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ABSTRACT 

  A major challenge in the wireless sensor networks is to enhance the network lifetime. 

The area around the sink forms a bottleneck zone due to heavy traffic flow, which limits the 

network lifetime in WSN. This proposed work consists of the study carried out to improve 

the energy efficiency of bottleneck zone which leads to the overall improvement of network 

lifetime using the combination of duty-cycle and network coding technique. The sensor nodes 

in bottleneck zone are divided into two types: relay nodes simply forward the received data 

and network coder sensor nodes transmit using the proposed network coding technique. 

Results show the performance metrics such as energy consumption, packet delay, and 

throughput with detailed analysis to show the efficacy of the proposed work. 

Keywords: Energy efficiency, Duty-cycle, Network coding technique, Relay nodes, Wireless 

sensor networks. 

 

I. INTRODUCTION 

A wireless sensor network is a collection of nodes “sensors” organized into a cooperative 

network. The nodes communicate wirelessly and often self-organize after being deployed. 

The goal from the sensor node is to collect the data at regular intervals, then transform the 

data into an electrical signal and finally send the signal to the sink or the base node. The 

power issue in the wireless sensor network is one of the biggest challenges, because the 

sensor has a limited source of power which is also hard to replace or recharge “e.g. sensors in 

the battle field, sensors in a large forest … etc”.  

A WSN architecture incudes randomly deployed sensor nodes near to which sink is 

placed. Sensor nodes are equipped with a micro controller, a small memory and limited 

battery capacity [1] [2]. Sink gives instruction to sensor nodes and gathers sensed data from 

them. The nodes can self organize themselves to form a multi-hop network and transmit the 

data to a sink. In WSN, every sensor node has limited battery capacity whose operation time 

has to be increased for enhancement of network lifetime. The area around the sink is called 

bottleneck zone, due to high traffic load near sink, packet dropped increases [4]. Failure of 
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some node around the bottleneck zone leads to wastage of network energy and decreases the 

network lifetime. Relay nodes are used in this work to overcome the difficulties.   

The all-node-active condition is not practical for energy constraint WSN. The sensor 

nodes save energy by switching between active and sleep states. The ratio between the time 

during which a sensor node is in active state and the total time of active/sleep states is called 

duty cycle. The duty cycle depends on the node density of the monitored area for better 

coverage and connectivity. Usually for a dense WSN the duty cycle of a node is kept very 

low [3]. A duty cycled WSN can be loosely categorized into two main types: random duty-

cycled WSN [3] and co-ordinate duty cycled WSN. In the former, the sensor nodes are turned 

on and off independently in random fashion. In the later, the sensor nodes co-ordinate among 

themselves via communication and control message exchanges. They are potentially efficient 

for communication. Random duty cycle has been considered for its simplicity in design.  

In present work network lifetime has been derived for duty cycle. The multiple 

receptions of the same data bits inside the bottleneck zone for multi-path forwarding have 

been considered. The network coding technique improves the capacity of an information 

network with better utilization of bandwidth. In a multi-hop communication with network 

coding, the intermediate nodes of a network can appropriately encode the incoming data 

packets before forwarding the coded packets to the next node [5]. There have been studies 

carried out on the network lifetime in WSNs [4] [6]. The rest of the paper includes the other 

sections such as Section II presents the related work, Section III & IV describes existing and 

proposed system respectively, Section V presents the simulation results. Finally, the 

concluding remarks are given in Section VI. 

 

 

II. RELATED WORK 

  Random Duty cycle [3] facilitates in reduction of energy consumption in a crowded 

WSN. Furthermore, Linear network coding technique [5] has been drawn its attention for 

improvement of throughput, energy efficiency and better utilization of bandwidth in Wireless 

Sensor Networks. There have been studies on the network life time in WSNs. Wang et al [4] 

proposed a Bottleneck zone analysis to improve the performance of the whole network. The 

focus of the present work is to improve energy efficiency and network lifetime in WSN, 

considering (i) random duty cycle, (ii) network coding, and (iii) combinations of the duty 

cycle and network coding. A network coding based communication paradigm has been 

proposed. Detailed simulation and performance analysis have been carried out to show the 

efficacy of the proposed approach. 

