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I. INTRODUCTION 
 

Wireless Sensor Network is used to remotely monitor 

distributed field points. Traditionally the wired 

connections between the sensing systems and the 

monitoring systems incur the cost of wiring 

proportional to distance as well as added 

maintenance cost. The complexity increases in such 

system due to the wired connections connecting the 

sensors and monitoring system. 

 

The advancement in the wireless technology the 

scenario how the sensors are integrated has changed 

to a great extent. The base station or sink node is 

where the data are accumulated from sensing sites 

over communication link and are analyzed for further 

decision-making algorithm. The sensor system, 

generally referred to as sensor node (SN), connected 

with wireless techniques with the sink or base 

station. A wireless sensor network (WSN) consists of 

distributed sensors to monitor physical or 

environmental conditions which may include 

temperature, sound, vibration, pressure, humidity, 

motion or pollutants. The aim of the system as a 

whole is to cooperatively pass their data through the 

network to base station.  

 

Wireless Sensor Network (WSN) plays a very 

important role when application needs to collect or 

monitor or analyze data from multiple sites of sensor  

 

 

 

 

 

installation which are spatially deployed. There are 

various applications where implementation of WSN 

proves effective and efficient solution such as 

military applications, environmental applications, 

health applications, home appliances, industrial 

applications and many more [1][2][3] [4]. Depending 

upon the applications different types of sensor 

networks are formulated [5].  

 

Design of WSN involves various techniques to make 

it functioning in an efficient way [1] [4]. In this paper 

we focus on other components, apart from clustering 

and routing, where the optimization can be done to 

reduce the consumption.  

 

Before investigating the energy consumption and 

conservation techniques, the sources of energy 

consumption in the WSN structure is to be surveyed. 

The WSN can be appropriately classified in a 

protocol stack depending upon the functionalities 

carried out [6]. The protocol stack of the sensor 

network discriminates on basis of functionality in 

form of layers [1]. The stack is classified in different 

layers like Application layer, transport layer, network 

layer, data link layer and physical layer based on the 

functional tasks. Above all there are three planes that 

monitor overall power, mobility and tasks for all the 

layers.  
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The energy consuming component is present at each 

layer of design in WSN system. Thus, there is scope 

of energy conservation at multiple design phases 

through the software optimizations and techniques 

to optimize the consumption of energy and increase 

the lifetime. 

 

II. WSN DESIGN CONSIDERATIONS 
 

WSN performs various tasks to fulfill the 

requirements of functionalities for an application. 

The typical architecture of the Sensor node has 

multiple hardware components assigned various task 

to accomplish the job. These components include a 

processing unit, communication unit, sensing unit 

and control unit [7]. 

 

Again, before designing wireless sensor network 

there are some of the design factors [4],[6] which are 

to be considered. These factors include fault-

tolerance, scalability, productioncost, hardware 

constraints, sensor network topology, environment, 

transmission media, power consumption, and 

others…. These design factors are considered to 

improve the efficiency and performance of sensor 

network [2][3]. Also precisely designed sensor 

network might prove cost effective and can have 

longer lifetime. 

 

The sensor nodes are equipped with the required 

hardware resources and are generally deployed at 

remote locations where the power can be constraint 

to perform the task assigned. Either improvise the 

energy consumption is WSN nodes to increase its life 

time or by providing constant source to the sensor 

node or by energy harvesting should be 

incorporated with node.  

 

The design considerations by which the energy 

conservation can be derived are classified as 

Hardware consideration approach and Software 

approach. The Hardware consideration approach is 

being keen to selection of the hardware components 

and appropriate control over its functioning so that 

the task at hand is accomplished without wasting 

much of the energy i.e. efficient and effective 

functioning. The component selection is typically 

focused here include processing unit and 

communication unit as major consideration from 

wide variety available. 

