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Abstract: This paper presents Energy Efficient PW-MAC (Predictive-Wakeup MAC), a new energy-efficient MAC protocol 
based on asynchronous duty cycling. In PW-MAC, nodes each wake up to receive at randomized, asynchronous times. PW-
MAC minimizes sensor node energy consumption by enabling senders to predict receiver wakeup times; to enable accurate 
predictions; PW-MAC introduces an on-demand prediction error correction mechanism that effectively addresses timing 
challenges such as unpredictable hardware and operating system delays and clock drift. PW-MAC also introduces an 
efficient prediction based retransmission mechanism to achieve high energy efficiency even when wireless collisions occur 
and packets must be retransmitted. In this paper we are using PW-MAC in energy aware routing and fault tolerant clustering. 
We evaluate PW-MAC on a network simulator 2 (NS2) and compared it with MAC protocols, under multiple concurrent 
multihop traffic flows and under hidden-terminal scenarios and scenarios in which nodes have wakeup schedule conflicts. In 
all experiments, PW-MAC significantly outperformed these other MAC protocols (X-MAC, WiseMAC, and RI-MAC) For 
example, evaluated on scenarios with 50 nodes in the network, the average sender duty cycle , energy, throughput, packet 
delivery ratio and delay is less as compared with other MAC protocol In all experiments, PW-MAC consume less energy. At 
last we introduce geographical routing technique which compare against PW-MAC protocol. 
 
Keywords: Network clustering, Fault-tolerance, MAC protocols, EnergyAware Communication, Sensor networks, Energy 
Efficient Predictive-Wakeup MAC, geographical routing technique, multihop performance. 
 
 
I. INTRODUCTION 
 
Energy efficiency is a fundamental theme pervading 
the design of communication protocols developed for 
wireless sensor networks (WSNs), including routing 
and MAC layer protocols. One of the primary 
mechanisms for achieving low energy consumption in 
energy-constrained WSNs is duty cycling. In this 
approach, each sensor node periodically cycles 
between an awake state and a sleep state.The period 
of a duty cycle is equivalent to its sleep time plus 
awake time. 
A key advantage of asynchronous low power 
listening protocols is that the sender and receiver can 
be completely decoupled in their duty cycles. 
Synchronous duty-cycling MAC protocols (e.g., S-
MAC, TRAMA, SCP, and DW-MAC) reduce sensor 
energy consumption by synchronizing the sensors’ 
sleep and wakeup times. contrast, asynchronous duty-
cycling MAC protocols do not require such 
synchronization. They may be either sender initiated 
(e.g., B-MAC, X-MAC, and WiseMAC) or receiver-
initiated (e.g., RI-MAC). With the sender initiated 
approach, a sender transmits a preamble before a 
packet transmission to notify the receiver of the 
upcoming packet.  
In this paper, we present a new asynchronous duty 
cycling energy-efficient MAC protocol called PW-
MAC (Predictive Wakeup MAC). PW-MAC achieves 
near-optimal energy efficiency both at receivers and 
at senders.  
 
II. LITERATURE SURVEY 

The basic idea regarding energy efficient PW-MAC 
protocol is referenced from. In another project 
reference from, Energy Aware Routing for Wireless 
Sensor Networks. Further referenced, Fault-Tolerant 
Clustering of Wireless Sensor Networks. During the 
past few years distributed wireless sensor networks 
have been the focus of considerable research for both 
military and civil applications. In this project an on-
demand data-driven energy aware routing protocol, 
which adapts to the unique requirements for 
applications in sensor networks Several asynchronous 
duty-cycling MAC protocols have recently been 
proposed in the literature. Such protocols are 
attractive, as they do not require multihop time 
synchronization among nodes as is required by 
synchronous duty-cycling MAC protocols. 

 B-MAC and X-MAC are early examples of 
sender initiated asynchronous duty-cycling protocols.  