 

III. EXISTING SYSTEM 

In a typical WSN, the network traffic converges at the Sink node S (Fig. 1). There is a 

significant amount of data flow near the Sink. The area near the Sink is known as the 

bottleneck zone. Heavy traffic load imposes on the sensor nodes near the Sink node. The 

nodes in the bottleneck zone deplete their energy very quickly, referred as energy hole 

problem in WSN. Failure of such nodes inside the bottleneck zone leads to wastage of 

network energy and reduction of network reliability. The bottleneck zone needs special 

attention for reduction of traffic which improves the network lifetime of the whole WSN. 
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Fig 1: Roles of sensor and bottleneck in typical WSN 

                       

 

Fig 2: Existing Simulation Scenario with Bottleneck Zone 

 

 

Fig 3: Multiple transmissions increase the network traffic 

Fig 3 shows the simulation scenario of the existing system, which represents the 

increase or heavy traffic around the Sink or BS node due to multiple transmissions at 

simulation time 3.33ms. 
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Fig 4: Packet loss or drop due to increase in network traffic 

Fig 4 shows the simulation scenario of packet loss due to increase in network traffic 

which also depletes energy around the bottleneck zone, known as energy-hole problem at 

simulation time 4.13ms. 

 

Fig 5: Energy depletion 

Fig 5 shows the simulation scenario which represents the packet energy depletion of 

the sensor nodes at simulation time 5.55ms. 

A) Limitations: 

 In a WSN, each sensor node has limited battery energy. 

 Duty Cycle is used to optimize the energy consumption in sensor nodes, but this 

cannot avoid the unwanted energy consumption caused by increased traffic. 

 The area around the Sink forms a bottleneck zone due to heavy traffic-flow, which 

limits the network lifetime in WSN, referred as energy hole problem in WSN. 

 Due to heavy traffic around sink packet dropped increases. 

 Failure of some node around the bottleneck zone leads to wastage of network energy 

and decreases the network lifetime. 
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IV. PROPOSED SYSTEM 

In this proposed work, the study has been carried to improve energy efficiency and 

lifetime in a typical WSNs using duty cycle and network coding technique. As alone duty 

cycle cannot avoid the unwanted energy consumption caused due to heavy or increased 

traffic around the sink referred as Bottleneck Zone, which causes depletion of energy and is 

known as energy hole problem. 

 To solve this problem, we used network coding technique along with duty cycle to 

improve the energy efficiency of sensor nodes using relay sensor nodes and network coder 

sensor nodes in network coding technique. Relay sensor nodes just forward the received data 

and network coder sensor nodes transmit data using proposed network coding technique. Fig 

1 depicts the roles of sensors (relay sensors and LNC sensors) where the LNC layer is the 

region where the network coder sensors are involved (LNC sensors).  

The Network Coding technique reduces the number of transmissions in the network 

by combining the multiple data packets into single unit using XOR operation. 

A) Network coding technique: 

Network coding is a technique which allows the intermediate nodes to encode data 

packets received from its neighboring node in a network. The encoding and decoding 

methods of linear network coding are as follows: 

 Encoding operation: A set of n packets Gi(i = 1, 2, 3, 4, ..., n) that are received at a 

node are linearly encoded into a single output packet. The output encoded packet is 

given by,  

                                            𝑌 =  qi
𝑛
𝑖=1 Gi,  

where qi=(q1,q2,…. qn) sequence of coefficients called encoding factor. 

 Decoding operation: A receiver node solves a set of linear equations to retrieve the 

original packets from the received coded packets. The encoding vector q is received 

by the receiver sensor nodes with the encoded data. Let, a set (q
1
, Y 

1
), ... (q

m
, Y 

m
) has 

been received by a node. The decoding equation is given by 

 𝑌𝑗 = qi
j

𝑛

𝑖=1

Gi , j = 1,… , m 

 

The XOR network coding, a special case of linear network coding is used. 

 

B. Modules : 

 

 WSN creation and Implementation of Routing. 

 Implementation of Duty Cycle and Network-Coding Technique. 

 Performance analysis and Result Comparison. 
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Modules description as follows: 

 

a) WSN creation and Implementation of Routing. 

In this module, a wireless sensor network is created. Sensor nodes are randomly 

deployed in the network area. Base station / Sink node is configured using PHENOM 

agent. All the sensor nodes are connected with wireless links. The sensor nodes can 

act as router and forward the data packets to the next nodes. The sensor nodes send 

their data to the base station node by constructing the best path among them and 

forward the data packets.  

 

b) Implementation of Duty Cycle and Network-Coding Technique. 

The network coding technique improves the capacity of an information 

network with better utilization of bandwidth. Here we are making a single-hop 

communication with network coding, where the intermediate nodes of a network 

appropriately encode the incoming data packets before forwarding the coded packets 

to the next node and the network coding technique also improves reliability of the 

network. Integrate duty cycle and network coding techniques to utilize the network 

resources efficiently. 

 

c) Performance analysis and Result Comparison. 

In this module, the performance of the proposed work is analyzed. Based on 

the analysis the X-graphs results are plotted. Throughput, delay, energy consumption 

and packets dropped are the basic parameters considered to show the efficacy of the 

proposed work. 

