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Abstract—Wireless sensor network are used in physical environment to monitor real world. These networks consist of small 
sensors called as sensor node. They are battery operated, resource constrained, with very small amount of memory. In recent 
few decades  Wireless  Sensor  Network gain  very  much popularity  due  to  its efficient,  flexible and  support  of  wide 
variety of application. But in such type of network battery replacement is infeasible and thus energy preservation is main 
concern of designed protocol. Normally energy consumption is reduced by making turn off the radio of sensor node.   In this 
work, we present an adaptive Sensor-MAC algorithm to improve the working of S-MAC protocol. This new S-MAC 
protocol changes   the duty cycle   dynamically   as   well   as   does   the prioterized message passing. Normally all nodes 
use same duty cycle in Sensor MAC irrespective of its utilization of node, Adaptive protocol calculate utilization of node and 
adjust duty cycle accordingly. In addition to this, we also prioterized the message passing aiming to reduce energy and 
latency.  
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I. INTRODUCTION 
 
Wireless sensor network consists of small miniature 
sensor node, with very limited processing resource, 
less expensive, scalable and more efficient. All this 
advantage make WSN popular than conventional 
wired network. Owing to its popularity its wide 
variety of applications are military application, health 
care application, fire detection application [9]. This 
network consists of battery operated sensor network 
which are responsible for sensing and transmitting 
data to base station for processing. Some of the 
application like fire detection are deployed in 
situation where human intervention is not done for so 
many years. Such areas are not accessible to human 
and battery is not often rechargeable. Thus, energy 
preservation is very important design consideration of 
protocol for these networks. So less energy 
consumption of the sensor to prolong the lifetime of 
whole   network   is   main   concern   while designing 
any protocol for WSN. In  order  to  increase  the  life 
time  of  network,  we  can control the radio of sensor 
node. Sensor consumes power for some computation, 
sending control message and sensing. But other than 
this consumption main energy waste is happen due to 
four causes like collision, overhearing, ideal listing 
and control packet overhead. Sensor –MAC [11] is 
MAC layer protocol specially designed for   wireless 
sensor  network.  Frame  design  of   S-MAC consists 
of listen and sleep period. The ratio of listen period to 
total frame is called as duty cycle. But due to static 
predefined  listen  and  sleep  period,  S-MAC  is  not 
much energy efficient. So we are trying to do 
dynamic sleep and wakeup period by calculating 
utilization of node.  If utilization is greater than 
threshold then duty cycle is increased otherwise 
decreased. The aim of  this work  is  to  give a  new 
protocol which is energy efficient , named  Adaptive   

 
energy efficient  Sensor-MAC  protocol. S-MAC has 
static duty cycle which remains predefined over the 
whole network. The goal of new protocol set the duty 
cycle dynamically and sends the data according to 
emergency. The rest of work is organized as follows. 
In section II, we present the basic working of S-
MAC. In section III, we present the existing work on 
S-MAC. In Section IV, we present the proposed 
adaptive energy efficient S-MAC protocol. In section 
V, conclusion 
 
II. SENSOR-MAC 
 
The basic idea is to let each node follow a periodic 
sleep and listen schedule [12]. In listen period, the 
node wakes up for performing listening and 
communicating with other nodes. When sleep period 
comes, the nodes will try to sleep by turning off their 
radios. In this way, the time spent on idle listening 
can be significantly reduced, which accordingly 
saves a lot of energy, especially when traffic load is 
low. The duty cycle is defined as the ratio of listen 
period to a complete sleep and listen cycle. Listen 
period is further divided into SYNC ,to broadcast 
schedule and DATA period  to send data .In S-
MAC, the low-duty-cycle mode is the default 
operation for all nodes. Fig 1 shows single frame of 
sensor node. 

