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Abstract: A Wireless Sensor Network (WSN) comprises many sensor nodes each one containing a processing unit, one or 
more sensor, a radio for data communication and power unit usually equipped with a low capacity battery. All sensors 
present in wireless sensor network are battery operated devices which have limited battery power. After the deployment of 
sensor nodes it is not possible to replace each and every battery in the network. Therefore optimal energy consumption for 
WSN protocol is a necessity. Maximize network life time is the main objective of power aware routing and this can be 
achieved by forwarding the network traffic in different paths so that the variance of power level of all nodes are minimized. 
Our approach is to minimize the variance of power consumption of   all nodes so that it will increase the life time of whole 
network. Our algorithms will select the shortest path from source to destination, then next time it selects the shortest path 
excluding the nodes whose average power consumption is more in previous shortest paths calculations. Our approach will 
forward traffic in different paths by means of selecting different nodes instead of selecting some particular nodes to forward 
traffic. It gives nearly minimum power consumption of all nodes by selecting the shortest path and increase network life time 
by excluding the nodes which are overused.  
 
Keywords—Maximum Average Power, Maximum Network Life Time (MNLT), Network life time, Power aware routing, 
Variance of power 
 
 
I. INTRODUCTION 
 
A wireless sensor network [1, 2] is made up of large 
number of low power sensor. Now a days, wireless 
sensor network find wide range of applications such 
as radiation level control, battlefield, noise pollution 
control, biological detection, structural health 
monitoring etc. A wireless sensor network (WSN) is 
a collection of sensor nodes which are deployed in a 
given area of interest. The concept of wireless sensor 
network is based on a simple equation: Sensing+ 
CPU+ Radio= Thousands of potential application. 
The sensor nodes collect data from their surroundings 
and send the collected data to their neighboring nodes 
in single hope. The neighboring nodes in turn send 
the data to the nodes which are located in single hop 
distance. In this way data is transmitted to the sink 
node and it is responsible for deliver report messages 
to base station as shown in fig.1. The basic block 
diagram of a wireless sensor node [3] is presented in 
Figure 2.It is made by four basic components: a 
sensing unit, a processing unit, a transceiver unit and 
power unit. There can be application dependent 
additional components such as location finding 
system, a power generator and a mobilizer. 

 
Figure 1: Typical WSN architecture and networking 

 
Sensing Unit:  
Sensing units are usually composed of two subunits: 
Sensor and analog to digital converters (ADCs). 
Sensor is device which is used to translate physical 
phenomena to electrical signals. There exist a variety 
of sensors that measure environmental parameter 
such as temperature, light intensity, sound, magnetic 
fields, image etc. The analog signals produced by 
sensor based on the observed phenomenon are 
converted to digital signals by the ADC and then fed 
into the processing unit. 
 
Processing Unit:  
The processing unit mainly provides intelligence to 
the sensor node. The processing unit consists of a 
microprocessor, which is responsible for control of 
the sensors, execution of communication protocols 
and signal processing algorithms on the gathered 
sensor data. 
 
Transceiver Unit:  
The radio enables wireless communication with 
neighboring nodes and the outside world. It consists 
of a short range radio which usually has single 
channel at low data rate and operates at unlicensed 
bands of 868-870MHz (Europe), 902-928MHz 
(USA) or near 2.4GHz (global ISM band).There are 
several factors that affect the power consumption 
characteristics of a radio, which includes the type of 
modulation scheme used, data rate, transmit power 
and the operational duty cycle. 
Battery:  
The battery supplies power to the complete sensor 
node It plays a vital role in determining sensor node 
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lifetime. The amount of power drawn from a battery 
should be carefully monitored. Sensor nodes are 
generally small, light and cheap, the size of battery is 
limited. 
 

 
Figure 2: Architecture of Wireless Sensor node 

 
In WSN, the main source of energy is usually battery 
power. Nodes in wireless network lose their residual 
energy increasingly due to complex computing and 
communication functionalities like transmitting data; 
this is especially significant since they operate at low 
power levels and limited bandwidth. Sensors are 
often indented to be deployed in areas such as 
battlefield or radiations plants; once deployment of 
sensor network it is impossible to recharge or replace 
batteries of all sensors .But long system life is needed 
for any monitoring application. Important challenge 
to the design of a wireless sensor network is energy 
efficient problem. So energy conservation must be 
taken. 
 