 

 

 
 

 

Fig 6: Overview of Proposed System    Model 

 

C. Advantages: 

 Failure of nodes around bottleneck zone is reduced. 

 Duty cycle facilitates in reduction of energy consumption in a dense WSN.  



International Journal of Advanced Scientific and Technical Research                Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 294 
 

 Furthermore, network coding technique has been drawn its attention for improvement 

of throughput and energy efficiency in resource constraint wireless networks.  

 Solution for energy hole problem is given by the proposed work.  

 Area around the sink with heavy traffic flow and with energy depletion is reduced. 

 As energy is conserved there is increase in overall network lifetime of the WSN. 

 

V. SIMULATION RESULTS 

A) Simulation Scenario of the Proposed System 

:  

Fig 7a: Network Coding Phase 

 

In Fig. 7a, shows the simulation scenario with the network coding phase 

implemented, where node 11 and node 16 are the network coder sensors. Node 1 is the base 

station (BS). Nodes 32, 34, 37 and 38 sending data to base station (BS). 

 

 
Fig 7b: Network Coder Sensors sending data to BS 

  

Fig. 7b, shows the simulation scenario where the XOR is done at node 11 and 16. Node 11 

and 16 are referred to as network coder sensors, these sensors combine multiple data packets 

into single unit and transit single unit data to BS. 

 

B) Performance evaluation:  

Performance analysis is carried out by using three major performance metrics 

such as throughput, delay and energy consumption. The X-Graphs represents the existing 

system with green line (E) and the proposed system with red line (NC).  
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Fig 8a: Throughput X-Graph 

Fig. 8a depicts the comparison of Existing throughput (E-thr) vs. Proposed 

throughput (NC-thr), indicating that E-thr is low in comparison with NC-thr.  

 

Fig 8b: Energy Consumption X-Graph 

 Fig. 8b depicts the comparison of Existing energy consumption (E-energy) vs. 

Proposed energy consumption (NC-energy), indicating that E-energy is high in 

comparison with NC-energy. 

 

Fig 8c: Delay X-Graph 
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Fig. 8c depicts the comparison of Existing delay (E-delay) vs. Proposed delay (NC-

delay), indicating that E-delay is high in comparison with NC-delay. 

 

Fig 8d: Packets dropped X-Graph 

Fig. 8d depicts the comparison of Existing packets dropped (E-pdr) vs. Proposed 

packets dropped (NC-pdr), indicating that E-pdr is high in comparison with NC-pdr. 

 

VI. CONCLUSION AND FUTURE SCOPE 

 In a typical WSN with Duty Cycle, the area around the Sink forms a bottleneck zone 

due to heavy traffic, which leads to the energy depletion and failure of some nodes in the 

bottleneck zone. This problem is solved by the proposed work, where WSN with Duty Cycle 

and Network Coding Technique improved the energy efficiency by showing that energy 

consumed is less in the proposed work. This states that there is less traffic around the Sink, 

energy consumption by the sensor nodes is less, which in turn leads to increase in the whole 

network lifetime. Failure of nodes is also reduced. 

 Therefore, the proposed work concludes that energy consumption in WSN with Duty 

Cycle is more than a WSN with Duty Cycle and Network Coding Technique. Simulation 

results show the efficacy of the proposed work. 

As an extension of the present work, energy efficiency and lifetime time analysis can 

be done selecting nodes as network coders which are at k hops (k = 2, 3, ...) away from the 

Sink.  

 

REFERENCES 

[1] I. F. Akyildiz, W. Su, Y. Sankarasubramaniam,       and E. Cayirci, “Wireless sensor 

networks: a survey,” Computer Networks, vol. 38, no. 4, pp. 393-422, 2002. 

[2]J. Yick, B. Mukherjee, and D. Ghosal, “Wireless        sensor network survey,” Computer 

Networks, vol. 52, no. 12, pp. 2292-2330, 2008. 

[3]C. F. Hsin and M. Liu, “Randomly duty-cycled wireless sensor networks,” IEEE Trans. 

Wireless Commun., vol. 5, no. 11, pp. 3182-3192, 2006. 

[4]Q. Wang and T. Zhang, “Bottleneck zone analysis in energy-constrained wireless sensor 

networks,” IEEE Commun. Lett., vol. 13, no. 6, pp. 423-425, June 2009. 



International Journal of Advanced Scientific and Technical Research                Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 297 
 

[5]S.-Y. Li, R. W. Yeung, and N. Cai, “Linear network coding,” IEEE Trans. Inf. Theory, 

vol. 49, no. 2, pp. 371-381, 2003. 

[6]S. Lee and S. H. Lee, “Analysis of network lifetime,” IEEE Commun. Lett., vol. 14, no. 

10, pp. 900-902, 2010. 

 


