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Abstract

Wireless sensor node is a micro-electric de-
vice that can be equipped with constrained pow-
er source and it is generally unrealistic to charge
or replace the exhausted battery, which gives
way to the primary objective of maximizing
node/network lifetime. Therefore energy efficien-
cy is one of the most important issues in wireless
sensor networks and an important attribute sen-
sor network MAC protocols. Sensor-MAC
(SMAC), the widely used protocol may require
some nodes to adapt multiple sleep/listen sched-
ules which results in the early death of border
nodes and this problem has a significant adverse
on the lifetime and connectivity of WSNs. Alt-
hough this problem can be solved by modifying
SMAC with border node handover procedure,
some nodes may encounter collision which is one
of the major causes of energy waste. This paper
presents the modified SMAC adjusting single
homogeneous scheme based on border node
handover procedure in order to reduce or elimi-
nate collision amongst the border node area. The
impact of the novel approach on the network
performance is compared with SMAC and the
modified SMAC with border node handover pro-
cedure through simulation.

1. Introduction

A large variety of applications such as mili-
tary, security and disaster management has

boosted up the interest in sensor networks during
the past few years. Research on wireless sensor
networks (WSNs) has grown speedily and novel
techniques have been developed for the physical,
data link (or MAC), and network layers. This
popularity is the result of technological ad-
vancements in micro-electromechanical systems
(MEMS) for sensing, microelectronics for com-
putation and communication, and wireless net-
working techniques for efficient transmission [1].
A WSN consists of a large number of wireless
sensor nodes scattered among an area of interest
and are networked together to collaboratively
gather data from the environment (or object in
the case of monitoring a target). Nodes can be
uniformly or non-uniformly distributed depend-
ing on the application. The data is taken from the
elements sensed and these elements include tem-
perature, light, sound, motion, etc.

Collaborative communication between adja-
cent nodes is needed because received data from
one node is not accurate and must be compared
to others, which improves fault tolerance of the
system and allows data fusion [2]. Therefore,
gathering information or data between adjacent
nodes is the responsibility of MAC layer of
WSNs. Unlike other wireless networks, it is gen-
erally impractical to replace or recharge the ex-
hausted batteries for sensor nodes in WSNs,
which is the primary objective of maximizing
node or network lifetime, leaving the other per-
formance metrics as secondary objectives. As a
consequence of this, energy efficiency is a criti-
cal issue in wireless sensor networks because
batteries are the only energy source to power the
sensor nodes. In a sensor node, there are three
activities which are main sources of energy con-
sumption. Those activities are sensing, computa-



tion, and radio operations. Out of those three
sources, energy loss due to radio operation
which is the responsibility of MAC layer in
WSNs is the maximum one [3].

The Medium Access Control (MAC) protocol
directly controls the communication. As a result,
it has important effect on the nodes' energy con-
sumption. The major sources of energy waste in
WSN are collision, overhearing, idle listening,
and control packet overheads [4, 5].

To reduce this energy waste, Medium Access
Control (MAC) protocols for wireless sensor
networks have been proposed in recent years.
The primary objective of these protocols is to
manage energy efficiently. Most of these proto-
cols use either contention based method or
scheduled based manner or a hybrid of the two
for accessing the shared medium.

The remainder of this paper is organized as
follows. In Section 2, the former MAC protocols
for WSNs and problem statement of S-MAC are
briefly discussed. Section 3 describes the pro-
posed modification of S-MAC which satisfies the
early death problem of border nodes which has a
negative effect on energy efficiency of wireless
sensor networks. In Section 4, we add single
homogenous adaptation scheme based on border
node handover procedure in order to reduce col-
lision probability due to the previous section.
Section 5 discusses the NS-2 Simulation and
performance evaluation of the proposed system.
Finally section 6 describes the conclusion and
some remarks of the proposed system.

2. Related Work

Z-MAC [6] is a hybrid MAC protocol that
starts off as CSMA and switches to TDMA if
network load increases. Nodes execute a distrib-
uted schedule algorithm known as DRAND to
get a TDMA slot. When a node has to send data,
it listens to all slots to check whether its neigh-
bors need to send data. If the node is the slot
owner, it randomly back off for a certain time
and attempts to send its data if the medium is
idle. The owner of a slot has a higher priority
than non owners. The owner may use its slot;
otherwise it allows other nodes to use this slot.

