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______________________________________________________________________________ 

 

ABSTRACT 

 

Limited energy, computational and communication complicates protocol design in wireless 

sensor networks & prevents the applications of many techniques used in networks, Medium 

access protocol provides the greatest influence over communication mechanism and provides 

most direct influence on utilization of energy of transceiver. In this paper, performance 

evaluation of Optimized Medium Access Control protocol is carried out considering energy 

consumption and End to End delay. This MAC protocol solves the problem of energy 

consumption and end to end Delay in Wireless sensor networks. This protocol is able to adjust to 

wide range of traffic loads and improves end to end delay, Energy consumption when the traffic 

in network is high. Simulation experiments have been performed to demonstrate the usefulness 

of proposed scheme. 

 

 Key Words—Wireless Sensor Network, Medium Access Control, End to end delay, Energy 

efficiency, Simulation.  

______________________________________________________________________________ 

  

1. INTRODUCTION 
 

    Communication in wireless sensor networks can, like most network communication, be 

divided into several layers. Oneof those is the Medium Access Control (MAC) layer. This layer 

is described by a MAC protocol, which tries to ensure that no two nodes are interfering with each 

other's trans-missions. Medium access control for the wireless sensor network is a very active 

research area for the researchers. The existing wireless MAC protocols such as IEEE 802.11 is 

not suitable for the wireless sensor network applications. This is because the sensor nodes are 

battery powered and recharging is expensive & also not possible. Wireless sensor networks 

require that the energy Consumption and End to End delay in sensors should be as low as 

possible. Recently proposed protocols for MAC reflect that concern. Wireless Sensor Networks 

(WSNs) have become very popular in this current decade (2000-2010) due to their wide range of 

applications in different fields such as military and civilian use. These WSNs can be used for 

different purposes such as target tracking, intrusion detection, wildlife habitat monitoring, and 

climate control and disaster management. The major sources of energy waste in wireless sensor 

networks are Idle Listening, Collisions, Control packet Overhead, and Overhearing.Thus In 

order to design a good MAC protocol for the wireless sensor networks, it is important to consider 

the energy efficiency and End to End delay. The other important attributes of the WSNs are 

fairness, delivery ratio and bandwidth. Major contribution of this paper is as follows. 
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 End to End delay. 

 Energy consumption. 

 

 

2.RELATED WORK 

  

 A.SMAC Protocol. 

Sensor S-MAC [12] protocol is modification of IEEE 802.11protocol specially designed for the 

wireless sensor network in 2002. The basic idea of this single-frequency con-tention-based 

protocol is that time is divided into-fairly large-frames. Every frame has two parts: an active part 

as shown in fig1.and a sleeping part. 

 

 
 

Figure 1:SMAC protocol 

 

 

During the sleeping part, a node turns off its radio in order to preserve energy, while during the 

Active period it can communicate with its neighbors and send any messagesQueued during the 

sleeping part, as shown in Figure1.S-MAC needs some synchronization, but that is not as critical 

as in TDMA-based protocols: the time scale is much larger. Typically, there may be an active 

part of 200 ms in a frame of one second. A clock drift of 500s will not be a problem. 

            The S-MAC protocol essentially trades used energy for throughput and latency. 

Throughput is reduced because only the active part of the frame is used for 

communication.Delay increases because a message-generating event may occur during sleep 

time. In that case, the message will be queued until the start of the next active part. 

 

B.T-MAC protocol. 

         T-MAC protocol [3], which automatically adapts the duty cycle to the network 

traffic,which does not use fixed duty cycle as in SMAC protocol. T-MAC uses a time-out 

mechanism to dynamically determine the end of the active period. The time-out value, TA, is set 

to span a small contention period and an RTS/CTS exchange. If a node does not detect any 

activity (an incoming message or a collision) within interval TA it can safely assume that no 

neighbor wants to communicate with it and goes to sleep. if the node engages or overhears a 

communication, it simply starts a new time-out after that communication finishes (see figure 

2).The adaptive duty-cycle allows T-MAC to adjust to fluctuations in network traffic, both in 

time and in space  S-MAC,on the other hand, operates with a single active-time for all nodes, 

which must be chosen conservatively to handle worst-case traffic. The down-side of T- MAC’s 

aggressive power-down policy, however, is that nodes. often go to sleep too early: when a node s 
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wants to send a message to r, but loses contention to a third node n that is not a common 

neighbor, s must remain silent and r goes to sleep. After n’s transmission finishes, s will send out 

an RTS to sleeping r and receive no matching CTS, hence, s must wait until the next frame to try 

again. T-MAC includes two measures to alleviate this so-called early-sleeping problem, but 

nevertheless favors energy-savings over latency/throughput much more strongly than S-MAC 

and LPL 

 
 

Figure 2: T-MAC protocol 

 

C. DSMAC protocol. 

         Dynamic Sensor-MAC (DSMAC) [4] adds dynamic duty cycle feature to S-MAC. The aim 

is to decrease the latency for delay-sensitive applications. Within the SYNC period, all nodes 

share their one-hop latency values (time between the reception of a packet into the queue and its 

transmission). Figure 3 conceptually depicts DSMAC duty cycle doubling. When a receiver node 

notices that average one-hop latency value is high, it decides to shorten its sleep time and 

announces it within SYNC period. Accordingly, after a sender node receives this sleep period 

decrement signal, it checks its queue for packets destined to that receiver node. If there is one, it 

decides to double its duty cycle when its battery level is above a specified threshold. 

