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ABSTRACT 

 

 Media Access Control (MAC) layer is a very important layer in wireless sensor networks 

(WSN). MAC layer is a major reason to provide the reliability and efficiency for WSN for 

accessing the media. Media access control (MAC) is responsible for channel access Regulations, 

scheduling, buffer management and error control. In Media access control (MAC) we need a 

MAC protocol to consider Energy efficiency, reliability, low access delays and high throughput 

as major priorities to accommodate with sensor‟s limited resources and to avoid redundant power 

consumption. This paper proposes Performance Comparison of WSN specific MAC Protocols 

with energy efficient features. 
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INTRODUCTION 

The Media Access Control (MAC) is very much important in terms of Wireless Sensor 

Network (WSN), it become very important for traffic load in the Wireless Sensor Network is 

very low because of that the Radio does not need to in active condition all time. The wireless 

sensor nodes are only switched on in the radius for receiving the Data /Transmission of data 

and its gets turned off when there is no data transmission in the network. 

 The MAC layer is responsible for operating system related services like: - Buffer 

management, defining policies for accessing channels, scheduling and error control. 
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 The fundamental work of the MAC layer is to avoid the collation between two active 

interfering nodes so that they cannot transmit data at same point of time. 

 The Media Access Control (MAC) Layer is also responsible for regulating access to the 

shared medium. 

 The Media Access Control (MAC) Layer is also responsible for deciding when a node 

accessed a shared medium in Wireless Sensor Network (WSN). 

 The responsibility of Media Access Control Layer is also to resolve any potential 

conflicts between competing nodes. 

 Media Access Control Layer‟s (MAC) responsibility is also to correct communication 

error occurring at the Physical Layer. 

 Media Access Control (MAC) has the responsibility to perform other activities such as 

framing, addressing and flow control. 

 

Why we need Energy efficient here? 

Energy efficiency is a major issue in any Wireless Sensor Networks. MAC protocol provides 

fair and efficient allocation of the available bandwidth. The main goal of the MAC protocol 

designing is to reduce energy consumption while supporting good scalability and collision 

avoidance Energy is a very important resource for such kind of sensor systems and it has to be 

managed very wisely in the perfect sequence to extend the line of the sensor nodes for the 

duration of the particular mission. 

 

Major Sources of Energy Waste:- 

The Major sources of energy waste in WSN (wireless sensor network) are basically of four 

types. 

Collision 

The first one is the collision,in the collision in wireless sensor networks when the transmission 

of the data packets are not done properly in last the transmission of data packets gets failed. 

For that the Corrupted data packets must be retransmitted and it increases energy consumption.   

Overhearing 

The second is overhearing,Picking up packets that are destined to other nodes. Converge cast 

traffic pattern is predominant in current wireless sensor network  few packets are periodically 

sends towards the sink, Interesting event may generate the burst   of package for a limited 

period of time such burst may create congestion in the surrounding of the event and this may 

result in packet loss. 

 
Packet Overhead 

The third source is “Control Packet Overhead (CPO)”. Sending and receiving control packet 

consumes energy too and less useful data packets can be transmitted.  
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Idle listening 

The last major source of inefficiency is “Idle Listening (IL)” i.e.,listening to receive possible 

traffic that is not sent .This is the major source of energy inefficiency it consumes 50-100% of 

the energy required for receiving. 

 

MAC Performance Matrices  

In order to evaluate and compare the performance of energy conscious MAC protocols, the 

below matrices are being used by the research community -  

i. Energy Consumption per bit: - The energy-efficiency of the sensor nodes can be 

defined as the total energy consumed / total bit transmitted. The unit of energy efficiency 

is joules/bit. The lesser the number, the better is the efficiency of a protocol in 

transmitting the information in the network. This MAC performance matrices gets 

affected by all the major sources of energy waste in wireless sensor network such as 

Collisions, Overhearing, control packet overhead(CPO) and idle listening.  

ii. Average Delivery Ratio: - The average packet delivery ratio is the number of packets 

received to the number of packets sent averaged over all the nodes.  

iii. Average Packet Latency: - The average packet latency is the average time taken by the 

packets to reach to the sink node.  

iv. Network Throughput: - The network throughput is defined as the total number of 

packets delivered at the sink node per time unit. 

