
IJCST  Vol. 6, ISSue 2, AprIl - June 2015  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 152   InternatIonal Journal of Computer SCIenCe and teChnology

A Study of Traffic Redirection Based Congestion Control 
Protocols for Wireless Sensor Networks

1Manpreet Kour, 2Bhisham Sharma, 3Dr. Trilok C. Aseri
1,2,3PEC University of technology, Chandigarh, UT, INDIA

Abstract
Congestion in wireless sensor networks can be controlled either 
by adjusting the data rate (traffic control), or by providing 
alternative path for the data packets (resource control). In this 
paper, we present an overview of resource-based congestion 
control protocols. Firstly, the basic aspects of congestion control 
in wireless sensor networks are described. Secondly, a detail of 
existing resource-based congestion control protocols is presented. 
Thirdly, the comparison of these protocols is shown on the basis 
of various parameters. Finally, the conclusion of the paper is 
provided.
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I. Introduction
A Wireless Sensor Network (WSN) consists of many sensor nodes 
that are capable of sensing a phenomenon such as temperature, 
sound, vibration, pressure, motion, and pollutants, etc. at different 
locations and transforming the analog data to digital and then 
transmitting them to destination nodes called sink. Fig. 1 shows the 
structure of wireless sensor networks. A wide range of applications 
like military, health, environment, agriculture, office domain 
etc are using wireless sensor networks. Different applications 
have different requirements like sensed data type, rate of data 
transmission and reliability. Instead of sending the raw data, a 
sensor node uses an on-board processor fitted on it that enables 
it to carry out locally simple computations and transmit only the 
required and partially processed data [1]. Sensor nodes, scattered 
over a terrain to sense events, suffer from limitations like energy, 
memory and computational power. This leads to localized and 
transient congestion, which can easily lead to packet loss reducing 
the link utilization and reliability of network. When large number 
of nodes transmit data packets, their flows will cross at intermediate 
nodes. This high number of sources increases the congestion but 
helps improving the reliability [2]. Transport protocols alleviate 
congestion, reduce packet loss, and guarantee end-to-end (EtoE) 
reliability [3]. Congestion in wireless sensor networks has a direct 
impact on energy efficiency and application QoS [4]. 
The rest of the paper is structured as follows: Section II describes 
congestion control in wireless sensor networks. Section III 
provides traffic redirection based congestion control protocols 
in wireless sensor networks. Section IV presents the comparison 
of these protocols on the basis of various parameters. Section V 
concludes the paper.

Fig. 1: Wireless Sensor Network Architecture

II. Congestion control in wireless sensor networks 
Congestion occurs when the traffic load exceeds the available 
capacity on node level (buffer overflow) or link level (interference 
or contention). Based on the topology and the placement of nodes 
in wireless sensor networks, congestion occurrence can be due to 
buffer overflow and link collision. Each node in wireless sensor 
networks uses a buffer for storage of packets that are in queue 
waiting to be sent. Buffer overflow occurs when the incoming 
data rate at a node is more than the outgoing data rate. Link 
collision takes place when multiple nodes within range of one 
another attempt to transmit simultaneously. Losses occur due to 
interference and thereby reducing throughput of all nodes and 
increase latency in the network. Explicit local synchronization 
among neighboring nodes can reduce this type of loss, but it cannot 
be eliminated completely. This is because non-neighboring nodes 
can still interfere with the transmission [5]. 
Congestion can be controlled with three mechanisms: congestion 
detection, congestion notification and congestion control. There 
are various mechanisms that are used and tested to detect 
congestion. Packet loss, queue length, packet service time, packet 
rate, the ratio between packet service time and packet inter-arrival 
time, node delay are mostly used. Buffer occupancy is the most 
common technique used to detect congestion but it is not enough 
to detect congestion. Congestion may still occur in the network 
even though the buffer memory is available [6]. Congestion in 
wireless links also occurs due to bit synchronization errors [7]. 
Congestion notification can be implicit or explicit. In explicit 
congestion notification, there is a special control packet to notify 
the involved sensor nodes of congestion. In implicit congestion 
notification, the notification may be single bit binary information 
piggybacked in the normal data packets. A CN (congestion 
notification) bit in the header of data packets is set if congestion 
has occurred [4]. Congestion control involves alleviating the 
network congestion. Upon receiving the congestion notification 
and based on application, either traffic control is applied which 
involves reducing the data rate, or resource control is applied 
which exploits idle resources. The disadvantages of traffic control 
method are eliminated by resource control method. Traffic control 
method involves reducing the traffic when congestion occurs 
but reducing traffic during critical situation is not acceptable in 
some applications. Resource control overcomes this problem by 
providing alternative paths for the traffic. Several reliability based 
and congestion control protocols have been designed for wireless 
sensor networks to deal with various issues like dynamic reliability 
[8], congestion control or both. 

