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Energy consumption is very important in recent years. Since, more and more
energy is needed with increasing technology. In this case, energy-saving
requirement increases more and more every day. Wireless sensor networks are
composed of battery limited sensor nodes that can sense the physical information,
process the sensed information, and report it to the sink. WSNs have wide range
application areas because they have a lot of advantages such easy deployment,
self-organization, scalability and low maintenance. But, they have some big
challenges such as energy restriction and packet losses. Congestion is the one of
the essential problems of WSNs since it increases energy consumption of sensor
nodes due to packet drops and retransmissions of packets. Most of WSN
applications require congestion controls to regulate traffic and prevent packet
losses. A lot of protocols have been proposed to deal with congestion problem in
WSNs. In this paper, we have evaluated and summarized the representative WSN
congestion protocols that provide energy conservation for the researchers who
are newly on congestion. We have selected popular congestion control protocols
and compared them in terms of some criterias.
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1. Introduction
Energy demand is expected to be in the near future. Therefore, energy conservation is great importance in our lives.
Large numbers of studies have been done on this subject. Some of these are biological waste utilization [1][2][3][4][5],
using solar energy [6][7][8][9], wind energy generation [10], thermal energy[11] and energy saving of power battery [12][13].
WSNs consist of several wireless sensor nodes, which include small-integrated sensors, a microcontroller, a RF transceiver,
and a battery. The size of these networks is mainly determined by the requirements of the application. The task of each
sensor node is to collect the different physical information such as humidity, temperature, pressure and sound [14] from
the target environment and is to forward to the base station in an ad-hoc manner. They can be used in wide range
applications such as energy efficient data applications [15], indoor scenarios [16], tracking fast moving targets applications
[17] and human boy applications [18]. In Fig 1, a typical wireless sensor network system can be seen. The properties of
WSNs such as easy deployment, self-organization, scalability, low maintenance make them more attractive than traditional
network systems. Besides these advantages, WSNs have some challenges such as energy restriction, packet losses, and
security vulnerability. The packet losses increase energy consumption of the sensor nodes and delivery time of information.
Therefore, it is one of the biggest problems of WSNs. The packet losses in WSNs generally are due to high error rate of
communication link and congestion. Congestion is a situation in which is too much the data traffic at a node. Thus, the
network slows down or starts loosing data. Congestion is occurred by two reasons. The first reason is the packet arrival
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time that is more than service rate. The second reason is channel contention time, and high bit error rate. Congestion can
cause buffer overloading problem and packet losses. Therefore, it increases energy consumption of the sensor nodes.
Additionally, congestion can reduce link usage and increases packet arrival time. So, congestion is one of the crucial
problems to be solved in WSNs.
Recently, the researchers focus on congestion in WSNs. In the literature, there are various studies about congestion
problem [19]. But, to the best of our knowledge, there is no survey paper directly summarizes the congestion protocols
and methods. Therefore, in this paper, we aim to evaluate and summarize the existing WSN congestion protocols for the
researchers who are newly on congestion. We have selected representative congestion control protocols and compared
them in terms of some criteria such as energy efficiency and packet service time.
2. Related work
In literature, it is proposed three methods as known congestion detection, notification, and mitigation to deal with
congestion problem [19]. In the first method, congestion detection is mostly performed according to the queue occupancy
[20][ 21], packet arrival time [22], and packet arrival ratio [23] parameters. In the second method, when a node detects the
congestion, it notifies the other sensor nodes with congestion notification (CN) bit [24]. CN is propagated by intermediate
nodes to the sink. After the sink received a packet including CN bit from the nodes, it understands whether congestion will
occur in next period [19]. In the third method, congestion mitigation and avoidance is achieved by monitoring the network
traffic. Monitoring of network traffic arranges the sending rate of intermediate or source nodes. This method is useful to
protect network resources. Traffic monitoring can be realized by end to end or hop by hop manner. In the end to end
control method, source nodes should adjust the sending rate. Therefore, its response time is long, and relies highly on
Round Trip Time (RTT) [19]. The hop by hop congestion control has faster response time than end to end control. But, it is
difficult to adjust the packet sending rate at intermediate nodes, since the packet forwarding rate is dependent on the MAC
protocol.
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Fig1.Wireless Sensor Network and components of sensor node
The rest of the paper is organized as described below. Congestion control methods will be clarified in Section 2.
Congestion protocol design factors are introduced in Section 3. In Section 4, popular congestion control protocols for
WSNs are described. In Section 5, Comparison of the selected congestion protocols is presented. The paper is concluded
by Section 6.
