
Abstract
Congestion in WSN is an important issue. Congestion occurs at the 
transport layer of the OSI model & is caused by buffer overflow 
because each node in WSN limited buffer space, energy and has 
limited resources. In WSN when the data travels from Source to 
Sink it has to pass through many intermediate nodes. Due to the 
event driven nature of WSN it leads to unpredictable network load 
as a result in congestion may occur at the nodes (i.e. intermediate 
nodes) which receive more data than the can forward and cause 
packet losses. The time during when intermediate nodes send 
WM to source to describe the congestion status will result in large 
amount of packet loss. This motivates the need of Load balancing 
at intermediate nodes. Our proposed work describes the multipath 
routing protocol which plays an important role in utilizing the 
available free spaces of the neighbored nodes and free routing 
paths to accommodate  the load of Congestion Affected Node’s. In 
our work we also study the congestion symptoms such as packet 
losses, end to end delay and network load. The simulation the 
results shows that improved in the efficiency of the network by 
decreasing end to end delay and packet delivery fraction among 
the neighbored nodes.
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I. Introduction
A wireless sensor network (WSN) consists of spatially distributed 
autonomous sensors to cooperatively monitor physical or 
environmental conditions such as temperature, sound, vibration, 
pressure, motion or pollutants. The developments of wireless 
sensor networks was motivated by military applications such as 
battlefield surveillance and are now used in many industrial and 
civilian application areas including industrial process monitoring, 
control machine, health monitoring environment, habitat 
monitoring, healthcare applications, home automation and traffic 
control. WSN typically consists of a large number of tiny wireless 
sensor nodes (often referred to as nodes) that are densely deployed 
WSNs generally consist of one or more sinks (or base station) and 
tens or thousands of sensor nodes random scattered in a physical 
space. The position of sensor nodes need not be engineered or 
predetermined. These allow random deployment in inaccessible 
terrains or disaster relief operations and are densely deployed for 
a wide range of applications in the military, health, environment, 
agriculture and smart office domain. Sensor node lifetime shows a 
string dependence on battery that can’t recharge and exchange. The 
malfunctioning of a few nodes can cause significant topological 
changes and might require rerouting of packets and reorganization 
of the networks.  Hence, power conservation is important. Nodes 
measure some ambient conditions in the environment surrounding 
them. These measurements are then transformed into signals 
that can be processed to reveal some characteristics about the 
phenomenon. The data collected is routed to special nodes called 
Sink Nodes (or Base Station, BS) typically in a multi-hop basis. 
Then the sink node sends data to the user. Depending on the 
distance between the user and the network, a gateway may be 
needed in order to bridge both, either through the Internet or 

satellite as shown in the Fig. [1]

Fig.1 : Wireless Sensor Network

In wireless sensor networks, handling different application data 
(i.e. real time and non-real time data) is a major challenge among 
the recent research tracks. Especially this is a complex task while 
providing real time service in sensor network with some QoS 
metrics such as packet loss, delay, link utilization. Due to shared 
nature of the medium all nodes in the sensor network contends for 
medium access. Thus observing congestion is normal and its impact 
on network performance: a drastic decrease in throughput and 
network life time. Moreover as different applications are becoming 
part of the sensor and it includes multimedia applications, sensing 
applications, file transfer etc., therefore solutions to reduce the 
congestion in wireless sensor networks are obligatory [2].

II. Related Work
Our work involves Load Balancing of a Novel Congestion 
Control Scheme. The available literature has been reviewed in 
this context.
B. Hull, K. Jamieson, H. Balakrishnan [3] describes the group of 
protocols are for distributed congestion control schemes. Fusion 
uses queue length to measure the level of congestion and integrates 
three techniques: hop- by- hop flow control, rate control, and 
prioritized MAC. With this combination, Fusion achieves higher 
good put and better fairness with heavy loads than previous 
schemes. CODA (Congestion Detection and Avoidance in Sensor 
Networks) is another congestion mitigation strategy which uses 
slightly different mechanisms from Fusion. It senses both channel 
and buffer occupancies to measure the congestion level. CODA 
considers two strategies: open loop back pressure for transient 
congestion and end-to-end acknowledgement based approach for 
persistent congestion. Unlike Fusion, CODA does not explicitly 
focus on per source fairness. IFRC (Interference-Aware Fair Rate 
Control) is another distributed rate allocation scheme that uses 
the queue size to detect congestion, which is most relevant to our 
work in that it attempts to find a fair and efficient transmission 
rate that avoids congestion. It shares the congestion state through 
overhearing and converges to fair and efficient rates for every 
node. 
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Özgür B. Akan [4[ describes the event-to-sink reliable transport 
(ESRT) protocol. ESRT is a novel transport solution developed 
to achieve reliable event detection in WSN with minimum energy 
expenditure. It includes a congestion control component that 
serves the dual purpose of achieving reliability and conserving 
energy. Importantly, the algorithms of ESRT mainly run on the 
sink, with minimal functionality required at resource constrained 
sensor nodes. ESRT protocol operation is determined by the 
current network state based on the reliability achieved and 
congestion condition in the network. This self-configuring nature 
of ESRT makes it robust to random, dynamic topology in WSN. 
Furthermore, ESRT can also accommodate multiple concurrent 
event occurrences in a wireless sensor field. Analytical performance 
evaluation and simulation results show that ESRT converges to 
the desired reliability with minimum energy expenditure, starting 
from any initial network state.