III. Resource Control Based Congestion Avoidance 
Protocols
This section summarizes various congestion control protocols 
which help to mitigate congestion using traffic redirection i.e. 
providing alternative paths for the data packets to reach the 
sink.

1. STCP
Sensor Transmission Control Protocol [4] is a generic, scalable 
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and reliable transport layer protocol which supports multiple 
applications in the same network. In STCP, majority of 
functionalities are implemented at the sink and hence energy at 
the sensor nodes is saved. Sensor nodes inform the sink about 
number of flows initiated from a source, the type of data, the 
transmission rate and the required reliability before transmitting 
packets using a “Session Initiation Packet”. When the sink receives 
this packet, it sends an ACK to the source and the source can start 
sending packets. For congestion control, nodes inform the sink 
about buffer overflow by setting their congestion notification bit 
while the sink informs the source of a congested path by setting 
the congestion bit on the ACK packet. 

2. HTAP
Hierarchical Tree Alternative Path [9] is a simple and efficient 
algorithm that attempts to mitigate congestion by creating dynamic 
alternative paths from source to the sink. Local information such 
as congestion state of neighbor nodes is used by HTAP to switch 
path in order to prevent congestion from happening. HTAP is a 
combination of two algorithms, Alternative Path Creation (APC) 
and Hierarchical Tree Creation (HTC). When congestion appears, 
the congested node sends backpressure message to the source node 
to remove congestion. The source searches for a less congested 
path to send packets.

3. TARA
Topology-Aware Resource Adaptation [10] alleviates congestion 
either through traffic control by reducing demand or resource 
control and enabling more nodes during congestion. TARA is 
a topology aware, energy efficient and distributed congestion 
control mechanism. During idle period, it uses minimum number 
of nodes to minimize energy consumption and when traffic 
increases it employs appropriate nodes to form alternative paths 
having sufficient capacity. TARA uses graph-coloring approach 
for capacity estimation. TARA saves energy during inactive states 
and alleviates congestion during crisis state.

4. TALONet
TALONet [11] uses both traffic and resource control to avoid 
congestion. It uses a multipath detouring technique to increase 
channel capacity in order to redirect the congested traffic flows 
when congestion occurs. There are three phases to complete the 
operation of TALONet. First phase is network formation phase to 
create a virtual grid framework for TALONet work; second is data 
dissemination phase in which the sensed data is first transmitted 
to a neighboring talon node (the node nearest to a certain virtual 
grid point) approaching the sink, the talon node then transmits the 
data to other talon node also closer to the sink than itself; third 
phase is framework updating phase that performs topology update 
in order to prevent talon nodes from dying fast.

5. DAIPaS
Dynamic Alternative Path Selection Scheme [12] is a distributed 
and dynamic algorithm that chooses efficiently and adaptively 
an alternative path by taking certain critical parameters into 
consideration that affect the performance of wireless sensor 
networks. These parameters include node’s and the network’s 
remaining energy, congestion in terms of buffer occupancy, 
interference, packet loss rate of the network and the time to 
transmit data from the source to the sink. In addition to congestion 
threshold or path’s cost, the alternate path decision of DAIPaS is 
based on node’s remaining power.