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3. Congestion control design factors
WSNs should be designed according to the requirements of Quality of Service (QoS) in many applications. Since
congestion control protocols are closely related to QoS parameters such as reliability, end-to-end delay and etc. They are
so necessary for QoS-aware applications [25].
In this chapter, we discuss the design factors of a congestion control protocol such as Quality of service, energy
efficiency, reliability and fairness [26].
3.1. Energy efficiency
Energy conservation is the most important design rule in WSNs. So, the designed protocols for WSNs should be energyaware. A congestion control protocol detects the congestion and reduces the packet loss. Thus, it can be contribute the
energy conservation. But, it should take into account the control messages overhead
3.2. Reliability
In some critical WSN applications, reliability may be so important. Some applications require not only reliable but also
timely delivery of data [27]. Namely, It may be required that each packet reach to target nodes. The reliability is classified
into two categories such as event and packet reliability. Packet losses are so important in packet reliability based
applications. But, in event reliability based applications, it is only required successful event detection [19].
3.3. Quality of Service (QoS)
Bandwidth, packet delay and packet loss rate are some of the well-known QoS metrics. Many wireless sensor network
applications are closely related to these QoS metrics. For examples, in a target tracking application, sensor nodes should
transmit high bandwidth data such as real-time images or videos. In a delay-sensitive application such as health monitoring
application, it may be required the timely delivery of sensory data. A congestion protocol should be designed paying
attention these requirements [28].
3.4. Fairness
Wireless sensor nodes are usually scattered to the monitoring area. In the most WSN application the sensory data
should be carried from away nodes to sink by many-to-one communication model. This model may be caused to the
bottlenecks and so, it is highly susceptible to congestion. Therefore, the congestion protocols are so important for
supplying fair bandwidth allocation between sensor nodes [5].
4. Congestion control protocols for wireless sensor networks
Congestion is a big problem in WSNs, since it is related to energy efficiency. Congestion occurs when too much network
traffic, and it causes the increase of packet loss and the decrease of channel capacity. So, congestion increases the energy
consumption of sensor nodes. Therefore, recently, the researchers focus on congestion control mechanisms in WSNs.
In the literature, congestion control protocols are divided into two main categories such as hop by hop and end to end
protocols according to the method of operation. In Fig 2, hop by hop and end to end congestion control protocols can be
seen. In this paper, we conduct a brief literature survey on congestion control protocols in WSNs.
CONGESTION
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4.1. Hop by hop Congestion control Protocols
In this section, we will discuss about congestion control protocols that use hop by hop control method. We will briefly
describe the hop by hop protocols such as PCCP, PHTCCP, SenTCP, CCF, Fusion, HCCP, CRRT and CTCP.
4.1.1. PCCP
PCCP (Priority-based Congestion Control Protocol) developed by Wang, Sohraby, Lawrence, Li and Hu [29] in 2006.
PCCP is designed as an upstream hop by hop congestion control protocol for WSN. Priority of a node in PCCP is dependent
on application and can be updated by the sink node. Firstly, PCCP uses packet arrival time to determine congestion level.
This metric also gives an idea about the occurrence of packet loss. Secondly, PCCP uses implicit congestion notification
information [19] and avoids from unnecessary control messages. Thirdly, PCCP provides to control the priority rate
depending on the congestion degree. Namely, it doesn’t require any additional control messages. Consequently, PCCP
uses a priority based rate regulation algorithm to assure flexible fairness and throughput.
4.1.2. PHTCCP
PHTCCP (Prioritized Heterogeneous Traffic-Oriented Congestion Control Protocol) [30] developed by Monowar,
Rahman, Pathan, and Hong in 2008. PHTCCP is a congestion control protocol that uses hop by hop method. When
congestion occurs, it adjusts transmission rate. It allows using efficient link capacity even if some nodes are in the passive
or sleep mode. PHTCC uses the WFQ (Weighted Fair Queuing, WFQ) for packet scheduling. WFQ is a data
packet scheduling technique allowing different scheduling priorities to statistically multiplexed data flows.
PHTCCP uses a parameter called to Packet Service Ratio R(i) to detect the congestion level. R(i) can be calculated by
dividing Packet Service Rate (R x I / S) and packet scheduling rate (R x I / Sch). Each node forwards some information to
the other nodes in the packet headers. This information is the packet scheduling rate, the total number of child nodes,
number of child nodes that are active during specified time (t), and the average queue length of its active child nodes. Thus,
all nodes are aware of congestion notification information. PHTCCP provides desired throughput for diverse data according
to the priority specified by the base station, high link utilization, moderate queue length to reduce packet loss, relatively
low packet drop rate.
4.1.3. SenTCP
SenTCP [31] designed by Wang, Sohraby and Li in 2005. It uses hop by hop control method for upstream data traffic.
SenTCP measures the congestion level in every intermediate sensor node by the help of packet arrival time, packet interarrival time and buffer status parameters. When a node detects the congestion, it sends a packet to its neighbor nodes. In
the packet, there is congestion level information and buffer status indicator. In SenTCP, when a node receives a congestion