         The duty cycle is doubled so that the schedules of the neighbours will not be affected. The 

latency observed with DSMAC is better than the one observed with S-MAC. Moreover, it is also 

shown to have better average power consumption per packet. 

 

 

 
Figure 3:  DSMAC protocol 

 

 

3. PROPOSED MAC PROTOCOL 

 

Our proposed MAC protocol is Optimized MAC protocol which is based on the famous S-MAC 

protocol which takes into account both End to End delay and Energy consumption. In the 

Optimized-MAC protocol, the sensor duty cycle is varied based on the network load. If the 

traffic is more, then duty cycle will be more and for low traffic the duty cycle will be less. The 

load in network is identified based on the number of messages in the queue pending at a 

particular sensor. The control packet overhead is minimized by reducing the number and size of 

the control packets as compared to those used in the S-MAC protocol. 

            In the Optimized-MAC protocol each sensor keeps track of the traffic load based on the 

number of messages in its queue. When a message is received, the counter is increased and when 
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it is transmitted the counter is decreased. If the message counter is greater than threshold 

COUNTthres , then the duty cycle is increased and the changed duty cycle is reported to the 

neighbouring sensor in the SYNCrts packet, neighbouring sensor on the reception of SYNCrts 

packet checks if its queue also contains message more than theCOUNTthres ,then  it also 

increases its  duty cycle. If not, it simply updates the synchronization table and continues with 

the original duty cycle. When the traffic is less and message counter is less than COUNTthres , 

the duty cycle is decreased. In this Optimized-MAC scheme, it is not necessary for all the sensor 

nodes to maintain the same duty cycle. The original duty cycle is still valid as the new duty cycle 

is multiple of the original duty cycle, as shown in Fig. 4 and Fig. 5. 

 

 
 

Figure 4: Optimized MAC original duty cycle 

 

 
 

Figure 5: Optimized MAC new duty cycle 

 

4. End-To-End Delay 

 

  In this section end –to-end delay or latency analysis of the proposed MAC protocol is 

presented. When a packet travels from one node to another node in a sensor network, it 

experiences the following delay. 

 

 Transmission delay which depends on the channel bandwidth, packet length, and the coding 

scheme.  

 

 Carrier sense delay is incurred when the sensor node carries out carrier sensing, and its value is 

determined by the contention window size. 

 

 Processing delay depends on the computational capability of the sensor node which processes the 

data before sending to the next sensor node. It also depends on the efficiency of in-network data 

processing algorithms. 

  

 Sleep delay is incurred because of the periodic sleeping of the sensor node in the Optimized-

MAC & S-MAC protocols, 
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5. ENERGY CONSUMPTION 

 

        Energy consumption is a very vital factor as far as wireless sensor network is considered. 

Much of the energy is consumed during transmitting, receiving of data packets, as this occures 

during active state. Also some energy is consumed during idle listening.Moreaver it consumes 

energy during start of radio transitions. 

 

6. EXPERIMENTAL RESULTS 

 

    We have simulated the Optimized-MAC protocol in the Network Simulator ns-2 version 

2.34.on fedora 8 which is Linux operating system. In our experiment 

we have considered 16 nodes. Dynamic Source Routing (DSR) is used as the primary routing 

protocol. The performance of the Optimized-MAC protocol is evaluated based upon energy 

consumption per bit, and latency (End-to-End Delay). 

 

A.Average Delay Performance: 

  The average delay measured for the Optimized-MAC, S-MAC, DSMAC, and T-MAC protocols 

is shown in Fig. 6. The Optimized-MAC protocol achieves better delay performance as 

compared to S-MAC and T-MAC DSMAC protocols. This is because of the sensor nodes 

adjustment to higher duty cycle when the network traffic is high. 

 

 

 
 

Figure 6:End –to-Delay 

 

B.Energy Consumption per Bit:         

        The energy efficiency of the sensor nodes for the Optimized-MAC, S-MAC, DSMAC, and 

T-MAC is shown in Fig. 7. The energy consumption per bit of the Optimized-MAC protocol is 

less than both S-MAC and DSMAC because of the reduction in the number and size of the 

control packets. However, the energy consumption per bit of the Optimized-MAC protocol is 

more than T-MAC protocol in which there is premature termination of active period when no 

event is expected to occur. 
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Figure 7: Average energy consumption per bit under different traffic load 

 

 

7. CONCLUSION. 

 

The optimized MAC scheme achieves higher energy efficiency under wide range of traffic loads 

and also improves the End –to-end delay.  
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