O-MAC is also a sender-initiated protocol 
that divides time into frames and frames into slots. 
Similar to PW-MAC, wakeup scheduling for each 
receiver in O-MAC is based on a pseudo-random 
sequence. However, in contrast to PW-MAC, nodes 
in O-MAC cannot learn their neighbor’s wakeup 
schedules just by listening to the channel; 

RI-MAC, in our prior work, introduced a 
receiver initiated approach, in which the receiver-
initiated wakeup beacons are used to avoid long 
sender-initiated preambles required by protocols 
based on sender-initiated transmissions. In RI-MAC, 
each node announces its wake up with a beacon, and 
a sender starts the DATA transmission upon 
receiving a beacon from its intended receiver. 
However, when a sender in RI-MAC has a packet to 
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send, it immediately wakes up to wait for the 
receiver, leading to a large sender duty cycle due to 
its idle listening until the receiver wakes up. 
Compared with RI-MAC, PW-MAC achieves near-
optimal duty cycle at receivers and at senders. 
 
III. STATEMENT OF THE PROBLEM 
 
3.1 Major Sources of Energy Wastes  
Energy efficiency can be increased by minimizing the 
energy wastage. The major sources of energy waste 
in wireless sensor network are basically of four types.  
(i) Collision: When a transmitted packet is corrupted 
due to interference, it has to be discarded and the 
follow on retransmissions increase energy 
consumption. Collision increases latency also.  
(ii) Overhearing: meaning that a node picks up 
packets that are destined to other nodes.  
(iii) Packet Overhead: Sending and receiving 
control packets consumes energy too and less useful 
data packets can be transmitted.  
(iv) Idle listening: The last major source of 
inefficiency is idle listening i.e., listening to receive 
possible traffic that is not sent. 

 The main goal of any MAC protocol for 
sensor network is to minimize the energy waste due 
to idle listening, overhearing and collision. Increased 
by minimizing the energy wastage. 
 
3.2 PW-MAC: an energy-efficient predictive-
wakeup MAC protocol for wireless sensor 
networks 
 (1)Achieves high packet delivery performance 
through a novel predictive wakeup technique that 
enables every node to wake up at independently 
generated pseudorandom times, thereby spreading 
packet transmissions to different times and mitigating 
wireless contention. Predictive wakeup also enables 
nodes to efficiently conduct packet retransmissions.  
(2) Achieves high energy efficiency by enabling a 
sender to predict a receiver's pseudorandom wakeup 
times; both senders and receivers wake up at the 
same time and only spending energy on transceiving 
packets.  
(3) Implemented on the MICAz sensor nodes, PW-
MAC significantly outperformed the other tested 
single-channel energy-efficient MAC protocols in 
packet delivery and energy efficiency.  
a new asynchronous duty cycling energy-efficient 
MAC protocol called PW-MAC (Predictive-Wakeup 
MAC). PW-MAC achieves near-optimal energy 
efficiency both at receivers and at senders.  
 
IV. PW-MAC DESIGN 
 

Simulations are done to compare these 
routing protocols. Simulator ns-2 is used for 
performance comparison. The network simulator ns-2  
developed by the VINT research group at  University  
of  California  at  Berkeley in 1995. The network 

simulator NS2 is a discrete event network simulation. 
NS2 is used to simulate the proposed algorithm. It 
work on network layer and inform about link 
breakage.  The  implementation  of  the  protocol  has  
been  done using C++  language  in the  backend and  
TCL language in  the  frontend. TCL(Tool  Command  
Language)  is  compatible  with  C++  programming  
language. 

During interpretation two files trace files and 
nam files are to be generated. Network Animator 
(.nam) file, records all the visual events that happened 
during the simulation. Trace files (.tr), records the 
entire network event that ocur during the simulation. 
And file is post analyzed with the help of awk scripts. 

This paper presents EEPW-MAC 
(Predictive-Wakeup MAC), a new energy-efficient 
MAC protocol based on asynchronous duty cycling. 
In PW-MAC, nodes each wake up to receive at 
randomized, asynchronous times. PW-MAC 
minimizes sensor node energy consumption by 
enabling senders to predict receiver wakeup times; in 
this project we are using PW-MAC protocol in 
energy aware routing [10] and fault-tolerant 
clustering. 

 
4.1 PW-MAC Predictive-Wakeup Mechanism 
 Specifically, PW-MAC is a receiver-
initiated protocol but introduces use of an 
independently generated pseudo-random sequence to 
control each node’s wakeup times, allowing senders 
to accurately predict the time at which a receiver will 
wake up. Thus, whereas previous receiver-initiated 
protocols reduce the duty cycle only at receivers, 
PW-MAC reduces the duty cycle for receivers and for 
senders. 

