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ABSTRACT 

  Wireless Sensor Network was designed for sensing of some physical day to day life parameters, may be a temperature, sound or say pressure 

check up in a locality, which was a unidirectional. As time is evolving, nowadays we can see more of bi-directional activity leading into more 

control on Sensor Networks. Its more utilized in the military application, industrial production units and monitoring cells etc., than a normal use 

which it had in early ages. Thus leading to a significant research area form a simple, Energy Consciousness schemes in information passing to 

the protocol itself. Major causes of energy loss in the WSN node is when the node idle but listening and waiting for information from other 

nodes, packet collision: as all packets involved in the collision are discarded and must be retransmitted, the reception of packets not addressed to 

the node and transmission and possible retransmission of control packets, as these can be seen as protocol overhead. Reducing the coverage, 

distributing the load among other nodes in the network, the recent development in power consumption and energy consumption due to 

improvements MAC protocol are discussed in the paper.  
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1. INTRODUCTION 

A Wireless Sensor Network (WSN) can be defined as a network of small embedded devices, called sensors, which communicate wirelessly 

following an ad hoc configuration. They are located strategically inside a physical medium and are able to interact with it in order to measure 

physical parameters from the environment and provide the sensed information. fig. 1shows us the various uses of WSN.[1] 

 

 
Fig. 1 Various uses of WSN 

 

 The nodes mainly use a broadcast communication and the network topology can change constantly due, for example, to the fact that nodes are 

prone to fail. Because of this, we should keep in mind that nodes should be autonomous and, frequently, they will be disregarded. This kind of 

device has limited power, low computational capabilities and limited memory. One of the main issues that should be studied in WSNs is their 

scalability feature [2], their connection strategy for communication [3] and the limited energy to supply the device. 

The desire to advance in research and development of WSN was initially motivated by military applications 

such as surveillance of threats on the battlefield, mainly because WSN can replace single high-cost sensor assets with large arrays of distributed 

sensors. There are other interesting fields like home control, building automation and medical applications. A number of hospitals and medical 

centers are exploring the use of WSN technology in a wide range of applications, including pre-hospital and in-hospital patient monitoring and 

rehabilitation and disaster response. WSNs can also be found in environmental monitoring applications such as marine fish farms [4] and fire 

detection in forest and rural areas [5].As we already mentioned, sensor nodes in WSNs are usually battery powered but nodes are typically 

unattended because of their deployment in hazardous, hostile or remote environments. A number of power saving techniques must be used both 

in the design of electronic transceiver circuits and in network protocols. The first step towards reduced power consumption is a sound electronic 

design [6], selecting the right components and applying appropriate design techniques to each case. 

 

One of the major causes of energy loss in the WSN node is the idle mode consumption, when the node is not transmitting/receiving any 

information but listening and waiting for information from other nodes. There is also an energy loss due to packet collision, as all packets 

involved in the collision are discarded and must be retransmitted. A third cause of energy loss is the reception of packets not addressed to the 

node. The fourth major source of wasted energy is the transmission –and possible retransmission- of control packets, as these can be seen as 
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protocol overhead. The main objective of this paper is to present a survey of the different power saving and energy optimization techniques for 

WSNs and ad-hoc connections, so we will tackle this issue from several perspectives in order to provide a whole view in this matter. 

 

 

 

2. WIRELESS SENSOR’S STRUCTURE AND OPERATION: 

 

Wireless sensors are devices that range in size from a piece of glitter to a deck of cards [7]. They are functionally composed of: 

1. A sensing unit that is designed and programmed to sense whatever characteristic is of interest; some common examples of properties that are 

monitored are light, temperature, humidity, pressure, etc. 

2. A converter that transforms the sensed signal from an analog to a digital signal;  

3. A microprocessor controlling component that includes an operating system for the unit, processor and memory; a radio component that includes 

both a receiver and a transmitter. As represented in figure 2[9] . 

 

 
Fig.2 Sensor node architecture 

 

In an external environment where the power source is batteries, which this paper will concentrate on, wireless sensors are placed in an area of 

interest that is to be monitored, either in a random or known fashion. The sensors self-organize themselves in a radio network using a routing 

algorithm; monitor the area for whatever parameter it was designed to monitor, and transmit the data to a central node, sometimes called a base 

station, or sink node, that collects the data from all of the sensors as shown in figure 3[9].  
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Fig. 3 Sensor Network 

 

This node may be the same as the other nodes, or because of its increased requirements, may be a more sophisticated node with increased power. 

