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Abstract— Routing is a critical issue in a Mobile Ad-hoc Network (MANET). The most famous MANET routing protocols 
are AODV, DSDV, DSR and AOMDV. In this paper, an enhanced Queue Congestion Status AODV (QCS-AODV) routing 
protocol is introduced. In this protocol, beside the hop count, the congestion status at the nodes is used to select a free 
congestion path. Toward this, we introduce a new queue management scheme suitable for mobile ad hoc networks. This 
scheme, called an enhanced Partitioned Queue Management (PQM), utilizes both a packet type and number of hops for the 
arrival packets queuing policy. The congestion at each node is calculated using the proposed PQM scheme which used as 
metric in a path selection during the QCS-AODV routing protocol operations. The performance of the proposed routing 
protocol and PQM scheme are evaluated through a simulation based on small IEEE 802.11 ad hoc networks. The 
experimental results conducted using NS2 simulator reveals that the proposed protocol outperforms the AODV routing 
protocol. 
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I. INTRODUCTION 
 
Mobile Ad hoc Network (MANET) is an 
infrastructure-less wireless network with mobile 
nodes and dynamic topology having features such as 
self-configurability and easy deployment [1, 2]. They 
communicate through singlehopor multi-hop paths 
through intermediate nodes. The intermediatenodes 
are normal nodes in the same network and have 
responsibility of forwardingpackets on the route from 
source to destination. Hence, the nodes of the 
MANEToperate as end hosts as well as routers [3]. 
Due to mobility of the nodes, routingpath selection is 
affected by addition and deletion of nodes. Many 
different routingprotocols have been proposed to 
solve the routing problems which are classified into 
proactive routing protocols such as (OLSR)and 
DSDV[4], reactive routing protocols such as AODV 
and DSR protocols [5] and hybrid routing protocols 
such as Zone Routing Protocol (ZRP) and On-
demand Distance Vector Multi-path (HODVM) 
protocol [6]. In the MANET, the incoming packets at 
the intermediate nodes are queued and wait for their 
processing. The buffer sizeand length play an 
important role in terms of number of packets that can 
beheld in a queue before dropping the newly arrived 
packets. In this paper, an enhanced QueueCongestion 
Status AODV (QCS-AODV) routing protocol is 
introduced. In this protocol, beside the hop count, the 
congestion status at the nodes is used to select a free 
congestion path. Toward this, an enhanced 
Partitioned Queue Management (PQM) scheme is a 
proposed. In PQM, the buffer space at the 
intermediate is divides nodes to three partitions based 
on the number of hops that the packet traversed and 
the quality of service of the packets (i.e. real time or 
non-real time packets). Base on the three partitions, 

each node estimates the parameters such as queue 
length. Theupper and lower limit of this parameter is 
compared and node is marked witha congestion status 
such as free, likely or congested level. During the data 
transmission from the source to destination, the 
intermediate nodes along the pathverify their 
congestion status through the request (RREQ) 
message. 
The remainder of this paper is organized as follows: 
Section 2 gives an overview of related work. Section 
3, the proposedPQM scheme is described. The 
proposed QCS-AODV routing protocol is introduced 
in section 4. Section 5 presents the result and 
simulation analysis. The conclusion is given in 
Section 6. 
 