 
Fig. 1 : Frame design of S-MAC 
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The features that S-MAC has adopted include 
physical and virtual carrier sense. Hidden problem 
solved by sending sequence of 
RTS/CTS/DATA/ACK. Before the actual data 
transmission begins, sender sends Request to send 
(RTS) message to neighboring nodes. Only receiver 
reply with clear to send (CTS) message. When CTS 
received by sender the medium is reserved for 
transmission between them. Overhearing happens 
when a  node receives some packets that are destined 
to other nodes. RTS message is received by all other 
neighboring node. Overhearing will become another 
major source of energy waste, especially when the 
node density is high and the traffic load is heavy in 
the network  

 
Fig. 2: RTS/CTS mechanism 

 
S-MAC tries to avoid overhearing by letting all 
interfering nodes, which are immediate neighbors of 
the sender and receiver, go to sleep after they hear an 
RTS or CTS packet. As shown in Fig. 2, Suppose 
node A wants to communicate with node B, so node 
A sends RTS message to B. This message is received 
by  B  as  well as  neighboring nodes of A , C  . As the 
RTS is intended to be received by B, it will reply with 
CTS in turns received by neighboring D. As a result 
medium is received to communicate between A and 
B, whereas C and D will go to sleep until the end of 
transmission. To efficiently transmit long messages in 
both energy and latency respects, S-MAC supports 
message passing. This function divides a long 
message into a number of small fragments and 
transmits them in a burst. S-MAC uses only a pair of 
RTS/CTS for one message passing, but requests an 
ACK packet for each fragment. The RTS/CTS packets 
reserve the medium for transmitting all fragments. 
That is to say, the longer the message the node has, 
the more time it will occupy the medium. 
Low-duty-cycle operation reduces energy 
consumption at the cost of increased latency. When 
one node receives a data packet from its previous-hop 
node, it cannot retransmit the packet to its next-hop 
node right now.  It  has  to  wait  until  the  next listen 
time  for  the next-hop node comes. So there exists a 
potential delay on. each hop, when a  data  packet is 
transmitted through a multi-hop   network. To reduce 
such latency, S-MAC proposes an important 
mechanism called  adaptive listening. The basic idea 
is to give all nodes, which are involved in a 
transmission, an additional chance for transmitting 
their packets at the end of the transmission. These 
nodes include the sender, the receiver, and all their 

immediate neighbors that overhear the transmission. 
In this way, a data packet can be retransmitted 
immediately after its last transmission. 
 
Advantages of Sensor MAC protocol: 
 Energy  waste  caused  by  idle  listening is  

reduce by sleep schedules 
 Beside     implementation     simplicity,     global     

time synchronization overhead may be 
prevented with sleep schedule announcements 

 
Disadvantages of Sensor MAC protocol: 
 S-MAC fixed duty cycle i.e. Active time is 

fixed. It is not optimal 
 S-MAC fixed duty cycle i.e. Active time is 

fixed. It is not optimal 
 
III. RELATED WORK 
 
The nodes which follow the same schedule do not 
find each other. [2] has given the idea of Border 
node which follow the schedule of both the cluster. 
If original schedule is behind the original schedule 
then add extra DATA period at the end while 
keeping original schedule as it is. And if original 
schedule  is  ahead  then  add  DATA  at  front  of 
original schedule. When there  is  transmission 
between two  node, the node which are neighboring 
node of those two communicating node will go to 
sleep. But when those node which are neighbor of 
those neighboring node and if they are from 
different transmission range, hence that do not 
interfere with ongoing transmission. So [3] proposed 
that rather than blocking whole communication, 
block half. So node can be able to communication as 
long as their destination nodes are from different 
transmission range. Possible link asymmetry 
wherein the transmission of a high power node is 
received (or is sensed) by a lower power node 
whereas the high power node cannot sense the 
transmissions by the low power node. [4] had 
proposed solution to this problem, by sending 
BRES(bandwidth reservation ) packets . [5] had 
proposed modification to SMAC which dynamically 
changes  the  frame  size.  Adaptive adjustment  of 
contention window size according to current traffic 
state and queue size and varying, by considering 
flow prediction, queue size, queue length is been 
proposed by [6]. 
 
IV. PROPOSED MODIFICATION 
 
S-MAC has uniform duty cycle for all types of 
node in network. [13] had given  ADC-SMAC 
protocol with dynamic duty cycle on chain and 
cross topology. We have considered proposed 
modification in three steps, viz. adaptive duty 
cycle, synchronization between sender and receiver 
and prioterized message passing depending on 
emergency . By considering medical application in 
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mind, here hierarchical topology is considered. In 
this topology, there would be one sink node, access 
node, and other sensor node as shown in Fig. 3. 
Sensor node will sense the data and send to access 
point via cluster head. Access point send to sink 
node. But duty cycle of all this type of node will be 
different as they do different task, whereas S-MAC 
set same duty cycle to all this nodes. In case of 
light traffic load, energy wastage happen due to idle 
listening and heavy traffic load leads to delay due 
to queuing of nodes. 
 