The goal of Sensor-MAC (S-MAC) [4, 7] is

to minimize energy usage for prolonging net-
work lifetime of a stationary network. Locally
managed synchronizations and periodic sleep-
listen schedules based on these synchronizations
form the basic idea behind the Sensor-MAC pro-
tocol. This protocol S-MAC is robust medium
access control (MAC) for wireless sensor net-
works. Because of significant reduction in ener-
gy consumption and its robustness, S-MAC has
been applied in many wireless sensor networks
(WSNSs). Many TinyOS adopted this protocol for
a number of platforms as WSN nodes [8].

T-MAC [9] improves S-MAC to reduce en-
ergy consumption on idle listening. It introduces
an adaptive duty cycle: all messages are trans-
mitted in variable length bursts and the lengths of
bursts are dynamically determined. Similar to S-
MAC, there are active periods and sleep periods
in a time-frame.

In the following section 2.1, the problem
statement of S-MAC is discussed and in the next
following section 3, the proposed S-MACBH (S-
MAC Border node Handover) is discussed and
then the problem statement of this protocol is
discussed.

2.1. Problem Statement of S-MAC

At the beginning, Nodes exchange their
schedules by periodically broadcasting the sync
(synchronization) frames. Sync frames allow a
node to choose its schedule when it starts. If a
node does not hear a valid sync frame from its
neighboring node within a pre-determined syn-
chronization period, it arbitrarily chooses its own
schedule for itself and starts following its sched-
ule and then broadcasts its own schedule to other
neighboring nodes.

After one or more schedule exchanges have
been completed across all nodes, some nodes
become border nodes that follow two or more
(sleep/listen period) schedules between or among
virtual clusters. They are likely to listen all the
time following schedules and as a result of this,
the early death problem of border node will be
encountered.

For example, suppose that border node fol-
lows four schedules of virtual cluster 1, 2, 3, and
4 as shown in figure 1. As a consequence of this,



border nodes listen almost all the time as depict-
ed in figure 2.
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Figure 1. Border Node and Virtual Clusters
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four schedules

3. The Proposed S-MACBH (S-MAC
Border node Handover)

The previous section proves that WSNs using
S-MAC may have a higher proportion of listen
period of border nodes which lead to the early
death problem of border nodes that are bridges of
neighboring nodes in virtual clusters.

In this section, to overcome this problem, the
proposed modification of S-MAC protocol is
presented. This modification does not change
transmission and reception of data frames. This
modification starts only after border node has
appeared. At the beginning, it broadcasts all
neighboring nodes to inform that it is border
node and may claim to hand responsibility over
one of neighboring nodes according to their re-

sidual energy and topology state. The following
section describes the detailed procedure of the
responsibility of border node handover.

3.1. Procedure Overview

There are two main functions of procedure:

a) Initialization Phase

b) Border node handover Phase

In initialization phase, border node initially
broadcasts border node notification to all neigh-
boring nodes to collect them. In border node
handover phase, border node firstly sends border
node handover message to the intended node and
then the intended potential border node accepts
that it hands over border node and the previous
border node releases one of listen/sleep schedule.

3.2. Initialization Phase

After border node broadcast notification mes-
sages, all neighboring nodes send Ack
(acknowledge) that they are ready to accept bor-
der node handover. Border node performs regu-
lar routine as S-MAC until it faces two criteria;
the residual energy and multiple schedules (i.e.
equal to or larger than the number of 2 ones).

3.3. Border node Handover Phase

As soon as a border node knows that it use
certain power (every time 5% energy is used in
this paper), it attempts to release one of the
schedules. After that, it sends border node hand-
over request to one of the neighboring nodes
which has the same schedule it will release.

After the node received the handover request,
it accept the request and send Ack back to in-
form that it hands over responsibility of border
node and then former border node release the
same schedule. The algorithm for border node is
shown in figure 3. The algorithm for neighboring
node is also shown in figure 4.

However, during border node handover peri-
od, some works may be suspended or collision
probability may increase and this problem has an
adverse on the lifetime of sensor networks.



Although this protocol can eliminate the early
death problem of border nodes, it still encounters
the problem of collision probability. In order to
reduce the probability of collision, the following
section proposes the adapted Single Homoge-
nous scheme based on border node handover
procedure.