 

 

III. HARDWARE CONSIDERATIONS 
 

The energy conservation requires the hardware to be 

precisely dictated. In [8], the author has discussed 

the Energy conservation through design in WSN 

applications. There are finite components, of which 

the WSN typically consist of. These device 

components and their features are to be elected 

appropriately within the requirement satisfaction. 

The over featured devices stay idle and underutilized 

as well as add consumption of power in the node.  

 

To manage the power at the node level scaling 

techniques are applied. These hardware scaling 

techniques apply at three components of the system; 

radio, sensors and CPU [9]. Hardware scaling is 

technique that manipulates the hardware settings 

and their configurations. The scaling is where the 

voltage, frequency or rate is strategically altered to 

reduce power consumption and increase the lifetime 

of the sensor node. There are techniques like power-

optimization [10] which can be implemented at 

different abstraction layers. The application of this 

technique ranges from optimization at application 

level to system level. The system optimization 

includes clocking, duty cycling, voltage and power 

scaling as parameters at each layer of system. The 

voltage-supply scaling carried out for power-

performance mode and the blocks idle in the system 

are turned off. 

 

The dynamic voltage scaling (DVS) be applied to 

processing unit to minimize energy consumption 

without affecting the performance required [11]. 

Other techniques like profiled power management 

[12] use scaling of voltage and frequency to reduce 

consumption level based on power-level available 

with node.  

 

In Sensing System, ADC converts the analog data 

coming from transducers after conditioning to digital 

form. The conversion process takes time and also 

consumes some power so there are scopes to 

conserve the energy spent on conversion process by 

some optimizations. An adaptive scheme is proposed 

in [13] that dynamically adjusts the precision 

constraints at the sensor nodes to increase lifetime 

of node. In [14], the author has proposed context 

aware adaptive sampling, Multimodal Concept and 

Pulse Mode Reading for significant lifetime extension 

as compared to the continuouslydriven sensor 

sensing. The Pulse Mode Reading is a concept of 
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duty cycling of node. Also, Multimodal Concept 

technique modifies the frequency of sensing (i.e. 1/T) 

according to additional information (eg. presence of 

people) and triggers the node to aware of the 

current context in the environment. 

 

Processing unit: The processing unit is heart of the 

system. It manages the resources utilized for 

functioning of the system as Application. Mainly the 

processing unit is responsible for acquisition of data 

from sensor unit, process the data after acquisition, 

communicate the data to the base station and take 

necessary action if controlling action is incorporated 

in node. The reliability and working efficiency of the 

algorithms rely on processing power of the 

processing unit. The processing unit can be some 

microprocessor, microcontroller, some ASIC or FPGA 

capable of processing the data along with other 

typical tasks that a sensor node is supposed to do. 

These processing units can be of different capability 

and performance levels, out of which that suit the 

application may be selected for use. The more the 

features and peripherals involved more is the 

consumption of power occur.  

 

   The high-end processors having higher processing 

power are essential if the data are coming in huge 

chunks which are to be processed for further analysis 

before consecutive arrivals. So far as the 

computation is concerned the computation can be 

made faster and completed in due period of time by 

using some of the advance processing units. In [15], 

the authors have used ASIC for optimizing power 

consumption by running the system in passive 

standby mode and active standby mode. The results 

showed that in passive standby mode it consumes 

less current than the active standby mode. Even 

SRAM-FPGA [16] provides advantage of the 

parallelism. The parallel processing helps in a way 

that it can be customized for heavy computations to 

be performed faster and only the required 

components can be generated for use so wastage of 

power consumption is reduced. 