 

Considerations for Energy Saving 

A sensor networks are very much different from infrastructure based networks. A device used 

in such a network is always resource constrained as discussed earlier. This is a Key Factors 

affecting design of an energy-efficient MAC protocol. Energy saving mechanisms also depend 

on many other design and deployment factor. These factors are very important and ultimately 

affect the overall working of a Media Access Control (MAC) protocol. Some thoughts, while 

designing energy-efficient MAC protocols are as follows: 

i. Network topology 

ii. Deployment strategy 

iii. Antenna mode 

iv. Controlling mechanisms 

v. Delay 

vi. Throughput 

vii. Quality of service (QoS) requirements 
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Energy Saving mechanisms in WSN:- 

In the literatures, numerous energy saving mechanisms have been used and explored. The 

energy saving mechanisms are:- 

i. Duty cycling, 

ii. energy-efficient scheduling, 

iii. scheduled rendezvous, 

iv. On-demand wake-up scheme, 

v. Energy-efficiency through directional antenna, 

vi. Clustering 

 

Energy Efficient MAC Protocols:- 

In Wireless sensor networks energy is often more critical than the actual throughput. The radio 

component should be turned-off when there is no transaction of the data for increasing the 

energy efficiency. When there is no data transmission neither sending the data packets nor 

receiving the data packets is in process. Energy management considerations have a big impact 

on MAC protocols. Idle listening costs about as much energy as transmitting. 

 

S-MAC 

S-MAC is tried to reduce the wastage of energy. In exchange we accept some reduction in both 

per-hop fairness and prolongation. Although per-hop fairness and prolongation are reduced, we 

will argue that the reduction does not necessarily result in lower end-to-end fairness and 

prolongation the energy consumption using this MAC is very high when nodes are in idle 

mode. This is mainly due to the idle hearken. A time frame in S-MAC is divided into two 

parts: one for a hearken session and the other for a sleeping session. Only for a harken period, 

sensor nodes are able to communicate with other nodes and send some control packets such as 

SYNC, RTS (Request to Send), CTS (Clear to Send) and ACK (Acknowledgement). By a 

SYNC packet exchange all neighboring nodes can synchronize together and using RTS/CTS 

exchange the two nodes can communicate with each other. The basic S-MAC scheme where 

node 1 transmits data to node 2 is shown in Fig. 1. A lot of energy is still waste in this protocol 

during listen period as the sensor will be awake even if there is no reception/transmission.    

 

 

Figure 1: Basic S-MAC Scheme, Node 1 Transmits Data to Node 2  
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Tries to reduce wasted of energy from all four sources of energy inefficiency 

Collision – by using RTS and CTS 

Overhearing – by switching the radio off when the transmission is not meant for that  

node 

Control overhead – by message passing  

Idle listening – by periodic listen and sleep 

Fixed: Frame time and active time .Frame time is limited by latency and buffer requirements 

and active time. Active time depends on the message rate. 

 

Low Power Listening 

Develop a very simple MAC protocol that can be configured by the applications at runtime. 

Emphasis is on keeping the code size small and provide complete flexibility. Nodes wake up 

for a short period and check for channel activity. Return to sleep if no activity detected. If a 

sender wants to transmit a message, it sends a long preamble to make sure that the receiver is 

listening for the packet. Preamble has the size of a sleep interval. Very robust no 

synchronization required for this protocols, it has the Instant recovery of the data packets after 

channel disruption.  

 

Problem: All nodes in the vicinity of a sender wake-up and wait for the packet. 

 

Solution 1: Send wake-up packet instead of preamble, wake-up packets tell when data is 

starting so that receiver can go back to sleep as soon as it received one wake-up packet. 

Solution 2: Just send data several times such that receiver can tune in at any time and get tail 

of data first, then head.  Communication costs are mostly paid by the sender. The preamble 

length can be much longer than the actual data length. 

Berkeley a Access Control (B-MAC)   

The Berkeley Media Access Control (B-MAC) is a contention based MAC protocol for WSNs. 

B-MAC is similar to Aloha with Preamble Sampling, which duty cycles the radio transceiver 

i.e. the sensor node turn ON/OFF repeatedly without missing the data packets. However in B-

MAC, the prologue length is provided as parameter to the upper layer. This provides optimal 

trade-off between energy savings and latency or throughput. The paper also presents an 

analytical model for monitoring application to calculate and set B-MAC parameters in order to 

optimize the power consumption. The experimental results show B-MAC has better 

performance in terms of prolongation, throughput and often energy consumption as compared 

2 S-MAC. 

 

Timeout T-MAC   

Timeout T-MAC is the protocol based on the S-MAC protocol in which the Active period is 

preempted and the sensor goes to the sleep period if no activation event has occurred for a time 

„Ta‟ as shown in Fig. 2. The event can be ovation of data, start of listen/sleep frame time etc. 

The time „Ta‟ is the minimal amount of idle listening per frame. The interval Ta >Tci + Trt + 

Tta + Tct where Tci is the length of the contention interval, Trt is the lengths of an RTS packet, 
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Tta is the turn-around time (time between the end of the RTS packet and the beginning of the 

CTS packet) and Tct is the length of the CTS packet. The energy consumption in the Timeout 

TMAC protocol is less than the Sensor S-MAC protocol. But the Timeout T-MAC protocol has 

high latency as compared to the S-MAC protocol.  

