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ABSTRACT
The Media Access Control (MAC) Iayer is s part of the data link layer specifted
in the seven layer OSI model (ayer 2). It provides addressing and channel
access control mcchanisms that make it possible for several terminals or
network nodes to comntunicate utithin a multipoint networlc The MAC sublayer acts as an interface hetween the Logical Link Control (LLC) sub-layer
and tke network's physical layer. It provides an addressing mechanism called
physical address or MAC address that is described by MAC addressprotocol or
MAC protocol. An efficient Medium Access Control (MAC) protocol is very
important for the performance of a lYireless Sensor Network (WSN), especially
in terms of energy consumption. There are dffirent existing MAC protocols
for the wireless sensor networlc ll/e have analyzed those protocols and foand
the issues on which performance varies. Then we have fiied to eliminate sorne
of the demerits and finally proposed a new MAC protocol that performs better
considering some attributes.
Kqwords: Wireless Sensor Networlcs, MAC Protocol, Energy Consumption,
Logical Link Control, OSI Model.
* Department of Computer Scienceand Information Technologt, Islamic University of
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1 INTRODUCTION
Medium Access Control (MAC) layer is describedby a MAC protocol,
which tries to ensure that no two nodes are interfering with each other's
transmissionsand deals with the situation when they do. One fundamental task of
the MAC protocol is to avoid collisions so that two interfering nodes do not
transmit at the same time. Maximizing the network lifetime is a common
objective ofsensor network research,since sensornodesare assumedto be dead
when they are out of battery [l] and [4]. Under these circumstances,the MAC
protocol must be energy efficient by reducing the potential energy wastes.
Similarly to design a good MAC protocol for wireless sensor networks, the
following attributes must be considered.
Scalability and Adaptability to changes: Some nodes may die over time,
some new nodes may join later; some nodes may move to different locations.
The network topology changesover time as well due to many reasons[2].
Latency: A packet may experiencevarious delays at each hop of the network
such as carrier sense delay, back off delay, transmission delay, propagation
delay, processingdelay, queuing delay etc 16]. Latency should be minimized as
much as possible.
Throughput: Throughput of the sensor network should be increased during
the lifetime of the network [1].
Bandwidth Utilization: Bandwidth utilization should be conserved durins the
lifecycle of the channeland with the sensornodes[].

2 EXISTING MAC PROTOCOLS
are done on MAC protocolswith different perspective[5],
Severalresearches
[8] and [3]. The most well known MAC protocols for WSN can be divided in
threemain categories:
(i) Contentionor Demand-based.
(ii) Time Division Multiple Access(TDMA).
(iii) Code Division Multiple Access(CDMA).
A major representativeprotocol of the first category is DCF (Distributed
CoordinatedFunction) of the IEEE 802.11 [10]. It is based on the MACAW
project and is well-suitedespeciallyfor ad hoc networksbecauseof its simplicity
and robustness.However, it doesnot succeedin the areaofenergy conservation.
But TDMA and CDMA basedMAC protocols have the inherent advantageof the
low duty cycle of the transceiver and the absence of collisions between
neighboring nodes .17]. Stitt TDMA forces nodes to form clusters thus
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introducing compiexity as inter clustering communication is not an easy task.
Different fypes of MAC protocol that are proposed by different researchersare
S-MAC (Sensor MAC) protocol, T-MAC (Timeout-MAC) protocol, EST
(Energy saving Schedule for Target fracking sensor networks), DSMAC
@ynamic Sensor-MAC) protocol , Q-MAC (Query-based MAC) protocol ,
WISEMAC protocol, TRAMA (Traffrc- Adaptive MAC) protocol, SIFT,
DMAC, PMAC (Pattern MAC) protocol [13]. Among these protocols, S-MAC
and T-MAC are consideredmost effective MAC protocol in the field of WSN.
S-MAC: S-MAC protocol reduces the listen time by letting node go into
periodic sleep mode l2l and [3]. To maintain this sleepJisten period each node
goes to sleep for some time and then wakes up and listens to see if any other
node wants to talk to it. During sleep the node turns off its radio and sets a timer
to awake it later. The duration of time for listening and sleeping can be selected
according to different application scenarios.For simplicity these values are the
same for all the nodes. However, all nodes are free to choose their own
listen/sleep schedules. So to reduce control overhead, we prefer neighboring
nodes to synchronize together. That is, they listen at the same time and go to
sleep at the same time. To accomplish this, the whole network is segmentedinto
number of clusters and nodes within the samecluster follow the samesleep-listen
schedule. If two neighboring nodes reside in two different virtual clusters, they
wake up at the listen periods of both clusters [2] arrd [3]. Fig.l shows that two
neighboring nodes A and B may have different schedules if they each in turn
must synchronizewith differeni nodes,C and D respectively as shown in Fig.2.
Schedule exchangesare accomplishedby periodic SYNC packet broadcasts
to immediate neighbors [11]. The period for each node to send a SYNC packet is
called the synchronization period. If multiple neighbors want to talk to a node,
they need to contend for the medium when the node is listening. The co.ntention
mechanismis the sameas that in IEEE 802.11,i.e., using RTS (Requestto Send)
and CTS (Clear to Send) packets. The node who first sendsout the RTS packet
wins the medium and the receiver will reply with a CTS packet. After they start
data transmission, they do not follow their sleep schedules until they finish
transmission U]. Fig.2 representsthe sender-receivercommunication according
to S-MAC protocol based on contentionmechanism.
l------.lI