 

Communication unit: Once the data is acquired from 

the sensing unit and the essential processing is done 

than it is to be communicated with other node or 

base-station. The radio channel should be selected 

based on characteristics like the type of modulation 

scheme used, data rate, transmit power (determined 

by the transmission distance), and the operational 

duty cycle. Each feature of the transceiver accounts 

for the consumption of power. Even the modulation 

schemes are an important factor for considering the 

communication unit selection as it determines the 

amount of power it consumes for communication 

[17]. For the nodes deployed in noise prone region 

the error correcting feature along with appropriate 

modulation scheme is required to incorporate for 

reliable communication. The error correction can be 

achieved by implementing error-correcting codes 

which incur consumption on processing part as well 

as consumes significant amount of energy source 

[18]. 

 

   The range of the communication link and the data 

rate also play significant role in link budget for WSN. 

If the nodes are sparsely deployed the 

communication range should be increased which 

leads to increase in power consumption. It may 

happen that only few of the nodes in the cluster are 

at far range, so using extended range for all nodes is 

worthless. The adaptive transmission power 

technique is used to reduce the power wasted on 

extra range coverage. In this technique optimum 

power required to transmit the data is estimated 

from distance estimation between communicating 

nodes [19]. The radio transmitter power is adjusted 

to appropriate levels, depending on the connectivity 

with the target nodes, to reduce the average energy 

per operation under varying performance 

requirements. 

 

In many of the systems there are provision of 

multiple radio channels to distinguish data 

communication and wakeup-call communication 

[15]. The concept of multiple radio usage is depicted 

depending upon the functionality i.e. data-radio 

which is high power and wake-up radio which is low 

power. The power consumed by the node with the 

radio in idle mode is approximately equivalent with 

the radio in Receive mode [9]. So, in order to reduce 

the consumption of long-range or high-power radio 

in Receive mode during idle condition low-range 

radio is utilized for receiving wakeup call. But this 

concept adds cost of multiple radios along with the 

limitation in range for wake-up radio so it is 

underutilized.  

 

 So far as data is considered not all the time huge 

chunks of data are sent. Using same frame size to 

send variable data sizes adds transmission cost. The 

techniques are devised to estimate the data and 

adjust the frame size for transmission. In [20], the 
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author has devised a technique by use of extended 

Kalman filter to predict the frame size at MAC layer. 

This technique increases energy efficiency of sensor 

node and through put. 

 

IV. SOFTWARE APPROACHES 
 

Software optimizations are the post-design 

techniques and can be made to work with even 

existing hardware designs. The software approach is 

where we apply algorithmic optimizations to reduce 

consumption without disturbing or degrading the 

functionalities. There are multiple techniques that 

may be applied at each layer to minimize the power 

usage while giving the same throughput. These 

techniques are broadly classified as Clustering, 

Routing, Duty cycling, Data reduction, Data 

Prediction, Data acquisition and Data processing [21].  

 

Duty cycling Duty cycling is one of the techniques for 

saving power that is consumed by the peripheral 

when it is turned on during its operating period 

[19][22][23]. During the operation of the sensor node 

it is obvious that the usage of peripherals such as 

communication unit is only when the data/control is 

to be communicated. In such instances the power 

consumed by the peripherals during the idle time 

can be reduced by switching it off. Whenever the 

need for its active participation arises the peripheral 

is invoked from the sleep. The duty cycling works at 

two different layers: Network layer and at application 

layer. The wakeup and sleep timings of node are 

derived based on On-demand wakeup, Schedule 

wakeups and Asynchronous wakeup for duty cycling 

which in turn helps in energy conservation [21]. 

     

 Periodic turning on/off of the resources, typically 

radio transceiver on the node, is the basic theme 

behind this type of technique. Everytime the 

resources are turned off they are to be reinitialized 

when they are invoked. In such scenarios, when the 

data packet sizes are smaller, the energy consumed 

during startup of transceiver is more than keeping it 

in idlemode [17].  