Anita Kanavalli, Jayashree M, P Deepa Shenoy, Venugopal 
K R, L M Patnaik [5] defines the Hop-by-Hop algorithm that 
can achieve short delays and quick responses to the congestion 
situations, and cause no packet loss. It can also minimize the 
bandwidth requirement and achieve high buffer usage level for 
nodes along the transmission path. In HBH mechanisms, traffic 
control is used at each node along the traffic flow path. As a 
consequence, congestion along the traffic flow path could be 
detected immediately and appropriate control could be carried 
out (e.g., buffering packets) at the immediate upstream node to 
avoid the congestion condition. 

Jang-Ping Sheu and Wei-Kai Hu [6] propose a hybrid congestion 
control protocol that considers not only the packets delivery rate 
but also retains the buffer size of each node. This proposed protocol 
may avoid packets drop due to traffic congestion and improve the 
network throughput. HCCP detects the congestion in advance with 
a time period T and takes the preventive measures.

Minho Choi, Junhyung Kim, Sooyeol Yang, Namkoo Ha, and 
Kijun Han [7] defines that Congestion is generated by buffer 
overflow and generally is considered in transport layer. However, 
there is almost no considered one about existing routing protocols 
of sensor network because it is difficult to apply congestion control 
in transport layer of WSNs (wireless sensor networks) that have 
limited resources such as energy, buffer, and bandwidth of sensor 
nodes. Therefore, routing protocol of sensor networks must 
deliberate how to control congestion. In order to overcome this 
problem, they propose the routing protocol avoidable congestion 
to improve throughput, packet drop rate, lifetime, and so on. 
Consequently, each node can evenly distribute loads. They define 
how to achieve congestion-free load balancing when there are 
multiple routing paths towards sink. 

Hyun-Seok Lee, Nguyen Thi Thanh Tu, Jung-Seok Heo [8] 
describes that In the mobile Ad-hoc network, nodes communicate 
with each other by using multi-hop method without any base 
station. In order for a source mobile node to send its data to a 
destination node through other intermediate nodes, mobile Adhoc 
routing protocol is required. AODV is the representative routing 
protocol for mobile Ad-hoc network. Fair route relaying load is 
also important as no one particular mobile node should be unfairly 
burdened to support many routes and to perform many packet 
relaying functions. This is an issue about fairness, and even route 
relaying load can alleviate the possibility of network congestion 
in ad-hoc network. They propose a LB (Load Balancing) Route 

Discovery method based on AODV (Ad-hoc On-demand Distance 
Vector Routing). As results, They found that longevity of network 
with our proposed method was increased 25.3731% longer than 
that of AODV for 3.7 neighbors’ average degree.

Muhammad Mostafa Monowar, Md. Obaidur Rahman and Choong 
Seon Hong [9] defines that in order to achieve higher reliability 
and load balancing various multipath routing protocols have 
been proposed in Wireless Sensor Network. Moreover, wireless 
sensor network typically incorporates heterogeneous applications 
within the same network. A sensor node may have multiple sensors 
i.e. light, temperature, seismic etc with different transmission 
characteristics. Each application has different characteristics and 
requirements in terms of transmission rates, bandwidth, packet loss 
and delay demands may be initiated towards the sink. But achieving 
desired throughput for diverse data while disseminating through 
multiple paths is non trivial task as occurrence of congestion 
through multipath is obvious. In this paper we propose an efficient 
scheme to control multipath congestion so that the sink can get 
priority based throughput for heterogeneous data. We have used 
packet service ratio for detecting congestion as well as performed 
hop-by-hop multipath congestion control based on that metric. 
Finally, simulation results have demonstrated the effectiveness 
of our proposed approach.