message, it arranges own packet sending rate. So, network congestion status is regulated immediately and packet dropping
is decreased. SenTCP provides the congestion control, but it has not any reliability mechanism.
4.1.4. CCF Protocol
CCF [22] (Congestion Control and Fairness) protocol has designed by Ee and Bajcsy in 2004. It provides hop by hop
upstream congestion control [32]. CCF protocol determines congestion by calculating number of downstream nodes,
average sending rate, data packet generation rate and downstream propagation rate. When congestion occurs, congestion
information must be forwarded to downstream nodes and so, the nodes decrease their sending rate [32]. For supplying
fairness, CCF uses two methods such as sub-packet queues and sub-tree size. In sub-packet queues, every node uses an
indexed queue for each child nodes. CCF distributes the control message in data packets. In this mechanism, additional
packets are not needed. CCF uses two scheduling algorithms such as probabilistic selection (PS) and Epoch based
proportional election (EPS) [28] to improve fairness. These algorithms may increase fairness among sensor nodes besides
decrease packet delivery latency.
4.1.5. Fusion Protocol
Fusion [21] protocol has designed by Hull, Jamieson, Balakrishnan in 2004 and it provides upstream hop by hop
congestion control. It has three methods such as hop by hop control, source traffic limiting, and giving priority to MAC
protocol. In the first method, congestion is detected by controlling queue status and channel load techniques. Congestion
bit in the packet header is set and congestion notification information is sent to other neighbor nodes. When neighbor
nodes receive congestion information packet, they give up sending packets. The disadvantage of rate adjustment method
is to negatively affect radio link utilization and fairness. In second technique, nodes use the resources on an equal basis to
supply fairness. In third technique, if a node is under congestion, it drains output queue to improve the congestion by
allocating prioritized access to the physical channel [32]. Fusion has congestion control but it has no reliability mechanism.
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4.1.6. HCCP
HCCP [33] (Hybrid Congestion Control Protocol in Wireless Sensor Networks) designed by Sheu, Hu and Chang in 2009.
HCCP is a hop by hop congestion control method. It is a hybrid congestion protocol that considers both the packets delivery
ratio and retains the node buffer size. In HCCP, it is not necessary to maintain the global flow information and each node
uses its current buffer size and network size to calculate its congestion level information. The congestion level is defined
to indicate the current congestion level at each node. Each node individually assigns or reduces the data sending rate to
avoid congestion. Congestion level is exchanged periodically between neighbor nodes. So, each node may use own and
neighbor node’s congestion level to prevent congestion.
4.1.7. CRRT
CRRT [34] (Congestion Aware and Rate-Controlled Reliable Transport in Wireless Sensor Networks) designed by
Muhammad Mahbub and Choong Seon Hong in 2009. CRRT avoids congestion, controls sensors sending rate individually
to success an optimal rate and provides fairness. CRRT succeed high transmission efficiency due to the reservation based
MAC retransmission structure. CRRT supports multiple sinks and multiple consonant applications. Sink can assign rate to
the individual sources collaboratively and maintain fairness for aggregate source rate.
4.1.8. CTCP
CTCP [35] (Reliable Transport Control Protocol for Sensor Networks) designed by Eugenia Giancoli, Filippe Jabour,
Aloysio Pedroza in 2008. CTCP proposes packet delivery between a source node and sink. It detects and control congestion
through the differentiation between transmission error losses and buffer overflow. When packet losses occurred, it uses
two reliability levels and, in case of congestion, provides explicit signaling to break and resume data transmission. CTTP
performs a significant increase in delivery reliability and decrease in packet loss. It is achieved by distributing responsibility
of temporary message storage between two adjacent nodes. Moreover, distributed message storage demonstrates the
protocol robustness during periods of disconnection, prior to an ACK confirmation. The base station takes the decisions
that depend on the application requirements knowledge and control parameters with central characteristics.
4.2. End to end Congestion control Protocols
In this section, we will discuss about congestion control protocols that use end to end method. We will briefly express
end to end protocols SRCP, STCP, ART, ESRT, TCCP, RCRT, TRCIIT and PORT.
4.2.1. SRCP
SRCP [36] (Sensor Reliability and Congestion Control Protocol) developed by Khan and Khan in 2010. It is reliability and
congestion control protocol and also delay based end to end congestion control protocol for full rate adjustment. SCRP
initiates the connection by sending a request [9]. Sink calculates RTT and adds this information to packet header. Then, it
sends this packet as a reply. When the packet reaches to node, it starts to send the packets stored in his buffer. Packet
timer value is changed at fixed intervals every 0.4 seconds. When data packets are received, sink node calculates the
timestamp via current time (t) by subtracting the trip time. Sink saves received time values to time array. If there is any
increase in the packet sending, the node sends the packet RTT values by adding the explicit congestion notification and
node updates the RTT value.
If the packet sequence number is different than expected, it informs to sink for lost segments between two segments.
If the sink node takes this packet, the sink terminates start phase and triggers controlled phase. In Fig. 3, SRCP packet
header can be seen.

