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Now days, advances in miniaturization, Wireless Sensor Networks have become very famous in 

different applications in the present life. These are benefited for control and monitoring like, target 

tracking, civil and military applications, disaster management, habitat monitoring, climate control 

etc. A wireless sensor node can be built easily using small electronic cheap technology. Wireless 

sensor networks (WSN) contain hundreds to thousands of these sensor nodes. These sensors have 

ability to communicate either among each other or directly to an external base-station (BS).A 

greater number of sensor allows for sensing over larger geographical regions with greater 

accuracy. Basically, each sensor node comprises sensing, processing, transmission, mobilize, 

position finding system, and power unit. 

 Wireless sensor networks are densely deployed in sensing fields. They have very limited 

communication range and sensing range. Sensor node has very limited battery power and they are 

prone to failure. Wireless sensor nodes can be deployed in such a location where human being is 

impossible to reach physically.  So, if a sensor node loses its battery power is becomes useless, 

hence the topology of wireless sensor networks changes frequently. Sensor nodes have very 

limited processing power and memory. Wireless sensor networks are randomly deployed. The 

sensor nodes can be thrown in the sensing field from the airplane. 

Routing in WSNs is very challenging due to the inherent characteristics that distinguish these 

networks from other wireless networks like mobile ad hoc networks or cellular network. 
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First, due to the relatively large number of sensor nodes, it is not possible to build a global 

addressing scheme for the deployment of a large number of sensor nodes as the overhead of ID 

maintenance is high. 

Second, in contrast to typical communication networks, almost all applications of sensor Networks 

require the flow of sensed data from multiple sources to a particular BS. 

Third, sensor nodes are tightly constrained in terms of energy, processing, and storage capacities.

Fourth, sensor nodes in WSNs are generally stationary after deployment except for, may be, a few 

mobile nodes. 

Fifth, position awareness of sensor nodes is important since data collection is normally based on 

the location. 

Finally, data collected by many sensors in WSNs is typically based on common phenomena, hence 

there is a high probability that this data has some redundancy. Such redundancy needs to be 

exploited by the routing protocols to improve energy and bandwidth utilization. 

To minimize energy consumption, the routing protocols can be classified according to the network 

structure as flat, hierarchical, or location-based. Furthermore, these protocols can be classified into 

multipath-based, query-based, negotiation-based, QoS-based, depending on the protocol 

operation. In flat networks, all nodes play the same role while hierarchical protocols aim at 

clustering the nodes so that cluster heads can do some aggregation and reduction of data in order 

to save energy. Location-based protocols utilize the position information to relay the data to the 

desired regions rather than the whole network. 

1. Difference between wireless sensor networks and ad-hoc networks. 

 Wireless sensor networks are similar to the ad-hoc networks having basic difference. 

a. Wireless Sensor networks are densely deployed. 
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b. Wireless Sensor networks have limited battery power 

c. Wireless Sensor networks have limited processing capacity. 

d.  Wireless Sensor networks have limited memory (RAM). 

e. Wireless sensor networks are prone to failure. 

f. Wireless sensor network topology frequently changes. 

g. Wireless sensor nodes are less expensive. 

h. Wireless sensor networks have the self configuring capability. 

i. Wireless sensor networks have scalability properties. 

j. Wireless sensor network can accept new deployed nodes. 

2. Performance Metrics 

• Energy efficiency/system lifetime. The sensors are battery operated, rendering energy a very 

scarce resource that must be wisely managed in order to extend the lifetime of the network . 

•Latency . Many sensor applications require delay-guaranteed service. Protocols must ensure that 

sensed data will be delivered to the user within a certain delay. Prominent examples in this class 

of networks are certainly the sensor-actuator networks. 

•Accuracy. Obtaining accurate information is the primary objective; accuracy can be improved 

through joint detection and estimation. Rate distortion theory is a possible tool to assess accuracy. 

•Fault tolerance. Robustness to sensor and link failures must be achieved through redundancy and 

collaborative processing and communication. 

