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Abstract— In recent years, sensor networks have transitioned
from being objects of academic research interest to a technology
that is frequently being deployed in real-life applications and
rapidly being commercialized. Wireless sensor networks use
battery operated computing and sensing devices. Energy
consumption continues to remain a barrier challenge in many
sensor network applications that require long lifetimes. However,
lower sensing ranges result in dense networks, which bring the
necessity to achieve an efficient medium access protocol subject to
power constraints. Various MAC protocols with different
objectives were proposed for wireless sensor networks. This article
surveys several techniques that show promise in addressing and
alleviating this MAC improvement challenge. In this paper, we
describe several MAC protocols proposed for sensor networks
emphasizing their advantages and disadvantages. Finally, we
point out conclusion on MAC layer design.

Index Terms— MAC Protocols, Sensor Networks, Survey,
SMAC, duty cycle.

I. INTRODUCTION

Wireless Sensor Networks (WSNs) enable new
applications that involve a tight coupling between
conventional computing infrastructure and the physical
world. While the potential of sensor networks is only
beginning to be realized, several challenges still remain.
Arguably, the foremost among these is satisfying the
requirement for long-lived operation (months to years) for
several sensor network applications. Due to the limited
capacity of batteries and the difficulty of frequent battery
recharging or replacement, energy is a scarce and precious
resource in sensor networks.

Low power capacities lead to limited coverage and
communication range for sensor nodes compared to other
mobile devices. Hence, for example in target tracking and
border surveillance applications, sensor networks must
include a large number of nodes, to cover the target area
successfully. Unlike other wireless networks, it is generally
hard (or impractical) to charge/replace the exhausted battery,
which gives way to the primary objective of maximizing
node/network lifetime, leaving the other performance metrics
as secondary objectives. Since the communication of sensor
nodes will be more energy-consuming than their
computation, it is a primary concern that the communication
is minimized while achieving the desired network operation.

However, the medium access decision within a dense
network composed of nodes with low duty-cycles is a hard
problem that must be solved in an energy-efficient manner.
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Having these in mind, Section Il defines the peculiar features
of sensor networks.

Then, Section Ill gives brief definitions of the proposed
MAC protocols for sensor networks. Finally, Section IV
concludes the survey on MAC protocols with a comparison
of investigated protocols and provides a future direction to
researchers for open issues that have not been studied
thoroughly.

Il. MAC LAYER RELATED SENSOR NETWORK
PROPERTIES

Improvements in hardware technology have resulted in
low-cost sensor nodes which are composed of a single chip
with embedded memory, processor, and transceiver.
Maximizing the network lifetime is a common objective of
sensor network research, since sensor nodes are assumed to
be disposed when they are out of battery.

A. Reasons of Energy Waste

When a receiver node receives more than one packet at the
same time, these packets are called “collided packets” even
when they coincide partially. All packets that cause the
collision have to be discarded and the re-transmissions of
these packets are required which increase the energy
consumption. Although some packets could be recovered by
a capture effect, a number of requirements have to be
achieved for its success. The second reason of energy waste is
overhearing, meaning that a node receives packets that are
destined to other nodes. The third energy waste occurs as a
result of control packet overhead. Minimal number of control
packets should be used to make a data transmission. One of
the major sources of energy waste is idle listening, i.e.,
listening to an idle channel to receive possible traffic. The last
reason for energy waste is over emitting, which is caused by
the transmission of a message when the destination node is
not ready. Given the facts above, a correctly-designed MAC
protocol should prevent these energy wastes.

B. Communication Patterns

Kulkarni et al. defines three types of communication
patterns in wireless sensor networks [1]: broadcast, converge
cast, and local gossip. Broadcast type of communication
pattern is generally used by a base station (sink) to transmit
some information to all sensor nodes of the network.
Broadcasted information may include queries of sensor
query-processing architectures, program updates for sensor
nodes, control packets for the whole system. The broadcast
type communication pattern should not be confused with
broadcast type packet. For the former, all nodes of the
network are intended receivers whereas for the latter the
intended receivers are the nodes within the communication
range of the transmitting node. In some scenarios, the sensors
that detect an intruder communicate with each other locally.
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This kind of communication pattern is called local gossip,
where a sensor sends a message to its neighboring nodes
within a range. The sensors that detect the intruder, then, need
to send what they perceive to the information center. That
communication pattern is called converge cast, where a group
of sensors communicate to a specific sensor. The destination
node could be a cluster head, data fusion center, base station.
In protocols that include clustering, cluster heads
communicate with their members and thus the intended
receivers may not be all neighbors of the cluster head, but just
a subset of the neighbors. To serve for such scenarios, we
define a fourth type of communication pattern, multicast,
where a sensor sends a message to a specific subset of
Sensors.

