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ABSTRACT: Wireless sensor networks are designed of simple circuits, low energy consuming embedded devices with 
different type of physical sensors, signal processing unit and wireless communicating devices. Main objective of this 
design to minimizing energy consumption and maximizing network lifetime are important issues in the design of 
protocols for sensor networks. 
Wireless sensor network consists of automatic sensors, which have a limited power battery. Nodes which are present 
near the centralized collecting point will be in demand of much power which limits the overall network life time. The 
active area near to the sink node makes a bottleneck zone because of large traffic- flow which minimize the network 
lifetime in wireless sensor network. In this project, we introduce an adaptive duty cycle and encoding technique for 
minimizing energy consumption in the bottleneck zone .An efficient communication technique has been adopted in the 
bottleneck zone by combining adaptive duty cycle and encoding technique. Energy efficiency of the bottleneck zone 
increases due to more volume of data will be transmitted to the sink with the same number of transmissions. Hence the 
lifetime of wireless sensor network is enhanced. This work archive to enhance the energy efficiency of the bottleneck 
zone which leads to overall improvement of the network lifetime by considering a network coded adaptive duty cycle 
WSN. Linear Network coding is not simply relaying the packets of information they receive, the sensor nodes of a 
network take several packets and combine them together for transmission and applied in bottleneck zone. By applying 
the above techniques the overall life time of the node will finally increases. This proposed system investigates life time 
improvement approximately 8% - 14%, and minimizing energy consumption.  
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I. INTRODUCTION 
 
The sensor nodes with multiple functions that are compact size and communicate in a limit in short distances are 
developed due to the recent advancement in electronic fabrication on Nano level and wireless communication 
technologies. Wireless sensor networks [1] consisted of different functioned of small sensor motes. These compact 
sensors have the capability of signal processing, sensing and transmitting and receiving signals with each other and to 
the outside world using the external center stations. 
These sensor motes are largely used in remote location, medical, commercial, industrial, and army security applications 
[2]. Wireless sensor network devices have limited battery energy to complete processing and communication task.So, 
one of the challenging issues in wireless sensor networks is designing alow energy consuming network. 
Sensor node is an electronic device which connected with a limited power source [3]. Different techniques have been 
proposed in recent years for analyzing and improving battery life duration [4]. A variety of methods is employed to 
take advantage of battery characteristics for coming up with a lot of “battery friendly” systems and communication. To 
maximise the operational lifetime of powered systems like device nodes, it's necessary to discharge the battery in such 
the way so it maximizes the quantity of charge extracted from it [5]. Optimum resource management is a crucial 
challenge for maximizing the battery operation period of time and its success needs organized modeling of the factors 
contributive to the general power consumption. Therefore, it's necessary to review the discharge rate of battery taking 
into thought the battery kind, capacity, discharge pattern and different physical parameters. several researchers have 
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established that the sole approach a node will save substantial energy is to power off the radio, since sending, receiving 
associated taking note of an idle channel square measure functions that need roughly identical quantity of power. One 
in all the fundamental and most typically used power management techniques is Duty sport. Duty sport may be a 
technique wherever a node is sporadically placed into the sleep mode that is a good technique of reducing energy 
dissipation in wireless device networks. The traffic load in typical wireless device networks is comparatively low (0.01 
to ten packets/second) and packets area unit comparatively short (less than five hundred bits). The nodes pay most of 
their time idle for watching the channels. By introducing significant duty athletics in every node the advantage of low 
activity rate may be taken. In duty cycled operation [6], a node follows a sleep-wake and communicate cycle during 
which majority of the cycle pay their time in low power sleep state. Because duty cycle will increase, the nodes will 
sleep longer and additional energy are going to be saved, whereas few of the nodes area unit accessible to participate in 
information routing, which is able to decrease the turnout and increase transmission latency to cut back the duty cycle, 
we should always decrease the active time of the node the maximum amount as doable taking into consideration some 
limitations. Duty-cycled doesn't need continuous sampling or communication that makes its operation doable in 
wireless sensor network. 
A duty cycled wireless sensor network is of two types. First is random duty cycle in which duty cycle is not definite 
can be change randomly [10], second is co-ordinated duty cycle in which protocol is used to synchronize sensor so that 
they can communicate to each other[11]. A third technique is proposed in this paper which is known as queue 
management based adaptive technique. In random duty –cycle the sensing element motes are turned on or off stage in 
random fashion. Disadvantage of random duty cycled wireless sensor network never visit the sleep state supported their 
network condition. It will be generating the significant traffic. It does not use higher utilization of information accessed. 
In co-ordinated duty cycle wireless sensor network the sensing element transmits and receives the signal among 
themselves through the communication and message exchange. However, it needs further information exchange to 
broadcast the active sleep schedules of every node. These ways of wireless sensor network generate the significant 
traffic and overhead. We tend to propose an adaptive duty cycle management mechanism supported the queue 
management with the aims of power saving and time delay reduction. The projected theme does not like specific state 
information from the neighbour nodes, however solely uses the possessive queue length obtainable at the node. The 
network condition or traffic variations changes implicitly happens as a result of the queue states having risk or power of 
the network states. Victimization the queue length and its variations of a sensing element node, we tend to gift a style 
of distributed duty cycle network controller. Thus the adaptive duty-cycled primarily based wireless sensor network has 
been thought of for its style. Specifically the matter of reduction of traffic in bottleneck zone has been thought of. 