    
Figure 2: Basic T-MAC Scheme 

 

Zebra MAC (Z-MAC) 

Z-MAC is a hybrid MAC protocol, which combines Scheduled based Media Access Control 

(MAC) and Contention based Media Access Control (MAC) Overhead of the protocol is Setup 

Phase which is performed at the start of the protocol. Z-MAC is Contention based MAC (uses 

RTS/CTS for data transmission, Explicit Contention notification packets) and Scheduled based 

MAC (uses DRAND for slot assignment for transmission of data). 

 

Setup Phase 

Step 1: Neighborhood Discovery: It uses two hop neighborhood in first step. 

Step 2: Slot Assignment: DRAND Algorithm: Distributed Version of RAND: GRANT, IDLE,      

REQUEST, RELEASE 

Step 3: Local Framing: Maximum Slot Number for local framing. 

Step 4: Global Time Synchronization: Time Protocol for Wireless Sensor Network. 

 

Traffic Adaptive Medium Access Protocol (TRAMA)    

The traffic adaptive medium access (TRAMA) is a TDMA based protocol that has been 

designed for energy efficient collision free channel in WSN. In this protocol the power 

consumption has been reduced by ensuring collision free transmission and by switching the 

nodes to low power idle state when they are not transmitting or receiving. This protocols 

consists of three main parts:  

a) The Neighbor Protocol is for collecting the information about the neighboring 

nodes 

b) The Schedule Exchange Protocol is for exchanging the two-hop neighbor 

information and their schedule 

c) The Adaptive Election Algorithm decides the transmitting and receiving nodes 

for the current time slot using the neighborhood and schedule information‟s The 

other nodes in the same time slot are switched to low power mode.   

The TRAMA is shown to be more energy efficient and has higher throughput than Sensor S-

MAC protocol. However, the latency of TRAMA is more as compared to the other contention 

based MAC protocol such as S-MAC and IEEE 802.11. The delay performance obtained by 

the analytical model for TRAMA and NAMA shows that TRAMA has higher delays than 

NAMA. This protocol may be suitable for applications which are not delay sensitive but 

require higher energy efficiency and throughput. 
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Transmission Rule 

Node checks whether it is owner of the slot, if it is owner of the slot, then next it checks 

whether the channel is unoccupied or not and if channel is unoccupied, then the node transmits 

the data. If channel is occupied by any process, then the node waits for random amount of time. 

After the time, the node repeats the same process.  

 

FUTURE RESEARCH DIRECTIONS  

In the recent years a large number of medium access control (MAC) protocols for the wireless 

sensor network have been published by the researcher. Most of the work on the MAC focus 

primarily on the energy efficiency in the sensor networks. However, still a lot of work has to 

done in the other areas at the MAC layer such as:  

 

i. Network Security: - Sensor network security at MAC layer to protect against 

eavesdropping and malicious behavior has to be studied further. Karlof et al. in TinySec 

have proposed secure MAC protocol based on shared key but still more advanced 

schemes needs to be developed.    

ii. Nodes Mobility: - The nodes in the wireless sensor network were originally 

assumed to be static. Recently there has been increasing interest in medical care and 

disaster response applications where the mobile sensors can be attached to the patient, 

doctor or first responder. The mobility at the MAC layer has been considered in MMAC, 

still there is a lot of scope for future research in this area.    

iii.  Evaluation on Sensor Platforms: - Most of the protocols for the wireless sensor 

network have been evaluated through the simulations. However, the performance of the 

MAC protocol needs to be evaluated on the actual sensor system. The researchers should 

focus on experimenting on the real sensor platforms.  

iv. Real Time Systems: - Energy efficiency is the main design objective of the 

sensor network but the reliable delivery of data in the real time is essential for certain 

time critical applications. This is also a promising research‟s area which needs to be 

studied more extensively.    

 

Conclusion 

Recently several medium access control protocols for the wireless sensor network have been 

proposed by the researchists. However, no protocol is accepted as standard. This is because the 

Media Access Control (MAC) protocol in general will be application specified. Therefore, there 

will not be one standard MAC protocol for the WSNs.  

 The schedule based (TDMA) have collision free access to the medium but the synchronization is 

critical. Moreover, there is difficulty in adapting to the changes in the network topology because 

of the addition and deletion of nodes.  

 The contention based (CSMA) have low latency and high throughput. However, it still suffers 

from the collisions.   
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 The Frequency Division Multiple Access (FDMA) scheme also allow collision free access to the 

media but the extra circuitry required to dynamically communicate with different radio channels 

increases the cost of the sensor nodes. This contradicts the main objective of the wireless sensor 

networks (WSNs).   

 The Code Division Multiple Access (CDMA) scheme also offers collision free access to the 

medium. However, the high computational complexity is the limitation in the lower energy 

consumption needs of the sensor network.     
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