C. Properties of a Well-defined MAC Protocol

To design a good MAC protocol for the wireless sensor
networks, the following attributes must be considered [2].
The first attribute is the energy efficiency. We have to define
energy efficient protocols in order to prolong the network
lifetime. Other important attributes are scalability and
adaptability to changes. Changes in network size, node
density and topology should be handled rapidly and
effectively for a successful adaptation. Some of the reasons
behind these network property changes are limited node
lifetime, addition of new nodes to the network and varying
interference which may alter the connectivity and hence the
network topology. A good MAC protocol should gracefully
accommodate such network changes. Other typical important
attributes such as latency, throughput and bandwidth
utilization may be secondary in sensor networks. Contrary to
other wireless networks, fairness among sensor nodes is not
usually a design goal, since all sensor nodes share a common
task.

I11. PROPOSED MAC LAYER PROTOCOLS

In this section, a wide range of MAC protocols defined for
sensor networks are described briefly by stating the essential
behavior of the protocols wherever possible. Moreover, the
advantages and disadvantages of these protocols are
presented.

1) Sensor-MAC (S-MAC)

Locally managed synchronizations and periodic sleep
listen schedules based on these synchronizations form the
basic idea behind the Sensor-MAC (S-MAC) protocol [2].
Neighboring nodes form virtual clusters to set up a common
sleep schedule. If two neighboring nodes reside in two
different virtual clusters, they wake up at listen periods of
both clusters. A drawback of S-MAC algorithm is this
possibility of following two different schedules, which
results in more energy consumption via idle listening and
overhearing.

Schedule exchanges are accomplished by periodical
SYNC packet broadcasts to immediate neighbors. The period
for each node to send a SYNC packet is called the
synchronization period. Figure 1 represents a sample
sender-receiver communication. Collision avoidance is
achieved by a carrier sense, which is represented as CS in the
figure. Furthermore, RTS/CTS packet exchanges are used for
unicast type data packets.
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Fig 1. S-MAC Messaging Scenario

An important feature of S-MAC is the concept of
message-passing where long messages are divided into
frames and sent in a burst. With this technique, one may
achieve energy savings by minimizing communication
overhead at the expense of unfairness in medium access.
Periodic sleep may result in high latency especially for
multi-hop routing algorithms, since all immediate nodes have
their own sleep schedules. The latency caused by periodic
sleeping is called sleep delay in [2]. Adaptive listening
technique is proposed to improve the sleep delay, and thus the
overall latency. In that technique, the node who overhears its
neighbor’s transmissions wakes up for a short time at the end
of the transmission. Hence, if the node is the next-hop node,
its neighbor could pass data immediately. The end of the
transmissions is known by the duration field of RTS/CTS
packets.

Advantages: The energy waste caused by idle listening is
reduced by sleep schedules. In addition to its implementation
simplicity, time synchronization overhead may be prevented
with sleep schedule announcements.

Disadvantages: Broadcast data packets do not use
RTS/CTS which increases collision probability. Adaptive
listening incurs overhearing or idle listening if the packet is
not destined to the listening node. Sleep and listen periods are
predefined and constant, which decreases the efficiency of
the algorithm under variable traffic load.

2) WiseMAC

Spatial TDMA and CSMA with Preamble Sampling
protocol is proposed in [3] where all sensor nodes are defined
to have two communication channels. Data channel is
accessed with TDMA method, whereas the control channel is
accessed with CSMA method. Enz et al. proposed WiseMAC
[4] protocol which is similar to Hoiydi et al.’s work [3] but
requires only a single-channel. WiseMAC protocol uses
non-persistent CSMA (np-CSMA) with preamble sampling
as in [3] to decrease idle listening.

In the preamble sampling technique, a preamble precedes
each data packet for alerting the receiving node. All nodes in
a network sample the medium with a common period, but
their relative schedule offsets are independent. If a node finds
the medium busy after it wakes up and samples the medium,
it continues to listen until it receives a data packet or the
medium becomes idle again. The size of the preamble is
initially set to be equal to the sampling period. However, the
receiver may not be ready at the end of the preamble, due to
reasons like interference, which causes the possibility of over
emitting type energy waste.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

OPEN aACCESS

Moreover, over emitting is increased with the length of
the preamble and the data packet, since no handshake is done
with the intended receiver.