II. RELATED WORK 
 

Energy may be a terribly thin resource for sensing element systems and should be managed reasonably so as to increase 
the lifetime of the sensing element nodes. Several works are done to scale back the ability consumption and lifelong of 
wireless sensing element networks. Normally two main facultative techniques are known i.e. duty athletics and data- 
driven approaches. Duty athletics [6] is that the simplest energy-conserving operation within which whenever the 
communication isn't needed, the radio transceiver is placed within the sleep mode. 
To increase the energy potency of the sensing element nodes several connected works are done. Honghai Zhang et. al 
[7] derived AN formula supported the derived edge, AN formula that sub optimally schedules node activities to 
maximise the lifespan of a sensing element network. In [7], the node locations and two higher bounds of the lifetime 
are allotted. Supported the derived edge, a formula that sub optimally schedules node activities to maximize the 
lifespan of a sensing element network is intended. Simulation results show that the planned formula achieves around 
ninetieth of the derived edge. MS Pawaret. al [8] mentioned the result on lifespan, and energy consumption throughout 
listen (with completely different knowledge packet size), transmission, idle and sleep states. The energy consumption 
of WSN node is measured in several operational states, e.g., idle, sleep, listen and transmit. These results are wont to 
calculate the WSN node lifespan with variable duty cycle for sleep time. They complete that sleep current is a vital 
parameter to predict the life time of WSN node. Almost 79.84% to 83.86% of total energy is consumed in sleep state. 
Reduction of WSN node sleep state current from 64μA to 9μA has shown improvement in lifespan by 193 days for the 
three.3V, 130mAh battery. It’s additionally analyzed that the WSN node lifespan additionally depends on the packet 
size of knowledge. Knowledge packet size is reciprocally proportional to the life time of the node. As knowledge 
packet size is magnified, the lifespan of the battery is belittled. Yuqun Zhang et. al [9] planned AN adaptation 
methodology for the derived distance-based duty cycle that is predicated on native ascertained traffic. During this 
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paper, the Packet Delivery magnitude relation (PDR) values are achieved by three strategies. in step with their 
simulation, all told the three strategies the PDR results are terribly shut and better than ninety seven for lightweight 
traffic hundreds. With a rise in traffic load, the constant duty cycle methodology performs the simplest as a result of its 
higher duty cycle will give a lot of awake nodes to participate in knowledge routing. The marginally worse 
performance of TDDCA (Traffic- adaptive Distance-based Duty Cycle Assignment) compared to the constant duty 
cycle methodology indicates that the fastened increments and decrements in duty cycle isn't economical in terms of 
PDR. TDDCA and DDCA (Distance-based Duty Cycle Assignment) are a lot of energy-efficient than the constant duty 
cycle methodology, which DDCA performs higher than TDDCA. 

