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Abstract
Congestion is one of the problems encountered in Wireless
Sensor Networks (WSNs). Many algorithms came into existence.
They all focused on the solution by reducing the number of
packets to be sent by the sender node. This solution is not ideal
as it cause decrease in overall throughput in the WSN. This paper
focuses on a dynamic aware routing algorithm which is aware of
network traffic and probability of congestion. This solves
problem of congestion in WSNs through optimal use of idle
nodes in the network. Though congestion areas, the algorithm
sends less packets while it sends more packets through many
paths that contains idle nodes or the nodes that have less load.
The proposed algorithm can overcome obstacles created by
congestion and provide best throughput performance in WSNs.
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1. Introduction
Congestion problem decreases throughput in WSNs
besides causing degradation in performance and also
increasing in utilization of resources such as energy [1].
As mobile devices have less resources, this is a potential
problem and also the real time applications in WSNs
expect high throughput which is not possible when
congestion is not alleviated. This problem in WSN is not
same as that of wired networks. This is because in the
traditional networks traffic flows are different. They can
go in any direction to any receiver in the network. In case
of WSN, all nodes which are meant for collecting data in
the sensed area should send the data to a common sink. As
it is a new traffic phenomenon, just reducing the traffic by
using traffic controlling algorithms is not effective as it
results in reduction of throughput which is highly required
by applications that run in WSNs. Wireless Sensor
Networks can be employed in emergency situations also.
In that case data loss due to congestion or slow in
performance causes many problems in the real world
scenarios. That is the reason congestion control in WSNs
is to be given utmost importance as it has its impact in the