Fig3. SRCP Packet Header.
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4.2.2. STCP
STCP [37] (Sensor Transmission Control Protocol) developed by Iyer, Venkatesan and Gandham in 2005. STCP is a
generic end to end congestion control protocol for wireless sensor networks. STCP performs all functions at the sink node
and each node may be source. It may adjust data flow type, transmission rate and reliability level. STCP provides controlled
variable reliability, congestion detection and avoidance. It uses explicit congestion detection method. In this method, the
nodes use two threshold values such as

(low buffer status threshold) and

to detect congestion. If a node’s buffer status reaches to

(high buffer status threshold)

value, the congestion notification bit will be set.

Congestion probability value can be determined by an approach as below. If the node’s buffer status reaches to
value, the node will set the congestion notification bit in all forwarded packets. When the sink receives these packets, it
informs the congestion status to sensor nodes with ACK messages. When a node receives an ACK message, it sends the
packets with a different route and adjusts packet sending rate.
4.2.3. ART Protocol
ART (An Asymmetric and Reliable Transport Mechanism) protocol has designed by Tezcan and Wang in 2007 [38]. It
provides end to end upstream reliability, end to end query reliability and upstream end to end congestion control. It
determines essential nodes (E-nodes) that they can cover all area. ART uses e-nodes for reliable data transfer to upstream
and downstream nodes and loss recovery. It has four stages. The first stage, non-essential nodes do not participate end to
end communication. In second stage, congestion control methods regulate data traffic. In third stage, a few nodes are
involved in loss recovery schemes. In fourth stage, ART takes care of energy efficiency using congestion control. ART uses
both ACK and NACK messages. It is assumed that congestion occurs if a timeout happens without receiving any ACK from
the sink. In this case, e-node informs neighbor nodes that are not e-nodes to reduce data sending rate until the congestion
problem is solved. As a result congestion problem is solved only by using e-nodes and congestion notification information
is propagated upon them [32].
4.2.4. ESRT
ESRT (ESRT: Event-to-Sink Reliable Transport in Wireless Sensor Networks) designed by Akan and Akyildiz [24] in 2004.
It provides end to end upstream congestion control and upstream reliability. Firstly, in ESRT protocol, the sink needs to
regularly calculate the reliability (r) value according to successfully received packets in a fixed time interval. Then, sink
computes the required sensor report frequency from (r) and finally, it reports f value to sensor nodes with high power. The
nodes that get f value calculate reporting interval and control the buffer status to guess congestion. If a node detects
congestion, the congestion enable bit in event report packet is set. When report packet arrives to the sink node, it gets
information about network’s congestion level. ESRT conserves energy by changing f reporting value.

Fig.4 Tournament protocol network model.