III. Problem Formulation
The problem with Novel Congestion Control Scheme is described 
as follows: 
1. In Novel Congestion Control Scheme when congestion 

occurs at congestion affected node(i.e. intermediate 
nodes) then during that time interval FCA(Flow Control 
Acknowledgement) is transmitted from congestion affected 
node (CAN) i.e. near sink node to congestion generating 
node (CGN) i.e. source node.

2. The role of the FCA is to acknowledge the source node about 
the congestion status and to control the flow rate, in the 
mean time until the FCA not reached at CGN the packets 
are dropped at intermediate nodes. 

3. This is the problem which was not covered in novel, because 
of the main motive of novel algorithm was to control the flow 
rate at source node without considering the packet dropped 
fault as it is shown in the fig. 2.

Fig. 2 : Intermediate Nodes describing the Congestion Status

A. Objectives of the Proposed Work
The objective is to do Load Balancing of a Novel Congestion 
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Control Scheme in Wireless Sensor Network is as follows:
Load Balancing can be achieved by distributing the load of the 
congestion affected node (CAN) to the nodes nearer to it with 
higher buffer occupancy. As the near sink node has a multiple 
routing paths towards sink, i.e. it has one primary route that 
connect it the sink and more than one alternate routes toward 
the sink from each sensor node. So it is necessary to make the 
maximum use of alternate routes during the congestion period to 
avoid congestion. So, the objectives are:
• To make the maximum use of free nodes and their buffer 

space.
• To achieve maximum Packet Delivery Fraction.
• To decrease End to End Delay.

IV. Present Work

A. Protocol Design
In Wireless Sensor Network nodes communicate with each other 
by using multi-hop method without any base station. In order for 
a Source mobile node to send its data to a Destination i.e. Sink 
node to travel through many intermediate nodes for this purpose 
routing protocol is required. 
INOVEL is a proposed routing protocol for our proposed work 
whose purpose is to maintain routes to all other nodes, including 
nodes to which no packets are being sent. This protocol react to 
any change in the topology even if no traffic is affected by the 
change, and they require periodic control messages to maintain 
routes to every node in the network. As this protocol is expensive 
in terms of control overhead in wireless sensor networks, because 
each node in the network must maintain routing information for 
every other network node, although the node occasionally handles 
traffic destined for some nodes. This protocol is based on-demand 
approach which involves establishing reactive routes, dictates 
that routes between nodes are determined solely when they are 
explicitly required to route packet. However on-demand protocols 
are suitable to the network topology which is very dynamic 
because of host and router mobility, signal loss, interference and 
power outages. In WSN the bandwidth available is also much 
less compared to the wired networks. To minimize the control 
overhead, on-demand routing protocols maintain the paths to only 
those destinations to which data must be sent, but the paths to such 
destinations would not be optimum. In wireless sensor network 
energy efficiency is very important factor. INOVEL attempt to 
maintain consistent up-to-date routing information from each 
node to every other node in the network. For this purpose it 
needs to maintain routes only between nodes to which it need 
to communicate.
INOVEL create routes to other nodes only when desired by the 
source node. When a node requires a route to a destination, it 
initiates a route discovery process within the network to find all 
the paths from source to destination. Route Discovery Process 
of INOVEL follows a route request/route reply discovery cycle. 
When a node needs a route to a destination, it broadcasts a RREQ 
message. This routing message does not contain information 
about the whole route path, but only about the source and the 
destination. Therefore, routing messages do not have an increasing 
size. Any node with a current route to that destination (including 
the destination itself) can unicast a RREP back to the source node. 
Route information is maintained by each node in its routing table. 
Information gleaned through RREQ and RREP messages is kept 
with other routing information in the routing table of CAN. The 
frame format of Proposed Routing Protocol is shown in Fig.3.