 

Energy efficiency can be achieved by the 

combination of a low-power mode algorithm and a 

power-aware routing strategy [22]. Based on duty 

cycling, various techniques are derived considering 

the topology which includes location driven and 

connection driven. In location driven technique 

nearby, located nodes are put to sleep mode 

considering the assumption that data do not differ 

much in nearby vicinity. The drawback of this 

technique is that the radio range is under-utilized as 

it is limited to communicate between the nearby 

vicinities/grids only. In [24], author has proposed 

LEACH-CS where the nodes are selectively kept 

awake based on the data significance and rest of the 

nodes is set to sleeping mode.  

 

While in connection driven the minimum number of 

nodes stay awake to keep connection active. For the 

sake of connectivity, the node locations are to be 

estimated in order to provide linkage in gap between 

the communicating nodes. So, estimating the exact 

location of node is burden on such system and adds 

cost to hardware if GPS based design implemented.  

 

1. For duty-cycling 

the process of switching nodes can be controlled by 

two techniques; either by top nodes in hierarchy i.e. 

node other than itself or by self-switching. When the 

switching of the node is controlled by the node other 

than the node itself than the communication of the 

wakeup-signal arises to solve the purpose. Thus, the 

communication unit has to stay awake for receiving 

the control signals from controlling node and in that 

case the power consumption by the communication 

unit will accounted. Further if the wakeup time of the 

node is controlled by other node than the overhead 

of keeping time synchronization is levied on the 

nodes. So, this technique may apply where 

depending upon the scenario the compromise with 

communication power and time-keeping task can be 

made to meet the application requirement. 

 

For the communication of the controls, one of the 

technique adaptive power control [23] is used for 

duty cycling where the control signals for duty cycle 

are issued from top node in hierarchy to lower node 

at roots. This control signals are issued to schedule 

the communication at various levels in hierarchy so 

that the collisions are avoided. So far as the control 

signals are concerned, in wireless body sensor 

network the nodes are centrally controlled [25] for 

sleep/wakeup times which leads to significant energy 

reductions which is due to short range 

communication.  

 

Whenever the wakeup time is aperiodic there exists 

some wakeup signal that invokes the node. This 

switching signal can be from some other node or 

from the node itself. The interrupts from the 
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peripherals connected to the node play role of 

issuing wakeup signal to invoke the node. For 

example, communication unit can wake-up the node 

when it receives some data or some 

sensor/transducer can wake-up the node on sensing 

the change in measured quantity. 

 

The other method of wake-up is by self-switching 

mode, it can save the power wasted on polling for 

the wakeup signals by following a periodic wakeup 

pattern. If the node can keep track of the time 

synchronously with all nodes in network than the 

wastage of power on polling wakeup signals can be 

saved. This can be done by scheduling the wakeup 

times of the node during which the communication 

between the nodes can be undertaken.  

 

In any of the switching methods the power 

consumption accounts to meet the goal. On one side 

it is due to keeping the communication unit awake 

and on the other side it is due to time-

synchronization between nodes. It depends upon the 

application to justify which method can prove better 

solution to optimize the lifetime of node. 

 

2. Data Reduction  

The major source of power consumption is 

communication unit. The power consumed during 

the transmission and reception of the data consumes 

huge amount of power. The amount of the power 

consumed depends on two basic parameters; 

amount and range of communication. Proportionally 

if the data size increases than the communication 

cost also increases, so reducing data for 

communication will in-turn reduce the 

communication cost. Data reduction technique deals 

with the data-size that is acquired from the sensors 

and methods to reduce it to conserve energy spent 

over communicating it.  

 

The data can be reduced by strategies [26] like: 

Prediction based on model, aggregating information, 

Decreasing the frequency of information 

refreshment, avoiding transferring information to 

uninterested nodes, Optimizing the broadcast of 

messages throughout the network.  

