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An Integrated Model of Clustering and Routing
in Wireless Sensor Networks
Arun Thangavel and Yuvarani B
Abstract: Nowadays, the applications of wireless sensor
networks for industrial purpose have been rapidly increased.
However, the main limitation is power consumption. As
communication typically accounts for the major power
consumption, the activity of the transceiver should be
minimized, in order to prolong the network lifetime. To this end,
this paper proposes an integration technique with sleep protocol
for efficient power management along with an load balancing
concept. This provides sleep schedules of nodes to match the
network demands, even in time-varying operating conditions. In
addition, it does not require any a-priority knowledge of the
network topology or traffic pattern. Also the load balancing
reduces the prolonged usage of a particular node. Additionally,
the paper includes the efforts carried out on developing
optimization techniques in the area of routing protocols for
wireless sensor networks. Another approach to extend Wireless
Sensors Networks (WSN) lifetime is to use mobile sinks to
increase message delivery latency.
Keywords: Data Acquisition, Energy, Load Balancing,
Lifetime, Mobile Sinks, Message Delivery Latency, Sensor
Nodes, Wireless Sensor Networks.

I. INTRODUCTION
A wireless ad-hoc network is a decentralized type of
network. The network is ad hoc because it is an backbone
less network, such as routers in wired networks or access
points in managed (infrastructure) wireless networks.
Instead, each node participates in routing by forwarding data
for other nodes, and so the determination of which nodes
forward data is made dynamically based on the network
connectivity. In addition to the classic routing, ad hoc
networks can use flooding for forwarding the data. An ad
hoc network typically refers to any set of networks where all
devices have equal status on a network and are free to
associate with any other ad hoc network devices in link range.
Very often, ad hoc network refers to a mode of operation of
IEEE 802.11 wireless networks. It also refers to a network
device's ability to maintain link status information for any
number of devices in a 1 link (aka "hop") range, and thus this
is most often a Layer 2 activity.
This is only a Layer 2 activity; ad hoc networks alone may
not support a routable IP network environment without
additional Layer 2 or Layer 3 capabilities. The earliest
wireless ad-hoc networks were the "packet radio" networks
(PRNETs) from the 1970s, sponsored by DARPA after the
ALOHA net project.
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The decentralized nature of wireless ad-hoc networks
makes them suitable for a variety of applications where
central nodes can't be relied on, and may improve the
scalability of wireless ad-hoc networks compared to wireless
managed networks, though theoretical and practical limits to
the overall capacity of such networks have been identified.
The presence of dynamic and adaptive routing protocols
enables ad-hoc networks to be formed quickly. Wireless ad
hoc networks can be further classified by their application:
 Mobile ad-hoc networks (MANET)
 Wireless mesh networks (WMN)
 Wireless Sensor networks (WSN)
Wireless Sensor Network
A wireless sensor network (WSN) consists of spatially
distributed autonomous sensors to monitor physical or
environmental conditions, such as temperature, sound,
pressure, etc. and to cooperatively pass their data through the
network to a main location. The more modern networks are
bi-directional, also enabling control of sensor activity. The
development of wireless sensor networks was motivated by
military applications such as battlefield surveillance; today
such networks are used in many industrial and consumer
applications, such as industrial process monitoring and
control, machine health monitoring, and so on.
The WSN is built of "nodes"– from a few to several
hundreds or even thousands, where each node is connected to
one (or sometimes several) sensors. Each such sensor network
node has typically several parts: a radio transceiver with an
internal antenna or connection to an external antenna, a
microcontroller, an electronic circuit for interfacing with the
sensors and an energy source, usually a battery. A sensor node
might vary in size from that of a shoebox down to the size of a
grain of dust.
The cost of sensor nodes is similarly variable, ranging from a
few to hundreds of dollars, depending on the complexity of
the individual sensor nodes. Size and cost constraints on
sensor nodes result in corresponding constraints on resources
such as energy, memory, computational speed and
communications bandwidth. The topology of the WSNs can
vary from a simple star network to an advanced multi-hop
wireless mesh network.

