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Abstract: 

Wireless sensor networks consist of small nodes  with sensing, computation, and wireless communications capabilit ies. Many MAC 

routing, power management and data dissemination protocols have been specifically designed for WSNs where energy awareness 

is an essential design issue. Wireless sen1sor network are one of the category belongs to adhoc networks. Sensor network are  also 

composed of nodes. Here actually the node has a specific name that is  “Sensor” because these nodes are equipped with smart 

sensors A sensor node is a device that converts a sensed characteristic like temperature, vibrations, pressure into a form re cognize 

by the users. There are many existing Topology control protocols, each one is having its own advantages as well as d isadvantages. 

This paper presents MAC layer challenges and Schemes. 
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I. INTRODUCTION  

 

A wireless sensor network (WSN) is a wireless network 

consisting of spatially d istributed autonomous devices that use 

sensors to monitor physical or environmental conditions. 

These autonomous devices, or nodes, combine with routers 

and a gateway to create a typical WSN system. Wireless 
Sensor Networks (WSN) has gained world wide attention in  

recent years due to the advances made in wireless 

communicat ion, informat ion technologies and electronics field  

[14]. The concept of wireless sensor networks is based on a 

simple equation. Sensing + CPU + Radio = Thousands of 

potential applicat ions. To extend distance and reliability in a 

wireless sensor network, you can use routers to gain an 

additional communication link between end nodes and the 

gateway. In a common WSN architecture, the measurement 

nodes are deployed to acquire measurements such as 

temperature, voltage, or even dissolved oxygen. The nodes are 

part of a wireless network administered by the gateway, which 

governs network aspects such as client authentication and data 

security. The gateway collects the measurement data from 

each node and sends it over a wired  connection, typically  

Ethernet, to a host controller.  

Typically, a wireless sensor node (or simply sensor node) 

consists of sensing, computing, co mmunication, actuation, and 

power components. These components are integrated on a 

single or mult iple boards, and packaged in  a few cubic inches. 

A WSN usually consists of tens to thousands of such nodes 

that communicate through wireless Channels for informat ion 

sharing and cooperative processing. The primary  

responsibilit ies of WSNs are to collect and report data and 

events, typically to a base station. 

 

II. APPLICATIONS OF WSN  

 

WSN suits the application requirements in 

comparison with wired sensing systems, since it is easily  

deployable and reconfigurable even in an  inaccessible areas 

and reduces the system installation and condition monitoring 

cost in general. W ireless sensor network enables lowcost 

sensing of environment. W ireless sensor networks are well 

suited for the structural health monitoring for buildings, wind 

turbines, coal mines, tunnels and bridges. To monitor a 

structure, we measure behavior (e.g. vibration, displacement) 

of structure, and analyze health of the structure based on 

measured data [14]. 

 

 Area monitoring  

 Environmental Monitoring 

Greenhouse Monitoring Landslide 

detection  

 Industrial Monitoring  

 Water/Wastewater Monitoring Agriculture  
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III. CHALLENGES AND CONSTRAINTS IN   

WIRELESS S ENSOR NETWORK 

 

Challenges in wireless sensor network arise in implementation 

of several services. There are so many controllable and 

uncontrollable parameters by which the implementation of 

wireless sensor network affected such as [14].  

 
Energy conservation: In wireless sensor network every node 

is equipped with sensor and the sensor devices are in working 

condition depending upon the power supplied by attached 

battery. To have better performance the network should 

operate for large time. 

 
Operation in antagonistic environment: Sensor network can 

be operating in antagonistic environmental condition. So 

design issues of sensor node are carefully considered. Protocol 

for the sensor network should be robust one. It silent about 

any fault occurs in system. 

 
Communication quality: Sensor network have very low 

quality communicat ion depending upon different Situation 

like when it operated in some unpleasant environment then 

communicat ion quality is very poor. 
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Availability of resources: When the resources  required by 

sensor network are unavailable then the sensor networks try 

hard to provide the desired QOS.  

 
Data processing: Data collected by many sensors  may contain 

redundant data. So data aggregation required in network 

processing so that redundant data can’t be transmitted number 

of time. I 

 
Scalability: Wireless sensor node are composed of large 

number of sensor node and many more nodes can be added in 

design stage 

 
Commercialization: In recent scenario the production  of 

sensor node started by many e lectronics based company. But 

commercialization very poor especially in case of sensor 

network. Profit issue is very less. 

 
Application specific: Sensor network changes with change in 

application. For d ifferent type of application we have to 

design different sensor network. 

 
Node Id: Every node in the sensor network doesn’t  have 

different Id. The overhead for Id  maintenance is more .In  

sensor network data is more important than knowing the Id 

 

IV. MEDIUM ACCESS CONTROL (MAC) 

LAYER  

 

The medium access control (MAC) layer operates within the 

data link layer to directly interface with the physical layer to 

provide fair medium access contention and lowlevel reliable 

frame delivery. With its ability to control the radio, this layer 

affords significant energysaving opportunities to extend WSN 

network lifetime [510]. 