 

Data prediction is the technique where the data is 

predicted based on system model and acquisition or 

communication is avoided to save the power 

consumption. Data prediction can be done through 

stochastic approach, time series forecasting or 

Algorithmic approaches. The model is created for the 

sensing system based on the data available and 

future data are predicted using this model. The 

drawback of such techniques is that the model 

computation consumes processing-power and its 

parameters are to be communicated between the 

sink and the node. Further the data acquired is not 

exact as it is predicted so the accuracy constraints 

are prevalent in such systems. So, the accuracy of 

data is totally dependent on the model formulation 

for the process. To overcome burden and 

consumption, in some techniques the prediction 

process is Adaptively enabled or disabled depending 

upon the errors in bounds [27].  

 

The other way to reduce data is data aggregation 

where the data is reduced by the algorithmic 

approach. This reduction may result by exclusion of 

redundant data or ignoring some data. One such 

technique is Compressed Sensing (CS) [28] which 

process incoming samples to set the sample value to 

zero selectively and cautiously in order to reduce 

amount of data sufficiently. The techniques discussed 

so far is lossy where fine details are compromised to 

reduce the data size. On the other side the data 

reduction without losing the samples and affecting 

the accuracy can be achieved through Thresholding 

technique. In [29], the author has discussed the 

Thresholding principle for cardiac sensor network for 

energy saving. In this technique, the samples are 

compared with threshold if all are below threshold 

and if any found above threshold than samples are 

sent else not.  

 

This technique reduces the data to be communicated 

with the sink. So, in this case the data to be 

communicated reduces to significant extent. 

Sometimes the sink is updated about the change and 

related communication takes place. Other technique 

is where the communication of data occurs on 

update basis [13], where only if the data differ than 

previous reading than the updates are sent. So, these 

are few of the methods and techniques which are 

worked upon by the researchers to reduce the data-

size and conserve energy. 

 

3. Data Acquisition  

In any WSN Data acquisition is one of the primary 

and important tasks of the node. While designing the 

node the acquisition rate and the quality of the 

acquisition is considered as one of the important 

criteria. The data which is acquired by the node from 
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the sensor unit is to be communicated in a typical 

sensor networked system. The key idea here is that if 

the reduction in the acquired data can lower the 

power consumption than at root if we can reduce the 

acquisition rate than additionally the energy spent 

on acquisition can also be conserved. 

 

 A novel approach is Energy efficient acquisition 

system [2] where the power consuming processes is 

slowed down or reduced to conserve the energy. The 

proposed technique exploits spatio-temporal 

correlations between data to reduce the 

samples/sampling. The sampling frequency is 

computed through algorithm to sample the data. 

The algorithms like Kalman filters are used to 

estimate the sampling frequency. The other way of 

reducing the energy consumption at the acquisition 

unit is to detect the event occurrences before the 

acquisition can be started [14]. The approach called 

Hierarchical sampling or Triggered sampling is used 

to regulate the sampling frequency. In this approach 

the coarse readings are acquired by low-power 

sensor and on event detection the fine readings are 

acquired from power hungry sensors. So, the 

wastage of energy on acquisition of redundant data 

is conserved to increase lifetime of SN.  

 

4. Data-Processing  

The acquisition unit acquires the data from the 

sensor unit and passes it on to the processing unit 

for further analysis or processing. The processing can 

be either carried out at the node or at the sink or 

base-station where data are accumulated. When the 

processing increases the power consumption also 

increase which leads to decrease in lifetime of SN. 

Thus, if more data is to be processed then the 

processing power consumption is to be estimated for 

lifetime estimation. 

 

There is trade-off between radio power consumption 

and power consumption for on-node processing but 

the efficient processing technique can reduce the 

consumption [10]. By processing data at sink, higher 

processing capacity and less power restrictions are 

achieved while processing data at node i.e. Local 

processing reduces the data to be communicated so 

it reduces communication cost in terms of energy. If 

the processing is done locally it enables on-node 

diagnosis so the local processing is preferred [10]. 

Also, local processing increases response time and in 

some scenarios the data transmission is more power 

consuming than on-sensor processing [30].  

Generally local processing requires node to be 

equipped with processing unit and other resources. 