6. SPEED
SPEED [13] is a real-time communication protocol for wireless 
sensor networks which is highly efficient and scalable. Real-time 
communication constraints are important for example, in object 
tracking communication delays affect the quality of tracking. It 
uses single hop sender delay estimation as congestion indication. 
It uses backpressure rerouting to divert traffic. SPEED utilizes 
location-aware routing as in SPEED, location is more important 
than node’s ID.

7. SIPHON
SIPHON [14] uses the concept of wireless, multi radio virtual 
sinks which are randomly distributed across the sensor field. One 
redirection bit in the network header is used in SIPHON to enable 
traffic redirection. The redirection bit can be set by two ways: 
on-demand redirection and always-on redirection. In on-demand 
redirection, redirection bit is set only when congestion occurs 
whereas in always-on redirection, redirection bit is always set. 
When a node receives a packet in which redirection bit is set, it 
forwards the packet to virtual sink neighbor. The packet eventually 
reaches the virtual sink through this process.

8. PLR
Packet Loading Rate [15] is an efficient scheme for loading 
packet rate along the multiple paths from a source. Congestion 
is detected on the basis of buffer occupancy of a node. The end-
to-end throughput is increased as the mechanism loads the active 
paths at the highest possible rate. The intermediate nodes along 
the paths monitor and update the average size of local buffer by 
calculating exponential weighted moving average and hence an 
incipient congestion is detected.

9. I2MR
Interference-Minimized Multipath Routing protocol [16] is 
proposed for high rate streaming that is required for future 
applications providing high-quality information in wireless sensor 
networks. It is a congestion control scheme that attempts to increase 
the throughput by loading disjoint paths for load balancing at 
the highest possible rate. Conflict graphs are used to indicate 
interfering link groups that cannot be simultaneously active. From 
the conflict graph, Total Interference Correlation Factor (TICF) for 
a set of disjoint paths is derived. TICF is defined as the number of 
links in the two paths that can interfere. It describes the degree of 
interferences for all the paths in the set. First the interference zone 
of the first discovered path is recorded so that discovering another 
path within this interference zone is avoided. Each source node 
can send data at the same time using the primary and secondary 
path pair. Switching to the backup path is done only when either 
of the active paths fails.

10. QOS-ACC
Quality of service adaptive cross-layer protocol [17] is a resource 
control protocol in which congestion notification is implicit through 
header information. It is an approach to control congestion and 
support QoS (packet loss, link utilization, delay) guarantee for 
different types of application data. Data is sent by QoS-ACC to the 
appropriate next hop by measuring QoS requirement of the packet 
using a distributed MAC layer manager. QoS-ACC provides a 
congestion control mechanism for real time and non-real time 
data flow. Upstream nodes are notified about the congestion 
using ICN (Implicit Congestion notification). Two congestion 
control algorithms are used- short term and long term congestion 



IJCST  Vol. 6, ISSue 2, AprIl - June 2015  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 154   InternatIonal Journal of Computer SCIenCe and teChnology

control. The intermediate child node splits the real time traffic 
on its alternative parent in short term congestion control. In long 
term congestion control, source node adjusts dynamically to the 
changing conditions by selecting the best node (parent) as its 
primary route to send further packets.

11. CADA
Congestion avoidance, detection and alleviation [18] alleviates 
congestion by either dynamic traffic multiplexing or rate 
adjustment based on specific hotspot scenarios. Congestion is 
detected based on buffer occupancy and channel utilization. 
CADA is a congestion avoidance scheme which avoids congestion 
proactively by detecting congestion timely and alleviating 
congestion reactively. It uses both resource control and traffic 
control to control congestion. Using resource control, congestion 
can be alleviated by establishing detour paths to redirect some 
traffic from the traffic hotspot. Using traffic control, congestion 
is alleviated by adjusting traffic rate at the source or intermediate 
nodes.