Algorithm: the responsibility of border node
BEGIN

1. IF maximum number of schedules > 1
2. Broadcast BorderNodeNotificationMsg
with ID-Schedules
Energy

Threshold Energy = Energy — oo * 5}

3. IF Energy == Threshold Energy

4. Send RequestBorderNodeHandoverMsg with
Released-1D-Schedule and Existing-1D-
Schedule

END

Figure 3. The responsibility of border node

Algorithm: the responsibility of neighbor-
ing node

BEGIN

1. Receive BorderNodeNotificationMsg

IF ID-Schedule contains ID-Schedules
Send AcceptBorderNodeNotificationMsg

with its ID-Schedule

4. IF Receive RequestBorderNodeHand-
overMsg

Add Existing-1D-Schedule

Send AcceptBorderNodeHandoveMsg

wn

o u

END

Figure 4. The responsibility of neighboring
node

4. The Adaptation of Single Homoge-
nous scheme based on S-MACBH

According to the contention-based protocol,
there are three types of nodes: ex-border node,

border node and common node. In accordance
with border node handover procedure, there are
two forms of negotiation between nodes in order
to handover border node’s responsibility. The
first type is the communication between border
node and ex-border node and the second one is
the negotiation between border node and virgin
node that has never been the border node. Alt-
hough second one is satisfactory following bor-
der node hand over procedure, the first one may
encounter a repetition of being border node and
unnecessary operations between nodes and this
can cause not only the collision probability but
also energy waste of single node.

To overcome the above challenge, the adapta-
tion of single homogenous scheme based on S-
MACBH is proposed. The purpose of this
scheme is to reduce the repetition of being border
node as well as to adjust single global schedule.

First of all, when ex-border node receives the
border node notification message, it compares
hop count with existing one and decides the ap-
propriate global or homogenous schedule. If the
received hop count is less than its own one, it
replies the neglect message containing schedule
ID with hop count. Then border node compares
hop count with existing one and decides the ap-
propriate global or homogenous schedule. The
algorithms of the responsibility of border node
and ex-border node are depicted in figure 5 and
figure 6, respectively.

Algorithm: the responsibility of border node
(Modified)
BEGIN

1. IF maximum number of schedules > 1

2. BorderNodeFlag = 1;

3. Broadcast BorderNodeNotificationMsg
with ID-Schedules and HopCount

4. IF Energy = = Threshold Energy

5. Send RequestBorderNodeHandoverMsg
with Released-1D-Schedule and Existing-
ID-Schedule

END

Figure 5. The responsibility of border node
(modified)



Algorithm: the responsibility of ex-border
node or virgin node

BEGIN

. Receive BorderNodeNotificationMsg

IF BorderNodeFlag =0

. GOTO 13

. ELSE IF BorderNodeFlag = 1

IF HopCount = = ReceivedHopCount
Random (schedule, ReceivedSchedule)

ELSE IF HopCount > ReceivedHopCount
Global Schedule = schedule
Send NeglectMsg with HopCout and
schedule

10. GOTO END.

11. ELSE IF HopCount < ReceivedHopCount

12. Global Schedule = ReceivedSchedule

CENOUTAWNE

13. IF ID-Schedule contains ID-Schedules
14. Send AcceptBorderNodeNotificationMsg
with its ID-Schedule

15. IF Receive RequestBorderNodeHand-

overMsg
16. Add Existing-1D-Schedule
17. Send AcceptBorderNodeHandoverMsg

END

Figure 6. The responsibility of ex-border node
or virgin node

To distinguish the modified version of the
protocol presented in this section from the origi-
nal S-MAC protocol and S-MACBH (S-MAC
Border node Handover) [10], we refer to modi-
fied version in the rest of the paper by the acro-
nym S-MACBH-SH.

5. Performance Evaluation

The performance evaluation of S-MAC, S-
MACBH and S-MACBH-SH is evaluated with
Network Simulator version 2 (NS-2) [11], which
is one of the most popular network simulators for
both wired and wireless networks. It also support
for queuing algorithms, routing protocols, multi-
cast protocols and IP protocols. First of all, S-
MACBH module for NS-2 was implemented.

This module for NS-2 is based on the built-in S-
MAC module in NS-2.