II. RELATED WORK 

 
In [7], Congestion Adaptive Routing Protocol (CA-
AODV) is designed to ensure theavailability of 
primary route as well as alternative routes. In this 
technique if acongestion happens between source and 
destination nodes on primary route, theconcerned 
node sends a warning message to its previous node 
about congestion. The congestion is calculatedbased 
on the average delivery time to reach destination. 
However, the number of hops thatthe packet traversed 
is not taken into account which resulted in more 
communicationoverhead and increasing the 
congestion at the routers.An Early Congestion 
Detection and Optimal Control Routing (EDOCR) is 
introduced in [8]. This protocol segregates the 
MANET into spares anddense regions.The route 
selection is based on the early congestion detection 
technique at intermediate nodes.  
The authors in [9] proposed a congestion control 
mechanism using link failure detection inMANET 
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based on the Ant Colony algorithm. In this technique 
the routing tableat each node collected additional 
information of the next node. In case of linkfailure an 
alternate route for next to next node can be searched 
by applying antcolony. 
In [10], a congestion-aware routing protocol (CARM) 
for the MANET is introduced. This protocol uses a 
metric incorporating data rate, MAC overhead, and 
bufferdelay to combat congestion. CARM aims to 
create congestion free routes bymaking use of 
information gathered from the MAC layer. In [11], 
the authors have proposed a congestion detection 
mechanism that quantifies the congestion level 
accurately and energy efficiently at both a node-level 
and a flow-level. For energy-efficient congestion 
measurement, an asynchronous channel loading 
measurementscheme called Lazy Measurement, 
which emulates synchronous measurementby using 
virtual channel sampling, incorporated with its 
scheme.  
 
III. THE PROPOSED PQM OVERVIEW 
 
In this section, the basic PQM scheme will be 
described. Let the MANET is composed of N nodes. 
The mobile nodes are uniformly distributed in a 
network topology with a common transmission range. 
The number of hops that the packet traversed from 
the source to the relaying node is taken from the 
routing table. The components of the proposed PQM 
scheme consist of the packet classifier and the queue 
manager. Let 	M ≥ N denoting the maximum number 
of hops that can be occurred by a packet within a 
network. Let H = 1, 2, 3, … , M be the number of 
hops that a packets traversed from source to the 
relaying node. Based on the number of hops that the 
arrival packets traversed from the source node to the 
relaying node, the classier component classifies them 
into one of three classes as follows: 

 Class-1: Long Hop (LHP) if 2 ≤ H ≤ M. 

 Class-2: Intermediate Hop (IHP) if ≤

H < 2 . 

 Class-3: Short Hop (SHP) if 1 ≤ H < . 
Each node in the MANET has a queue with total 
size	C. The queue size is divided into three virtual 
partitions with size	T (i = 1, 2, 3). Initially, all the 
sizes of the virtual partitions are set to . The virtual 
partitions T , T  and T  serve class-1, class-2 and 
class-3 respectively. To have a better utilization of 
the queue space, the sizes of all partitions are 
correlated and dynamically changed according to the 
traffic load of each class. When a packet arrives at the 
relaying node, it will be investigated into class-1, 
class-2 or class-3 and then stored into its 
corresponding partition in First Come First Served 
(FCFS) discipline. Fig. 1 shows the different PQM 
scheme components. 

 
Fig 1. The components of the proposed PQM scheme 

 
Let P (t), P (t)	and		P (t) be random variables (RV) 
denoting the system occupancy of class-1, class-2 and 
class-3 respectively. The system occupancy denotes 
the number of queue places occupied by class-l, 
class-2 and class-3 packets at time t. It is clear 
that∑ P ≤ C. When the arriving packet is classified 
as class-1, one of the following cases may be happen: 

 Case 1: IfP (t) < ,	then the arriving class-
1 packet will be accepted and queued in its 
corresponding FCFS virtual partition for 
later transmission. 

 Case 2: If ≤ 	P (t) < 퐶and P (t) +

	P (t) < 2 then the queue manger 
determines the maximum free space 
as		MFS = max(T −	P , T −	P ). Once the 
virtual partition with the maximum free 
space is determined, one buffer space from it 
is moved to the class-1 virtual partition and 
then the class-1 packet is accepted. The 
queue size, from which the one partition 
space is borrowed, is decreased by one and 
the size of the clas-1 partition is increased by 
one. 