4.2.5. TCCP
TCCP (Tournament based Congestion Control Protocol) [39] designed by Lee, Jeong and Jin in 2011. TCCP uses end to
end congestion control method to decrease congestion. In Fig. 4, Tournament network model can be seen. The proposed
tournament method provides a different priority queue for each level of packet streams. Thus, the priority queue plays the
key role to reduce the congestion and determine the importance of a stream. TCCP has three methods to reduce congestion
such as tournament decision, best-fit control strategy and service differentiation [39]. Firstly, the tournament decision [28]
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selects the packets with less overhead and larger link by comparing two or more packets [39]. Secondly, in best-fit control
strategy is the process to decide the largest relevance of packet streams. If not establishing the best-fit control strategy,
streams suffer from the cost effectiveness and stream overhead [39]. Thirdly, the TCCP determines importance level or
priority by the best-fit control algorithm. If the bandwidth usage rate is given for a service and the stream is activated, then
the bitrate range is assigned and the service is differentiated according to the bandwidth usage rate [40]. Consequently
TCCP protocol decreases congestion, reduces packet loss, provide energy efficiency, and so improves quality of service.
4.2.6. RCRT
RCRT (Rate-Controlled Reliable Transport Protocol for Wireless Sensor Networks) [41] designed by Jeongyeup Paek and
Ramesh Govindan in 2007. RCRT protocol is suitable for constrained sensor nodes. RCRT uses end to end explicit loss
recovery, but places all the congestion detection and rate adaptation functionality. It places its congestion control
functionality at the sink, whose perspective into the network enables better aggregate control of traffic. It supports multiple
concurrent applications, and is robust to network dynamics. Sinks make rate allocation decisions; they are able to achieve
greater efficiency since they have a more comprehensive view of network behavior. It has two important advantages as
efficiency and flexibility.
4.2.7. TRCCIT
TRCCIT (Tunable Reliability with Congestion Control for Information Transport in Wireless Sensor Networks) [42]
designed by Faisal Karim Shaikh, Abdelmajid Khelil, Azad Ali and Neeraj Suri in 2010. TRCCIT protocol is a tunable reliability
with congestion control for information transport in WSNs. TRCCIT provides desired application reliability despite
developing network conditions by adaptive retransmissions and conquering the unnecessary information. Reliability of
information transport is achieved by HACK mechanism helped by localized retransmission timer management. TRCCIT
efficiently monitors the packet information flow and adapts between single path and multiple paths in order to improve
congestion such that desired application reliability is maintained.
4.2.8. PORT
PORT (A Price-Oriented Reliable Transport Protocol for Wireless Sensor Networks [43] designed by Yangfan Zhou and
Michael R. Lyu in 2005. PORT protocol facilitates the sink to achieve reliability. Under the constraint that the sink must
obtain enough fidelity for reliability purpose, PORT protocol minimizes energy consumption with two schemes. One is
based on the sink’s application-based optimization approach that feeds back the optimal reporting rates. The other is a
locally optimal routing scheme according to the feedback of downstream communication conditions. PORT can adapt well
to the communication conditions for energy saving while maintaining the required reliability level.
4.3. Hop by hop and end to end Congestion control Protocols
In this section, we will discuss about congestion control protocols that support both hop by hop and end to end
congestion control methods. We will briefly express CODA and Siphon protocols that use these methods.
4.3.1. CODA Protocol
CODA (Congestion Detection and Avoidance) designed by Wan, Eisenman and Campbell [20] in 2003. CODA is an
upstream congestion control protocol that supports hop by hop and end to end method. CODA protocol detects
congestion by the buffer status and the channel load rate. CODA sends congestion information with a message to the
