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Abstract- Wireless sensor nodes are highly energy constrained devices. Energy consumption remains as a major barrier for 
full operation and utilization of Wireless Sensor Networks (WSN).  The life time of the WSN depend on energy 
consumption. Consequently, optimal use of node energy is a major challenge in wireless sensor networks. This paper 
presents a Network configuration scheme to reduce the energy consumption at node level. Clustering of sensor nodes is an 
effective method to use the node energy optimally and prolong the lifetime of energy constrained wireless sensor network. 
The Rotating Cluster Head concept based on the Adaptive Cluster Head Rotation (ACHR) algorithm has been proposed to 
achieve the balanced energy consumption among the nodes within the cluster thus prolonging the lifetime of network. 
Simulation results demonstrate that the proposed scheme prolongs network lifetime and    also increases the packet delivery 
ratio by 6% due to clustering efficiency and selection/rotation of cluster head. 
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I. INTRODUCTION 
 
Wireless Sensor Networks(WSN) are collections of 
autonomous sensor nodes that are spatially 
distributed. Each sensor node in WSN consists of a 
radio transceiver, an internal antenna or a connection 
to an antenna which is placed externally, a small 
microcontroller, an electronic circuit for interfacing 
with the sensors and an energy source and a battery. 
These Sensor nodes are capable of performing data 
acquisition, data processing, physical sensing 
capabilities and communicating with other connected 
nodes in the network.WSN are becoming more 
common due to its wide applications in various 
domains.WSN applications are industrial system 
monitoring[1], environmental sensing[2], military 
applications[3], agriculture, water level monitoring 
and medical care[4]. However, the life time of the 
network depends on the energy consumption of the 
network. Earlier researchers have studied various 
approaches for reducing the energy consumption, 
such as Design and realization of an intelligent sensor 
node, which minimizes the communication energy of 
the WSN[5]. A variable data length coding was 
developed to compress the transmission data before 
communication[6]. Reduction in power consumption 
by allowing sensor nodes to assume low-power idle 
state whenever they are not working[7]. Sectioning of 
the Bayesian network into subsystems and only high 
level inferences are communicated[8]. The network 
lifetime is increased by setting some redundant nodes 
to sleep state when they are not in use[9]. Further 
adaptive sampling algorithm have been proposed to 
reduce the energy consumption[10]. Researchers have 
also studied approaches such as, multi-hop routing 
schemes[11], modulation scaling[12], sectioning the 
network[13], hardware used is of loe-power[14],  and 
node level energy can be saved by power setting  

 
using adaptive radio frequency[15] and network level 
energy reduction by adaptive network configuration 
and using sleep/wake-up protocol[16]. This paper 
presents the rotation cluster head concept in which 
the cluster heads are selected adaptively based on 
their residual energy by using adaptive cluster head 
rotation algorithm, thus balanced energy consumption 
is obtained in the network.The remainder of this 
paper is organized as follows: Section II summarizes 
the network schemes, Section III explains adaptive 
cluster head rotation concept in detail, Section IV 
presents the results and discussions, and Section V 
presents the conclusions. 
 
II. NETWORK SCHEMES 
 
The development of sensor networks requires 
technologies from three different research areas: 
sensing, communication, and computing (including 
hardware, software, and algorithms). The node-level 
energy saving was realized mainly through the 
scheme of the network. The different schemes of the 
networks existing are: Network Configuration 
Scheme 1 with single cluster head and Network 
Configuration Scheme 2 with many cluster head. 
 
A. Scheme 1 with single cluster head   
In this scheme1 [8], single cluster head is used and it 
is responsible for the communication of entire nodes 
in the wireless sensor network. The obtained data 
points are transmitted to the control monitoring unit 
(CMU) from each sensor node. In this case all the 
nodes in the network are enabled throughout the 
transmission. 
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Fig.1. Network Configuration Scheme 1. 

 
Fig.1. shows scheme 1 being applied to the platform 
of greenhouse management in which temperature is 
measured by the sensors. In each greenhouse, the 
sensor nodes acquire the temperature data and 
transmit the data to the CMU directly without routing 
and relay. 
 