 
     The goal of PW-MAC is for a sender to wake up 
and turn on its radio right before the intended receiver 
wakes up. In addition, PW-MAC strives to avoid and 
efficiently resolve any radio collisions caused by 
multiple concurrent traffic flows. To enable a sender 
to accurately predict the wakeup times of a receiver, 
we require every node in PW-MAC to compute its 
wakeup times using its pseudo-random wakeup-
schedule generator rather than waking up on a truly 
random schedule. By using a pseudo-random wakeup 
schedule rather than a fixed schedule (which would 
also be predictable, as is done in WiseMAC), we 
avoid the possibility of neighboring nodes 
consistently waking up at the same time, as such 
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occurrences would significantly increase the chances 
of collisions from senders that are hidden with respect 
to each other; such collisions would also generally be 
persistent with a fixed wakeup schedule. 
 The predictive-wakeup mechanism of PW-
MAC can be applied to receiver-initiated duty-
cycling MAC protocols (e.g., RI-MAC) and to 
sender-initiated duty-cycling MAC protocols (e.g., 
WiseMAC and SCP).  
If the pseudorandom number generator of a node R 
are learned by another node S, S can deduce the 
values of all future pseudo-random numbers 
generated by R. When R uses these pseudo-random 
values as its wakeup intervals and S has learned the 
time difference between S and R’s clocks, S can 
deduce all future wakeup times of R and wake up 
right before R does any time  S needs to send a packet 
to R, significantly reducing sender duty cycle. 
A node S in PW-MAC learns or updates the 
prediction state of a neighbor R only on-demand, 
when necessary. If, when S has a packet (e.g., from 
the network layer) to send to R, S has does not have 
the prediction state of R, S turns on its radio and 
waits for a beacon from R. After receiving R’s 
beacon, when S transmits the DATA packet, S then 
sets a special flag in the DATA packet header to 
request R’s prediction state. Once R receives this 
DATA packet, R sends another beacon that serves 
both to acknowledge the DATA packet reception 
(i.e., an ACK beacon) and to allow additional DATA 
packets to be sent to R; in response to the prediction 
state request from S, R also embeds its current time 
and prediction state in the beacon. The current time of 
R is used by S to compute the time difference 
between S and R’s clocks. In order to precisely 
determine this time difference, the current time and 
prediction state of R are added to the ACK beacon 
immediately before the packet is sent by R. As soon 
as the radio hardware of S receives the ACK from R, 
S computes the time difference between S and R to 
minimize the error of time difference caused by the 
sensor node’s operating system delay.  
 With the prediction information received 
from the ACK beacon, node S can predict future 
wakeup times of R. In the future, if S has another 
DATA packet for R, S wakes up shortly before the 
predicted wakeup time of R, as illustrated in Figure 1. 
In contrast to RI-MAC, in which a sender stays 
awake for on average half a wakeup interval, waiting 
for the receiver before starting DATA transmission, 
PW-MAC reduces this idle listening time to almost 0 
once the prediction state of the intended receiver has 
been learned by the sender. In this way, PW-MAC 
greatly improves energy efficiency. 
 

4.2 Prediction-Based Retransmission 
Furthermore, the traffic in wireless sensor networks 
can be bursty, and multiple sensors may attempt to 
transmit at the same time, possibly to the same node, 

e.g., when a group of sensors detect the occurrence of 
an event and transmit a report to the sink. 

 
   Wireless collisions are likely when there are 
multiple concurrent transceivers, and prior work did 
not specifically include a mechanism for energy-
efficiently resolving collisions and retransmitting lost 
packets. PW-MAC provides a prediction-based 
retransmission mechanism to achieve high energy 
efficiency even when wireless collisions occur and 
packets need to be retransmitted.  

 
In contrast, senders in PW-MAC achieve 

high energy efficiency even when packets have to be 
retransmitted, by detecting wireless collisions, 
switching to sleeping state and intelligently choosing 
when to wake up and retransmit the packets. Figure 
below illustrates the prediction-based retransmission 
mechanism of PW-MAC. If a sender S receives the 
wakeup beacon from receiver R but not an ACK 
beacon for the DATA packet sent, S recognizes that 
either the DATA packet or the ACK beacon 
transmission failed. S then switches to sleeping state 
and wakes up at the next predicted receiver wakeup 
time to retransmit the DATA packet, thereby 
minimizing the energy spent on waiting for the 
receiver. 
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4.3 On-Demand Prediction Error Correction 
 In addition, to prevent senders from 

missing the wakeup of receivers due to factors such 
as hardware and operating system latency and clock 
drift, PW-MAC introduces a novel on-demand 
prediction-error correction mechanism. Thus, unlike 
prior protocols using forms of wakeup prediction 
(e.g., [7]), PW-MAC is able to maintain accurate 
prediction; 

