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 In wireless sensor networks, data delivery issues are discussed in the presence of congestion. The proposed approach combines
use of data prioritization and a priority aware routing protocol 
congestion zone (conzone) and enforces differentiated routing based on conzone and data priority. High priority packets are routed inside 
the conzone. The proposed approach performs well as it reduces the routing delay and handles congestions efficiently. The performance of 
CAR has been justified with results. 
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Introduction About Aodv And Dsr: 
 An ad-hoc network is the cooperative 
engagement of a collection of mobile nodes without 
the required intervention of any centralized access 
point or existing infrastructure. Ad
Distance Vector Routing (AODV), is a novel 
algorithm for the operation of such ad
[1][2][3] . AODV does not depend specifically on 
particular aspects of physical medium across which 
packets are disseminated; its development has been 
largely motivated by limited range broadcast media 
such as those utilized by infrared or radio frequency 
wireless communication adapters. The algorithm 
works on wired media as well as wireless media. The 
only requirement placed on broadcast medium is that 
neighboring nodes can detect each other’s 
[4][5][6].The primary objectives of the algorithms
are: 
1) To broadcast discovery packets only when 
necessary 
2) To distinguish between local connectivity 
management (neighborhood detection)  and general 
topology maintenance  
3) To disseminate information about changes in 
local connectivity to those neighboring
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ABSTRACT 

In wireless sensor networks, data delivery issues are discussed in the presence of congestion. The proposed approach combines
priority aware routing protocol - Congestion Aware Routing (CAR). CAR dynamically discovers the 

) and enforces differentiated routing based on conzone and data priority. High priority packets are routed inside 
sed approach performs well as it reduces the routing delay and handles congestions efficiently. The performance of 

prioritization, routing. 
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point or existing infrastructure. Ad-hoc On Demand 
Distance Vector Routing (AODV), is a novel 
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particular aspects of physical medium across which 
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by infrared or radio frequency 
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works on wired media as well as wireless media. The 
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nodes can detect each other’s broadcast 
of the algorithms 

To broadcast discovery packets only when 

To distinguish between local connectivity 
detection)  and general 

To disseminate information about changes in 
neighboring mobile nodes 

that is likely to need the information.
 Dynamic Source Routing (DSR)
the class of reactive protocols and allows nodes
dynamically discover a route across multiple network 
hops to any destination [7][8]. 
that each packet in its header carries the complete 
ordered list of nodes through which the packet must 
pass. DSR uses no periodic routing messages (e.g. no 
router advertisements), thereby reducing network 
bandwidth overhead, conserving battery power and 
avoiding large routing updates throughout the ad
network. Instead DSR relies on support from the 
MAC layer (the MAC layer should inform the routing 
protocol about link failures). The two basic modes of 
operation in DSR are route discovery and route 
maintenance [9][10][11]. 
 
II. Architectural Design: 
 Routing protocol implementation constitutes the 
third OSI layer which is the Network Layer. In 
wireless sensor networks, the protocol which is 
considered and modified is –
demand Distance Vector Routing) . In this paper
routing management is handled by two protocols, 
AODV and CAR(Congestion Aware 
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Routing)[6]12][13]. The architectural design is as shown in Figure 1. 
 

 
Fig. 1: Architectural Design. 
 
2.1 CAR Protocol Design: 
 CAR protocol is designed to provide different 
routing for packets based on their priority [12][13]. 
High priority packets are routed inside a zone known 
as conzone using CAR protocol and the low priority 

packets are routed using the existing AODV 
protocol.  The CAR protocol design has two phases – 
design of conzone and routing packets inside the 
conzone. It is diagrammatically shown in Figure 2. 

 

 
 
Fig. 2: Flow Diagram of the CONZONE Formation. 
 