 Network life time is the time by which any node 
drains out its energy for the first time .Shortest path 
algorithm gives the optimum results in terms of 
power conservation but it overuses small subset of 
nodes which results network partition and thus 
decrease the network life time. This paper maximize 
the life time of the network by replacing the nodes 
which are overused. First time it will find the shortest 
path from source to destination using Dijkstra 
algorithm and forward the traffic along that direction 
and calculate the power consumption of each nodes. 
The nodes which have spent averagely more power 
will not take part in routing next time. This gives 
consumption of all nodes power in a balanced 
approach. The paper will give nearly minimum 
power consumption as it run shortest path routing as 
well as maximize the network life time. 
 
II. RELATED WORK 
 
    The sensor node lifetime is highly dependent on 
power consumption performed at each sensor node. 
A more efficient power management results in a 
longer network lifetime. Several methodologies have 
been proposed at hardware and system level, to 
design energy efficient communication process [4], 
sensor node operating system [5] and circuits. 

         Ratul et al. [6] has explained about making 
coalition of groups and   to give equal benefit to the 
groups under coalition routing using a linear 
programming approach. The authors also explain 
about minimal coalition algorithm and the drawback 
of it. 
    The scheme proposed by Chiasserini and Rao [7] 
addresses the battery management aspect during 
routing. It explores   management of battery   to 
improve the battery capacity. It   considers an array 
of electrochemical cells which are connected in 
parallel. To optimize the charge recovery mechanism, 
without   any   delay in supplying the required power 
a simple scheduling algorithm was proposed. Then, a 
battery management scheme, which exploits 
knowledge of the cells' state of charge, is 
implemented to achieve a further improvement in the 
battery performance. In this case, the discharge 
demand may be delayed. Results indicate that the 
proposed battery management technique improves 
system performance no matter which parameter 
values are chosen to characterize the cells' behaviour. 
    The research carried out by S. Sarkar and M. 
Adamou [8]   optimized the lifetime of a battery 
powered node in wireless network. Manner of 
discharge and the transmission power requirements 
are the factors to determine the lifetime of a battery.  
The paper presents a framework for computing the 
optimal discharge strategy which maximizes the 
lifetime of a node by exploiting the battery 
characteristics and adapting to the changing power 
requirements for wireless operations. 
    An Energy Efficient MAC Protocol for Wireless 
LANs [9] has been suggested by Jung and Vaidya .A 
wireless interface can be in awake state, doze state or 
off state. A node is in a certain state, when its 
wireless interface is in that state. In the off state, the 
wireless interface consumes no power. In the doze 
state also a node cannot transmit or receive, and 
consumes very little power. In the awake state, a 
node may be in one of three different modes, namely 
transmit, receive, and idle modes and consume power 
in each mode. Thus the proposed MAC protocol may 
place a wireless interface in either the awake or the 
doze state at any given time. Transition from the doze 
state to the awake state requires a small duration of 
time. Also, transition from the doze state to the 
awake state results in additional energy consumption 
during the transition 
    Wenrui Zhao et al. [10] have explained about 
capacity limitation, energy limitation of wireless 
network and combining both approaches energy 
limited capacity was derived which was an important 
parameter for network life time. The paper also 
deployed the concept of base stations which improves 
the energy limited capacity of the network. 
    Kyungjun Kim et al.[11]  proposed a scheme that 
would select the active nodes for sensing operation 
and the scheme reduced cost of 
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communication .Their simulation results   reduced 
the transmitted packet. 
     The research carried out by Zhang Jin-
rong[12] used  the elements like  degree of nodes, 
energy label, distance, cluster head timing of  a node 
and neighbors and a energy balanced clustering and 
routing algorithm was proposed. Their simulation 
results showed energy consumptions was balanced in 
clusters and hence increase network life time. 
     M. Taifeh Aliverdi  et al. [13] Proposed a 
scheme which construct a load balancing tree and the 
scheme balanced the load of the network and gives 
increase in network life time. It used the concept 
called network information gathering protocol which 
has information about load of a node and neighbor 
and can be used by centralized system. 
     İsmail Tellioglu et al. [14] proposed load 
balancing approach which chooses different path to 
the destination and transmit data called proportional 
load balancing methods. Their results shows increase 
network life time and efficiency   of network. 
     Arvind et al[15] proposed  a  distributive 
routing algorithm which has less error and it was 
based on Multicommodity flow and which used 
different power consumption model and bandwidth 
constraints. Their approach work for both static and 
environment which is less dynamic. 
     Ritesh et al [16] proposed a distributed 
algorithm which increases the network life time when 
first nodes lost its energy. It used the concept of 
linear programming and sub gradient algorithms .The 
proposed algorithm had less complexity and 
maximize network life time. 
    Padmanabh et al [17] proposed an algorithm based 
on multicommodity flow which reduced flow of 
traffic through a node and as a results increase life 
time of a node. The proposed algorithm optimizes the 
traffic flows and converges fast and meets the 
requirement. 
Elbatt et al [18] suggest a scheme that explains as to 
how to reduce interference range and average number 
of hops to reach the destination, removing   isolated 
clusters and collision in wireless sensor network. On 
the average power consumption and end-to-end 
network throughput in a wireless ad-hoc environment 
it investigates using different transmit power. This 
power management approach would help in reducing 
the system power consumption so that increasing the 
life time of mobile nodes. The Minimal power 
routing is used to further enhance performance. 
Kawadia and Kumar consider the problem of power 
control when nodes are non-homogeneously 
dispersed in space [19]. In such cases per packet 
power control depening on the source and destination 
of the packet given more priority. . This gives 
solutions to not only power control but also 
clustering. The paper provides three solutions for 
joint clustering and power control. It   uses clustering 
techniques for power-aware routing. 