So, in some scenarios wireless distributed computing 

(WDC) [31] is preferred to lower the consumptions. 

But WDC brings overhead of synchronization 

between the nodes to work cooperatively. Again, 

apart from data processing, sometimes the noise 

filtration is also unavoidable. In such circumstances 

use of the combination of media and mean filter 

reduces time and power consumption [32]. 

 

V. CLUSTERING 
 

 The sensor nodes are deployed in the region of 

interest where sensing phenomenon is evaluated. 

The number of nodes may vary from few to 

hundreds depending upon the sensing phenomenon. 

Each sensor node has to report the sensed data to 

the base-station. The nodes are to be deployed 

carefully so that the connectivity is consistent and 

traffic distribution is in equality to reduce over-head 

on specific node in route [33]. The topology of the 

WSN plays an important role in extending the 

lifetime of the sensor network. Various topology 

control algorithms are designed to effectively control 

network parameters aiming to reduce energy 

consumption [34].  

 

The channel bands and range are the limiting factor 

due to which direct connectivity of the node to the 

base-station is not possible. In this scenario the 

nodes are grouped based on the policy decided 

called cluster and one of the nodes in the cluster, 

called cluster head, gathers the data from the nodes 

and send it to the base-station. This process of 

grouping the nodes is called clustering. Many 

policies are identified by the researchers for 

clustering to reduce the consumption of energy in 

network, not all are reviewed under this survey  

 

VI. ROUTING 
 

Data gathering in network of sensor nodes is to be 

devised carefully and effectively. Data gathering 

techniques vary in number of forms but to broadly 

classify it can be either collected by the mobile sink 

from node to node or data can be routed to the sink 

via other nodes.  When field size is limited and have 

finite number of nodes which are sparsely deployed 

the collection of the data through mobile agent 

proves efficient. In such scenarios the field is divided 

in square areas or some anchor points are defined 
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from where the mobile node will visit nodes and 

collect data. The identification of the anchor point or 

traveling route algorithms are devised such as inter 

path correlation and marginal value theorem to 

make mobile agent intelligently visit the sensing 

nodes [35]. 

 Data collection over Routing strategy defines how 

the data will be propagated to the sink or to the 

base-station for further analysis/processing. Routing 

is very important algorithm in sensor node as data 

reporting and communicating fully rely on its 

effectiveness. A consistent connectivity is provided 

by the routing algorithm which makes system 

reliably and responding with low latency.  

There are various ways in which the data can be 

routed to the sink but along with its effectiveness the 

power consumed during communication is to be 

considered for estimating lifetime of the node. There 

have been many routing strategies devised in order 

to reduce the consumption and to make it more 

effective and efficient but the review is kept limited 

to energy consuming sources other than clustering 

and routing. 

 

VII. SUMMARY 
 

This survey shows the requirements to be considered 

when designing the WSN. Energy conservation at 

various levels of design are considered to be having 

scope in WSNs. This considerations at various stages 

of the design is depicted in the paper shows the 

approaches that can play a role in saving the 

consumption.  

 

Energy consumption is one of the main 

considerations so far as hardware design for WSN is 

concerned. The power-hungry devices consume lot 

of power for its functionality, so in alter to those 

options low power consuming devices and 

components can be use to increase the lifetime of 

the WSNs. Even sometimes dedicated ASIC based 

designs prove energy efficient and effective as 

compared to general purpose processors. Else the 

ultra low power consuming devices such as TI’s MSP 

family can be better alternative that adds 

conservation provided it meet the other feature 

requirements.  

 

Apart from the hardware considerations the software 

approach depicts the strategies such as duty cycling, 

data reduction or data aggregation, compressing the 

data and data processing. This technique reduces the 

communication and acquisition cost but there is 

always a trade-off with processing cost or quality and 

quantity of data. To achieve the energy saving one 

has to compromise with one or the other depending 

upon the application and the results required. 
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