III. ENERGY CALCULATION AND MODELLING 
 

The lifetime of the nodes is evaluated by the overall energy consumption of the nodes such as in [12]. If the energy 
consumption decreases, then the life time of the nodes is increased. The total energy consumed by the nodes consists of 
the energy consumed for receiving퐸 	transmitting 퐸 	andsleeping퐸 	. The notations and values listed in Table 1 
and Table 2 are used throughout the paper. Total energy consumed is given by 

퐸 = 	 퐸 	 + 퐸 	 + 퐸  
A device node consumes energy at completely different states, such as, sensing and generating knowledge, sending, 
receiving and sleeping state. During this work, the radio model [14] has been changed for a requirement cycle primarily 
based WSN. Energy savings area unit done at the node level through shift between active and sleep states. 
Energy consumption by a supply node per second across a distance l with path loss exponent η is, 
퐸 = 푁 (푙 + 푙 푙 )eq. (1) 
Where 푁 is the data rate of transceiver relay,푙  is the energy consumption per bit by the transmitter and 푙  is the 
energy consumption per bit in the transmit op-amp [14]. Total energy consumption in time t by a leaf mote without 
acting as a relay (intermediate node) is, 
퐸 = 푡[푝(푅 퐸 + 퐸 ) + (1− 푝)퐸 ]eq. (2) 
where 퐸  is the idle mode energy consumption of a sensor node per second, 푅  is the sensor’s average sensing rate 
and it is equal for all the nodes, 퐸  is the energy consumption of a mote  to sense a bit, the probability p is the average 
proportion of time t that the sensor node use in active mode. Thus, p is the duty-cycle. A sensor node remains in the 
idle state with probability (1-p) till time t. The energy consumption per second by an intermediate node which act as a 
relay mote is given by 
퐸 = 푁 푙 + 푙 푙 + 푙 eq. (3) 
where푙  is the energy consumption by the sensor node to receive a bit. Total energy consumed till time t by an 
intermediate (relay) node is 
퐸 = 푡[푝(푅 퐸 + 퐸 ) + (1 − 푝)퐸 ]eq. (4) 
The total energy consumption in the bottleneck zone in time t for a p duty-cycle wireless sensor network is given by 
퐸 = 퐸 + 퐸 + 퐸 + (1− 푝)푡푁퐸 eq.(5) 
퐸 = 푡푁푝푅 훼 + 푁푝 푅 퐸 푡 + 푝 푡 ∫ ∫ 훼 − 푙 푑푠 + (1− 푝)푁푡 퐸 eq. 
(6) 
Where d is node density, 퐴  is area of bottleneck zone and 퐴  is area of sensor network. 
When p=1 and m=1 the energy consumption in the bottleneck zone to relay the data bits that are generated inside as 
well as outside the bottleneck zone becomes same as in a general or same as wireless sensor network without any duty 
cycle [13]. Thus, (6) also covers the general network scenario without considering duty cycle of nodes. 
The lifetime of a wireless sensor network is significantly depended on the energy consumption at the node level. Let 
퐸 is the initial battery energy available at each sensor node. In a network of N nodes, the energy reserve at the 
start is 푁퐸 .  
The performance of a wireless sensor network strictly depends on the failure statistics of the sensor nodes. The failure 
pattern of sensor nodes depends on the rate of depletion of energy. The network lifetime demands that the total energy 
consumption is no greater than the initial energy reserve in the network. The upper bound on network lifetime can be 
achieved when the total battery energy (푁퐸 .) available in a wireless sensor network is depleted completely. The 
following inequality holds to estimate the upper-bound of the network lifetime for a duty cycle based wireless sensor network. 
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퐸 ≤ 푁퐸 . 

Thus 푡 ≤ eq.(7) 
where the term Pxis given by 
푃 = 푝훼 퐷(퐴 − 퐴 ) + ∫∫ 푠푑푠 + 퐴 푑 푝푅 퐸 − 푙 + (1− 푝)퐸 eq. (8) 
The amount of energy consumption is maximum when p=1 (i.e. all node active condition) and the lifetime minimizes in a wireless 
sensor network. The energy efficiency of the network increases with low duty cycle which enhances the lifetime of the network. 

IV. ADAPTIVE DUTY CYCLE 
 

A system is taken into account with N number of motes distributed uniformly in space퐴 . Seventy percent of motes are adaptive 
duty cycle enabled that means switching between active and sleep state supported their queue length) within the area 퐴 , the nodes 
are divided into two teams reminiscent of relay device and network coder motes. The active relay device nodes(R) transmit the 
information that is generated outside similarly as within the bottleneck area. Within the bottleneck zone the relay nodes will 
communicate to the sink employing a single hop communication, the relay node communicate to the another relay node and Liner 
network coded mote employing a multi hop communication. The active Linear Network coder motes write in code the relay node 
information before transmission to the sink. It uses the one hop to speak with the sink. The leaf device nodes sporadically sense the 
info and transmit them to the neighbouring nodes towards the sink. The intermediate device nodes sporadically sense the information 
and it'll relay the detected information and received data within the direction of sink S.Each device node encompasses a variety of 
Received queue and detected Queue hooked up thereto, one or a lot of to alternative nodes, a lot of to the sink. On every device node 
the packets are arrived and depart except the Leaf (or) Terminal node and Sink node. The planned approach is to dedicate the buffer 
at every node to one inventory accounting queue. Once the buffer occupancy exceeds a threshold the switch begins to the device 
node as a vigorous state to try to thus till buffer occupancy falls below the brink.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                             