To reduce the power consumption incurred by the
predetermined fixed-length preamble, WiseMAC offers a
method to dynamically determine the length of the preamble.
That method uses the knowledge of the sleep schedules of the
transmitter node’s direct neighbors. The nodes learn and
refresh their neighbor’s sleep schedule during every data
exchange as part of the acknowledgement message. In that
way, every node keeps a table of sleep schedules of its
neighbors. Based on neighbors’ sleep schedule table,
WiseMAC schedules transmissions so that the destination
node’s sampling time corresponds to the middle of the
sender’s preamble. To decrease the possibility of collisions
caused by that specific start time of wake-up preamble, a
random wake-up preamble is advised. Another parameter
affecting the choice of the wake-up preamble length is the
potential clock drift between the source and the destination.
A lower bound for the preamble length is calculated as the
minimum of destination’s sampling period, Tw, and the
potential clock drift with the destination which is a multiple
of the time since the last ACK packet arrival. Considering
this lower bound, a preamble length, Tp, is chosen randomly.
Figure 2 presents the WiseMAC concept.

Arrival wait for  |f medium idle,
right moment transmit v
Source Wait P REE
Tp
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Destination 7 A
- &
Wake up, Wake up, Wake up,
medium idle medium idle medium
busy.receive
message

|[BRX @ TX P:Preamble A Acknowledge |
Fig 2. WiseMAC Concept

Advantages: The simulation results show that WiseMAC
performs better than one of the S-MAC variants [4]. Besides,
its dynamic preamble length adjustment results in better
performance under variable traffic conditions. In addition,
clock drifts are handled in the protocol definition which
mitigates the external time synchronization requirement.

Disadvantages: Main drawback of WiseMAC is that
decentralized sleep-listen scheduling results in different sleep
and wake-up times for each neighbor of a node. This is
especially an important problem for broadcast type of
communication, since broadcasted packet will be buffered
for neighbors in sleep mode and delivered many times as
each neighbor wakes up. However, this redundant
transmission will result in higher latency and power
consumption.

In addition, the hidden terminal problem comes along with
WiseMAC model as in the Spatial TDMA and CSMA with
Preamble Sampling algorithm. That is because WiseMAC is
also based on non-persistent CSMA.. This problem will result
in collisions when one node starts to transmit the preamble to
a node that is already receiving another node’s transmission
where the preamble sender is not within the range.

3)SIFT

Sift [5] is a MAC protocol proposed for event-driven
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sensor network environments. The motivation behind Sift is
that when an event is sensed, the first R of N potential reports
is the most crucial part of messaging and has to be relayed
with low latency. Jamieson et al. use a non-uniform
probability distribution function of picking a slot within the
slotted contention window. If no node starts to transmit in the
first slot of the window, then each node increases its
transmission probability exponentially for the next slot
assuming that the number of competing nodes is small.

In [5], Siftis compared with 802.11 MAC protocol and it is
showed that Sift decreases latency considerably when there
are many nodes trying to send a report. Since Sift is a method
for contention slot assignment algorithm, it is proposed to
co-exist with other MAC protocols like SMAC. Based on the
same idea, CSMA/p* is proposed in [6] where p* is a
non-uniform  probability  distribution that optimally
minimizes latency. However, Tay et al. state that Sift has a
distribution approximate to CSMA/p*.

Advantages: Very low latency is achieved with many
traffic sources. Energy consumption is traded off for latency
as indicated below. However, when the latency is an
important parameter of the system, slightly increased energy
consumption must be accepted. It could be tuned to incur less
energy consumption. The high energy consumption is a result
of the arguments indicated below.

Disadvantages: One of the main drawbacks is increased
idle listening caused by listening to all slots before sending.
The second drawback is increased overhearing. When there is
an ongoing transmission, nodes must listen till the end in
order to contend for the next transmission which causes
overhearing. Besides, system-wide time synchronization is
needed for slotted contention windows. That is why; the
implementation complexity of Sift would be increased for the
protocols not utilizing time synchronization.

4) DMAC

Converge cast is the mostly observed communication
pattern within sensor networks. These unidirectional paths
from possible sources to the sink could be represented as data
gathering trees. The principal aim of DMAC [7] is to achieve
very low latency, but still to be energy efficient. DMAC
could be summarized as an improved Slotted Aloha
algorithm where slots are assigned to the sets of nodes based
on a data gathering tree as shown in Figure 3. Hence, during
receive period of a node, all of its child nodes has transmit
periods and contend for the medium. Low latency is achieved
by assigning subsequent slots to the nodes that are successive
in the data transmission path.

