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ABSTRACT 
Now a day's Wireless Sensor Network (WSN) have become prevalent in both industrial applications as well as personal 
use.Usually, WSNis a collection of small sensors which can sense, process and communicate the data, based on the particular 
application. The main limitation of this type of network is the energy consumption of the sensor nodes, which is primarily 
responsible for the enlarging the lifetime of the network. A limited amount of energy should be used very efficiently so that the life 
of a network can be enlarged. This paper presents a various Energy Optimization Methods (EOM) in wireless sensor 
networks.Itprovides an optimal methodto save the energy of sensor node which will improve the network lifetime of WSN. Finally, 
itconcludes with ananalysis among variousEOMin terms of benefits andlimitations. 
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INTRODUCTION 

 

Wireless sensor networks (WSN) consisting of small sized sensor nodes, which are deployed in a 

geographical area for sensing some environmental conditions like vibration, pressure, and temperature. A 

Majorcrucial component of WSN consists ofSink node and Sensornode. Sensor nodes are electronic device 

which is deployed in the sensing field to identify an abnormal event and periodically report the sensed data. 

Sensor node will transmit the sensed data hop-by-hop to a special node called Sink node which will report the 

supervisor via internet. Fig. 1 shows the sensornode'g'detects an abnormal event and then it will send an alert 

message to the sinkvia a predetermined routing path, say    PgS= g−>f −>d −>b −>a −>S (Sink).  

Application of WSN isused in various fields, such as Area monitoring,military application, Traffic Signal, 

Health monitoring, Industrial Sensing,etc. [11], [20]. For instance, the physiological data regardinga patient can 

be supervised remotely by a doctor.While this is an additional convenient for the patient, it also permits the 

doctor to clearly realize thepatient’s current condition. Since sensor node used in most of the applications is 

usually battery powered device, the challenges focus on how to reduce energy consumption of each node, so that 

the network efficiency can be retained to convey the data forsensible time.    
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Fig. 1: An operating scheme of a WSN. 

 

Sensor nodes have a very limited battery energy comparing to sink node. Batteries have a tiny capacity and 

recharging by energy scavenging is difficult and volatile.Therefore,the energy consumption of sensor node 

should be strictlycontrolled. Based on the functions ofsensor nodes, Power consumption can be separated into 

three fields:sensing,data processing, and data communication. Among these three fields, a sensor node 

utilizesmost energy in data communication. When a sensor node runs out of energy it cannot provide any 

service and consider asdead node[5]. 

Nearly in all the sensor networks, data are sent towards a single sink, hops near to that sink becomes 

severely involved in packet forwarding and therefore their batteries get depleted rather speedily. The nodes 

around the sink would deplete their energy faster, leading to an energy hole or hotspot problem around the sink. 

If this happens then the sensors closer to the sink stops from functioning, the sink becomes separated from the 

balance of the network and no other data can be conveyed to the sink. As a result, the network lifetime ends 

soon and much energy of the nodes would be wasted [7], [9]. Therefore, energyoptimization has receivedbigger 

attention in WSN research works. 

  

 
 

Fig. 2: Example of Energy Hole problem. 

 

Fig.2. clearly shows the energy hole problem in WSN. Consider 2 sensing fields arepresented inthe sensing 

environment named sensing field 1 & sensing field 2 in which node h, p is hotspot node. The sensor nodes that 

are one hop away from the sink node and which transmits all the data packets to the sink is called as hotspot 

node. Initially,the normal transmissions are processed from both sensing fields to sink. After performing some 

rounds, battery level of node 'p' is drained out and node becomes dead (dead node). Therefore, there is no 

transmission from the node 'p' to sink i.e. sensing field 2 to sink. Thissituation, rising to an energy hole problem 
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which reduces theoverall network lifetime of WSN.The concept of EOM is introduced to save the energy of 

sensor node and improve the network lifetime of WSN. 

The organization of this paper is as pursues. Section II describes the key causes of energy loss in WSN. 

Section III illustrates the various energy optimization methods in Wireless Sensor Network. The analysisand 

discussions are given in section IV. The conclusion is given in section V. 

 

II. Key Causes Of Energy Loss In Wsn: 

The energy loss in a sensor node might be due to either “Valuable” or “wasteful” causes[21]. 

Valuableenergy loss is because of transmitting or receiving data, forwarding querydata, andprocessing query 

request to neighboring nodes. Wasteful energy consumption is because of one or more of the following 

essentials.  