                                                                                        Fig. 1: Flow chart of project 
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V. MATLAB SIMULATION & RESULTS ANALYSIS 
 

1.Network Lifetime using Random Duty Cycle 
In this project area of wireless sensor network is considered 200x200 square meter, diameter of bottleneck zone 60m, 
number of nodes 1000, battery energy 25kj, sleep energy 30uj,hop length 2, number of bits 960 and threshold 12 bit are 
considered. 
Fig. 2 shows wireless sensor network lifetime variation with respect to change in random duty cycle. When duty cycle 
value is 0.01, lifetime for m=1 is 8.26x10^8 seconds. With increase in value of duty cycle, lifetime decreases and with 
increase in value of traffic density, lifetime again decreases. For maximum value of traffic density m=9, lifetime 
4x10^8 is observed. 
 
2. Network Lifetime using Network Coded Random Duty Cycle 
Fig. 3 shows wireless sensor network lifetime variation with respect to change in r duty cycle. Here in this graph 
network coding is applied with duty cycle. When duty cycle value is 0.01, lifetime for m=1 is 8.32x10^8 seconds. As 
value of duty cycle increases lifetime decreases, and with the increase in value of m (traffic density) lifetime decreases. 

3. Network Lifetime using Network Coded Adaptive Duty Cycle 
Fig 4 shows wireless sensor network lifetime variation with respect to change in random duty cycle. When duty cycle 
value is 0.01, lifetime for m=1 is 8.38x10^8 seconds. As value of duty cycle increases lifetime decreases, and with the 
increase in value of m (traffic density) lifetime decreases. For m=9 and p=0.01 lifetime is 7.8x10^8 seconds.  

Table 1: Parameters 
Number of Nodes (N) 1000 

Network Area 200 m2 
Path Loss Exponent 2 

푙  0.937uj 
푙  0.787uj 
푙  0.0172uj 

Sleep 30uj 
  
 

   
 

Fig. 2: Lifetime of Sensor Network using Random Duty Cycle                             Fig. 3: Lifetime of Sensor Network using Network Coded Duty  
                                                                                                                                              cycle 
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 Fig. 4: Lifetime of Sensor Network using Adaptive Duty Cycle                Fig.5: Lifetime of Sensor Network at different values of m for h parameters 
 and Network Coding  

Table 2 shows the comparison of lifetime for random duty cycle, network coded duty cycle and network coded 
adaptive duty cycled wireless sensor network. From the data it can be conclude that the network coded adaptive duty 
cycled wireless sensor network is best technique to improve network lifetime. 

Table 2: Lifetime comparison for different techniques 
 Lifetime for p=0.01 Lifetime for p=0.1 

Random Duty Cycle 5.06 x10^8 2.38 x10^8 
Network Coded Duty 

Cycle 
5.19 x10^8 2.89 x10^8 

Adaptive Duty Cycle 
with Network Coding 

7.69 x10^8 5.32 x10^8 

Fig.5 shows, how network lifetime is depends on h parameter. It can be observe that with increment in value of h value 
of lifetime degrades. For higher values of h parameter, lifetime value is almost constant. 

VI. CONCLUSION  
 
In this paper, the lifetime of the mote depends on total energy consumption and effect of adaptive duty cycle on 

expected energy consumption and lifetime are discussed and evaluated. Simulation of random duty cycled wireless 
sensor network, network coded wireless sensor network and proposed approach that is adaptive duty with network 
coding is done and results are shown in plot. It has been observed that there is a reduction in energy consumption in the 
bottleneck zone with the proposed approach is achieved. This in turn will lead to increase in network lifetime. 
Simulation results reveal that there is an increase of 2.5% to 9.5% of sensor network lifetime by using the proposed 
adaptive duty cycled network coded wireless sensor network based algorithm, and an increase of 6.5% to 13.2% 
lifetime of wireless sensor network as compared with duty cycled wireless sensor network is achieved.  
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