In [20] authors propose a multihop wireless network, 
where a packet may have to traverse multiple 
consecutive wireless links in order to reach its 
destination This paper considers adjusting the 
transmit power to create a desired topology. It 
formulates   it as a constrained optimization problem 
with two constraints - connectivity and bi-
connectivity, and the resulting objective function 
minimizes the power used. The scheme   uses two 
centralized algorithms for use in static networks, and 
prove teir optimality. Throughput, delay, and power 
consumption derived from the algorithm are analysed 
using a prototype software implementation that 
involves emulation of a power-controllable radio, and 
a detailed channel model 
Wattenhofer et al [21] have considered the directional 
information .A node’s transmission power goes up 
until it finds a neighbouring node in every direction. 
The topology of wireless multihop ad hoc networks 
can be controlled by varying the transmission power 
of each node. The proposed scheme uses a simple 
distributed algorithm where each node makes local 
decisions about its transmission power and these 
local decisions collectively guarantee global 
connectivity in wireless ad hoc network.  The 
resulting network topology increases network 
lifetime by reducing transmission power and reduces 
traffic interference by having low node degrees. The 
authors show that the routes in the multihop network 
are efficient in power consumption. In reference [22], 
a Multiple access-based collision avoidance MAC 
protocol has been suggested   which typically uses 
fixed transmission power. It works within the 
collision avoidance framework.  PCMA (Power 
controlled multiple access) wireless MAC protocol 
generalizes the transmit-or-defer “on/off” collision 
avoidance model of current protocols to a more 
flexible “variable bounded power” collision 
suppression model. Multiple access-based collision 
avoidance MAC protocols   stipulate that   a sender-
receiver pair should first   acquire the floor before 
initiating a data packet. Acquiring the floor allows 
the sender-receiver pair to avoid collisions due to 
hidden and exposed stations in shared channel 
wireless networks.  The collision avoidance typically 
involves preceding a data packet transmission with 
the exchange of a RTS/CTS (request-to-send/clear-
to-send) control packet handshake between the 
sender and receiver. This handshake allows any 
station that either hears a control packet or senses a 
busy carrier to avoid a collision its own transmissions 
while the ongoing data transmission is in progress  
In the research work carried out by Y. Tseng and C. 
Hsu[23], the design considers a power-saving 
protocol for mobile ad hoc networks (MANETs) that 
allow hosts to switch to a low-power sleep mode. The 
MANETs characterized by unpredictable mobility, 
multi-hop communication, and no clock 
synchronization mechanism.  It proposes three power 
management protocols, namely dominating-awake-
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interval, periodically-fully-awake-interval, and 
quorum-based protocols, which are directly 
applicable to IEEE X02.11-based MANETs. 
 