We define the prediction error for a wakeup 
of a node R as the difference between the actual 
wakeup time and the predicted wakeup time of R. 
Controlling prediction error is an important issue 
because if a receiver wakes up before the predicted 
wakeup time, the sender will miss the wakeup of the 
receiver, prolonging the packet delivery latency at 
least by a full wakeup interval and significantly 
increasing the sender’s duty cycle 
 

 
    . On the other hand, if a receiver wakes up much 
later than the predicted wakeup time, the sender duty 
cycle will also increase, since the sender then has to 
remain awake until the receiver does wake up. 

 

PW-MAC introduces an efficient on-demand 
prediction error correction mechanism that can 
effectively control the prediction error caused by 
various factors such as unpredictable hardware and 
operating system delays and clock drift.PW-MAC 
utilizes a platform-dependent parameter, sender 
wakeup advance time, to account for the hardware 
and operating system latency. A sender also adjusts 
its wakeup advance time based on the clock drift rate. 
With the on-demand prediction correction mechanism 
of PW-MAC, a node S requests an update of the 
prediction state of another node R when it detects that 
the prediction error is larger than the sender wakeup 
advance time.  

 A sender must wake up slightly 
before the predicted wakeup time of the receiver. We 
have found in experiments on real sensor nodes that 
wakeup prediction without such correction can 
otherwise lead to significantly reduced performance. 

 Finally, PW-MAC scales well in large and 
dense networks owing to its small memory and 
message overhead. In PW- MAC, a node does not 
explicitly send its wakeup times to other nodes. 
Instead, a sender independently deduces future 
wakeup times of a receiver based on the sender’s 
knowledge of the receiver’s pseudo-random wakeup-
schedule generator. 
 The contributions of this project include the 
following:  
(1) We present the design and implementation of PW-
MAC (Predictive-Wakeup MAC).  
(2)  We present an efficient prediction-based 
retransmission mechanism to achieve high energy 
efficiency when wire- less collision occurs and 
packets need to be retransmitted.  
(3)  Through experiments on NS2 simulator, we show 
that the prediction error caused by hardware and OS 
latency can be much larger than that caused by clock 
drift. To enable a sender to wake up shortly before a 
receiver does, we introduce an on-demand prediction 
error correction mechanism, allowing a sender to 
resynchronize with a receiver when needed. Our 
experimental results on NS2 simulator show that PW-
MAC is very effective in controlling the prediction 
error.  
(4)  We present the results of experiments on a 
testbed of NS2 simulator to evaluate the performance 
of PW-MAC compared with other energy-efficient 
MAC protocols (i.e., X-MAC, WiseMAC, and RI-
MAC) under single- hop and multihop traffic flows, 
under hidden-terminal scenarios, and under scenarios 
in which nodes have wakeup schedule conflicts. In all 
experiments, PW-MAC significantly outperformed 
these other protocols.  
(5) In this project we are using the dynamic nodes. 
(6) Dealing with mobility can pose some formidable 
challenges in protocol design, particularly, at the link 
layer. 
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(7) These difficulties require mobility adaptation 
algorithms to localize mobile nodes and predict the 
quality of link that can be established with them.  
(8) As comparing EEPW-MAC with MAC protocol 
consumed less energy but in case of node mobility it 
will take some more energy to sense the location of 
the node or in some case link between the nodes 
broke due to the mobility we have to set again a new 
rout because in our EEPW-MAC protocol we have to 
predict the rout initially, then we have to refresh the 
routing table, predictive table and wake up table. 
(9) Due to this short coming we suggest the 
geographic random forwarding[18] technique. 
4.4 Geographic Random Forwarding (GeRaF) 
Routing 
Nodes in turns go to sleep and wake up, source does 
not know which nodes are on/off. 
Source cannot explicitly address the next hop, must 
randomly select.ideally, the best available node to act 
as a relay is chosen this selection is done a posteriori, 
i.e., after the transmission has taken place 
it is a receiver contention scheme. 

 
key Idea 
Goal: pick the relay closest to the destination 
broadcast message is sent, all active nodes within 
range receive it. 
contention phase takes place: nodes closer to the 
destination are likely  win the winner becomes itself 
the source. 
 