 
A. Reasons of Energy Waste 

 

When a receiver node receives more than one packet at the 

same t ime, these packets are called  “collided packets” even 

when they coincide partially. All packets that cause the 

collision have to be discarded and the retransmissions 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 

correctlydesigned MAC protocol should prevent these energy 

wastes. 

 

B. Communication Patterns 

Kulkarni et al. defines three types of communication patterns 

in wireless sensor networks: broadcast, converge cast, and 

local gossip. Broadcast type of communication pattern is 

generally used by a base station (sink) to t ransmit some 

informat ion to all sensor nodes of the network. Broadcasted 

informat ion may include queries of sensor query process ing 

architectures, program updates for sensor nodes, control 

packets for the whole system. The broadcast type 

communicat ion 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. This kind of 

communicat ion 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 Welldefined MAC Protocol 

 

To design a good MAC protocol for the wireless sensor 

networks, the following attributes must be considered. 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 lifet ime, addit ion 

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 utilizat ion 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.  

 

V. CLASSIFICATION OF MAC SCHEMES / 

PROTOCOLS  

This section gives the discussion about the various MAC 

Protocols or Schemes that are available in the WSN.  

 

A. CONTENTION BAS ED SCHEME  

 
SMAC (Sensor MAC): The SMA C [18] (Sensor MAC) 

protocol is a singlefrequency contention based protocol for 

sensor networks. The basic idea is locally managed 

synchronizations and periodic listen/sleep period schedules. It 

has fixed  duty cycle. Every  frame has two parts: an active part  

and a sleeping part. During the active part, it can communicate 

with its neighbors and send any messages queued during the 

sleeping part. 

 
TMAC (Timeout MAC): TMAC [16] is used for shortening 

the awake period when the channel is idle. It improves the 

design of SMAC. In their synchronization phase the node is 

listening to the channel only a short time. If there no data is 

received during this window then the node returns to sleep 

mode. So that duty cycling reduces energy and increased 

latency. 
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ELMAC (Energy efficient and Lowlatency MAC):  

 

ELMAC [19] used carrier listening technology is applied in  

physical layer to compulsorily wake up the neighbor nodes 

within multihops. It adopts routing information to modify the 

RTS/CTS control frame format. It only makes the node of the 

next  hop be adaptively wakened up. Thus, the energy 

consumed by the idle nodes is reduced. It follows adaptive 

wakeup and compulsory wakeup scheme.  

 
AEEMAC  (Adaptive  energy  efficient  MAC):  

 

AEEMAC [15] provides a mechanism to avoid overhearing by 

sleeping upon receipt of CTS (Clear to Send) for a d ifferent 

destination and reusing of channel. It has three optimizations: 

Adaptive sleeping and reusing of channel, Use of combined 

‘SYNCRTS’ control packet, Use of combined ‘ACKRTS’ 

control packet. 

 
DMAC (Distributed MAC): In the DMAC [18] protocol is 

based on Slotted Aloha Algorithm;  here all nodes are assigned 

a slot. All node communication patterns are converge cast. 

The node communication path is unidirectional. It represented 

as data gathering trees. 

 
Modified DMAC: In the Modified DMAC protocol [14], leaf 

nodes go into a full sleep state for one cycle in heavy traffics, 

which means that they turn off their transceivers for one cycle. 

All leaf nodes have a full sleep state every n cycle in heavy 

traffic load. 

 
Contention Based Low Power Listening (LPL) MAC: LPL 

protocols form an important class of contentionbased MAC 

protocols for sensor networks since they allow energy to be 

conserved by turning off the rad io without the need to create 

and maintain  a synchronized sleeping schedule amongst the 

nodes of the network. 
 

BMAC (Berkley MAC): BMAC [17] uses low power 

listening with their independent sleepawake module but with 

long preamble period. When a sender has data to send, the 

sender transmits a preamble that is at  least as long as the sleep 

period of the receiver. The receiver will wake up, detect the 

preamble, and stay awake to receive the data. 

 
Patterned Preamble MAC: Patterned Preamble MAC [17] is a 

Patterned Preamble MAC [17] is a modified protocol of 

BMAC. It includes extra information like destination address. 

Transmitter has to be confirmed by receiver that the 

synchronization must be ready. Reading of destination 

address, other nodes can sleep which are not target nodes. 

 
AREA MAC (A Real Time and Energy Efficient MAC): 

AREAMAC [14] also uses the LPL approach where nodes 

wake up very shortly to check the channel activity without 

actually receiv ing the data. They go back to sleep mode if the 

channel is idle; otherwise they receive data. Nodes change 

their duty cycle according to request from neighbor.  

 

Other contention based MAC protocols are as follows, the 

contention window based CSMA protocol  Sift [8], Radio  

protocol [9], Wise MAC [10], Aloha [11], extended IEEE 

802.11 based RAP MAC [9] and so on. 