One of the key causesof energy loss is idle listening (listening to an idle channel with the aim of receiving 

possible traffic) and secondly cause forenergy loss is a collision (When a node acquires more than one packet at 

the same time, thesepackets are named as collided). All packets that cause thecollision have to be useless and 

retransmissions of those packets are essential which prolong the energy consumption. The next cause for energy 

loss is overhearing (a node acquirespackets that are assigned to other nodes). Lastly, for energy loss is over-

emitting, which is affected by the transmission of a message once the destination node is not ready. 

 

III. Taxonomy Of Energy Optimization Methods In Wsn: 

Based on the exceeding cause and energy breakdown, various methods have to be exploited, 

evensimultaneously, to decrease the energy consumption in wireless sensor networks. The objective of our 

research is to extend the lifetime of the network via various Energy Optimization Methods.At a very basic level, 

three major enabling methods have been identified for energy optimizationnamely: duty cycle, data driven and 

mobility based methods. Fig.3 shows the various Energy Optimization Methods in WSN. 

 

 
 

Fig. 3: Energy Optimization Methods in WSN 

 

Duty cycle method: 

Duty cycle is mainly focused on the networking subsystem. The most effectiveenergy-conserving operation 

is setting the radio transceiver in the (low-power) sleep modewhenever communication is not necessary. Ideally, 

the radio must be switched off as soon asthere is no more data to send/receive and must be resumed as soon as a 

new data packetbecomes ready. In this fashion, nodes alternate between active and sleep stages depending 

onnetwork activity. Duty cycle is labeled as the part of time nodes, which are active duringtheir lifetime. 

Usually, a sensor nodeworking in 4 operating modes such as transmission, reception, idles listening 

andsleep. Fig.4. clearly shows the various power (energy) consumption modes of sensor nodes. Comparing to all 

modes, transmission mode utilized more power than other mode. On the contrary, the energy consumption in 

sleep mode is much lower. 
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Fig. 4: Comparison of power consuming modes of sensor nodes in WSN  

  

Duty cycle concept for energy optimization describes an opportunistic routing algorithm, where the 

selection of neighboring nodes plays a very crucial role. Selection of neighboring nodes in the network is one of 

the causes that increase the energy consumption and network lifetime [8]. To manage this opportunistic routing 

algorithm even more efficiently, introducing a sleep algorithm called a PSS algorithm for the sensor nodes. In 

this algorithm, some nodes are working and the remaining nodes are in sleep mode, the working nodes are 

selected by the protocol mechanism is the best path selection of the nodes. This algorithm will support static 

networks and does not support dynamic networks because this algorithm will be used only in 1-D networks [2].  

Duty cycle methods illustrate the Dynamic Immediate Data Report (DIDR) for real-time communication to 

plan sleep mode of sensors inthe network. Additionally, todecrease the network energy consumption, Dynamic 

Schedule Data Report (DSDR) method is described [10]. This method illustrates its efficiency by reducing the 

active time of nodes in the network.These protocols simply adjust with the existing queries to support the large 

range of WSN application. The DIDR and DSDR protocols work in a layer between MAC protocol and query 

service layer and do not need exceptional support for managing to schedule from the MAC layer. 

 

Data driven method: 

In datadriven method, the major focus is how the data issensed which also significantly crash the 

energyconsumption of WSN. There are lots of data sensedwhich are not at all necessary. Also, 

unnecessarycomputation in the power constrained WSN node alsoimpacts its battery life.The data driven 

method is subdivided into  

 

 Data reduction methods 

 Energy-efficient data acquisition. 

 

Data reduction methods deal with the incidence of unneeded samples.Energy-efficient data acquisition 

isgenerally focused todecreasingthe energy used by the sensing subsystem. It provides an optimal description for 

reliable and efficient data acquisition for a static WSN in the occurrenceof trans faulty nodes.Because of the 

trans faulty actions, there is a loss of information in the radiationconcerned area. To protect information loss in 

WSN due to trans faultyactions of sensor nodes,dual mode of communication is designed in the sensor nodes 

such asRF and acoustic mode[1].  

Energy-aware distributed unequal clustering protocol is also applied in this method to prolong the lifetime 

of WSN. The non-uniform clustering techniquehas been implemented in which clusters created are of unequal 

size by means of uneven competition radius. The clusters nearer to base station have lesser size than clusters that 

are extreme away from the Base Station (BS). The nodes are allocated uneven competition radius due to 

multiple factors, via, the residual battery energy and the number of neighbors and the distance to BS [4]. 