12. ADCC
Adaptive Duty-cycle Based Congestion Control [19] is a 
congestion avoidance scheme that uses both the traffic control 
and resource control to alleviate congestion. It uses traffic control 
to decrease the packet transmission rate of the sending node as 
well as resource control approach to increase packet reception rate 
of the receiving node. It uses resource control and traffic control 
based on the amount of network traffic. It controls congestion by 
using duty cycle adjustment scheme in wireless sensor networks. 
In case of low incoming traffic, the active time of receiving node 
is reduced so that energy consumption is low. In case of high 
incoming traffic, the active time of receiving node is increased to 
highest threshold but when the incoming traffic is greater than the 
maximum threshold of the active time, source nodes use traffic 
control.

13. HRTC
Hybrid Resource and Traffic Control method [20] is a hybrid 
scheme in which nodes decide whether to apply traffic control 
or resource control. In this method, priority is given to resource 
control. When resource control cannot be applied, source node 
applies traffic control. When congestion occurs at a node, it sends 
a hop-by-hop (HbyH) backpressure message to the source with the 
lowest data rate. The nodes in the path from congested node to the 
source apply resource control mechanism. If no resource control 
can be applied in between then source node applies traffic control. 
The advantage of this method is that when changes in wireless 
sensor networks occur, each node is capable of deciding whether 
to apply traffic control or resource control. The most appropriate 

method is chosen and priority is given to resource control method 
which increases throughput and network lifetime.

14. CCGA
Congestion control based generalization algorithm [21] chooses 
data forwarding nodes to dispense traffic over other sensor nodes. 
Information from the child nodes of specific sensor nodes suffering 
from traffic congestion is collected and based on this information, 
sensor nodes are selected to forward this congested traffic data. 
The path from sensor to sink is created by a tree-based routing 
protocol. The parent set of a congested node is the set of nodes at 
the same or higher level whereas the child set is the set of nodes 
at the lower level. When a sensor node is congested, the traffic 
from nodes in the child set is distributed to the parent set.

15. DRCP
Dynamic resource control protocol [22] for alleviating congestion 
provides intermediate nodes the ability to increase or decrease 
its transmission power in order to discover more neighbors. 
Intermediate nodes can transmit packets through more resources 
and traffic can be redirected to uncongested areas. DRCP algorithm 
is applied at each node to calculate path cost for its neighbors. A 
neighbor is selected by that node on the basis of ranking of their 
costs. There are three congestion thresholds to decide whether 
resources need to be increased or decreased. These are inc, pre, 
min where inc and pre are used to specify the color of each node. 
Green indicates no congestion problem, yellow indicates that 
congestion is about to occur, red shows that transmission power 
enhancement procedure has started, black specifies that node is 
not able to increase its resources.

16. RPCC
Route aware predictive congestion control protocol [23] combines 
routing and hop by hop congestion control and selects alternative 
paths to overcome congestion. It is a decentralized scheme for 
wireless sensor networks that preserves desired level of buffer 
occupancy using hop-by-hop congestion control and a dynamic 
routing scheme that works with congestion control mechanism 
to forward the packets by means of less congested nodes. The 
proposed adaptive approach prevents buffer overflow by limiting 
the incoming traffic while preserving the rate using an adaptive 
back-off interval selection scheme.

IV. Comparison
Table 1 represents the comparative analysis of congestion control 
protocols on the basis of various parameters like congestion 
detection, congestion notification, congestion control, HbyH/
EtoE, energy conservation and loss recovery.

