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Abstract: For full deployment and exploitation of Wireless Sensor Network energy consumption remains as a major obstacle 
nowadays. Energy awareness and energy efficiency are two desirable characteristics of Wireless Sensor Network. To minimize the 
energy consumption from both the sensor node level and network level an energy efficient strategy is proposed. By using localization
algorithm the physical location of the sensors after they have been deployed is determined. After that the distance between transmitter
and receiver is estimated before available transmission to minimize the communication energy consumption. Then the lowest power
needed to transmit the measurement data is determined and calculated.
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1. Introduction
 
Wireless Sensor Network (WSN) consists of autonomous 
sensor nodes. These nodes can be deployed in the field for 
monitoring unattainable area. The areas like forest fires, 
glaciers, deserts, deep oceans can be monitored by using 
sensor nodes [2]. A wireless sensor node consists of sensing, 
communication, computing, actuation and power 
components. These components are integrated. Sensor node 
consists of radio-trans-receiver, a microcontroller, a memory 
unit and set of transducers. By using these components, 
sensor node acquires and process data from deployed 
regions. Sensor nodes resources are limited in terms of 
processing capability, wireless bandwidth, battery power and 
storage space. In most of the application each sensor node is 
usually powered by a battery and it has to work for several 
months to one year without recharging. Thus energy 
consumption problem is major obstacle for full deployment 
and exploitation of WSN technology.  
 
This paper is organized as follow. Section II gives literature 
survey on various methods for reducing energy consumption; 
section III describes about localization, Section IV describes 
briefly the algorithm of localization. Adaptive transmission 
power setting schemes for node level energy savings and 
adaptive network configuration for network level energy 
saving are given in section V. Results and discussions for the 
localization algorithm are presented in section VI followed 
by Conclusion in section VII. 
 
2. Literature Survey 
 
Various different approaches have been used for reducing 
energy consumption. Few of these approaches are as follows. 
 
2.1 Duty Cycling Approach 
 
By using sleep/wake up protocols and media access control 
protocol duty cycling can be achieved. To improve the 
network life time sparse topology and energy management 

approach have been proposed. In this approach redundant 
notes are set to sleep mode [3]. To reduce the energy 
consumption, traffic adaptive medium access protocol has 
been designed. In this protocol, the sensor nodes are allowed 
to assume a low-power ideal state when they are not working 
[4]. Duty cycling is a distributed algorithm in which sensor 
nodes decide when to transition from active to sleep and 
back. At the same time it allows neighboring nodes to be 
active. Due to which packet exchange become feasible even 
when nodes operate with low duty cycle.. These schemes are 
not suitable to data those are samples by sensor nodes. Hence 
to improve the energy efficiency even more data driven 
approaches can be used [5]. 
 
2.2 Data Driven Approach 
 
Data compression and energy efficient data acquisition are 
two main parts of data driven approach. To reduce the 
amount of information sent by source nodes data 
compression can be applied. Many different methods can be 
used to compress data. As an e.g. the data can be compressed 
by using variable data length coding which uses Walsh 
function. This method has proved to be very energy efficient 
in signal transmission [6]. Secondly energy efficient data 
acquisition schemes are used to reduce the energy spent by 
sensing sub system. They can also reduce the energy spent 
for communication as well. By dividing sensor network into 
several sub systems and communicating only high level 
inferences between sub systems more energy can be saved. 
By using this method the energy consumption decreases as 
the data to be transmitted decreases [7]. Adaptive sampling 
algorithm can be used for energy efficient data acquisition to 
reduce the energy consumption in sensor network [8]. 
 
Another schemes like i) Modulation scaling scheme ii) 
Multihop routing scheme [9] iii) Network sectioning [10] and 
low power hardware [11] can be used for energy aware 
transmission. In this paper we proposed an energy saving 
strategy for node level using adaptive radio frequency power 
setting and network level energy saving through adaptive 
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network configuration. In this paper we have also proposed 
localization algorithm to geographical location of sensor 
nodes. 
 
3. Location of Sensor Nodes 
 
The main problem in WSN is to locate the geographical 
locations of sensor nodes. Determining the geographical 
location of a node is called as localization. To detect and 
record events location information is used. If the accurate 
location information is not obtained by user then related 
application cannot be accomplished. For a large scale 
networks or in networks where sensors move manual 
configuration of locations is not feasible. Providing each 
sensor with GPS (General Positioning System) is very 
expensive in terms of energy consumption and cost. So one 
solution to this problem is to use nodes called beacon nodes 
who have their location information at all times. By using 
these beacon nodes the location of other nodes can be 
determined. The beacon assists the unknown nodes in 
localizing themselves. Localization algorithm can be divided 
in two types; 
 

i) Range Free 
ii) Range Base 

 
Range base algorithm measures the distance between 
unknown nodes and beacon. Then the co-ordinates of 
unknown nodes are calculated by using measured distance. In 
Range free algorithm the distances between unknown nodes 
and beacon is indirectly obtained by the connectivity 
information. Then the co-ordinates of unknown nodes are 
determined by using indirectly obtained distances. 
 