upstream nodes. After upstream nodes receive this message, they decrease their transmission rates. In other words, if a
message doesn’t arrive to upstream neighbors within a certain time, nodes increase linearly sending rate. CODA uses closed
loop end to end method using AIMD (Additive increase / multiplicative decrease). It regulates node sending rate by end to
end approach. Before a sensor node sends data, it controls the channel load periodically and if wireless channel is busy,
congestion control bit in the header of packet is set. Congestion control bit is used to inform sink. When the sink receives
a packet that has congestion notification bit, it sends ACK message to the source node. When source node takes this
message, it decreases packet sending rate. When the congestion problem is solved, the sink node sends an ACK control
message to the source node. So it increases data sending rate.
4.3.2. Siphon Protocol
Siphon protocol designed by Wan, Eisenman, Campbell and Crowcroft [44] in 2005. Siphon protocol has multi-radio
virtual sinks (VS) that manage the traffic load on upstream flow. Virtual sinks are supported by minimum two different
radios. One of them is poor radio and other is powerful. The poor radio interface connects sensor nodes to each other.
Second radio connects the virtual sinks to each other.
In addition to congestion detection method used in CODA, Siphon uses post-facto scheme. Sink monitors measured
application fidelity and event data quality. If measured application fidelity drops under threshold value, it starts virtual sink
signaling. Siphon redirects traffic from sensor nodes to virtual sinks. As a result, congestion decreases quickly. Siphon uses
hop by hop and end to end congestion control together. If there is no congestion, the hop by hop method is used. If
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congestion occurs, it is used the hop by hop method between source nodes and end to end method between the Virtual
Sink and the sink.
4.4. Comparison of the Congestion Control Protocols
In this section, we compare the congestion control protocols in terms of some criterias such as energy efficiency,
fairness, reliability, congestion detection and congestion avoidance method. In Table 3, it is shown the comparison results.
The table indicates that congestion protocols detect the congestion with using different parameters such as packet service
time, queue length, channel load etc. Even though, PCCP, PHTCCP, SenTCP, CCF, SRCP, ART, TCCP, RCRT and PORT
protocols only use packet service time value, HCCP, STCP, TRCCIT protocols use Packet Service Time and Queue Length to
detect congestion with together and despite CTCP, CRRT and ESRT protocols use Queue Occupancy, Fusion use Queue
Length, CODA and Siphon use Channel Load and Queue Length to detect congestion with together.
Some protocols use hop-by-hop congestion control method, besides the others use end-to-end congestion detection
method. Only, CODA and Siphon use these two methods together. According to energy efficiency criteria, most of the
proposed protocols are successful except HCCP and Fusion. PCCP, PHTCCP, SenTCP, CCF, Fusion, HCCP, TCCP, CODA and
Siphon protocols only have congestion control, but CRRT, SRCP, STCP, ART, ESRT, RCRT, TRCCIT and PORT protocols have
congestion control and reliability mechanism.
When some protocols are analyzed in terms of fairness, PCCP, Fusion, CRRT, TCCP, RCRT and PORT protocols have
strong fairness, PHTCCP, SenTCP, HCCP, SRCP, STCP, ART, ESRT, CODA and Siphon protocols have weak fairness. Each
protocol is used in different applications and has been tested using different parameters. In Table 1, it is shown protocol
testing applications. Congestion control protocols are tested in different simulation environments. PHTCCP, HCCP, CRRT,
SRCP, ART, ESRT, TCCP, PORT and CODA protocols were tested by using NS-2 simulator; SenTCP, CCF, Fusion, RCRT and
Siphon protocols were tested by using Tiny-OS real testbed and CTCP, STCP and TRCCIT protocols were tested by using
TOSSIM simulator. SenTCP, CCF, Fusion, RCRT and Siphon have a real implementation besides the others have a simulation
models. In Table 2, it is shown the simulation environments.