The unique advantage of wireless sensors is that they may be deployed in an environment for extended periods of time, continuously monitoring 

the environment, without the need for human interaction or operation. This, however, establishes the power source as the limiting component of 

the sensor. 

Powering these components is typically one or two small batteries. There are also wireless sensors utilized in applications that use a constant, 

wired power source and do not use batteries as a power source. This type of wireless sensor is not considered in this paper. One of the major 

causes of energy loss in the WSN node is the idle mode consumption, when the node is not transmitting/receiving any information but listening 

and waiting for information from other nodes. There is also an energy loss due to packet collision, as all packets involved in the collision are 

discarded and must be retransmitted. A third cause of energy loss is the reception of packets not addressed to the node. The fourth major source 

of wasted energy is the transmission and possible retransmission of control packets, as these can be seen as protocol overhead. 

 

3. RESEARCH GOAL: DEMONSTRATING ADVANTAGES OF REDUCING COVERAGE 

Reducing coverage introduces the tradeoff between power and coverage in wireless sensor networks [7]. A system of wireless sensor nodes 

organized into a network may turn on every node for maximum coverage, sometimes introducing redundant coverage over an area, and the 

lifetime of the system will be minimized. Maximum, redundant coverage may be appropriate and desired in some applications, such as using 

tiny sensor nodes to monitor a critical health situation in humans, and also in situations where replacement of the batteries is possible when 

power is completely depleted. 
In these examples, the lifetime of the system is not maximized, and this is an entirely acceptable consequence. At the other end of the spectrum, 

however, there are applications where maximum, redundant coverage is not the paramount consideration. A reduced coverage scheme may be 

wholly acceptable, as a tradeoff for vastly extending the lifetime of the system.  

The advantages of minimizing coverage, under appropriate circumstances, are the focus of this paper. For an area that is being monitored by a 

wireless sensor network, with nodes having a finite, known sensing range, and turning on one node in an area that produces no overlap in 

coverage, establishes one “spot” of coverage in the area. Hence, the term “spotty” coverage is sometimes used to refer to fewer sensor nodes 

being turned on with no overlap. 

For example, a wireless sensor network may have a calculated lifetime of 100 hours using 100% of the sensors. If 50% of the sensors are used at 

one time, while the remaining 50% are reduced to a low-power sleep state, it would be expected that the overall lifetime of the system would be 
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approximately doubled to 200 hours, and this is what the simulation demonstrates. 

 

Existing survey:  

A survey related to protocols and energy-saving techniques was presented by K. Akkaya et al [8]. This paper surveys several routing protocols 

for sensor networks and presents a classification of various pursued approaches. The classification is focused on three main categories: data-

centric, hierarchical and location-based. This work analyzes several protocols that use contemporary methodologies such as network flow and 

quality of service modeling. From this work, several conclusions can be extracted. On the one hand, many protocols base their functions in some 

attributes such as data and query in order to avoid overhead-forming clusters, the use of specialized nodes, etc. However, in some cases, where 

queries can be more complex schemes, such attribute-value pairs may not be enough. On the other hand, routing protocols based on cluster are 

carried out by group sensor nodes to efficiently relay the sensed data to the sink. The cluster heads are specialized nodes that are sometimes 

chosen in function of their available energy. A cluster-head performs the data aggregation and sends it to the sink. The authors show a table 

which summarizes the classification of the protocols covered in this survey. They also included in the table whether the protocol is utilizing data 

aggregation or not, since it is an important consideration for routing protocols in terms of energy saving and traffic optimization. In their future 

works they will study the factors that affect cluster formation, cluster-head communication and how to form clusters in order to improve energy 

consumption and contemporary communication metrics, such as latency. 

 
The second technique demonstrated by Schurgers to reduce energy consumption in a wireless sensor network is the spreading of network traffic 

over the entire network. This is opposed to network traffic passing through a few critical nodes, which is typical of how network traffic with 

randomly placed nodes normally evolves. The energy in these few critical nodes understandably is depleted quickly as it passes other nodes’ 

message traffic. 

 

“The idea is to divert new streams away from nodes that are currently part of the path of other streams. A node that receives packets tells all its 

neighbors, except to the one from where the stream originates, that its height has increased.” The “height” is another term for number of hops to 

the base node. In this manner, it is telling its neighbors that it is not an efficient route to the base. By attempting to spread the network traffic 

over more of the network in this manner, simulations demonstrate the network remains intact 90% longer than a stochastic routing protocol. 