Table 1: Comparative Analysis of Traffic Redirection Based Congestion Control Protocols

Protocol Congestion 
Detection 

Congestion 
Notification Congestion Control

Hby
H/

EtoE

Energy 
Efficient

Loss 
recovery

STCP 
[4] 2005 Queue length Implicit (bit in the 

header)
Rate adjustment, Traffic 

redirection EtoE Yes Yes

HTAP
[9] 2013 Queue length Implicit (information 

in the header) Alternative path HbyH Yes No

TARA
[10] 2007

Queue length, 
wireless channel 

load 

Explicit (Feedback 
message) Resource control HbyH Yes No
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TALONet
[11] 2009 Queue length Implicit (information 

in the header)

Rate control, Resource 
control through detour 

paths
HbyH Yes No

DAIPaS
[12] 2011

Queue length, 
wireless channel 

load
Implicit Alternative path HbyH Yes Yes

SPEED
[13] 2003

Single hop sender 
delay

Explicit (MAC layer 
feedback) Resource control HbyH Yes No

SIPHON
[14] 2007

Queue length, 
wireless channel 

load

Implicit (bit in the 
header)

Traffic redirection using 
virtual sinks HbyH Yes No

PLR
[15] 2009 Queue length Explicit (feedback 

message)
Resource control, traffic 

control HbyH No No

I2MR
[16] 2008 Queue length Explicit (feedback 

message)
Resource control, traffic 

control HbyH No No

QOS-ACC
[17] 2008

Packet service 
ratio

Implicit (information 
in the header) Alternative paths HbyH Yes Yes

CADA
[18] 2010

Queue length, 
wireless channel 

load
Implicit Resource and traffic 

control HbyH Yes No

ADCC
[19] 2010

Active Period 
(minus) -

Required Service
Time

Explicit (feedback 
message)

Resource control, rate 
adjustment HbyH Yes No

HRTC 
[20] 2014 -

Explicit 
(backpressure 

message)

Resource control, traffic 
control HbyH Yes No

CCGA 
[21] 2013 Queue length Explicit

(routing packet) Traffic redirection HbyH Yes Yes

DRCP 
[22] 2014

Queue length, 
MAC layer 
contention

Implicit Resource control HbyH Yes No

RPCC 
[23] 2007

Queue length 
(buffer occupancy) - Alternative path HbyH No No

Congestion can be detected using various parameters like queue 
length, wireless channel load, single hop sender delay, MAC layer 
load, difference between active period and required service time, 
the ratio between packet service time and packet inter-arrival 
time (packet service ratio). STCP, HTAP, TALONet, PLR and 
I2MR detect congestion using queue length only. TARA, DAIPaS, 
SIPHON and CADA use queue length and buffer occupancy to 
detect congestion. SPEED uses single hop sender delay as a 
parameter for detecting congestion. Packet service ratio is used 
by QOS-ACC, difference between active period and required 
service time is used by ADCC to detect congestion.
Congestion notification is either implicit or explicit. STCP 
and SIPHON use a bit in the header as implicit congestion 
notification. 
HTAP, TALONet and QOS-ACC also use implicit congestion 
notification which includes information in the header for congestion 
notification. TARA, PLR, I2MR and ADCC use explicit congestion 
notification with the help of a feedback message. DAIPaS and 
CADA also use implicit congestion notification. SPEED uses MAC 
layer feedback as explicit congestion notification. Congestion can 
be controlled by either resource control or traffic control. Some 
protocols use resource control only whereas some protocols use 
traffic control only. There are some protocols which use both 

resource control and traffic control. HTAP, TARA, DAIPaS, 
SPEED, SIPHON, QOS-ACC, HRTC, CCGA, DRCP and RPCC 
control congestion using resource control only but protocols like 
STCP, TALONET, PLR, I2MR, CADA and ADCC use both 
resource control and traffic control mechanisms.
Protocols implement either hop-by-hop or end-to-end congestion 
control. All the protocols implement hop-by-hop congestion 
control except STCP that implements end-to-end congestion 
control. Energy conservation is an important issue in the design 
of wireless sensor networks. As the sensor nodes are battery-
powered devices, energy consumption of nodes should be reduced 
as much as possible. TARA, DAIPaS, CADA and ADCC provide 
good energy conservation. Packet losses are intolerable in some 
critical applications. Protocols like STCP and QOS-ACC provide 
loss recovery mechanism.
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Table 2: Comparison of traffic redirection based protocols on the basis of simulation parameters