Fig. 3: Frame format of Proposed Routing Protocol

CAN that implement INOVEL protocol uses this frame format 
for the purpose of RREQ & RREP Cycle. As seen in the frame 
format if the Type field is Type = 8 it means that the Source is 
sending a Request message (i.e. RREQ) to destination whose data 
is expected to be received back in a Reply. The destination nodes 
must respond to all requests with a reply containing the exact data 
received in the request message. 
On the other hand if the Type field is 0 (i.e. type = 0) it means 
message generated in response to a request (i.e. RREP) destination 
is sending a reply message. 
As shown above in Fig. 3 this frame format describes the sequence 
number that can be used by the Source to match the reply with 
the request that caused the reply. Most of the systems in network 
use a unique identifier for every request & reply process and 
sequence number is an increasing number within that process. 
Sequence number that is only reset at boot time is used with routing 
information to specify how fresh a route is in the routing table of 
congestion affected node. INOVEL uses this sequence number 
to eliminate stale routes. Routes with old sequence numbers are 
aged out of the system. INOVEL routing protocol uses a fresh 
route for the purpose of routing. 
This protocol is intended for use by mobile nodes in wireless sensor 
network. It offers quick adaptation to dynamic link conditions, 
low processing and memory overhead, low network utilization, 
and determines both unicast and multicast routes between sources 
and destinations. To provide quality of service, extensions can 
be added to the messages used during route discovery. These 
extensions specify the service requirements which must be met by 
nodes re-broadcasting a Route Request or returning a Route Reply 
for a destination. Furthermore, Load balancing applies to this on 
demand routing protocol. Since, INOVEL is one of the best choice 
protocols for the purpose of Load balancing by implementing 
Route Discovery Mechanism to provide fair route relaying load 
to neighboured nodes in wireless sensor network. 

V. Simulation Results

A. Simulation Environment
The simulation experiment is carried out in LINUX (REDHAT 
version 5). The detailed simulation model is based on network 
simulator-2 (ver-2.34), is used in the evaluation. The NS instructions 
can be used to define the topology structure of the network and the 
motion mode of the nodes, to config. the service source and the 
receiver, to create the statistical data track file and so on.
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1. Traffic Model
Continuous bit rate (CBR) traffic sources are used. The source-
destination pairs are spread randomly over the network. Only 
512-byte data packets are used. The number of sources and the 
packet sending rate in each varies to change the offered load in the 
network. The scenario of 50 mobiles nodes is shown on the fig. 4.  
Also the scenario shows that how data transfer from source to sink 
and Congestion at intermediate nodes occurs during transmission 
b/w sink & source which leads to packet loss as shown in fig. 5. 
respectively.

Fig. 4 : Topology of 50 nodes

Fig. 5: Congestion at intermediate nodes during transmission b/w 
sink & source

Simulation Parameters
Table 1: Simulation parameters

Parameter Value

Environment Size 500X500

Packet Size 512 Bytes

Traffic Type CBR

Bandwidth 40 MHz

Queue Type Drop trail

MAC Protocol IEEE 802.11

Antenna Type Omni Directional

B. Performance Results
For all the simulations, the same movement models is used, the 
number of traffic sources was fixed at 20, with maximum speed 
of the nodes was set to 20 m/s with varying pause time. The 
metrics used for the result analysis are Packet Delivery Fraction 
& End to End Delay.

1. Packet Delivery Fraction & Pause Time
The ratio of the data packets delivered to the destinations to 
those generated by the CBR sources is known as packet delivery 
fraction. Packet delivery ratio is calculated by dividing the number 
of packets received by the destination through the number of 
packets originated by source. It specifies the packet loss rate, which 
limits the maximum throughput of the network. The better the 
delivery ratio, the more complete and correct the routing protocol. 
Pause time is the idle time for which the mobile nodes in wireless 
sensor network are in stable position. The comparison of NOVEL 
& INOVEL for PDF is shown in the Fig.6.

Fig.6 : Packet Delivery Fraction & Pause Time Graph

As shown in the above fig. by term INPDF (Improved Novel 
PDF) indicated by red line i.e. INOVEL protocol indicates it is 
an efficient protocol that improves the packet delivery fraction 
at the interm ediate nodes of WSN in comparison to NOVEL.

2. Average End-End Packet Delivery & Pause Time
Average end-to-end delay is the average time it takes a data packet 
to reach to destination in seconds. It is calculated by subtracting 
“time at which first packet was transmitted by source” from “time 
at which first data packet arrived to destination.  The average 
end-to-end delay of INOVEL is lesser as compared to NOVEL 
scheme. Fig 7 highlight the relative performance of both the 
routing protocols. Since INOVEL did better, an attempt was 
made to evaluate the performance difference between the two 
by varying the Mobility pattern and Number of traffic sources. 
The comparison of NOVEL & INOVEL for End to End Delay is 
shown in the fig.7.
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Fig.7 : Average End-End Packet Delivery & Pause Time Graph

As the above fig. shows that the End To End delay of INOVEL 
is lower than the NOVEL scheme which results in increasing the 
performance of the network.