III. MODEL 
 
A. Power Model  
 
    Power consumption during transmission Pc in 
wireless network is directly proportional to dx where 
d = distance between two nodes and x =2 for small 
distance or free space model and x=4for long distance 
or shadowing model [6]  
Pc α dx    
Pc is directly proportional to the rate of outgoing 
traffic r from a node [8][9][12][6]  
Pc α   r 
Pc = K r dx 
Where K is constant  
And Pc = Power consumption. 
 
B. Network Model 
 
    Network (V, E) consists of vertices V and edges E 
To forward traffic from source to destination the 
whole network must obey flow balanced condition. 
(Rate of incoming traffic + rate of originating traffic 
= rate of outgoing traffic. [1] Every node can transmit 
data up to a limited distance which is called range of 
the node so node cannot transmit data beyond that. 
    Using shortest path routing (Dijkstra) a source 
node can find the next node to the destination and 
forward the traffic to the next node. Every node 
forwards the traffic to its nearby node to the 
destination. Let K=1 and α=4, so the power 
consumption is of the form Pc= r d4    .Each node 
originating traffic 1Mbps. Consider fig.1 
    All the nodes send traffic to the origin at whose 
coordinates   at (0, 0). 
    For the 1st node the power consumption is  (√2)4 * 
1 = 4  (for node 1 using Dijkstra the next node to the 
destination is node 7, so d = √2  and rate of outgoing 
traffic = 1 because there is no incoming traffic and 
originating traffic =1Mbps). 
   Similarly node 2  Pc=  4, node 3  Pc=1, node 4  
Pc=4, node 5  Pc=4, node 6  Pc=4, node 7  Pc=8, 
node 8 Pc=4, node 9 Pc=8, node 10 Pc=4, node 11  
Pc=1, node 12  Pc=4, node 13  Pc=4, node 14  Pc=1, 
node 15  Pc=4, node 16  Pc=8, node 17  Pc=4, node 
18  Pc=8, node 19  Pc=4, node 20  Pc=4, node 21  
Pc=4, node 22  Pc=1, node 23  Pc=4, node 24  Pc=4. 
Some nodes like node 7, node 9, node 16 and node 18 
have Pc = 8 units, which is more and if Dijkstra run 
more time the nods would dry its power soon. Here 
the variance of power label of all nodes is more. 
When we run Dijkstra algorithm two times and 
calculate the average power consumption of each 
nodes , here in this case the average power 
consumption of all nodes are same because Dijkstra 
will always follow the same path, as same nodes are 

present to forward the traffic  to the destination. For 
the above case the variance is calculated which is 
equal to 4.13888888888889. 

 
Figure. 3 25 nodes are distributed uniformly and all node sends 

traffic to node 0. 
 
IV. ALGORITHM FOR MAXIMIZE 

NETWORK LIFE TIME 
 
       Inputs G(V,E),s,d ЄV  
Outputs: Power consumptions of all nodes V 
 
1.  For  G(V,E) For all vЄV Run   Dijkstra  to 
find the next node to Destination 
              And calculate distance d to the next node. 
2.  Calculate Pi = the power consumption of 
each node by  da  *  r  
3.  Find   Max(Pi ) 
4.  Run Dijkstra on G(V-X, E') where X nodes 
consumes  Max(Pi ) 
5. Calculate Pj = the power consumption of 
each node by  da  *  r  
              Find Px = Averge (Pi, Pj) Calculate Max (Px), 
6. Run Dijkstra on G(V-X', E") where X' nodes 
consumes Max (Px) 
               Calculate Pk = the power consumption of 
each   
                Node by da * r        
            Find Py = Averge(Pi, Pj, Pk)  Calculate Max 
(Py), 
            So on 
7.  Run Dijkstra on G (V-X", E"') where X" 
nodes consumes Maximum Average power of all 
nodes in previous shortest paths calculations Using 
Dijkstra. 
 