real world applications which are based on WSNs. Many
algorithms came into existence for solving congestion
problem WSNs. Unfortunately they were focusing on
traffic control instead of really finding a best solution to
congestion problem. Many such algorithms were borrowed
from wired networking making them not suitable for
WSNs. Those algorithms try to control traffic when
congestion is encountered which is not ideal solution for
WSNs [2], [3], [1]. Especially those solutions are not ideal
for WSNs for reasons such as alleviating traffic from
source in cases of emergency and thus controlling
congestion is not a desirable solution; the congestion due
to bursts in traffic is temporary. Instead of following these
less than ideal solutions it is better to increases resources
and achieve high throughput in the network. Fortunately
WSNs support elastic resources which can be increased
dynamically. Though this will provide flexibility, the real
problem of congestion needs to be addressed through an
ideal algorithm. The core problem has to be solved and
even capacity planning schemes can be utilized for
employing additional resources on demand. When WSN
cases temporary bursts of traffic in emergency situations,
it is not suitable solution to control the traffic while it
needs to be resolved differently. Many congestion control
solutions are available. They include buffering, connection
admission control, hop-by-hop traffic control, and capacity
planning. The selection of a particular mechanism for
congestion control has to be used based on the nature of
congestion encountered in WSNs [4].
We propose an algorithm that takes care of traffic aware
routing. It does mean that it sends packets through areas
where congestion is encountered and excess packets are
sent through many routes where nodes are either idle or
they have less load experienced. This helps in smooth data
transfer even in case of short bursts in the network. This is
achieved by using fields that take care of providing basic
routing mechanism and also traffic awareness.
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2. Related Work
Congestion control is given more importance is WSNs.
Congestion is of two types namely link level and node
level. The former causes loss of packets and delay in data
transfer and it is due to buffer overflow while the latter
causes collisions and it is due to the sharing of wireless
channel by many nodes at a time especially in case of
protocols such as CSMA/CA. Link level congestion is
taken care of by MAC protocols while the node level
congestion needs research and solutions further. Most of
the existing solutions were focusing on traffic control
mechanisms that are not ideal to be used with WSNs. The
ideal solution was first investigated in [1] where detection
and avoidance of congestion was proposed. This solution
is based on the observations on the queue usage and also
the sampling approach. According to this scheme, when a
node encounters congestion, it sends signals upstream
nodes to alert them. Thus the upstream nodes will push
less number of packets through that route. Afterwards in
[2] three mechanisms for congestion control were
introduced. They are known as prioritized medium access
control, limiting source rate, and hop-by-hop flow control.
It reduces congestion by alerting source node and nodes up
the line to send less packets through the route. The
problem with these schemes is that they have to monitor
the parent nodes’ sending patterns and also observe
congestion severity to ensure smooth transmission of
packets in WSNs. These schemes also tend to consume
more energy resources of WSN. [3] introduces a protocol
for controlling congestion. Here the sink plays an active
role while allocating traffic to avoid or reduce congestion.
IFRC [2] uses thresholds to control congestion. In this
scheme also sink takes care of congestion control based on
the static thresholds provided. When congestion is
encountered, the router takes steps to reduce traffic in that
route. Priory’s concept is introduced in [6] to alleviate
source traffic when WSN encounters congestion problem.
DPCC is another protocol proposed in [7] which makes
use of channel estimator and queue for reducing
congestion on detecting congestion. Adaptive enforcement
of rate flow is used in DPCC for reducing congestion.
Another reliable protocol for WSNs is RCRT [8] which
employees a loss recovery mechanism at the sink which
controls traffic and minimizes congestion. Light weight
buffer management technique is used in [9] for avoiding
congestion in network. It is another hop-by-hop flow
control mechanism that stop latent nodes to cause the
congestion problem.
Obviously there is negative impact of congestion control
mechanisms as they do not solve the problem in an ideal
way. Instead, they choose less than ideal approach to
reduce congestion but can’t improve throughput in the
network. Other than traffic control mechanisms, some
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attempts were made to invent other aproachches. SPEED
[10] reroutes traffic when congestion is suspected. The
problem with this is that the new route may again cause
congestion if it is not having that channel capacity. In [11]
virtual sinks concept is introduced. According to this
packets are routed towards sink by bypassing WSN
protocol’s congestion situation. Ee and Bajcsy [12]
invented a distributed approach for congestion control.
This scheme is based on the notion of hop-by-hop repeat
request done automatically. The service time used in this
scheme might be misleading and can’t increase the
throuput ideally. Moreover it also needs information about
topology of network. Wang et al. [13] proposed priority
based protocol for congestion control by using weighted
fairness concept at each node in WSN. Priotity index and
congestion degree measure play key role in this scheme.
To discover congestion zone [14] proposed a new routing
approach which gives high priority to truly prioritized
data. In [15] Kang et al. proposes increase in the resources
of the network instead of just controlling the traffic. They
used algorithms for resource control and thus achieved
maximum throughput by avoiding congestion. In [16] and
[17] source control schemes were proposed which were
able to reduce congestion. In [16] the bursts in traffic is
effectively managed using new nodes turning on in the
WSN when situation demands. It needed local knowledge
and also the topology details to achive this thus causing
more overhead causing less scalability. In [17], multiple
paths are found suitable for data transfer in order to reduce
congestion. Same kind of work is done in [18], [19] and
[20] also. Popa et al. [17] proposed a new scheme for
avoiding costs of using multiple paths which are obtained
using GPS. However, it also causes extra burden on the
network.
The GBR proposed in [19] has many drawbacks but its
idea is considered suitable to solving congestion problem
in WSNs. This is because its approach is dynamic routing
and desired by WSNs for achieving congestion control
with less cost. From this understanding this paper presents
an algorithm that takes care of congestion. It basically
follows philosophy which thinks about reducing
congestion besides increasing throughput required by the
real world applications. The idea is very intuitive in
nature. The protocol is built on the fact that when a node
encounters congestion, its excess traffic is to be redirected
to destination through other nodes which are either idle or
less overloaded. To achieve this proposed protocol used
two fields. They are meant for basic routing and traffic
awareness. This is the key for the proposed solution.
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3. Proposed Algorithm

4. Simulation and Evaluation

As discussed in the previous section, the proposed
algorithm is based on the philosophy that, the network
congestion control does not mean reducing throughput.
The congestion control mechanism should increase the
overall throughput of WSNs. The throughput is increased
by sending excess packets through multiple paths while
making use of the routes that caused congestion. This will
be done by identifying alternative routes with multiple
paths where nodes are either idle or less overloaded.