 

S. Saxena et al. [8] review the main approaches for energy conservation in wireless sensor networks. They presented a systematic and 

comprehensive classification of the solutions related to save energy. This involves characterizing the interactions between different protocols 

and exploiting cross-layer interactions. They also made a protocol classification and explain each part. The authors comment that most of the 

solutions presented by other authors are based on the assumption that the radio energy consumption is much higher than data sampling or 

processing  consumption, while many real applications have greater power consumption in data sampling/processing than in radio transmission. 

Furthermore, they observed that the data acquisition research field of has not been fully explored in terms of energy conservation. Finally, the 

authors come to the conclusion that there is an increasing interest towards MAC protocols used for time synchronization and energy 

conservation in the recent years. They also made a reference to the node’s mobility, which is yet another challenging task in energy 

optimization. 

 

Recent Developments with Power: 

One of the most recent [7] developments regarding the source of power for nodes in wireless sensor networks is the harvesting, or scavenging, 

of energy from ambient sources of power. 
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“As the networks increase in number and the devices decrease in size, the replacement of depleted batteries is not practical. Furthermore, a 

battery that is large enough to last the lifetime of the device would dominate the overall system size, and thus is not very attractive. There is 

clearly a need to explore alternative methods of powering these small communication nodes.”  

 

The advantage to the sensor node of having an unlimited power source, and thus the advantage to the operator, is obvious. The most common 

ambient energy sources are radio-frequency energy, vibrational energy, solar energy, and thermal energy.   

 

The book by Shad Roundy, et al, Energy Scavenging for Wireless Sensor Networks with Special Focus on Vibrations, explores various ambient 

power sources for wireless sensor networks, and ultimately focuses on ambient vibrational energy and its many advantages for powering the 

nodes. Another source of ambient energy available to nodes in a wireless sensor network is radio-frequency, or RF, energy. The fundamental 

concept of harvesting RF energy is to have a receiving antenna convert an RF signal into DC power, as depicted in figure 4. 

 

 
Fig 4: Diagram converting RF energy to DC power 

 

4. MAC PROTOCOLS 
The MAC (acronym for medium access control) sub layer is responsible for regulating the access to a physical medium shared by several 

devices [8]. MAC protocols must avoid collisions due to simultaneous transmissions and must perform other important functions like 

addressing, error checking and delivery notification. An efficient MAC protocol should possess many characteristics. The most important are: 

• Predictability of delay 

• Adaptability 

• Energy efficiency 

• Reliability 

• Scalability 

In this section, a number of works that propose MAC protocols concerned with energy efficiency are briefly described. 
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A. Energy and Rate based MAC Protocol - ER-MAC 

 Energy and Rate based MAC Protocol - ER-MAC [8] is based on TDMA and aims at avoiding energy waste. Packet loss due to collisions is 

absent because two nodes do not transmit in the same time slot. Although packet loss may occur due to other reasons like interference and loss 

of signal strength, there is no need to use a contention mechanism because the slots are pre-assigned to each node. ER-MAC uses the concept of 

periodic listen and sleep. Each node is assigned two TDMA slots for transmission and nodes know the transmission slots of its neighbors. Nodes 

periodically share information about their power levels and determine whether to use one or two slots for transmission. ER-MAC achieves a 

significant increase in energy savings compared to other existing MAC layer protocols. 

 

B. Distributed Wireless Ordering Protocol – DWOP 
DWOP is a distributed scheduling algorithm and media access protocol for wireless ad-hoc networks [8]. It exploits overheard information from 

other nodes to estimate channel contention. The design of DWOP is based on a graph-theoretic problem formulation. It allows well 

characterized deviations from the reference order in more complex topologies and achieves the exact reference ordering in fully connected 

graphs. DWOP enables QOS differentiation as well as fairness when combined with TCP. A theoretical model indicates that the scheme 

provides rapid convergence for newly arriving nodes, and extensive simulations indicate that nearly exact reference ordering can be achieved, 

even in complex asymmetric and perceived-collision topologies. The piggybacking head-of-line packet priorities in IEEE 802.11 control 

messages are used. This allows the nodes to assess the relative priority of their own queued packets. A distributed stale entry detection method 

that enables a quick recovery to the steady state is proposed. 