    As described in Network life time algorithm we 
have to check the nodes which are overused and not 
allow them in routing next time. 
    Using Dijkstra algorithm 1st time we got all nodes 
power consumption in section III. 
    Then nodes like node 7, node 9, node 16 and node 
18, whose average power consumption is more, are 
not used in 2nd time while running Dijkstra. 
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    Now the Pc for node 1=1, node 2  Pc=  4, node 3  
Pc=1, node 4  Pc=4, node 5  Pc=1, node 6  Pc=8, 
node 7  Pc=0, node 8 Pc=4, node 9 Pc=0, node 10 
Pc=8, node 11  Pc=1, node 12  Pc=5, node 13  Pc=5, 
node 14  Pc=1, node 15  Pc=4, node 16  Pc=0, node 
17  Pc=6, node 18  Pc=0, node 19  Pc=4, node 20  
Pc=1, node 21  Pc=8, node 22  Pc=1, node 23  Pc=8, 
node 24  Pc=1.  
    After that the average power consumption of all 
nodes using Dijkstra 1st and 2nd time was calculated 
.The average power consumption of node 1 to 24 are  
2.5, 4, 1, 4, 2.5 ,6, 4, 4, 4, 6, 1 ,4.5, 4.5, 1, 4, 4, 5, 4,4, 
2.5, 6, 1, 6, 2.5 
    Now the variance of all nodes are calculated that is 
2.4930 which is less than 4.13888888888889, which 
was calculated earlier.  
    So using our Maximize network life time algorithm 
the network life time increases, as variance of power 
consumption of all nodes is less. 

 
Figure. 4 After removing nodes which are overused in previous 

shortest path calculation 
 
V. SIMULATION RESULTS 
 
Our experiment environment is similar that employed 
by Ratul et al. [6]. 
There is one destination at the origin (0, 0) to which 
all nodes forward the traffic .Nodes are distributed in 
a square of size 100 meter. Rate of traffic in each 
node is 1 Mbps. K is considered to be 1.In our model 
we have assumed that initially all node have equal 
energy. 
 For the First time the shortest path from source to 
destination is calculated using Dijkstra algorithm and 
forwards the traffic along that direction and calculates 
the power consumption of each node. The nodes 
which have spent averagely more power will not take 
part in routing next time.  This result was compared 
with old approach where all nodes follow the same 
path from source to destination.  The variance of old 
approach and our maximize network life time 
(MNLT) approach was calculated and compared. In 
case of maximize network life time approach the 
variance is low. Hence that determined the high life 
time of the network.  

 
 

Fig. 5 Variance of old approach and MNLT approach 
 
CONCLUSION AND FUTURE SCOPE 
 
By simulating variance of the old approach and our 
MNLT approach, we came to this conclusion that in 
our approach the variance of power consumption of 
all nodes is minimized by eliminating the overused 
nodes. As the variance of power consumption of all 
nodes in MNLT is less it increases the network life 
time. So we should follow proper conservation 
techniques in order to save the energy by improving 
the existing protocol or algorithm. 
 
REFERENCES 
 
[1] Book:[Wiley 2010]Fundamental of wireless sensor 

networks ,Theory and Practices. 
[2]. Survey on wireless sensor network Lan 

F.Akyildiz,Weilian,Yogesh Sankarasubramaniam and Erdal 
Cayirci Georgia Institute of Technology. 

[3]. Optimal power management in wireless sensor networks for 
enhanced life time journal of Global Research. 

[4]. M.Perillo and W.Heinzelman,”Sensor management and routing 
protocols for prolonging network lifetime. 

[5]J.Hill,R.Szewezyk,A.Woo,S,Hollar,D.E.Culler,and .S.J.Pister,”
System architecture directions for networked 
sensors,”Architectural Support for programming Language 
and Operating Sysstems,http://webs.cs.berkeley.edu. 