c*.

G-----l
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Figure 1: Neighboring nodes A and B have different schedulesand synchronize
with node C and D respectively.

Journal of Engineering and Technology Vol.7, No. 2, 2009

25

tl

Fffsfn(i roiErs iroras

Sender

TrSyNc

TlrRIs

60lcfs

Figure 2: S-MAC messageScenario.
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Figure 3: T-MAC messagescenario.
The amount of time need for SYNC packet, RTS packet and for CTS packet
for sender and also for receiver node will be active otherwise the node will
remain in sleep mode. S-MAC also includes the concept of messagepassing, in
which long messagesare divided into frames and sent in a burst. With this
lsshnique, one may achieve energy savings by minimizing communication
overhead at the expenseof unfairness in medium access[8]. Collision avoidance
is also considered by achieving carrier sense representedas CS in the Fig.2.
Furthermore, RTS/CTS packet exchangesare used for unicast type data packets
[9]" In case of S-MAC, long messages are divided into frames so that
retransmissiondue to anv unfaimess in the network takes less overhead and less
power consumption.
T-MAC: The novel idea of the T-MAC protocol is to reduce idle listening by
transmitting all messagesin bursts of variable length and sleeping between
bursts. To maintain an optimal active time under variable load, we dynamically
determine its length [5]. Fig.3 shows the basic schemeof the T-MAC protocol.
Every node periodically wakes up to communicatewith its neighbors and then go
to sleep again until the next frame. Meanwhile, new messagesare queued. Nodes
communicate with each other using a Request-To-Send(RTS), Clear-To-Send
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(CTS) and Data acknor.viedgementscheme which provides both collision
avoidance and reliable transmission. This scheme is well known and used, for
example,in the IEEE 802.11 standarda node will keep listening and potentially
transmitting, as long as it is in an active period. An active period ends when no
activation event has occurred for a time TA. An activation event is:
(i) The frring of a periodic frame timer;
(ii) The reception of any data on the radio;
(iii) The sensing of communication on the radio, e.g. during a collision;
(iv) The end-of-transmission of a node's own data packet or
acknowledgement;
(") The knowledge, through overhearing prior RTS and CTS packets
that a dataexchangeofa neighbor has ended.
A node will sleep if it is not in an active period. Consequently, TA
determinesthe minimal amount of idle listening per frame 1121.The described
timeout scheme moves all communication to a burst at the beginning of the
frame. Since messages between active times must be buffered, the buffer
capacity determines an upper bound on the maximum frame time.
In the T-MAC protocol, every node transmits its queuedmessagesin a burst
at the start of the frame. During this burst, the medium is saturated: messagesare
transmitted at maxirmrm rate. A node may expect to be in a fierce fight for
winning the medium every time it sends an RTS. An increasing contention
interval is not useful, since the load is mostly high and does not change.
Therefore, RTS transmission in T-MAC starts by waiting and listening for a
random time within a fixed contention interval. This interval is tuned for
maximum load. The contention time is always used, even if no collision has
occurred yet.
When a node sends an RTS but does not receive CTS back. one of three
things has happened:
(i) The receiving node has not heard the RTS due to collision; or
(ii) The receiving node is prohibited from replying due to an overheprd
RTS or CTS; or
The receiving node is asleep.
When the sending node receives no answer within the interval TA, it might
go to sleep [5]. However, that would be wrong in cases(i) and (ii): we would
then have a situation where the sending node goes to sleep, while the receiving
node is still awake. Since this situation might occur even at the first messageof
the frame, the throughput would dramatically decrease.
(iii)
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3 PROPOSEDARCIIITECTURE
We proposed an improved way to transmit packet though wireless sensor
network as shown in Fig.4. Our main goal is to increase nefwork performance
mostly by increasing lifetime of sensor node. In case of existing MAC protocol
especially in S-MAC the sensor nodes are put to sleep periodically to save
energy. In such protocols, idle listening happen in this way that, nodes are in
listen mode but no data to transmit. So nodes lose their energy without data
transmission or reception. Also at a certain moment number of nodes is in listen
mode. Some of them are transmitting and some nodes don't have anything to
transmit. If some how we can activate those nodes having packets to transmit,
then no idle listening will happenand wasted of energy will be reduced. To avoid
idle listening nodes have to know prior when to go to listen mode.
In our proposed improvement with the RTS packet each node will be
informed the arrival time of messageand the whole length of messageso that
node can calculate how long the nodes have to be in listen mode. When RTS is
received by the receiver, the whole path between senderand receiver is specified
and after completing of transmission a CTS packet will end of the transmission
process.
(i\ Calculation of duration: When RTS packet will depart any node, then it
will keep track the departing time and also the a:rival time when to anive to the
is the duration of transmission from one node
receiving node. SupposeT6u,o1so,
is the departure
time to any node and T1"oo,,ur"
the
arrival
fiode,
Torriuolis
another
to
time. So
Tdurotio, :