V. PRACTICAL IMPLEMENTATION 
 
major problem: how to pick the best relay? 
solution: partition the area and pick relays from slice 
closest to the destination. 
nodes can determine in which region they are nodes 
in highest priority region contend first. 

 

5.1 EVALUATION ON NS2 2.34 SIMULATOR 
 
The following metrics are measured in our 
evaluation: 
Energy consumption: The sensor nodes are battery 
powered and it is often very difficult to change or 
recharge batteries for these sensor nodes. So efficient 
EEPW-MAC protocol design to the network runs its 
life time without battery replacement. 
Data packet delivery ratio (PDR): The percentage 
of DATA packets that are successfully delivered from 
the source to the destination. 
Throughput: Throughput requirement also varies 
with different applications. Some of the sensor 
network application 
requires to sample the information with fine temporal 
resolution. In such sensor applications it is better that 
sink node receives more data. 
End to End Delay: 
 
RESULTS AND DISCUSSION 
 
6.1 Packet Delivery Ratio Graph: Figure.1 above 
shows the PDR of the three protocols normal-MAC, 
EEPW-MAC, PW-MAC-GEOGRAPHIC. The PDR 
of PW-MAC-GEOGRAPHIC is greater than PW-
MAC and normal-MAC.  Normal-MAC has 
minimum PDR. Routing protocol which has higher 
PDR, it performed better as good the routing protocol 
performed. Because it states that maximum packets 
are received by destination node. 
 

 
 
6.2 Delay Graph: Figure 4 compares the average 
End-To-End packet delay between normal-MAC, 
EEPW-MAC, PW-MAC-GEOGRAPHIC. In  this  
figure, PW-MAC exhibited  the  lowest  average end-
to-end  delay,  while normal-MAC had  the  highest  
delay. 
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The end-to-end delay of PW-MAC-GEOGRAPHIC 
is lowest at a higher mobility, but with higher 
mobility it is increases and become greater than that 
of PW-MAC.  PW-MAC had lowest average end-to-
end delay because it has routing tables need not to 
rediscover the route for the same destination. 
6.3 Throughput Graph 

 
 
Fig. 5 shows the total throughput of normal-MAC, 
EEPW-MAC, PW-MAC-GEOGRAPHIC. Total 
throughput is the amount of packet transferred 
through the network per unit time. The average 
throughput of EEPW-MAC is higher than of normal-
MAC, PW-MAC-GEOGRAPHIC. Higher the 
throughput, better the routing protocol performed. 
6.4 Energy Graph 
Figure above shows total energy spent of normal-
MAC, EEPW-MAC, PW-MAC-GEOGRAPHIC. 
This metric can be defined as ratio of the total energy 
consumed to total bits transmitted. The unit is 
joules/bit. The lesser the number, the better is the 
efficiency of a protocol in transmitting the 
information in the network and life time 
maximization.  

This performance matrices gets affected by 
all the major sources of energy waste in wireless 
sensor network such as idle listening, collisions, 
control packet overhead and overhearing. As shown 
in above graph normal-MAC consumed more energy 
as compared with, EEPW-MAC and PW-MAC-
GEOGRAPHIC. As per the simulation result EEPW-
MAC consume less energy than PW-MAC-
GEOGRAPHIC. But The PDR of PW-MAC-
GEOGRAPHIC is greater than EEPW-MAC and 
normal-MAC. 
 

 
 
CONCLUSIONS 
 

This paper has presented the design and 
evaluation of EEPW-MAC (Predictive-Wakeup 
MAC), an energy-efficient asynchronous duty-
cycling MAC protocol for sensor networks.PW-MAC 
is designed to minimize energy consumption by 
enabling senders to predict receiver wakeup times 
even given the challenges of unpredictable hardware 
and operating system delay and clock drift.  
We conducted experiments on a NS2 simulator to 
evaluate the performance of EEPW-MAC compared 
with PW-MAC-GEOGRAPHIC and normal-MAC.  
Through the simulation result the packet delivery 
ratio is less as compared with geographical routing. 
In future we can implement this EEPW-MAC 
protocol with new technique of geographical routing 
protocol. 
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