VI. Conclusions and future work
The proposed routing protocol in our work achieves high 
performance load balancing efficiently in a very innovative way. 
This proposed work is efficient for using the network resources, 
provide reliable data transmission and reduces the network 
overhead. The experimental results demonstrated that the CAN 
consumes the free available buffer length of neighbor nodes 
to decrease the Average End to End Delay and to achieve high 
performance in terms of Packet Delivery Fraction.
Our future work is going on to create an algorithm based upon 
the proposed protocol to increase the throughput, bandwidth 
of INOVEL in WSN and to reduce the network overhead on 
intermediate nodes. Also the specific formulas and metrics are 
out of the scope of this paper and shall be our future which can 
be used to calculate the exact amount by which End to End Delay 
is decreased, also both Packet Delivery Fraction & Throughput 
is increased.  

References
[1] LIU Yong-Mi, JIANG Xin-Hua “A Extended DCCP 

Congestion Control in Wireless Sensor Networks” .IEEE- 
2009.

[2] Md. Obaidur Rahman, Muhammad Mostafa Monowar, 
Choong Seon Hong “A QoS Adaptive Congestion Control 
in Wireless Sensor Network”., ISBN 978-89-5519-136-3.

[3] B. Hull, K. Jamieson, H. Balakrishnan, “Mitigating 
congestion in wireless sensor networks,” in Proc. 2nd 
ACM Conferenceon Embedded Networked Sensor System 
(Sensys’04), Maryland, USA, November 2004.

[4] Özgür B. Akan (2005) “Event-to-Sink Reliable Transport in 
Wireless Sensor Networks”, IEEE/ACM TRANSACTIONS 
ON NETWORKING, VOL. 13, NO. 5, OCTOBER 2005. 

[5] Anita Kanavalli, Jayashree M, P Deepa Shenoy, Venugopal 
K R, L M Patnaik “Hop by Hop Congestion Control System 
for Adhoc Networks”.

[6] Jang-Ping Sheu, Wei-Kai Hu “Hybrid Congestion Control 
Protocol in Wireless Sensor Networks” 2008.

[7] Minho Choi, Junhyung Kim, Sooyeol Yang, Namkoo Ha, 
Kijun Han “Load Balancing for Efficient Routing in Wireless 
Sensor Networks”.

[8] Hyun-Seok Lee, Nguyen Thi Thanh Tu, Jung-Seok Heo 
“Load Balancing Route Discovery Method Based on AODV” 
Oct. 18 -Oct. 20, 2006 FOST2006.

[9] Muhammad Mostafa Monowar, Md. Obaidur Rahman, 
Choong Seon Hong “Multipath Congestion Control for 
Heterogeneous Traffic in Wireless Sensor Network” Feb. 
17-20, 2008 ICACT 2008. [Online] Available : http://www.
isi.edu

Harwinder Singh Sohal has received 
B-Tech degree from Punjab Technical 
University, Jalandhar in 2008 and pursuing 
his M-Tech Degree from Punjab Technical 
University, Jalandhar. He is working as 
a Lecturer in Lala Lajpat Rai Institute of 
Engineering & Technology, Moga, Punjab. 
His research interests are in the fields of 
Congestion Control, Cloud Computing, 
Routing Algorithms, Routing Protocols 

Load Balancing and Network Security. He has published many 
national and international papers.

Er. Rajbir Singh Cheema is working as a 
Head of Department in Lala Lajpat Rai 
Institute of Engineering & Technology, 
Moga, Punjab. His research interests are 
in the fields of. His research interests 
are in the fields of Data Mining, Open 
Reading Frame in Bioinformatics, Gene 
Expression Omnibus,  Cloud Computing, 
Routing Algorithms, Routing Protocols 
Load Balancing and Network Security. 
He has published many national and 

international papers.

Ankit Arora has received his M-Tech 
degree from Guru Nanak Dev University; 
Amritsar. He is working as a Lecturer in 
Lala Lajpat Rai Institute of Engineering 
& Technology, Moga, Punjab. His 
research interests are in the fields of 
Parallel Computing, Image Processing, 
NP Complete Problems, and Divide & 
Conquer Problems. He has published 
many national and international papers.

 460 InternatIonal Journal of Computer SCIenCe and teChnology

IJCSt Vol. 2, ISSue 3, September 2011 I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m