The several modules that constitute the conzone 
design are: 
� Access the routing table 
� Include priority to the critical nodes 
� Access the neighbour table 
� Build Conzone using the RREQ broadcast 

 
2.2 Conzone Routing: 
 CAR provides differentiated routing based on 
priority of the nodes [13]. High priority packets that 
are generated from the critical nodes are routed 
inside the conzone while the low priority packets are 
routed outside the conzone using the AODV 
protocol. After the conzone is formed the routes from 
the critical nodes to the sink are updated in the 
routing table and the high priority packets will use 
this new route to the sink. The intermediate nodes 
which are on the conzone also updates its route to the 
sink[14][15][16]. 
 
2.3. Conzone Implementation: 
 Every node has its own routing table which 
stores the information about the various routes [8]. 

For each destination in the table the corresponding 
next hop, total hops, and the expiry time are 
specified. As the expiry time elapses the route gets 
deleted or updated. In NS2 the routing table can be 
accessed at any time from the tcl script and the 
routing updation can be studied[17][18]. 
 
III. Results And Analysis:  
 The CAR protocol has been analysed in NS2 and 
simulated in Network Animator (NAM) for an 8 * 5 
grid. The following snapshots describe the scenario 
and packet transmission from various sources to their 
respective sink. Here the sink is node 35 and critical 
nodes as referred earlier  are node 2, node 3 and node 
4. Nodes that are not critical also transmit packets in 
the network. If the source is a critical node then it is 
routed into the conzone. If the destination lies outside 
the conzone, then it is routed elsewhere in the 
network. The following screenshots reveal it. 
Initially all the nodes send beacons to the 
neighboring nodes as shown in the figure 3. Figure 4 
shows the simulation results obtained regarding 
packet communication and con-zone formation. 
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Fig. 3: Scenario. 

 

 
 
Fig. 4: CONZONE. 
 
3.1 Trace File: 
 The trace file generated during transmission is 
given here. Analysis made from the trace files 
reveals the following information. Packet Delivery 
ratio of the trace file reveals the following: 
Total Packets received: 95416 
Total packets sent: 26485 
Packet delivery ratio: 3.602643 
 Packet delay is computed as the difference 
between sent time for a packet and its reception time. 
The maximum delay is 1.13s. Routing overhead 

conzone emphasises in establishing a conzone and 
reducing loss of packets. The parameters evaluated 
are as follows: 
Total number of info packets sent: 14970 
Total number of control packets sent: 130982 
Overhead: 0.897432 
 In CAR, the routing overhead will be 
considerably higher as lot of information on to route 
discovery will be transmitted. This can be seen in the 
Trace File shown in Figure 5. 

 

 
 
Fig. 5: Trace File. 
 
The simulation results provide the following 
inferences: 
(i) The congestion zone is dynamic and works well 
with increase in the number of nodes. 
(ii)  The node link generation and updating time is 
less compared to the existing approaches. 
(iii)  Expiry time for the data is better in CAR 
compared to AODV. 
(iv) The routing table size is reduced in the proposed 
CAR approach .This will reduce the routing 
overhead. 

(v)  The number of hops for reaching to destination 
is less in CAR. This reduces loss of data. This is 
highly important in wireless networks. 
 
3.2 Analysis Using X-Graph: 
 The results obtained from trace file for packet 
delivery ratio and delays are graphically plotted 
using x-graph as shown below. 
 
3.2.1 Packet Delivery ratio: 
 The values of the packets sent and received 
indicate that the packet delivery ratio has been 
considerably higher, referring to the size of packets 
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delivered. The improvement is by a factor of 10% 
over the AODV algorithm.  The packet rate in x axis 
is plotted against packet size in y axis and the 
 

 
Fig. 6: Packet Delivery Ratio of CAR and AODV
 
3.2.2 Delay:  
 The time between the sent packet’s time and the 
time at which it is received is important to measure 
the delay for the packets. As the 
 

 
Fig. 7: Average End-to-End Delay of CAR and AODV
 
3.3 Performance Of Aodv And Car During 
Congestion: 
 The AODV algorithm behavior
congestion is shown in Figure 8. The diagram shows 

 
Fig. 8: AODV During Congestion. 
 
 To handle high priority data, low priority 
message generation is disabled by on 
as in Figure 9. This reduces the amount of traffic that 
is routed inside the conzone which in effect reduces 
the delay seen by high priority data.
 