4. Localization Algorithm 
 
In this paper we have proposed ALwadha algorithm for 
localization. ALwadha algorithm uses a method that selects 
almost the minimum possible number of references to 
achieve and accurate position estimation. This selection 
method is based on the low error approach. ALwadha 
algorithm uses three types of filters. By using these filters, 
we can achieve design objectives such as energy efficiency, 
accuracy, robustness and security. 
 
4.1 Filter One 
 
A known node uses this filter which has received a location 
request packet to decide if it will act as a reference node and 
send a location request packet. A know node should satisfy 
two conditions in order to act as a reference node. Firstly, it's 
probability of accuracy should be more than a specific value 
(Pres). Secondly, it's probably of accuracy should be more 
than the required accuracy level sent by the requesting node 
(Lacc). This filter works on the available information instead 
of taking information from neighboring knowns. The 
requesting node will receive 'Location Responses' packets 
only from R set of references. 
 

4.2 Filter Two 
 
The node applies this filter to select a subset of references S, 
based on the references location error. The probability of 
accuracy of the sub set S should be greater than certain value 
(Pmin). The node applies this filter twice firstly to select 
subset S◦ to estimate an initial position ( ẑ ) and secondly to 
select a subset S. 
 
4.3 Filter Three 
 
The node uses the initial position (ẑ◦) to eliminate those 
references with high distance measurement error. The result 
of this filter is R. This filter is only applied if at least one of 
the references in the subset S◦ has an estimated distance error 
greater than a certain value. 
 

 
Figure 1: .Gnuplot for localization error 

 
Figure 1 shows localization error by using a ALwadha 
algorithm. It can be seen that ALwadha algorithm not only 
uses low numbers of references, but requires low number of 
iterations to get an accurate position which also reduces the 
computation cost. Thus ALwadha algorithm achieves the 
better level of accuracy. 
 
5. Node Level and Network Level Energy 
Saving Relation 
 
Once the sensor nodes have been localized, we proposed 
methods for node level energy saving and network level 
energy saving. Adaptive transmission power scheme and 
periodic sleep wake up is used for node level energy saving. 
An adaptive network configuration scheme is used for 
network level energy saving. 
 
6. Results and Discussions 
 
For the experimental tests two sensing schemes were used. 
Figure 2 shows the sensing scheme1 and Figure 3 shows 
sensing scheme 2.  
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Figure 2: Sensing scheme 1[1] 

 
In scheme1 each sensor node transmits data to CMU. In 
scheme2 the sensors are grouped into different clusters. The 
data from sensors is transmitted to cluster head. Then the 
cluster head transmits them to CMU. 
 

 
Figure 3: Sensing Scheme 2[1] 

 
For sensing scheme 1 the comparison between the fixed 
transmission power setting (traditional scheme) and adaptive 
transmission power setting was done. Figure 4 shows 
communication energy consumption of one sensor node. 
 

 
Figure 4: Communication energy consumption under 

different transmission power settings [1] 
 
As shown in figure 4 the blue curve shows the energy 
consumption for fixed transmission power setting and red 
curve shows the energy consumption of adaptive 
transmission power setting. It can be seen from graph that 
when adaptive transmission power setting is applied the 
energy saving achieve up to 50%. As the number of sensor 
nodes increases node-level energy saving scheme will be 
more effective. Thus node-level energy saving scheme is 
more efficient than fixed transmission power setting scheme. 
 
For network level energy savings, the results were obtained 
by using scheme 1 and scheme 2. The sensor nodes are 
deployed as shown in figure 5. Then the sensing scheme 1 
and 2 are applied on that. The results that we get can be seen 
in figure 6. Blue curve shows the energy consumption when 

scheme 1 is applied and Red curve shows the energy 
consumption when scheme 2 is applied. 
 

 
Figure 5: Network structure [1] 

 

 
Figure 6: Communication energy consumption of scheme 1 

and scheme 2 for D=1m[1] 

 
From Figure 6 it can be concluded that scheme 2 is more 
efficient than scheme 1 as it saves more energy. 
Communication energy consumption was estimated with 
different distances from figure 7 and figure 8 it can be shown 
that as the distance between CMU and cluster head increases 
adaptive network configuration scheme achieves more and 
more energy savings. 
 

 
Figure 7: Communication energy consumption of scheme 1 

and scheme 2 for D=5m [1] 
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Figure 8: Communication energy consumption of scheme 1 

and scheme 2 for D=10m [1] 

 
7. Conclusions
 
In this paper we have presented the node level energy saving 
and network level energy saving which can help in 
constructing an energy efficient Wireless Sensor Network. 
By using adaptive transmission power setting and periodic 
sleep/wake up scheme we have achieved node level energy 
saving. Network level energy saving is achieved by using 
adaptive network configuration. The results have proved that 
these schemes are more effective for energy saving in 
Wireless Sensors Network. In future more modifications can 
be done in proposed methodology to achieve more energy 
efficient WSN. 
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