B. Scheme 2 with many cluster head 
In this scheme 2 [8], The sensors are grouped into 
different clusters, and the obtained data from each 
sensor node are transmitted to the corresponding 
cluster head (it is defined as the sensor node that 
collects the data from others in the cluster) is fixed. 
Then, the cluster head will pack the data and transmit 
them to the CMU. In this case the nodes of the 
corresponding communicating clusters are only 
enabled whereas the other nodes are in sleep state 
thus energy consumption can be reduced. 
 

 
Fig.2 Network Configuration Scheme 2 

 
Fig.2. shows scheme 2 being applied to the platform 
of greenhouse management in which the network is 
grouped into different clusters. In this scheme, each 
greenhouse is defined as a cluster, and the obtained 
data are transmitted first to corresponding cluster 
head. And then, the CMU will ask the cluster heads 
for the temperature data. 
 

III. ADAPTIVE CLUSTER HEAD 
ROTATION 

 
Various configuration schemes have been discussed 
in the previous section. In this paper, Network 
configuration scheme with rotating cluster head based 
on adaptive cluster head rotation algorithm has been 
proposed. 
 
A.Rotating Cluster Head 
Clustering provides an effective way for extending 
the lifetime of a sensor network. In the rotating 
cluster head concept the cluster head is not fixed. It 
follows a distributed and energy driven clustering 
algorithm where the cluster heads are selected based 
on relative residual energy level of sensors. 
Furthermore the cluster head candidacy selection 
phase, and the cluster head candidacy rotation among 
phases is triggered only when any of cluster heads 
energy drops below a dynamic threshold computed 
by the algorithm. The collisions in the inter sensor 
communications will be reduced and thereby will 
favour more powerful nodes over the weaker ones to 
prolong the lifetime. 
 
B. Adaptive Cluster Head Rotation Algorithm 
Rotating cluster head concept can be implemented 
using Adaptive Cluster Head Rotation (ACHR) 
algorithm. In this algorithm, initially the cluster head 
is selected randomly by the sink node depending on 
its distance from the cluster centre and the other 
cluster nodes. The cluster head then sends the 
information to its neighbour nodes in the cluster. A 
dynamic threshold is computed by the algorithm. The 
cluster head’s residual energy is compared with the 
threshold if it is above the required value then the 
same node remains as the cluster head, and if the 
residual energy is below the threshold value then the 
neighbour node with high residual energy and near to 
the cluster centre is selected to be the cluster head. By 
using this proposed algorithm the balanced energy 
consumption among the nodes within the cluster can 
be achieved thus prolonging the lifetime of network. 
 

 
Fig.3. Network Configuration Scheme 3. 
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Fig.3. shows the network configuration scheme with 
rotating cluster head. The cluster head is initially 
selected by the sink node depending on its distance 
from the cluster centre and the other nodes in the 
cluster. When the residual energy of this cluster head 
is below the computed threshold then the neighbour 
node with higher residual energy and minimum 
distance from the cluster centre becomes the cluster 
head. Thus all the nodes in the cluster acts as a cluster 
head for a particular time interval and hence balance 
energy consumption is achieved. 
 
C.Energy Consumption 
The data sensed by the sensor node should be 
transmitted to the control monitoring unit (CMU) or 
other sensor nodes. In order for two sensor nodes to 
communicate, the energy consumption needed for 
data transmission and reception should be analyzed 
[17].  
The energy required for transmission of data can be 
expressed as    
      2KdKEE ampelecTX                       (1) 

The energy required for data reception can be 
expressed as, 
      KEE elecRX                                           (2) 

where k is the number of transmitted data bits d is the 
distance between two sensor nodes;  

εamp (J/b/m 2 ) is the amplification coefficient to 
satisfy a minimum bit error rate to ensure reliable 
reception at the receiver; and Eelec (J/b) is the energy 
dissipated to operate the transceiver. 
 
IV. RESULTS AND DISCUSSIONS 
 
In this section, the Network Configuration Schemes 
parameters such as Packet delivery ratio and Delay 
for all the three Schemes have been evaluated using 
NS-2 simulator. 
 