Table1. Protocol Testing Applications.
Protocols

Applications

PCCP

Heterogeneous concurrent multiple applications

PHTCCP

Heterogeneous concurrent multiple applications

SenTCP

-

CCF

Fairness in applications: large area temperature
monitoring
High-volume bursty traffic applications and
fairness
General sensing application

Fusion
HCCP
CRRT
CTCP

High-rate
applications:
imaging,
acoustic
localization
Heterogeneous concurrent multiple applications

SRCP

Heterogeneous concurrent multiple applications

STCP

Heterogeneous concurrent multiple applications

ART

Mission critical applications like country border
security
Event detection applications: signal estimation /
tracking
General sensing application

ESRT
TCCP
RCRT
TRCCIT

High-rate
applications:
imaging,
acoustic
localization
Heterogeneous concurrent multiple applications

PORT

General sensing application

CODA

General sensing application

Siphon

Generic data dissemination application
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Table2. Protocol Simulation Environments
SIMULATION ENVIRONMENTS
NS-2

TINY-OS

TOSSIM

PHTCCP

SenTCP

CTCP

HCCP

CCF

STCP

CRRT

Fusion

TRCCIT

SRCP

RCRT

ART

Siphon

ESRT
TCCP
PORT
CODA

Table3. Comparison of congestion control Protocols
Protocols

Energy
Efficiency

Reliability

End
End

to Hop By
Congestion Detection Method
Hop

PCCP

Strong

No

No

Yes

Packet Service Time

Strong

PHTCCP

Strong

No

No

Yes

Packet Service Time

Weak

SenTCP

Strong

No

No

Yes

Packet Service Time

Weak

CCF

Strong

No

No

Yes

Packet Service Time

Strong

Fusion

Medium

No

No

Yes

Queue Length

Strong

HCCP

Weak

No

No

Yes

Packet Service Time / Queue Length

Weak

CRRT

Strong

Yes

No

Yes

Queue Occupancy

Strong

CTCP

Strong

Yes

No

Yes

Queue Occupancy

Medium

SRCP

Strong

Yes

Yes

No

Packet Service Time

Weak

STCP

Strong

Yes

Yes

No

Packet Timeout value/ Queue Length Weak

ART

Strong

Yes

Yes

No

Packet Service Time

Weak

ESRT

Strong

Yes

Yes

No

Queue Occupancy

Weak

TCCP

Strong

No

Yes

No

Packet Service Time

Strong

RCRT

Strong

Yes

Yes

No

Packet Service Time

Strong

TRCCIT

Strong

Yes

Yes

No

Packet Service Time / Queue Length

Medium

PORT

Strong

Yes

Yes

No

Packet Service Time

Strong

CODA

Strong

No

Yes

Yes

Queue Length / Channel status

Weak

Siphon

Strong

No

Yes

Yes

Channel Load/ Queue Length

Weak

Fairness

5. Conclusions
Energy efficiency is a big challenge in WSNs, since sensor nodes have a little battery capacity. Congestion control
protocols prevent unnecessary packet transmissions; improve energy efficiency and network throughput. Therefore, they
become so popular research area in recent years. In this article, we examine representative congestion protocols proposed
in recent years according to energy efficiency, fairness, congestion detection method, congestion avoidance method and
reliability. According to the comparison results, energy efficient, reliable and fair congestion control protocols are needed
to be developed better. According to the results, if congestion control protocols have reliability mechanisms, network
throughput and energy efficiency will be better. So in future, transport control protocols must provide reliability and
congestion control mechanism.
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