[6] R. K. Guha , S. Sarkar and A. Gunter ,”Fair Coalitions for 
Power- Aware Routing in Wireless Network,” IEEE 
TRANSACTIONS ON MOBILE COMPUTING, VOL.  6,  
NO. 2, FEBRUARY 2007. 

[7] C.F. Chiasserini and R.R. Rao, “Energy Efficient Battery 
Management,” Proc.  IEEE INFOCOM, 2000. 

[8] S. Sarkar and M. Adamou, “A Framework for Optimal Battery 
Management for Wireless Nodes,” Proc. IEEE INFOCOM, 
2002 

[9] E. Jung and N.H. Vaidya, “An Energy Efficient MAC Protocol 
for Wireless LANs,” Proc. IEEE INFOCOM, 2002. 

[10] Wenrui Zhao, Mostafa Ammar and Ellen Zegura, ”The 
Energy-Limited Capacity of Wireless Networks,” Proc. IEEE 
INFOCOM,  2004. 



International Journal of Advanced Computational Engineering and Networking, ISSN (p): 2320-2106, Volume- 1, Issue- 8, Oct-2013 

 A Novel Approach To Maximize Network Life Time By Reducing The Variance Of Power Consumption Among Nodes In Wireless Sensor Network 
 

33 

[11] Kyungjun Kim and Byungrae Cha,” A Topology Control 
Scheme for Avoiding Sensing Hole in Wireless Sensor 
Networks,” Fifth International Conferences on Computational 
Science and Applications, IEEE 2007. 

[12] Zhang Jin-rong,Wang Yue, Wang Dong and Han Jing, “A 
clustering and routing algorithm with combination weight for 
energy   Consumption balance of WSNs,” International 
Conference on Multimedia Information Networking and 
Security IEEE ,2009. 

[13] M. Taifeh Aliverdi and M. R. Pakravan,” A Network 
Information Gathering (NIG) protocol and Energy-Aware 
Load balancing algorithm for Wireless Sensor Network,” 
Proceedings of the  IEEE International Conference on 
Telecommunications and Malaysia International Conference 
on Communications 2007. 

[14] İsmail Tellioglu and Haci A. Mantar,” A Proportional Load 
Balancing for Wireless Sensor Networks,”  Third 
International Conference on Sensor Technologies and 
Applications  IEEE 2009.  

[15] Arvind Sankar and Zhen Liu,” Maximum Lifetime Routing in 
Wireless  Ad-hoc   Networks,” ,” IEEE INFOCOM 2004. 

[16] Ritesh Madan and Sanjay Lall,” Distributed Algorithms for 
Maximum Lifetime Routing in Wireless Sensor Networks,” 
IEEE Communications society 2004. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[17] Kumar Padmanabh and Rajarshi Roy,” Multicommodity  Flow 
based Maximum Lifetime Routing in Wireless Sensor    
Network,” Proceedings of the 12th International Conference 
on Parallel and Distributed Systems (ICPADS'06) IEEE 
2006 .   

[18]. T.A. ElBatt, S.V. Krishnamurthy, D. Connors, and S. Dao, 
“Power Management for Throughput Enhancement in 
Wireless Ad-Hoc Networks,” Proc. IEEE Int’l Conf. Comm., 
2000. 

[19] V. Kawadia and P.R. Kumar, “Power Control and Clustering 
Ad Hoc Networks,”  Proc. IEEE INFOCOM, 2003. 

[20] R. Ramanathan and R. Rosales-Hain, “Topology Control of 
Multihop    Proc. IEEE INFOCOM, 2000. 

[21] R. Wattenhofer, L. Li, P. Bahl, and Y.-M. Wang, “Distribute   
Topology Control for Power Efficient Operation in Multihop 
Wireless   Ad Hoc Networks,” Proc.  IEEE INFOCOM, 
2001. 

[22] J. Monks, V. Bharghavan, and W. Hwu, “A Power Controller 
Multiple Access Protocol for Wireless Packet Networks,” 
Proc.  IEEE INFOCOM, 2001. 

[23] Y. Tseng, C. Hsu, and T. Hsieh, “Power-Saving Protocols for 
IEEE 802.11-Based Multi-Hop Ad Hoc Networks,” Proc. 
IEEE INFOCOM, 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