 Case 3: If ≤ 	P (t) < 퐶	and the max free 
space	MFS = max(T −	P , T −	P ) = 0. 
The queue manger determines the longest 
virtual partition size LQS =
max(T , T )given that 	P (t) ≥ or 

	P (t) ≥  . The queue manager drops one 
packet from the longest one and moves the 
free space into the class-1 virtual queue. The 
virtual partition size, from which the one 
queue space is borrowed, is decreased by 
one and the size of the clas-1 partition is 
increased by one. 
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 Case 4: If	P (t) + 	P (t) + 	P (t) = C	, ≤

	P (t) ≤ C, j ≤ , k ≤  then the class-1 
packet is rejected. 

On the other hand, if the arriving packet is classified 
asclass-2, then one of the following cases will be 
happen: 

 Case 1: If	P (t) = C	then the arriving packet 
will be rejected. 

 Case 2: IfP (t) < and there is at least one 
free space in the class-2 virtual partition the 
packet will be accepted and queued for later 
transmission.  

 Case 3: If ≤ 	P (t) < 퐶, then the queue 
manger will borrow one free space from the 
class-3 virtual partition (if any). If no free 
space and P (t) > ,	then the queue 
manager drop one packet from the class-3 
virtual partition and moves the freed space 
into the class-2 virtual partition. In the 
similar way of handling the class-2 packets, 
the cass-3 packets will be handled expect 
that class-3 partition queue cannot drops any 
packets from class-1 or class-2. It is only can 
use the free space of both class-1 and class-2 
virtual partitions queue. 
 

IV. THE QCS-AODV DESCRIPTION 
 
As aforementioned, the proposed QCS-AODV 
routing protocol is a modified version of the existing 
AODV protocolcalled. QCA-AODV is capableof 
operating in multiple metrics simultaneously. In 
QCA-AODV both thehop counts and queue 
congestion of nodes are incorporated in the path 
selectioncriteria. The congestion status is one of the 
three; free congestion, likely to becongested or 
congested status. After the path selection process, 
packets may traversethrough congestion free and 
lowest count hops path. These leads to reduce the 
packet loss and reduce end-to-end delay. 
 
4.1. Modified RREQ and RREP packet format 
We modify the existing RREQ and replay (RREP) 
packet format of AODV by adding a new array fields 
to its headers. These arrays contain the queue 
congestion statusof the traversed nodes. Then source 
node will be able to select the best path basedon the 
minimum values of both the hops and the queue 
congestion status of thenodes. The modified structure 
of both RREQ and RREP headers are shown in 
Figures (2) and (3). 

 
4.2. QCA-AODV Operation 
In QCAAODV, when a node receives a QCA-AODV 
RREQ request message itcheck if it is the source of 
this request packet or if it is recently heard this 
requestmessage to drop it. Else the node will either 

send a reply packet to the source orforward this 
request packet to its neighbors. Before forwarding, 
the node updateits revers route table to the source 
node. Also it increase the hop count field by oneand it 
add its queue congestion status in the new array filed 
in the header of therequest message and rebroadcast it 
to its neighbor. If the request message receivedby the 
destination node, or an intermediate node has a route 
to the destination inits routing table, it send a reply 
message to the source. 
 

 
Fig 2: The header of the RREQ message. 

 

 
Fig 3: The header of the RREQ message. 

 
4.3. Queue Congestion Status 
Upon a data packet received by a node, it classified 
and enqueued in the appropriatevirtual queue 
according to PQM scheme. Then we create the 
following functions shown Table 1 to b run on each 
node. These functions are used to calculate the virtual 
queues congestion status. 
 

Table1: Queue Congestion Functions 

 
 
As shown in algoritm 1, the function Queue 
Status(),returns the queue congestion status according 
to the following rules: 

1. If the number of packets in queue i greater 
than or equal to 85% ofsize of queue i, then 
the congestion status is congested and 
denoted by letter C. 

2. If the number of packets in queue i greater 
than or equal to 70% of size of queue i, then 
the congestion status is considered likely to 
be congested and denoted by letter L. 