•Scalability. Because a sensor network may contain thousands of nodes, scalability is a critical 

factor that guarantees that the network performance does not significantly degrade as the network 

size (or node density) increases. 
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•Transport capacity/throughput. Because most sensor data must be delivered to a single base 

station or fusion center, a critical area in the sensor network exists.), whose sensor nodes must 

relay the data generated by virtually all nodes in the network. Thus, the traffic load at those critical 

nodes is heavy, even when the average traffic rate is low. Apparently, this area has a paramount 

influence on system lifetime, packet end-to-end delay, and scalability. Because of the 

interdependence of energy consumption, delay, and throughput, all these issues and metrics are 

tightly coupled. Thus, the design of a WSN necessarily consists of the resolution of numerous 

trade-offs, which also reflects in the network protocol stack, in which a cross-layer approach is 

needed instead of the traditional layer-by-layer protocol design. 

 

3. Application of wireless sensor networks 

Wireless sensor networks have wide range of application. Thus a lot of research is being done in 

this area. The major application of wireless sensor networks is as follows: 

Application in engineering technology 

(a)Automotive telemetric: used in cars for safety in traffic and to improve the efficiency of traffic. 

(b)Fingertip Accelerometer virtual Keyboards: sensors can be used in devices like keyboard 

where sensor senses the key input 

(c)Sensing and maintenance in industrial plants: in the larger plants robots are uses for special 

tasks. These robots are equipped with sensors to sense the environment and do the specific task.   

(d)Aircraft drag reduction:  sensors are also used in aircraft for different purposes. 
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(e)Smart office space:  the office areas are equipped with light, temperature, and movement 

sensors, microphones for voice activation. 

(f)Tracking of containers and boxes: shipping companies uses wireless sensor network to keep 

track on their goods. 

(g)Geophysical Monitoring:  seismic activity can be detected at a much finer scale using a 

network of sensors equipped with accelerometer. 

a. Monitoring of fresh water quality. 

b. Zebra net. 

c. Habitat monitoring. 

d. Disaster Detection. 

e. Contaminant Transport. 

 Civil Engineering 

a. Monitoring of structures. 

b. Urban planning. 

c. Disaster Recovery. 

 Military Application 

a. Asset monitoring and management. 

b. Urban welfare 

c. Protection. 

d. Self healing minefields. 

 Health monitoring and surgery. 

a. Medical Sensing. 

b. Micro surgery.  
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Inside wireless sensor networks ( WSN), congestion management is an incredibly critical field  

when traffic is greater than the aggregated or individual ability of the underlying channels.         

Special considerations are therefore needed to develop more  sophisticated techniques for preven

ting , detecting and resolving congestion. The WSN 's limited capital must be remembered in the  

production of these methods in order to reach optimum efficiency.  

In the last few years , numerous solutions have been implemented including routing  protocols su

pported by congestion identiication and control systems, and specialized protocols for congestion

 management. 

The congestion avoidance in the former schemes is done by the sink node, which triggers  

topology reset and the decrease in bulk flow.  As a consequence, congestion management protoc

ols were implemented at  the node level to tackle congestion prevention, identification and  

resolution. We are investigating congestion management processes in WSNs, and offering a  

comparative analysis.  

The congestion management systems are classified with partial congestion control as  

consolidated, and spread with dedicated congestion control.  Such a mechanism is termed 

as congestion control. Congestion control is of critical importance, as congestion control helps in 

preventing loss of traffic in bulk. Congestion control is a critical area of research as time variant 

quantities, such as network traffic and that buffer frequently changes with time (Liu et al., 

2012, Wang and Qian, 2011, Tao and Yu, 2010, Ee and Bajcsy, 2004). The priority mechanism must be 

enforced to ensure the drop of low priority packets in inevitable circumstances. As WSN are 

resource constrained, a WSN designer must pay attention to the congestion control to achieve 

maximum lifetime of network by optimally utilizing limited available resources (Rekha et al., 

2010, Flora et al., 2011, Lee and Kwangsue, 2010, Sergiou et al., 2007). 
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Existing congestion control techniques have some limitations, such as 

 (a) optimal estimation of traffic load at congested link, or paths, and along the alternate paths for 

traffic diversion. 