 
 

 

Advantages: 

 Relax t ime synchronization requirements.  

 Schedule transmits & listens periods, thus  avoiding 

collisions, overhearing and idle listening. 

 High channel utilizat ion under low contention.  

 
Disadvantages: 

 

 High energy consumption and low channel utilization 

under high contention. 

 

B. SCHEDULE BAS ED SCHEME  

In schedulingbased MAC protocols, the time at which a node 

can transmit is determined by a scheduling algorithm, so that 

multip le nodes can transmit simultaneously without 

interference on  the wireless channel. The t ime is usually 

divided into slots, and slots are further organized into frames. 

Within each frame, a node is assigned at least one slot to 

transmit. A scheduling algorithm usually finds the shortest 

possible frame so as to achieve high spatial reuse and low 

Most of work has been focused on time div ision mult iple 

access (TDMA), Frequency division mult iple access (FDMA), 

Code Division Multiple Access (CDMA) scheduling like 

SelfOrganizing Medium Access Control for Sensor Networks 

(SMACS) and EavesdropAnd Register (EAR) algorithm 

[12], Distributed EnergyAware MAC protocol (DEMAC) 

[13], and Energy Efficient MAC Protocol for Sensor Networks 

(EMACS) [13] and so on. 

 

 

 

 

Figure 1: Scheduled Slots Div ision 

 

Advantages: 

 

• Guaranteed time slots.  

• Low collision rate.  

• Reliab le service due to preassigned time slots.  

 

Disadvantages:  

• Low channel utilizat ion and throughput under low 

contention.  

 

C. HYBRID BAS ED SCHEME  

 

Hybrid Protocols combines the features of contentionbased 

and TDMAbased MAC protocols. It divides access channel 

into control packets and data packets, and are transmitted in 

the random access channel and the scheduled access channel 

respectively. The basic idea behind hybrid MAC protocols – 

i.e. switching the protocol behavior between TDMA and 

CSMA, depending on the level of contention. A few hybrid  

protocols are CRMAC,EQMAC, CTMAC, IEEE 802.15.4, 

HCMAC, HyMAC, ZMAC,AMAC, THMAC, ERMAC 

discussed as follows 

 

 

 

 

 

 

 

Figure 2: Hybrid Frame Structure 
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HMAC (Hybrid MAC): In HMAC or Hybrid MAC [5], t ime 

is organized into frames. Each frame contains multiple short 

wakeup slots and multiple data slots. It employs two basic 

procedures: self organization for wakeup slot assignment and 

data transmission. 

 
HyMAC: HyMAC [6] is a hybrid TDMA/FDMA  MAC 

protocol. The communication period comprises of a several 

fixed time slots. In each cycle, the beginning slots are 

scheduled slots and remain ing slots are contention slots. 

Firefly based hardware synchronization is used 

 

 
IEEE 802.15.4: IEEE 802.15.4 [7] is hybrid protocol for 

lowrate Wireless Personal Area Networks (LWPAN). It can 
have two modes: beaconenabled and nonbeaconenabled 

mode. In the former mode, nodes use un slotted CSMA/CA 

for transmitting frames, while the slotted CSMA/CA is used in 

the beacon enabled mode. 

 

VI.  COMPARISON OF CONTENTION BAS ED, 

SCHEDULING BAS ED AND HYBRID BAS ED 

SCHEMES  

 

This section gives the comparison between among three 

approaches in terms of Protocols used, Reliability, 

support, Energy Efficiency and Real time Communication  

 

Table 1: Comparison between Contention based, 

Scheduling Based and Hybrid based 

approach 

 

Scheme/ Protocols  Reliability Energy Real   

Approach  & Efficienc Time   

  Support y Commun  

    ication  

Contentio SMAC, Good  High  Moderate  

n 

TMAC, 

    

Based 

    

     

 ELMAC     

 etc.     

      

Schedulin TDMA, Good  Low Low  

g 

CDMA, 

    

Based 

    

FDMA  

    

     

 etc.     

      

Hybrid  EQMAC, Good  High  Good   

Based CTMAC,     

 HYMAC     

 etc.     

      

 

From the above table it  can be concluded that Hybrid 

based approach is more efficient as compare to 

Contention based and Scheduling Based in terms of 

Reliab ility & Support, Energy Efficiency and Real Time 

Communicat ion. 

 

 

 

VII.CONCLUS ION 

 

Although there are various MAC layer protocols or 

Schemes have been proposed for sensor networks, but 

there is no protocol accepted as a standard. One of the 

reasons behind this is the MAC protocol choice will, in  

general, be applicationdependent, which means that there 
will not be one standard MAC for sensor networks. 

Although the MAC Schemes are application specific, 

even though in general terms, hybrid based approach is 

more useful in terms of Reliability & Support, Energy 

Efficiency and Real Time Communication. 
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