3. Otherwise, the congestionstatus of that 
queue is safe and denoted by letter S. 
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4.4 Node Congestion Status 
As shown in algorithm2, the congestion status of each 
node is calculatedbased on the congestion status of 
each virtual queue according to the following rules: 
 

1. If there are two or more queues have the "C" 
status OR two queues have "L" status and 
the third one has "C" status then the node 
status is congested and denoted by letter C. 

2. If one of the three queues has "C" state OR 
more than two queues have "L" state then 
the node state is considered likely to be 
congested and denoted by letter "L". 

3. Otherwise the node status is safe and 
denoted by "S". 
 

 
 

4.5 Path Congestion Status 
A path is determined to be one of the following three 
states: congestion and denoted by value "3", likely to 
be congested  and denoted by value "2" or safeand 
denoted by value "1".Algorithm 3 describe how the 
path status is determined. 
 

 

V. PERFORMANCE EVALUATION 
 

In this section, we analyze the performance of the 
proposed protocol QCA-AODV through NS2 
simulation experiments. The obtained simulation 
results of the proposed protocol will be compared 
with the AODV protocol in terms of of the total 
packet dropped, the end-to-end delay and queue 
delay. 
 
5.1 Simulation Parameters 
We conducted the simulations using NS-2 simulator 
version 2.35. The network topology is of dimensions 
1200x1200 m2 square region. The number of 
movement nodes within the square area is varies from 
10 to 50 nodes with step equal to 10nodes. The nodes 
are uniform randomly distributed in the network area 
and the network traffic model is Random Way Point 
distribution model. We assume thatthe movement 
period of the nodes within the movement area is set to 
500 sec.The CBR/UDP protocol are used as traffic 
type and the packet size is set to 512 bytes. The 
queuesize at each node is set to 50 packets. The 
Interval betweenthe packet transmissions was set as 
0.25 sec. Table 3 mentioned the simulationparameters 
used for scenarios. 

 
Table 3: Simulation Parameters 

 
 
5.2 Simulation Results 
As shown Figure 4, the total dropped packets of 
AODV protocol is higher thanthat of the proposed 
routing protocol when the density of the network 
increasedby increasing the number of nodes. 
 

 
Fig 4: The Total Packet drop of QCA-AODV and AODV 
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Figure 5 illustrates the average end-to-end delay 
versus the number of nodes. The Figure shows that 
the proposed routingprotocol is better than AODV 
routing protocol when the MANET has a moderate 
number of nodes. Both protocols close to each other 
in terms of the end-to-end delay when the number of 
nodes increases. 
 

 
Fig 4: The Average end-to-end delay of QCA-AODV and 

AODV 
 
Finally, the queue delay at each virtual queue is given 
as 

푞푢푒푢푒_푑푒푙푎푦 =
푡표푡푎푙	푑푢푟푎푡푖표푛	푡푖푚푒
푡표푡푎푙	푝푎푐푘푒푡	푖푛푞푢푒푢푒푑 

Where the total duration time is equal to the sum of 
duration time of all packets enqueued in a queue. 
Figure 6 shows the queue delay of the QCA-AOQV 
and AODV protocols. From the Figure, we note that 
the proposed protocol outperform the AODV 
protocol. 
 
CONCLUSIONS 
 
In this paper, an enhanced Queue Congestion Status 
AODV (QCS-AODV) routing protocol is introduced. 
This protocol is a modified version of the existing 
AODV protocolcalled. A hybrid metric both thehop 
counts and queue congestion of nodes is used in path 
selection. To do this, we have introduced a partition 
queue management scheme called PQM to handle 

queues at each node which based on assigning the 
dynamic queue space to all the arrival packets 
according to the number hops and that the packet 
traversed from source to the relaying node. The 
obtained simulation results shown that, the path 
selection in the MANET can be improved using our 
proposed QCS-AODVrouting protocol and PQM 
scheme in terms of packet dropping ratio and end-to-
end delay. 
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