We have simulated wireless sensor networks
with regular topology and randomly generated
topology in a network area (simulation area) of
300 x 300 m. For manually deployed topologies,
the distance between each node is 50 meter re-
spect with x and y coordinates. In our simula-
tions, at the beginning, all nodes have the same
fixed amount of energy. We compare S-
MACBH-SH to existing SMAC and S-MACBH
in terms of the average lifespan of the nodes.

5.1. Simulation Parameters

There are S-MAC/S-MACBH/S-MACBH-
SH parameters, as shown in Table 1.

Table 1. Simulation parameters

Simulation Param- | Default Val-
eters ues

SMAC-DUTY-CYCLE 10

SMAC-MAX-NUM-

S-MAC/S- | NEIGBHORS 20

MACBH/S-

MACBH- SMAC-MAX-NUM-
SCHEDULES 10

SH
Channel bandwidth | 19.2 Kbps
Transmission range | 60M
Transmit power 60mw
Receive power 50mwW
Idle power 50mwW
Sleep power 0.001W
Transition power 0.1W
(sleep to idle)
Transition time 5ms
(sleep to idle)
Node initial energy | 54,000J

As show in Table 1, listen time of every node
is 10% period and maximum number of neigh-
boring nodes and maximum number of schedules
that each node can adapt are up to 20 and 10 re-
spectively. These values are defined in smac.h
(in ns2 module). The simulations are carried out
based on IEEE 802.11 and AODV protocol. For
network topologies, the following topologies are
used in this simulations; nodes deployed on a



straight line, nodes deployed on a matrix, and
randomly generated topology.

5.2. Simulation Results

This section reports the results of simulation
to examine whether the energy efficiency and
lifetime of the network of S-MACBH-SH is im-
proved.

5.2.1. Lifetime of Network

In the simplest network topology study, dif-
ferent wireless nodes (10 nodes and 15 nodes)
are manually deployed on straight line and a ma-
trix respectively. The manual deployed simula-
tion of different nodes on straight line and matrix
in ns-2 are shown in figure 7 and figure 8.
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Figure 7. The manual deployment of 10 nodes
on straight line
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Figure 8. The manual deployment of 15 nodes
on matrix

Table 2 shows the result of the simulations of
manual deployment of different nodes. Average
lifetime of nodes of S-MACBH-SH is compared
with the existing protocol, S-MAC, and S-
MACBH-SH.

Table 2. Performance in simplest network

topologies
No. of Average
MAC Pro- .
tocol lifetime of
oco
Nodes nodes(sec)
10 S-MAC 5418
10 S-MACBH 6925
10 S-MACBH-SH 6845
15 S-MAC 3671
15 S-MACBH 5541
15 S-MACBH-SH 5648
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Figure 9. The randomly deployed simulation
of 50 nodes

For the randomly deployed network topology,
50 nodes and 100 nodes are randomly deployed
as illustrated in figure 9 and figure 10 respective-
ly. Table 3 shows the result of the random de-
ployment of nodes.
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Figure 10. The randomly deployed simulation
of 100 nodes

Table 3. Performance in randomly deployed
network topology

No. of MAC Proto- Average
Nodes col lifetime of
nodes(sec)
50 S-MAC 2137
50 S-MACBH 3914
50 S-MACBH-SH 4653
100 S-MAC 1215
100 S-MACBH 1450
100 S-MACBH-SH 1650

Figure 10 shows the result of the average life-
time of different network topologies (10 nodes,
15 nodes and randomly deployed 50 nodes).
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Figure 10. Average lifetime

The simulation result above indicates that the
modification S-MACBH-SH can prolong net-
work lifetime compared with original protocol S-
MAC and S-MACBH. In 10 nodes simulation,
Average lifetime of S-MACBH-SH is lesser than
those of S-MACBH. However, in 15 nodes and
50 nodes simulations, S-MACBH-SH can make
longer network lifetime than the other two proto-
cols.

6. Conclusion

This paper proposes the modification version
of S-MAC based on border node handover pro-
cedure, which is more energy efficient than S-
MAC, the original protocol. Moreover, this pro-
tocol not only eliminates the early death problem
border node but also reduces collision due to
border node handover procedure adjusting single
homogenous scheme. This reduction supports
energy efficiency, which is the primary objective
of WSNE.
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