Tanival - Td*o*r"

This T6u,o1io,will be added to the next hop duration and the total duration
will be calculated.

C}

S*wce

Figure 4: Network architectureof ProposedArchitecture.
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(i1) Calculation of listen duration: RTS packet will contain the whole length
of the total packet and each node will receive the copy of that information and
will calculate the amount of time the node has to be activated. If the departing
kb per ms. ArLdif total messageis M61o1.Then the
rate of the node is D4"0o,1,,"
will be:
listen duratiorr D6"1"n
Durt",

:

M61o1/ DT"porprr"

So each node will be activated D6s6 amount of time. But the network
designercan keep the node activated some more time for security becauseof the
calculatedtime may not be the sameas the actual transmissiontime.
In case of multicast or broadcast transmission, our proposed architecture
performs differently which is shown in Fig.S.
We will follow the periodic sleep-listenschedulein multicast and broadcast
transmission.

4 PERFORMANCE EVALUATION
that areusedin our simulationareshownin Fig.6.In this
Theparameters
experiment, nodes send messagesto a single sink node at the corner of the
network. No data aggregation is used. In our improved protocol we have
enforced mostly on energy saving of network node. We have analyzed the used
energy on each node on different network issue. On our performance analysis we
have found some performance improvementwith respectto S-MAC.
Instead of periodic sleep and listen period, our improved protocol listen the
node at the time when the data arrive to it and no idle listen on it. So definitely
the energy wastage is very less. In the graph we see when the message length is
20 at that time our improved protocol show better performance. We have
analyzed this performance when massage transmission occur on unicast
transmission. Through this graph we see the energy used in the improved
protocol is less than S-MAC at a certain level of load but if load increasesthe
node of the network remain busy for more time and require more energy. So with
high load high amount of energy is neededas shown in Fig.7.
Now, if we increase the messagelength (i.e. 100 bytes), the performance
differs from the performance at massagelength 20. The main reason of that is
that, in our improvement the number of dropped packet is less than S-MAC. So
retransmissionis less and required energy is less as shown in F'ig.8.
According to our improved protocol for each transmission of data RTS and
CTS packet is transmitted. So if hop count is large then each node will receive
the RTS and CTS packet. This RTS and CTS require some amount of energy. So
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after a specific number of hops with the increaseof hop length the required
is applicablewhen
energyis increasingat very small amount.This characteristic
the network is running on low traffic as shownin Fig.9.
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Figure 5: ProposedArchitectwe's network Broadcast.