 
Fig 3 : Hierarchical topology 

 
By addressing drawback of S-MAC, We have 
proposed energy efficient adaptive priority message 
MAC protocol designed for wireless sensor network.  
 

A.  Adaptive Duty cycle algorithm : 
In SYNC periods each node will calculate its 
utilization depending on transmission time, receiving 
time and idle time. Each node will adopt duty cycle 
depending on utilization of node, current duty cycle 
and sending queue length. Table I shows symbols 
used in proposed algorithm and Fig. 4 shows 
modification based on S-MAC for adaptive duty cycle 
.When node generates packet, channel utilization is 
calculated based on transmission time, receiving time 
and idle time of previous transmission. As well as 
calculate average sleeping delay. In heavy traffic load 
when channel utilization is more than Umax value, it 
will increase duty cycle by n%. In case of low traffic 
load it will decrease duty cycle by n%. Increasing the 
duty cycle can improve the efficiency of packet 
transmission 
 

 
Table I : Symbols used in algorithm 

 
Fig 4 : Algorithmic description of Adaptive duty cycle algorithm. 

 
B. Sender and Receiver synchronization 

However, the receiver must be synchronized to follow 
the same schedule in order to receive the data sent from 
the sender. The duty cycle in the sender and receiver is 
independent. When the sender’s duty cycle is higher 
than the receiver’s duty cycle, it will cause the receiver 
to sleep earlier than the sender. As a result, the data 
cannot be sent to the receiver even the sender is still in 
working condition For   the   above   problem,   the   
proposed   MAC protocol sends an additional field into 
RTS to let the sender and receiver has the same duty 
cycle. The modified RTS message format is shown in 
Fig. 5. This field is used to tell the receiver about the 
current state of the sender’s duty cycle. If receivers 
receives RTS packet, it checks DCinfo field . If DCinfo 
is changes to other than default value, it will come to 
know that sender has sent its own duty cycle in DC 
info field. If value of DCinfo is greater than its own 
duty cycle it will set senders duty cycle otherwise it 
will set its own duty cycle. As a result the receiver will 
determine whether to synchronize the sender’s duty 
cycle . 

 
Fig. 5 : Modified RTS message format. 

 
C. Prioterized message passing. 

In addition to adaptive duty cycle we will also tried to 
do priority message passing. If high priority message 
comes at cluster head it will add those all packets in 
one list and all low priority message in one list. When 
packets are disseminated from cluster head to access 
point all high priority list is send first and then low 
priority list packets are send. 

 
Fig 6: Algorithmic description of Prioterized message 

passing 
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V. PERFORMANCE EVALUATION 
 

In order to evaluate the performance of the proposed 
control scheme, we use the ns2.29 discrete event 
simulator . To measure the energy consumption on 
the radio, we measured the amount energy 
consumption of each node through the trace graph 
results after running the simulation as per the 
scenario. A two dimensional square area is used for 
node deployment. The network consists of Common 
sensor node, cluster head, access point and sink node. 
Nodes are randomly deployed in area. Nodes 
exchange messages using the wireless 
communication. The common simulation parameters 
of all types of node are given in following Table II. 

 
 

Table II : Common simulation parameter 
 

The comparison is done between S-MAC and 
Adaptive S-MAC. The graph of energy consumption 
is given below. 

 

 
 

Fig 7   : Energy Consumption of Sink Node 

 
Fig 8   : Energy Consumption of Access Point 

 
Fig 9    : Energy Consumption of Cluster Head 

 
As a result Sink node, Access point and Cluster 
head is consuming less energy which results in 
improving network lifetime. 

 
CONCLUSIONS 
 
In this paper, aim is to give Adaptive Energy efficient 
adaptive S-MAC for wireless sensor network. Our 
proposed schema have implemented Adaptive Energy 
efficient S-MAC for wireless sensor network.. 
Protocol based on dynamic duty cycle. It  adopt the 
change in channel utilization as well as duty cycle 
synchronization, which results in better energy 
preservation of nodes in network. We have also 
extend S-MAC for prioritized message passing based 
on emergency and threshold value. 
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