A. Simulation Environment 
Simulation parameters are as follows: The MAC 
layer protocol used is the IEEE 802.11 protocol. The 
radio channel model with a bit rate of 1 Mbps follows 
a Lucent’s Wave LAN, and the transmission range is 
250 meters. We consider constant bit rate (CBR) data 
traffic and randomly choose different source-
destination connections. Every source sends four 
packets whose size is 512 bytes per second. The 
mobility model is based on the waypoint model 
which is random in a field of 500m X 500 m. The 
simulation time for each simulation scenario is set to 
30 seconds. In the results, each data point represents 
the average of 30 trials of experiments. The distance 
between the sensor nodes are considered to be 100m. 
The detailed simulation parameters are shown in 
Table I. 
 

TABLE I 
Simulation Parameters 

 
We estimate the performance of the network schemes 
using the following performance metrics: 
Packet delivery ratio: the ratio of the number of data 
packets successfully received by the destinations to 
the number of data packets generated by the sources. 
Average end-to-end delay: the average delay of 
successfully delivered packets from source to 
destination node. All possible delays from the sources 
to destinations are included. Number of nodes. We 
vary the number of nodes from 5 to 30 in a fixed field 
to evaluate the impact of different network density.  
 
TABLE II 
Performance Analysis of the Network  Schemes. 

 
Where Eelec is the energy dissipated to operate the 
transceiver. 
Table II. shows the Performance Analysis of all the 
Schemes. From the table it has been observed that the 
Energy Consumption of the Network Configuration 
Scheme with Rotating Cluster Head concept based on 
Adaptive Cluster Head Rotation algorithm is less 
when compared to other Schemes. 
 
B. Packet Delivery Ratio with varied Number of 
Nodes: 
In the simulation result, shown in Fig.4.the 
performance metric packet delivery ratio is varied 
with number of nodes, the red curve illustrates the 
packet delivery ratio when scheme 1 is applied. The 
green curve represents the packet delivery ratio when 
scheme 2 is applied and the blue curve illustrates the 
packet delivery ratio when scheme 3 is applied. The 
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packet delivery ratio seems to increase as the number 
of nodes in the network increases due to the decrease 
in number of packet drops during the transmission 
and less number of packet collisions. The scheme 3 
with rotating cluster head has a packet delivery ratio 
of approximately 99% for 30 nodes, which is higher 
than the existing two schemes. 

 
Fig.4.No. of Nodes Vs Packet delivery ratio. 

 
C. Average end-to-end delay varied with Number 
of Nodes:   
In the simulation result, shown in Fig.5. the 
performance metric average end-to-end delay varied 
with number of nodes, the red curve illustrates the 
delay when scheme 1 is applied. The green curve 
represents the delay when scheme 2 is applied and the 
blue curve illustrates the delay when scheme 3 is 
applied.  The end-to-end delay decreases as the 
number of nodes increases due to the increase in 
packet delivery ratio. 

 
Fig.5. No. of Nodes Vs Delay. 

 
Fig.5. shows the No. of nodes Vs Delay. The scheme 
3 with rotating cluster head has a delay of 
approximately 0.7ms for 30 nodes, which is lesser 
than the existing schemes. 
 
CONCLUSION 
 
In this paper, Rotating Cluster Head concept based on 
Adaptive Cluster Head Rotation algorithm (ACHR) 
have been proposed to achieve the balanced energy 
consumption among the nodes within the cluster. 
Parameters such as packet delivery ratio, throughput 
and latency have been obtained using NS-2 simulator, 
and compared with the existing schemes. Simulation 
results shows that the proposed scheme prolongs the 
network lifetime and has higher packet delivery ratio 

for 30 nodes due to the usage of efficient clustering, 
cluster head selection/rotation and less energy 
consumption. Further the work can be extended by 
considering more number of nodes in the network. 
 
REFERENCES 
 

[1] F. Salvadori, M. Campos, P. Sausen, R. Camargo, C. 
Gehrke, C. Rech, M. Spohn, and A. Oliveira, “Monitoring 
in industrial systems using wireless sensor network with 
dynamic power management,” IEEE Trans. Instrum. Meas., 
vol. 58, no. 9, pp. 3104–3111, Sep. 2009. 