R[Tx]  sleep

EIx] sleep EBxITx]

|Rx|'\7| sleep |Rx|Tx|

-

[Rx[Tx] sleep [Rx]Tx]

>

[Rx]Tx] Ay sleep [Rx[7x]
= L

More active slots if
hecessary

Fig 3. A data gathering tree and its DMAC implementation
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Advantages: DMAC achieves very good latency compared
to other sleep/listen period assignment methods. The latency
of the network is crucial for certain scenarios, in which
DMAC could be a strong candidate.

Disadvantages: Collision avoidance methods are not
utilized, hence when a number of nodes that has the same
schedule (same level in the tree) try to send to the same node,
collisions will occur. This is a possible scenario in
event-triggered sensor networks. Besides, the data
transmission paths may not be known in advance, which
precludes the formation of the data gathering tree.

5) Timeout-MAC (T-MAC) / Dynamic Sensor-MAC
(DSMAC)

Static sleep-listen periods of S-MAC result in high latency
and lower throughput as indicated earlier. Timeout- MAC
(T-MAC) [8] is proposed to enhance the poor results of
S-MAC protocol under variable traffic load. In T-MAC,
listen period ends when no activation event has occurred for a
time threshold TA. The decision for TA is presented along
with some solutions to the early sleeping problem defined in
[8]. Variable load in sensor networks are expected, since the
nodes that are closer to the sink must relay more traffic.
Although T-MAC gives better results under these variable
loads, the synchronization of the listen periods within virtual
clusters is broken. This is one of the reasons for the early
sleeping problem.

Dynamic Sensor-MAC (DSMAC) 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). All
nodes start with the same duty cycle. Figure 4 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.

Listen Sleep Listen Listen Listen
&
i 0 -0
Listen Llsten Listen Listen Listen Listen
el 0 O 0 — 0

Fig 4. DSMAC duty cycle doubling

The duty cycle is doubled so that the schedules of the
neighbors 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.

6) Adaptive Duty Cycle SMAC

In order to adapt duty-cycle to traffic load, ADC-SMAC is
proposed to improve SMAC. The modification over SMAC
has two main aspects: various duty cycle schemes to provide
different duty cycles to different nods, each node calculates
its suitable duty cycle independently [9].

Similar to DSMAC, ADC- SMAC uses dynamic duty
cycle schedule. Distinct from the subtle tuning of
ADC-SMAC, DSMAC turns duty cycle by doubling or
halving. So ADC-SMAC has advantages over DSMAC.
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To reflect the different traffic loads, ADC-SMAC adopts
utilization and average sleep delay of each node as the
evaluation metric.

U= (Trx + Ttx)/(Trx + T + Tidle)

Where, Tix, Tix, Tigle Stands the total receiving time, the total
transmission time, the total idle time.

The adjustment of duty cycle is done as mention hereby.

If U > Unigh and duty cycle < DCrax then

duty cycle = duty cycle + n %

else if U > Ujow and duty cycle < DCpin then

duty cycle = duty cycle — n%.

So the ADC-SMAC is proposed to find the balance
between energy consumption and latency for different sensor
network application in this paper. By this ADC-SMAC not
only the total network energy consumption, but the
end-to-end latency is significantly improved.

IV. FUTURE WORK AND CONCLUSIONS

Table I represents a comparison of MAC protocols. Time
Synchronization needed column indicates whether the
protocol assumes that the time synchronization is achieved
externally. Adaptivity to Changes means ability to handle
topology changes. The two S-MAC variants, namely,
T-MAC and DSMAC, have the same features with S-MAC
given in Table I.

Although there are various MAC layer protocols proposed
for sensor networks, there is no protocol accepted as a
standard. One of the reasons behind this is the MAC protocol
choice will, in general, be application-dependent, which
means that there will not be one standard MAC for sensor
networks. Another reason is the lack of standardization at
lower layers (physical layer) and the (physical) sensor
hardware.

TDMA has a natural advantage of collision-free medium
access. However, it includes clock drift problems and
decreased throughput at low traffic loads due to idle slots.

The difficulty with TDMA systems are as listed below.