Protocol Type of 
application

Simulation/
Implementation

Comparison with 
existing protocols Evaluation parameters

STCP 
[4] 2005

Event, 
Continuous TOSSIM None Avg. packet latency, energy spent, no. of 

NACKs for varying alpha  
HTAP
[9] 2013 Event MATLAB None Packet drops, end to end delay, network 

power

TARA
[10] 2007 Continuous NS-2

NCC, topology unaware 
resource control, traffic 
control, ideal resource 
control

Fidelity index, Bit energy consumption, 
Total energy consumption

TALONet
[11] 2009 Continuous NS-2

TARA, NCC (no 
congestion control), 
backpressure

Power consumption, packet drops

DIAPaS
[12] 2011 - PROWLER TARA Total energy consumption, received 

packet ratio, avg. hop by hop delay
SPEED
[13] 2003 Real time GloMossim ASR, AODV, GF Energy consumption, control packet 

overhead, end to end miss ratio

SIPHON
[14] 2007 Event

NS-2
CODA Energy tax, energy tax savings, residual 

energy, fidelity ratio

PLR
[15] 2009 Continuous NS-2 LWBM, PCCP Packet delivery ratio, end to end 

throughput
I2MR
[16] 2008 Continuous GloMossim NDMR, AODV Energy consumption, throughput

QOS-ACC
[17] 2008 Continuous - CCF, NCC Network throughput, avg. queue 

occupancy, residual energy

CADA
[18] 2010 - NS-2 TARA, NCC

Delivery ratio, bit energy consumption, 
throughput at sources, avg. per hop delay 
vs. source reporting interval

ADCC
[19] 2010 Periodic NS-2 NCC, Traffic control Packet reception  rate, loss rate

HRTC [ 20] 
2014 - PROWLER None Throughput, data rate, nodes remaining 

energy
CCGA [21] 
2013 Periodic TOSSIM Network with no CCGA Data transfer rate, total energy 

consumption, total queue overflow

DRCP [22] 
2014 Periodic OPNET TADR

Average end to end delay, delivery ratio, 
average network throughput, network 
consumed energy

RPCC [23] 
2007 - MATLAB Shortest path routing 

similar to RPCC End to end delay, throughput

Evaluation of congestion control protocols can be done using 
simulation, implementation on test bed or both. Various tools 
are available like NS-2, TinyOS, Prowler etc [24-26]. TARA, 
TALONet, SIPHON, PLR, CADA and ADCC are simulated 
in NS-2. HTAP and RPCC are simulated in MATLAB. STCP 
and CCGA are simulated in TOSSIM, DAIPaS and HRTC have 
been simulated in PROWLER. SPEED and I2MR are simulated 
in Glomossim. These protocols are evaluated in terms of 
various parameters such as average packet latency, energy tax, 
packet delivery ratio, end to end delay, packet loss rate, energy 
consumption, throughput, control packet overhead, fairness etc.

IV. Conclusion
In this paper, a brief analysis of wireless sensor networks and 
congestion control in wireless sensor networks is provided followed 

by a survey of existing resource control protocols. A comparison 
of these protocols is presented on the basis of parameters such as 
congestion detection, congestion notification, congestion control, 
hop-by-hop/end-to-end congestion control, energy efficiency, loss 
recovery. Protocols are also compared on the basis of type of 
application, simulation/implementation, comparison with other 
protocols and evaluation parameters. Although various congestion 
control protocols have been proposed in the literature but several 
performance optimizations can still be carried.
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