3.4 Eliminating Low Priority Traffic in Conzone:
 In CAR, low priority data is generated by all 
nodes including those on the conzone. Low priority 
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Packet Delivery Ratio of CAR and AODV. 

sent packet’s time and the 
time at which it is received is important to measure 

As the neighbor 

information is formed quickly and data is transmitted 
in the conzone, overall delay has been considerably 
reduced as shown in Figure 7. 

 

End Delay of CAR and AODV. 

Performance Of Aodv And Car During 

behavior during 
. The diagram shows 

that as the congestions increases the congestion zone 
cannot handle the load and the congestion starts 
introducing routing overhead.  
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data that is generated outside the conzone stays 
outside; however, while the low priority data 
generated inside the conzone is being routed out, it 
requires the conzone nodes to dedicate some of their 
resources. This will degrade the service for high 
priority data. This can be called as enhancement 
CAR+ as shown in Figure 10. 
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Fig. 9: CAR During Congestion. 
 
Table 1: Comparison of AODV/CAR. 

Parameters AODV CAR 

Packet Delivery Ratio 
he Packet delivery ratio decreases as the routing table size 

increases with the number of nodes. 
Gets reduced with  increase in number of 

nodes. 
Routing Table size Larger Smaller compared to AODV 

Packet Delay 
(i) Large due to the ADHOC nature of the protocol. 
(ii)  Does not consider congestion with high priority 

Smaller as the congestion is dynamically 
managed by the protocol. 

Routing Overhead Large and increases with the number of nodes. 
Smaller compared to CAR as the packet 

loss is less. 
No of hops Larger compared to CAR Smaller compared to AODV 

Priority Not considered Considered in CAR. 

 

 
 
Fig. 10: CAR+. 
 
3.5 Eliminating Low Priority Traffic around the 
Critical Area: 
 In the CAR+ algorithm, low priority traffic 
inside the conzone was eliminated. However, 
because of the shared nature of the wireless channel, 
high priority messages can be dropped by the critical 
area nodes themselves due to collisions with other 
low priority data from neighboring nodes. This is 
especially true if the amount of low priority traffic 
surrounding the critical area is large. As a second 
improvement, sending of low priority data can be 
disabled  in all nodes that are within the 
communication range of any critical area node. Since 
nodes know their neighbours and their status, once a 
node discovers that one of its neighbours is on the 
critical area, it disables generation and forwarding of 
any low priority data.  It can be call as this 
enhancement CAR++. 
 
3.6 Dynamic CAR: 
 CAR can work in a dynamic mode. If the rate of 
low priority data is not affecting the service provided 
to high priority data then plain CAR is used. This 

allows more low priority data to be delivered. As the 
rate of low priority increases and service provided to 
high priority data degrades, CAR+ can be enabled to 
ease the congestion inside the conzone. The timing of 
this transition can be determined by a threshold. 
Once the delivery ratio of high priority data drops 
beneath that threshold. The sink will send a message 
to all conzone nodes asking them to stop transmitting 
any low priority data. In the same manner, CAR++ 
can be enabled to provide even better service.  
 
IV. Conclusion: 
 Data delivery issues in the presence of 
congestion in wireless sensor networks are discussed. 
Congestion Aware Routing (CAR) is a simple 
routing protocol that uses data prioritization and 
treats packets according to their priorities. It is 
defined that, conzone as the set of sensors that will 
be required to route high priority packets from the 
data sources to the sink. The extensive simulation 
shows that as compared to AODV, CAR increases 
the fraction of high priority data delivery, decreases 
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delay and jitter for such delivery while using energy 
uniformly in the deployment. 
 By discovering the required conzone and using 
differentiated routing the conzone can be free from 
most of the low priority traffic traveling through the 
network. This will help nodes on the conzone to 
provide better service to high priority data. We look 
at two improvements that can help to eliminate any 
low priority traffic in the con-zone. Dynamic CAR 
scheme is a future enhancement of CAR.  
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