 

C. Battery Aware Medium Access Control - BAMAC 

Usually, MAC protocols [8] for ad-hoc wireless networks are designed without taking into account the state of the node battery. In this MAC 

protocol, each node contains a table that contains information about the battery charge level for each of its neighbors (close nodes that can be 

accessed). RTS, CTS, Data and ACK packets carry information regarding the battery level of the node that originated the packet. Any listening 

node fills its table with the information of the load levels of each neighboring nodes. This protocol uses a back-off mechanism, in order to 

determine which node should receive the packet. The goal of the back-off mechanism is to provide a near round-robin scheduling of the nodes 

which is based on some temporal parameters like the longest possible time required to transmit a packet successfully, including the RTS-CTS-

Data-ACK handshake and the Short and DCF inter-frame spacing durations used in IEEE 802.11. Factors such as the minimum size of the 

contention window and rank are also considered. The nodes are scheduled based on their remaining battery capacities, that is, the higher the 

remaining battery capacity, the lower the back-off period. The algorithm allows a node to send the packet to a neighboring node with a higher 

level of battery. In this way, a uniform rate of battery discharge is guaranteed across all the nodes and consequently, the network lifetime will be 

longer, because the fall of nodes will be later. It is compared with the DWOP protocol and it is found that the battery life lasts around 70% and 

reduces battery consumption to nominal packet transmission by 21%. 

 

5. ROUTING PROTOCOL 
A routing protocol is the implementation of a routing algorithm in software or hardware [7]. A routing protocol uses metrics to determine which 

path to utilize to transmit a packet across an internetwork. The metrics used by routing protocols include: number of network layer devices along 

the path (hop count), bandwidth, delay, load, MTU (maximum transmission unit), cost. 

To further clarify the term metric, a metric in this sense is measure of some property of the network. The routing protocol used in the network 

simulator is a variation of a shortest path routing algorithm implemented with the following steps: 

First, the algorithm checks if the sensor node under consideration is within transmission range of the base node. If this is the case, then the 

sensor node is able to transmit directly to the base node and does not need any other transmission nodes. With random placement of sensor 
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nodes it is possible that a sensor node may not be within transmission range of any other node in the system. So, the second step in the algorithm 

is to check if there are any nodes that are completely outside the transmission range of all other nodes. For sensor nodes in which this is the case, 

these nodes are taken out of the system; they will not be part of the coverage or communication system. The number of nodes that were initially 

outside the system, and each individual node, are reported in the output generated at the end. Once it is known which nodes are able to transmit 

directly to the base station, and which nodes are outside the transmission range of any other node, and thus eliminated from the system, 

transmission nodes are established for each sensor node 

There are three conditions that will terminate the network operation: 

1. When the base node becomes out of transmission range of all other sensor nodes, this may happen as a course of network operation, as 

nodes become depleted of energy and are dropped from the network, or if the initial placement of the base node places it out of range of the rest 

of the sensor nodes 

2. When there are less than 5% of the original number of sensor nodes left in the network 

3. When there is less than 15% of the original total sensing area coverage left because of the depletion of sensor nodes; the original total sensing 

coverage area is calculated as (original number of nodes) × π × (sensing radius of node)
2
 

 

Battery, Power Consumption & Management: 
To simulate the power usage in wireless sensor node’s batteries, it is necessary to know specifically what functions of the node use power, and 

how much. In the simulation, there are five functions that draw current, or use the battery’s power[7]. They are: 

1. The power used in the initial phase of the network’s life when each wireless sensor node’s geographic location is establish with the 

base node, through whatever means is used by the system, a GPS position locating, for example. This category of power usage would require 

that the wireless sensor node’s microprocessor and transmitting and receiving components of the radio are in their full power, active mode. 

2. The power used to compute the transmission node, and each node after that to establish a transmission chain that ultimately ends at the 

base node; this would happen at the initial start of the network system, and every time after a wireless sensor node is completely depleted of its 

energy. This category of power usage would require that the wireless sensor node’s microprocessor and transmitting and receiving components 

of the radio are also in their full power, active mode. 

3. The power used in the active mode when the wireless sensor node is monitoring, or sensing, the environment and the transmission of 

the sensor to its transmission node. This category of power usage requires that the wireless sensor node’s microprocessor, radio, and sensor 

board are in their active, full-power mode. 

4. Another category of power usage is that which is used to transmit another sensor node’s reading, not necessarily transmitting its own 

reading. This category of power usage requires the use of the wireless sensor node’s microprocessor and radio. 

5. The last category is the power used in the low-power sleep state; this typically would establish that the wireless sensor node’s 

microprocessor, radio, and sensor board have low-power, sleep states. 

 

 

6. CONCLUSION 

Energy is one of the most critical resources for WSNs. Extensive research has been conducted to address these limitations by developing 

schemes that can improve resource efficiency. In this paper, we have summarized some research results which have been presented in the 

literature on energy saving methods in sensor networks. Although many of these energy saving techniques look promising, there are still many 

challenges that need to be solved in the sensor networks.  
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