 (b) The traffic distribution along the alternate paths is not based on the traffic estimation (Tao and 

Yu, 2010, Ee and Bajcsy, 2004). 

 (c) The priority mechanism is based on hop count rather than actual delay a packet suffers from 

source to sink (Tao and Yu, 2010, Ee and Bajcsy, 2004, Cheng et al., 2011, Liu et al., 2011).  

The aforementioned defames the popularity as a practical model. Therefore, more adequate 

techniques are required to ensure congestion control aided by a sophisticated routing. The details 

of the previously proposed possible protocols and their comparison along with their in-depth study, 

working mechanism, and performance metric are discussed in detail in the subsequent. 

congestion control mechanism proposed in the previous schemes. A pictorial depiction is also 

detailed to provide an in-depth understanding of the techniques. The qualitative analysis of the 

schemes with respect to the parameters specified as criteria of each congestion control scheme 

introduced is also summarized. Existing survey reviews are also elaborated and the shortcomings 

of the existing survey papers regarding congestion and how this work contributes by overcoming 

that effectively. 

Congestion control schemes 
 

congestion control schemes may be classified into two major categories: 

 (a) Centralized congestion control schemes providing congestion assisted routing protocols. 

 (b) Distributed congestion control schemes contain buffer-based and cross 

     layer congestion control schemes. 



8 
Congestion control Technique for wireless sensor networks                                                          

 

Fig 1: categories of congestion control protocols. 

Centralized congestion control  

Throughout the unified congestion management systems, the sink node / base station undertakes 

certain actions relevant to avoiding or managing congestion. There the sink handles all operations 

relevant to congestion management, such as sensing congestion and preventing congestion. 

Sensor nodes merely serve as a "dump entity" that takes decisions at the centralized sink through 

the commands dictated by the underlying congestion control scheme. The sink receives data from 

the sensor node on a daily basis in a traditional centralized congestion  
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management system, senses the likelihood of congestion, and then sends signals to the sensor 

concerned to alleviate congestion. A qualitative analysis of the distributed congestion control 

schemes issummarized in Table 1. The following is a detailed discussion on some of the important 

centralized congestion control schemes found in the literature. 

 

S.No Protocol Operational 
strategy 

Congestion 
detection criteria 

Priority 
criteria 

Packet 
drop 
priority 

MAC 

01 Directed 
diffusion 

Routing with 
aggregation, 
distributed in 
nature 

Buffer overflow No No CSMA 

02 ESRT Routing with 
congestion support, 
Centralized in 
nature 

Buffer overflow No No CSMA 

03 PSFQ Routing with 
congestion support, 
Centralized in 
nature 

Buffer overflow No No CSMA 

04 RCRT Centralized 
congestion 
detection, rate 
adaptation, and rate 
allocation 

Buffer overflow No No CSMA 

05 I2MR Routing aided by 
congestion control 

Buffer Occupancy, 
and, exponential 
weighted moving 
averages for long term 
congestion detection 

No No No 

06 TADR Routing with 
congestion control 

Buffer and Rate, 
hybrid scalar potential 
field 

No No NA 

 

Table 1: Comparison with the congestion control of existing centralized routing protocols. 

 

The sensor nodes determine the nature of the query and respond to the intermediate sensors in  

order  
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to create a gradient path to the sink.  The sink selects the paths, the data is transmitted by the  

source sensor, and by aggregating the data the sink avoids congestion.  The direction of gradient 

determines the flow toward the sink along the shortest paths.Congestion is avoided as the sink   

selects the data transmission single path. The organizational situation  is demonstrated in Fig. 2. 