[2] I.Akyildiz, W.Su, Y.Sankarasubramaniam, and E.Cayirci, 
“Wireless sensor networks: A survey,”IEEE 
Comput.netw.,vol.38, no.4,pp 393-422,Mar. 2002. 

[3] I. Al-Karaki and A.Kamal, “Routing techniques in wireless 
sensor networks: A survey,” IEEE Wireless 
Comm.,vol.11,no.6,pp.6-28,Dec 2004. 

[4] A.Manjeshwar and D.Agarwal, “ATEEN : A hybrid 
protocol for efficient routing and comprehensive 
information retrieval in wireless sensor networks,” in 
Proc.Int.Symp.Parallel Distrib.Process.,2002,pp. 195-202. 

[5]  H. Sun, Y. Qian, and R. Yan, “Design and realization of an 
intelligent sensor node with its application in energy-aware 
WSNs,” in Proc. IEEE I2MTC, Graz, Austria, May 11–13, 
2012, pp. 941–946. 

[6] A. Kadrolkar, R. Gao, and R. Yan, “Energyefficient data 
transmission for manufacturing system health monitoring,” 
in Proc. 9th Int. Conf. Frontiers Des. Manuf., Changsha, 
China, Jul. 2010, pp. 65–70. 

[7] V. Rajendran, K. Obraczka, and J. J. Garcia Luna-Aceves, 
“Energyefficient, collision-free medium access control for 
wireless sensor networks,” Wireless Netw., vol. 12, no. 1, 
pp. 63 78, Feb. 2006. 

[8] R. Yan, D. Ball, A. Deshmukh, and R. Gao, “A Bayesian 
network approach to energy-aware distributed sensing,” in 
Proc. IEEE Sens. Conf., Vienna, Austria, Oct. 2004, pp. 44–
47. 

[9] C. Schurgers, V. Tsiatsis, and M. B. Srivastava, “STEM: 
Topology management for energy efficient sensor 
networks,” in Proc. IEEE Aerosp. Conf., 2002, pp. 3-1099–
3-1108. 

[10] C. Alippi, G. Anastasi, M. D. Francesco, and M. Roveri, 
“An adaptive sampling algorithm for effective energy 
management in wireless sensor networks with energy-
hungry sensors,” IEEE Trans. Instrum. Meas., vol. 59, no. 2, 
pp. 335–344, Feb. 2010. 

[11] V. Raghunathan, C. Schurgers, and S. Park, “Energy-aware 
wireless microsensor networks,” IEEE Sig. 
Proc.Mag.,vol.19, no.2, pp. 40–50, Mar. 2002. 

[12] C. Schurgers, V. Raghunathan, and M. Srivastava, “Power 
management for energy-aware communication systems,” 
ACM Trans. Embedded Comput. Syst., vol. 2, no. 3, pp. 
431–447, Aug. 2003. 

[13] E. Biyikoglu, B. Prabhakar, and A. Gamal, “Energy 
efficient packet transmission over a wireless link,” 
IEEE/ACM Trans. Netw., vol. 10, no. 4, pp. 487–499, Aug. 
2002. 

[14] R. Gao, A. Deshmukh, R. Yan, and Z. Fan, “Energy 
efficient wireless sensor network for dynamic system 
monitoring,” in Proc. SPIE, 2005, vol. 5999, no. 4, pp. 1–
10. 

[15] D.Gallo, C.Landi, and N. Pasquino, “Multisensor network 
for urban electromagnetic field monitoring,” IEEE Trans. 
Instrum. Meas., vol. 58, no. 9, pp. 3315–3322, Sep. 2009. 

[16] A. Wang, W. Heinzelman, A. Sinha, and A. Chandrakasan, 
“Energyscalable protocols for battery-operated microsensor 
netwo ks,” J. VLSISignal Process. Syst. Signal Imag  Video 
Technol.,vol. 29, no. 3, pp. 223–237, Nov. 2001. 

[17] A. Wang and A. Chandrakasan, “Energy-efficient DSPs for 
wireless sensor networks,” IEEE Signal Process. Mag., vol. 
19, no. 4, pp. 68–78, Jul. 2002. 
 


