
 

 
 
 
 

 
 

 
Fig. 3 Scenario nodes for comparing the entry of RREQ in node C. 

 
In Fig. 3, the source node, S broadcasts the RREQ to its 

neighbor nodes A and B. Node A creates a route reverse path 
entry for its source node S. It then first calculates the entry 
ratio, my_congestion_state and then adds it to RREQ and 
sends RREQ to its neighbor node C. Node C also creates route 
reverse path entry for its source node A that sends RREQ. 
Then node C receives another RREQ from node B. If the new 
RREQ intends for the same source and destination and it has 
the same or less than hop count compared with the hop count 
in route reverse path entry. It must consider the following 
conditions. 

The three calculated ratios that are the ratio of current node 
C (my_congestion_state), the ratio in route-reverse path entry 
(rt0_congestion_state) which is the congestion state of node A 
and the ratio included in new RREQ (rq_congestion_state) 
which is the congestion state of node B must be compared. If 
my_congestion_state of node C has the lowest value, it means 
it has the fastest service rate, this node can accept its source 
node with higher SC ratio between the two ratios of 
rt0_congestion_state and rq_congestion_state. This will 
improve the throughput along the route. If 
my_congestion_state has the highest value, it means its has the 
slowest service rate. Therefore it should not accept its source 
node that sent RREQ with faster service rate than its service 
rate. It will cause congestion at that intermediate node, C, and 
performance degradation. 

According to the proposed algorithm, the route reverse path 
entry is updated and rt0_congestion_state is also replaced with 
rq_congestion_state of new RREQ. 

IV. PERFORMANCE ANALYSIS 
A simulation model, ns-2.34, is used. The simulation time is 

100 seconds and the numbers of nodes are 100 and 200 nodes 
in two different networks size. There are 50 connections in 
100 nodes network size and 100 connections in 200 nodes 
size. Four important performance metrics are evaluated: 
throughput, end-to-end delay, routing overhead and a packet 
delivery ratio. The following figures show that the larger the 
network sizes, the better the network performance of proposed 
ACA-AODV routing protocol. 

Throughput is the total number of packets received to the 
simulation time. In Fig. 4 and 5, the throughput of 
ACA_AODV is greater than AODV. When the network size is 
larger, the more sources deliver the packets to their 
destinations. In ACA_AODV, considering the service rate at 
each node along the route discovery makes the route to 
balance the rate in rate out packets and get the better 
throughput.  

End to end delay is the average overall delay for a packet to 
traverse from a source node to a destination node. In Fig. 6, 
the delay of ACA_AODV is a little much at the start of 
transaction about 2 mille seconds. But at the end of 
transaction, AODV minimum delay is around 0.1 mille 
seconds whereas ACA_AODV is around 0.07 mille seconds. 
In Fig. 7 of 200 nodes, the delay difference is nearly the same 
as the 100 nodes. 

Routing overhead is the ratio of the number of routing 
messages generated by a routing protocol to the number of 
received data packets at the destinations. In Fig. 8 and 9, 
AODV has more routing load compared to ACA_AODV. 
ACA_AODV reduces the number of drops packets and it does 
not send route request again due to congestion avoidance 
scenarios. 

Packet delivery fraction is the ratio of the number of 
received data packets at the destinations to the number of 
generated data packets. In Fig. 10 and 11, the maximum 
packet delivery fraction of both routing protocol is nearly the 
same at the end of transaction. But, in 200 nodes simulation, 
the number of received packets over transmitted packets is 
much greater on ACA_AODV. 

 
 

Fig. 4 Throughput for 100 nodes with 50 connections of AODV 
and ACA_AODV. 
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Fig. 5 Throughput for 200 nodes with 100 connections of AODV 

and ACA_AODV. 

 
Fig. 6 End_to_end delay for 100 nodes with 50 connections of 

AODV and ACA_AODV. 

 
Fig. 7 End_to_end delay for 200 nodes with 100 connections of 

AODV and ACA_AODV. 

 
Fig. 8 Routing overhead for 100 nodes with 50 connections of AODV 

and ACA_AODV. 

 
Fig. 9 Routing overhead for 200 nodes with 100 connections of 

AODV and ACA_AODV. 

 
Fig. 10 Packet delivery fraction for 100 nodes with 50 connections of 

AODV and ACA_AODV. 

 
Fig. 11 Packet delivery fraction for 200 nodes with 100 connections 

of AODV and ACA_AODV. 

V.  CONCLUSIONS 
The main contribution is to avoid the congested node due to 

the slower packet service rate at each node. Comparing the 
service rate does not allow to forward the packet to the node 
with that of slower service rate. The system uses the load ratio 
as the ratio of the number of packets and the queue length and 
multiplies it by the ratio of packet arrival rate and service rate. 
Therefore choosing the intermediate node with the least value 
of the ratio will be balanced the load through the network. The 
system does not take into account the congested node, which 
has the heavy load that can cause the congestion at each node 
along the path. The system can affect the traffic flow to be 
smoother, more fairness in load balancing and reduce the 
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congestion in a little computation overhead. The system 
improves the overall network life, throughput and packet 
delivery fraction and reduces the routing overhead and end-to-
end delay. 
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