Thereby, the energy consumption among the cluster head nodes is more successfully balanced. 

 

Mobility Based Method: 

Mobility based methodconcentrates on the mobility of sensor nodes as well as sink nodes (special node). 

Mobility is also useful for reducing energy consumption. By launching the mobility in wireless sensor networks, 

various issues should be focused. The first issue, if a sensor node is mobile thenit concentrates on how to gather 

its data, how it will convey themessage, how it will impact the overall network, etc. The second issue,packets 

arriving from sensor nodes pass through the networktowards the sink by pursuing a multi-hop path. Normally, 

nodes nearer to the sinkalso have to convey more packets so that they are subjecttoearly energy depletion, even 
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when techniques forenergy conservation are concerned. To avoid the above issues, mobility based method is 

introduced in the EOM. 

 

 
Fig. 5: WSN contains mobile sink and static sensor nodes. 

 

Some of the applications need mobility based method in the sensor field, for example, Fire detection 

system, Healthcare system, disaster management, battlefield, intrusion detection, and land Sliding area and so on 

[15]. Mobility based method are further divided into  

 

 Mobile Sink(MS) 

 Mobile Relay (MR) 

  

MS which can move to a limited number of positions to travel in agiven sensor and communicate with it 

(sensors are designed to be arranged in randomly within the sensing area). Duringtravels to nodes, the sink stays 

at the node location for a period of time and collects the data from that particular node. Nodes not in the 

coverage area of the sinkcan send messages along multi-hop paths ending at the MS and attained by shortest 

path routing.Fig.5. Shows that WSN having a single mobile sink and a lot of static sensor nodes. Once the 

energy of the node 'a' is becoming lower, sink starts to move to a new position i.e. nearer to node 'b'. This 

situation, rising to the need of mobile sink concept in WSN. 

In MS method, the mobility of the sink is described in three models such as fixed mobility, random 

mobility, and control mobility. In fixed mobility, the movement of the sink is predefined. But sink moved 

randomly in the random model. During run time someone controlled the movement of the sink which was 

defined in the control mobility model. An efficient routing protocol is required for MS method to collect the 

sensed data without any loss.RPL(Routing Protocol for Low Power Lossy network) routing protocols are 

designed for MS method. Itconsidered in term of energy consumption, data delivery ratio and delay in 

delivering the packets.  

The performance of RPL in three different scenarios, first scenario is evaluating the characteristics of RPL 

with one sink and others are senders (fixed nodes). Then the second scenario is adding mobility and compares 

mobile nodes to fixed nodes in order to show how mobility stimulus protocol parameter. The results illustrate 

that mobile sink provides better performance in terms of lifetime, energy consumption and an average number 

of packets communicated to the base station. Thus, mobile sink based approach improves the lifetime of 

wireless sensor network [14]. 

MR is special mobile nodes (mobile forwarders) which can move around in the network area and gather 

data from source nodes. It carries stored data and sends them towards the destination node. Thus, MR can be 

seen as a moving communication which assists data transfer in wireless networks. MR is implemented in three 

different scenarios such as 1 MR, 2 MR, and 4 MR. In first scenarios, only one MR node is considered which 

can gather the data from the source node and sends to the destination node.  

In second scenarios, two MR nodes are assumed in which overall networks are split up into two groups. 

Each group assigned one MR node to gather the sensed data and forward towards the sink node. In third 

scenarios, four MR nodes are considered, in which overall networks are split up into four groups. Like previous 

scenarios, each group assigned one MR node to gather the sensed data [17], [19].  

 

IV.Analysis& Discussion: 

Theanalysis is done based on the following criteria-EOM, algorithm, benefits and limitations.The 

EOMevaluationhas addressed several issues with the aim to prolong the network lifetimeof wireless sensor 

networks. Table.1.shows the analysis of various EOMinthe terms of benefits and limitations. The analysis 

clearly shows that there are a lot of benefits and a fewlimitationsexist in each method.  
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Regarding duty cycle method, the proper schedule is performed to reduce energy consumption, 

transmission delay and less energy overhead [2], [10], [22].But this method is not focused to reducingpacket 

loss during data transmission. According to the data driven method, Data acquisition, and data reduction 

methods areexecuted properly to attain the energy optimization.The main focus of this method is to decrease the 

transmission of unnecessary sensed data. Due to these issues,a lot of energy is wasted in the transceiver mode of 

sensor nodes[1], [3], [4]. The above method does not concentrate on clustering overhead and hotspot problem.   