» The synchronization of the nodes and adaptation to
topology changes where these changes are caused by
insertion of new nodes

» Exhaustion of battery capacities

+ Broken links because of interference

« Sleep schedules of relay nodes

 Scheduling caused by clustering algorithms

 The slot assignments

However, it is not easy to change the slot assignment
within a decentralized environment for traditional TDMA,
since all nodes must agree on the slot assignments. In parallel
with the common networking lore, CSMA methods have a
lower delay and promising throughput potential at lower
traffic loads, which generally happens to be the case in
wireless sensor networks. However, additional collision
avoidance or collision detection methods should be employed
to handle the collision possibilities.

Table 1. A data gathering tree and its DMAC implementation

Time Comm. Adaptivit
Synch. Pattern Type y to
Needed Support Changes
S-MAC
IT-MAC No All CSMA
/DSMAC
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WiseMAC No All np-CSMA | Good
SIFT No All CSMAJ/CA | Good
Converge TDMA
DMAC Yes E /Slotted | Weak
cast
Aloha

FDMA is another scheme that offers a collision-free
medium. Though, it brings an additional circuitry
requirement to dynamically communicate with different
radio channels. This increases the cost of the sensor nodes,
which is contrary to the objective of the sensor network
systems.

CDMA also offers collision-free medium, but its high
computational requirement is a major obstacle for less energy
consumption objective of the sensor networks. In pursuit of
low computational cost requirements of wireless CDMA
sensor networks, there has been limited effort to investigate
source and modulation schemes, particular signature
waveforms, designing simple receiver models, and other
signal synchronization problems. If it is shown that the high
computational complexity of CDMA could be traded with its
collision avoidance feature, CDMA protocols could also be
considered as candidate solutions for sensor networks.

REFERENCES

1. S.S., Kulkarni, “TDMA services for Sensor Networks”, Proceedings
of 24th International Conference on Distributed Computing Systems
Workshops, Pages:604 — 609, 23-24 March 2004.

2. W. Ye, J. Heidemann, D. Estrin, “Medium Access Control With
Coordinated Adaptive Sleeping for Wireless Sensor Networks”,
IEEE/ACM Transactions on Networking, Volume: 12, Issue: 3,
Pages:493 - 506, June 2004.

3. A El-Hoiydi, “Spatial TDMA and CSMA with preamble sampling
for low power ad hoc wireless sensor networks”, Proceedings of ISCC
2002, Seventh International Symposium on Computers and
Communications, Pages:685 - 692, 1-4 July 2002.

4. C.C. Enz, A. El-Hoiydi, J-D. Decotignie, V. Peiris, “WiseNET: An
Ultralow-Power Wireless Sensor Network Solution”, IEEE
Computer, Volume: 37, Issue: 8, August 2004.

5. K. Jamieson, H. Balakrishnan, and Y. C. Tay, “Sift: A MAC Protocol
for Event-Driven Wireless Sensor Networks,” MIT Laboratory for
Computer  Science,  Tech. Rep. 894, May 2003,
http://www.Ics.mit.edu/publications/pubs/pdf/MIT-LCS-TR-894.pdf.

6. Y.C. Tay, K.Jamieson, H. Balakrishnan, “Collision-minimizing
CSMA and Its Applications to Wireless Sensor Networks”, IEEE
Journal on Selected Areas in Communications, VVolume: 22, Issue: 6,
Pages: 1048 — 1057, Aug. 2004.

7. G. Lu, B. Krishnamachari, C.S. Raghavendra, “An adaptive
energyefficient and low-latency MAC for data gathering in wireless
sensor networks”, Proceedings of 18th International Parallel and
Distributed Processing Symposium, Pages: 224, 26-30 April 2004.

8. T.V.Dam and K. Langendoen, “An Adaptive Energy-Efficient MAC
Protocol for Wireless Sensor Networks”, The First ACM Conference
on Embedded Networked Sensor Systems (Sensys‘03), Los Angeles,
CA, USA, November, 2003.

9. Haigang Hu, Jie Min, Xiaodong wang and Yu Zhou, “The
Improvement of SMAC based on dynamic duty cycle in wireless

sensor network”, IEEE Conference Publication,
978-1-4244-8728-8/11, Pages: 341-345 2011.

AUTHOR PROFILE

Divyata N Patel M.E. Wireless Communication System &
Network.

Prof. Jemish V Maisuria M.E. Wireless Communication
System & Network, “Overview of Techniques for Improving
QoS of TCP over Wireless Links”, IEEE Conference
Publication.

Retrieval Number: B1022073213/13©BEIESP
Journal Website: www.ijitee.org

101

ISSN: 2278-3075 (Online), Volume-3 Issue-2, July 2013

Prof. Milind S Shah Dept. of E.C. Engineering, Govt. Engg. College, Surat,
Gujarat, India.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