Sankara et al . proposed ESRT (Sankaras and Akyildiz, 2003), a congestion resolution transport 

protocol. The sink node detects congestion by monitoring local buffer to the sensor nodes. The 

sensor node sets the congestion notification (CN) bit in the header of the data packets for the sink. 

The sink on receiving the packet, determines the congestion and a new network state, such as No 

Congestion and Low Reliability (NC, LR), No Congestion and High Reliability (NC, HR), 

Congestion High Reliability (C, HR), and Congestion Low Reliability (C, LR), repeatedly. Based 

on the decisions by the sink, using these network states, the optimal operating region is formed by 

specifying a radius for event sensing. The event is detected within the radius and is routed to the 

sink in the form of data. The entire procedure is explained in Fig. 3. 
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Fig. 2. Directed diffusion, (a) sink broadcast query, (b) Gradient formation for reply. (c) Flow of 

reply toward sink along the gradient (Intanagonwiwat and Estrin, 2000). 

 

Fig3.(A) Event radius ESTR, (b) Event radius sensing and sink transmitting data (Sankaras and 

Akyildiz, 2003). 

Distributed congestion control  
 

This category includes the schemes for congestion control which are distributed in nature. The 

system for managing congestion stretches the entire sensor area. The sparse deployment nature of 

the sensor nodes results in the distribution of congestion control algorithms across the WSN into 

different routines and subroutines. These routines are executed by certain events in the sensor fields 

called stimulus and accordingly produce response. The output of one routine/subroutine may act 

as a stimulus to another subroutine. A qualitative analysis of the distributed congestion control 

schemes is summarized in Table 2. The criteria for congestion identification is expanded with the 

operating approach, the frequency of the packet and the control system for medium entry. 
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S.No Protocol Operational 
strategy 

Congestion 
detection criteria 

Priority 
criteria 

Packet drop 
priority 

MAC 

01 CODA Congestion 
control 

Single buffer 
occupancy and, 
link loading 
conditions 

NO NO CSMA (VC) 

02 ECODA Congestion 
control 

Dual buffer 
occupancy 

Yes Yes CSMA with 
AIMD 

03 FCC Congestion 
control 

Buffer occupancy, 
incoming flows 

Probabilistic 
algorithm 

No Priority, 
probabilistic 
algorithm 

Application 
based, rate 
control 

04 DAlPaS Congestion 
control 

Buffer occupancy, 
channel 
interference 

NO NO NA 

05 ADCC Congestion 
control 

Buffer occupancy, 
and, link load 

NO NO 802.11 

06 LPCC Congestion 
control 

Transient buffer 
monitoring using 
EWMA 

NO NO NA 

07 PCCP Congestion 
control 

Buffer 
monitoring, 
packet inter 
arrival time, and, 
service reflecting 
congestion 

NO NO NA 

08 DPCC Congestion 
control 

Buffer occupancy 
and traffic flow 

NO NO CSMA, Back off 
interval 

09 LACAS Congestion 
control 

Learning 
automata 

Pre defined 
rules 

Pre defined 
rules 

NA 

10 Fusion Flow control, 
rate limiting, 
and prioritized 
MAC 

Buffer and rate NA NA CSMA with 
RTS/CTS 
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S.No Protocol Operational 
strategy 

Congestion 
detection criteria 

Priority 
criteria 

Packet drop 
priority 

MAC 

11 Buffer based 
congestion 
avoidance 

Congestion 
control 

Buffer occupancy NA NA CSMA with 
implicit ACKs 
and TDMA 
with fix 
scheduling 

 

Table 2: Mutual evaluation with existing protocols for the management of global congestion. 