Purnehrs

r*
Parlmete

Yalue

I r,tl

pott'er l0rlA $otles
Trartsrutlutg
Receruigpowel

lnA

\:alues

ofeardr
Netghbon

8

nole
I sec

lsgtli
tur 10pA Frarne
cr"ri.stuupt
Po*.et
n ttle
ursleep

TAfornAC

leugtlt
l5nu hlesage

(ibvtes
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In case of high traffic the performance of new improvement is reducing.
Becausewith the high traffic most of the node is in active mode and when the
node is in active mode, it requires some energy. Also RTS and CTS node uses
someamount of energy. By considering all of those used energy, the energy used
in the new improvement is more comparedto S-MAC as shown in F'ig.10.
Whenever all the nodes and the network connections are available for long
time, we referred it as the lifetime is longer. But the lifetime of node dependson
its energy, how much is used and how much is remaining. If due to more
transmission node reduces its energy then the lifetime is decrease.So in our
improvement nodes are in listen mode when the packet arrives. If more packets
arrive, nodes remain active for long time and reduce more energy. In the
performance figure with the increase of number of packet is transmitted the
lifetime also decrease.But at a level, lifetime becomesequal with the S-MAC as
shown in Fig.ll.
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5 PERFORMANCE ANALYSIS
depends upon how
In all wireless sensor networks, network performance
to the wired network'
efficiently and fairly the nodes can transmit as compare
restriction' So wireless
Wireless network have restricted power source and other
improvement of MAC
network is necessaryto design carefully' Our proposed
protocol handlesthe severalnetwork issuesby following ways:
Energysaving:ourproposedimprovementwillfollowtheperiodiclisten
After that each node knows
and sleep scheduleuntil receiving the RTs packet.
be activated more time
the activation time for transmission. So nodes will not
when no Packetto transmit.

2' 2009
Journal of Engineering and Technology Vol' 7' No'

)L

Throughput: We have seenthat, in caseof S-MAC and T-MAC, packet may
arrive when the nodes are in sleep mode. But according to our proposed
improvement, packet arrives when the nodes will be in listen mode. So
transmissicn time will decreaseand throughput will increase.
Coilision: When any node will receivethe RTS packct this node will prevent
each of :ts neighbors not to transmit the packet as described in T-MAC. So
collision will be avoided when several sender want to transmit oacket to same
destination.
Congestion: When packets need to wait in a node during long time, then
buffer in the node has possibiiity to overflow. So due to overflow packet will be
lost and have to overflow. But in orrrproposedimprovement,packetsneed not to
wait in the buffer and have lesspossibility to congestion.
Idle listening: Our proposed improvement doesn't keep the node active for
long time when no packet to transmit except duration of TA. In our proposed
improvement, nodes will be active only when packet arrives. So our protocol
avoids the idle listening.
Also broadcasting of packet doesn't use RTS/CTS, which increase the
probability of collision. If broadcastingof packet follow the proposedrule the
whole network have the possibilitv to dead. Another thing is that the
transmission delay may increasewith the increaseof traffic
6 COMPARISON

AMONG

S-MAC, T.MAC

AI{D PROPOSED

ARCHITECTURE
Consider the periodic sleep-listenscheduleof S-MAC of wireless sensor
network that is consideredthe better MAC protocol mostly in case of power
saving.
In S-MAC, periodic listen and sleep schedule reduce 50%oof energy
consumption.But the node becomein listen mode when no packetsto transmit
and occur idle listening. Energy saving MAC protocols tries to minimize the
length of the idle listening. Burt our proposedimprovement shows only very few
time TA the nodes become in idle listening mode. This amount is very less than
comparedto idle listening of S-MAC.
In T-MAC, sensornodes have to wake up periodically even when there may
have any packet to transmit but if there are packets to transmit then transmit but
if no packet then wait TA amount of time. If no packet arrives then go to sleep.
But this processincreasethe time to transmit as following in Fig.12. If packet
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arrives during the sleep period then the packets have to wait until to wake up the
node and increasethe waiting time as well as transmissiontime.
In case of our propose protocol, packet will follow periodic listen time to get
RTS packet. But after getting RTS packets, nodes will wake up on time of
transmission, so waiting time will be reduced also energy wastagedue to TA will
decreasedand will show the better performance.
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f igure 12: Comparisonwith S-MAC and T-MAC.

7 CONCLUSIONS
According to the available research papers, an efficient MAC protocol is
critical for the performance of a Wireless SensorNetwork (WSN), especially in
terms of energy consumption.There are different MAC protocols that are defined
for the wireless sensor network. Each of them has some advantages and
disadvantages.The main task was analyzing those protocols; improve them to
find out the most efficient protocol. Our proposed improvement shows a
significant amount of energy savings and potentially increases the network
lifetime. The activities of our proposed improvement are shown and the energy
efficiency is proved by simulation results. However, we hope that our research
will have a greatimpact on designing an efficient MAC protocol for WSN.
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