Regarding mobility basedmethod;overall network lifetime is increasing by the movement of sink node and 

relay nodes in the sensing field. It also prolongs the data delivery ratio and reduces the clustering overhead 

problem [14], [6], [18]. The main concern of this method is to find the optimal position of the sink.Suppose if 

sink position is not adapted to sensor nodes, lots of information from those sensor nodes ismissing to 

communicate with sink node. Due to this issue, network connectivity problem is raised.Some researchers are 

aiming to combine the data driven and mobility based method for energyoptimization. The combining 

methodprovides lots of advantages such as improving the energy consumption of sensor nodes, data delivery 

ratio and reliability.  

There are two processes are executed in combining method such as data gathering and sink moving process. 

The data gathering process is executed by energy efficient data acquisition method to reduce the energy and 

latency. It skips the unnecessary data from the sensor node and processed the necessary data efficiently.  

All those data are sending to the cluster head via multi-hop routing.  Once the data gathering process is 

completedsink moving process take over the remaining method in which sink node starts moving to collect the 

data from cluster head and finally returns to the starting position [16]. Here Data acquisition and the optimal 

position of a sink areproperly considered to achieve better optimization. Based on the analysis and discussion, it 

is concluded that combining method, i.e. data driven method and mobility based method provides a better 

optimization method for wireless sensor network. 

 
Table 1: Analysis of various EOM in WSN 

S.NO EOM ALGORITHM BENEFITS LIMITATIONS 

1 
Data Driven - Data 

acquisition[1] 
Re DAST Algorithm 

Reduce information loss; 
improve the reliability of data 

acquisition and average end-to-

end delay. 

Requires dual mode(RF and 

Acoustic) of communication of 

sensor nodes used to construct 
WSN. Here Residual Battery energy 

is drained very quickly. 

2 

Duty Cycle - 

Sleep/Wakeup 

protocols [10] 

Local Sleep Schedule 
Algorithm 

Minimizing transmission delay, 

manage a power scheme and the 
transmission timing of WSN 

real-time applications. 

Lags to focus on Packet loss, 
Packets overhead. 

3 
Data Driven - 

Clustering [3] 
Fuzzy logic 

Better stability, half node alive 
and improving network lifetime. 

 

Clustering overhead, Hotspot 

problem. 

4 
Mobility Based-

Mobility sink[14] 

Low Power Lossy 

network (RPL) 

Better data delivery ratio and 

network lifetime. 

Difficult to find the optimal position 

of the sink. 
 

5 
Duty Cycle - Sleep 
scheduling [2] 

Progressive 

Sleep Scheduling 

Algorithm (PSS) 

Optimize energy consumption 
with less energy overhead. 

PSS algorithm will support only 

static networks and it does not 
support dynamic networks. 

 

6 
Mobility Based + Data 
Driven. (Combined 

method)[16] 

Heuristic tour-

planning algorithm 

(Based on the 
spanning graph) 

Establish an obstacle-avoiding 
shortest route for the mobility 

based and the network lifetime 

was prolonged. Better data 
delivery ratio and also reducing 

the clustering overhead. 

Network connectivity problem. 

7 
Data Driven - Unequal 

clustering protocol [4] 

Improved EADUC 

algorithm 

Reducing the clustering 

overhead, better data delivery 

ratio and increase network 

lifetime. 

Lags to focus on end to end delay. 

 

Conclusion: 

The depleting quickness of energy of sensor nodes will significantly affect the network lifetime of the 

WSN. Many researchers have aimed to design Energy Optimization Methods (EOM) to conserve the usage of 

the battery energy to extend the network lifetimes. In this paper, some recent advances in EOM for Wireless 

Sensor Networkshavebeen performed.While many of these EOM look promising, there are stillseveral 

challenges that need to be solved in the sensor networks. Therefore, further research isessential for handling 

these kinds of situations. It also provides a qualitative analysis of various EOM in the terms of benefits and 

limitation. Based on the analysis and discussion, it is concluded that combined method, i.e.mobility 

basedmethod is used along with the data driven methodoffers better EOMfor wireless sensor networks. 
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