The proposed algorithm is implemented and simulated
using NS2 running in Linux environment. The simulation
considers one sink and many sensor nodes in WSN. The
proposed algorithm is applied and tested. The results
reveal that the proposed algorithm is effective in coping
with congestion and at the same time ensuring the throuput
requirements of real time WSN applications. The
experimental results with queue levels are presented here.
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3.1. Design of Fields

Packets Burst

Vd(v)=Depth(v),
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Depth and length fields are identified as potential fields
which are corner stone of the proposed algorithm. The
depth field is meant for basic routing functionality while
the depth field is meant for traffic awareness. The
combination of these two with other mechanisms makes it
a robust scheme that can cope with bursts of traffic
without causing congestion and at the same time do not
compromise on throughput requirements demanded by real
time applications. The depth field and its force from given
field are deduced into equation 1 and 2.
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To avoid dropping packets at congestion points, the
following rule is used. It is known as rule1.
If Q(w) =1, w
nbr(v), w should not be selected as the
parent in any case.

Fig. 1 – Distribution of transmission over time

As can be seen in fig. 1 the horizontal axis represents time
while the vertical axis represents RPR. It does mean that
the vertical axis denotes the rate of received packets while
the distribution of transmission over time is shown in X
axis. The figure shows temporal spreading of the proposed
algorithm.
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Fig. 2 – Distribution of hops

Listing 1 shows broad outline of proposed algorithm

As can be seen in fig. 2 the horizontal axis represents end
to end delay in seconds while the vertical axis represents
CDF of delay.
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As can be seen in fig. 5 the horizontal axis represents Q
while the vertical axis represents overhead for received
packets. As Q is increased overhead is more.
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Fig. 3 – under less load end to end delay

As can be seen in fig. 3 the horizontal axis represents end
to end delay in seconds while the vertical axis represents
CDF of delay under les load.
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Fig. 6 – Average energy consumed by received packet

As can be seen in fig. 6 the horizontal axis represents Q
while the vertical axis represents average energy
consumed by received packets. The experiments are done
with and without rule 1.
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Fig. 4 – Throughput under different parameters

As can be seen in fig. 4 the horizontal axis represents Q
while the vertical axis represents throughput. The graph
shows results of throughput with and without rule1.
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Fig. 7 – Routing loops under different queues
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As can be seen in fig. 7 the horizontal axis represents Q
while the vertical axis represents number of routing loops.
As queue is increased, number of routing loops increased.
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Fig. 5 – Overhead vs. Queue variations
Fig. 8 – Distribution of hops in routing loops
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As can be seen in fig. 8 the horizontal axis represents hops
while the vertical axis represents number of routing loops.
When hops are less, routing loops are more.

4. Conclusion
The traffic control mechanisms existed for WSNs were
pure traffic control mechanisms. They can only reduce the
traffic but can’t increase throughput which is the need for
real time applications in WSNs. As congestion problem in
WSNs is different when compared with other networks, it
needs different solution. This paper proposes a new traffic
aware algorithm which can dynamically estimate the
capacity of routes and also finds the idle of under loaded
nodes in the network to solve the problem. The algorithm
contains fields providing basic routing mechanism and
also traffic awareness. When congestion is encountered,
the algorithm routes excessive packets through nodes
which are idle in the network or the nodes which
experience no congestion or in other words under loaded
nodes. This will improve throughput besides reducing
congestion in WSN. This algorithm is scalable as it needs
information which is available with all nodes in the
network. Further optimization of the proposed algorithm is
the work to be continued in future.
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