Three techniques: (a) hop-by - hop flow management; (b) rate limiting; and (c) MAC priority 

regulation. Such systems are referred to collectively as fusion, which prohibit nodes from 

distributing their packets as they are supposed to drop. The hop-by - hop flow decides the reduction 

in packets when there is inadequate capacity in the downstream nodes performance buffer. Rate 

limiting ensures equal transmission of the network , particularly from the nodes farther from the 

sink. Prioritized MAC is responsible for ensuring a priority access for congested nodes to the 

channels. The methodology suggested in Hull et al. (2004) is not focused on topological 

knowledge but instead relies on the topologies of the single-sink and the spanning-tree. There is 

always recognition of the trade-off between channel usage and equity. The challenging issues such 

as interference between apparently disjoint set of nodes and wireless channel's inherently loss 

nature are addressed appropriately. The suggested methodology (Hull et al . , 2004), however, 

utilizes the CTS / RTS method to prevent unknown terminal issues such as CODA (Tao and Yu, 

2010), and improves overhead power as the network expands. To stop sharing of queues, the 

program configuration is modified to wait before further data is accommodated in queue. However, 

the data priorities in this scheme remain silent and need to be addressed. buffer-based congestion 

avoidance scheme is tested against various MAC protocols, such as CSMA with implicit ACKs 

and TDMA with fixed scheduling, as explained in Fig. 4. A 1 / k buffer approach tackled the secret 
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The scenario is set out in the Fig. (4)(c). LACAS (Misra et al . , 2009) was suggested by Sudip et 

al. focused on the thinking and adaptive automatons. The LACAS protocol either responds to a 

predefined set of rules or adapts to a new situation, updating its adaptive automaton by learning to 

address the many to one nature of the WSN.terminal issue. In this scheme, fairness for buffer 

access and load balancing is assured over multiple paths. The uncertain nature makes the LA 

favourable for the network type mentioned above. The automatons are stationed at the intermediate 

nodes, called the Automata Stationed Nodes (ASN), and control node behaviour. ASN takes input 

from a predefined set, as opposed to generating the random output. The correctness of the output 

depends upon the factor of probability. The process of updating the probability factor moves on 

until a favorable action is determined. The full scenario is shown in Fig. 5  . Mehm et al . proposed 

the congestion detection by considering the buffer occupancy for a local cross layer congestion 

control scheme (Mehmet and Akyildiz, 2010). The buffer role is twofold: (a).holds sensed data, 

and (b) accommodates packets / traffic relays. Each node is responsible for the transmission and 

routing of traffic utilizing its adjacent nodes. A node controls congestion also by adjusting the rate 

of sensing and routing. Congestion control of the long-term path determines congestion along the 

active path that comprises the intermediate nodes. The source settles the highest rate of active path 

capacity incompliance. The intermediate nodes detect long-term congestion by monitoring their 

transmit buffer using exponential weighted average, and send the congested packet to source to 

ensure loading rate reduction. 
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Fig 4: Frame dependent congestion reduction system utilizing (a) CDMA, (b) TDMA and (c) 1/k 

queue approach 

 

Fig 5:  LACAS operational scenario 
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Congestion control  for  IEEE 802.15.4 

An emerging standard called IEEE 802.15.4 specifically designed for devices with low 

transmission rates on the Personal Area Network and the Wireless Sensor Network (WSN). 

Medium control function Guranteed Time Slot (GTS) allows it to serve the time sensitive WSN. 

Using CSMA / CA it requires multiple connections to job meaning to prevent confusion at MAC 

level. It uses Binary Exponential Backoff (BEB) mechanism to share the channel at low volume, 

low cost and low power between the wireless devices. However, in an area with a wide sensor 

field getting so many sensors with high likelihood of collision it degrades the output. This short 

coming is due to its small range of back-off exponent that is not based on the actual state of the 

underlying channel rather it uses deterministic approach. 

 

Conclusions 
 

Regulation of congestion at WSN is a difficult region. Resource scarcity allows pollution 

management methods more difficult and complicated to carry out. This thesis has provided an 

extensive analysis of the current techniques. All the techniques aimed at controlling congestion as 

a common task by effectively utilizing the limited resources available to extend the network 

lifetime. These techniques were classified into the centralized and the distributed strategies based 

on their primary and secondary design goals. the areas within the congestion control that required 

more sophisticated mechanisms were elaborated as open issues for future research. 
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