II.PROTOCOL DESCRIPTION
This section presents the description of ASLEEP protocol.
After a general overview, we will describe the core
components of the protocol, i.e., the sleep prediction
algorithm (used by each node to dynamically estimate the
length of its expected active period), and the sleep
coordination algorithm (used to enforce the new sleep
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schedule throughout the network).Finally, we will introduce
two mechanisms to improve the robustness of the protocol.
A.Protocol Overview
In the following we will refer to a data collection scenario
where data typically flow from source nodes to the sink, while
data from the sink to the sources are much less frequent. We
will assume that nodes are organized to form a logical routing
tree (or data gathering tree) rooted at the sink, and use an
underlying CSMA (Carrier Sense Multiple Access) MAC
protocol for communication. These assumptions are quite
realistic, as most MAC protocols commonly used in WSNs
are CSMA-based , and many popular routing protocols for
WSNs rely on a routing tree. In a real deployment the routing
tree is re-computed periodically to cope with possible
topology changes and better share the energy consumption
among nodes. However, as nodes are supposed to be static, we
can assume that the routing tree remains stable for a
reasonable amount of time. The communication between a
parent and its children occurs in communication periods
which repeat periodically. Each communication period
includes an active interval during which nodes communicate
by using the underlying MAC protocol, and a silence interval
during which nodes turn their radio off to save energy. As
shown in Figure 1, active intervals are staggered so that nodes
at the lower levels in the routing tree wake up earlier than their
ancestors. The active interval of each (intermediate) sensor
node consists of two adjacent talk intervals (TI), the first one
with its children and the other one with its parent2.
Throughout, we will refer to the talk interval shared by a
generic node j and all its children, during the m-th
communication period.

Figure 1. Parameters of the sleep scheduling protocol.

During each communication period every parent node
estimates the duration of the talk interval to share with its
children in the next communication period by means of the
algorithm B. Although parent nodes can independently set
their talk interval, a collective effort is needed for the schedule
of the whole network to remain consistent and energy
efficient. Hence, as a result of a change in the talk interval of a
single parent node, the network-wide schedule must be
rearranged. This is accomplished by appropriately shifting
active intervals of a number of nodes, so as to ensure that (i)
the active intervals of all nodes are properly staggered, and (ii)
the two talk intervals of each node are contiguous.
Two special messages, direct beacons and reverse
beacons, are used for propagating schedule parameters to
downstream and upstream nodes, respectively. Direct beacons
are broadcast by every parent node to all its children during
each communication period. Instead, reverse beacons are sent
in the opposite direction, i.e., from a child to its parent. As it
will be shown below, direct beacons are critical for the
correctness of the protocol. Hence, ASLEEP also includes
mechanisms for (i) increasing the probability of successful
delivery of direct beacons, and (ii) enforcing a correct (even
if non-optimal) behaviour of nodes in case they miss a direct
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beacon. In particular, to increase the probability of successful
delivery, direct beacons are transmitted at the end of each talk
interval, in a reserved time period (Beacon Period).
B.Talk Interval Prediction
In the ASLEEP protocol a sleep schedule is basically
defined by the communication period and the talk interval of
each individual parent node. The length of the communication
period is closely related to the specific application and, thus, it
is a global parameter specified by the sink when distributing
the query. A variation in the communication period
corresponds to a modification of the query, i.e. the new
interval for the periodic data acquisition.

Figure 2.Examples of talk interval adaptation.

Choosing an appropriate talk interval is somewhat more
involved. Ideally, each parent node should set the talk interval
with its children to the minimum time needed to successfully
receive all messages from all children. However, this time
depends on a number of factors such as the underlying MAC
protocol, channel conditions, degree of contention, and
number of messages to be received, and so on. In its turn, the
number of messages to be received by a sensor node depends
on the number of its children, the message generation rate at
source nodes, and the network topology. Therefore,
computing the ideal talk interval would require the global
knowledge of the network. Moreover this value should be
continuously updated as the operating conditions change over
time. Since such an approach is not practical, we propose here
an adaptive technique that approximates this ideal scheme by
letting every parent node to choose autonomously its own talk
interval with its children. The decision involves only local
information and, thus, it does not require knowing the
network topology.
In principle, any algorithm can be used to estimate the
expected talk interval in the next communication period. We
used the simple algorithm discussed below. Each parent node
measures and stores the following quantities.
• Message inter-reception time ( ∆ ). This is the difference
between the time instants at which two consecutive messages
are correctly received.
• Number of received messages ( npkt ). The total number of
messages correctly received in a single communication
period.
A similar approach is employed also when a node increases
the talk interval with its children. In this case, the node has to
force its ancestors to defer their talk intervals, in order to
accommodate
the
additional
time
required
for
communications. To this end, the node makes use of a reverse
beacon, which is sent to its parent and forwarded up to the tree
until the sink node is reached. Note that this step
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is required to ensure the correctness of the protocol, i.e. that t
he talk intervals of intermediate nodes do not overlap. As
above, the example depicted in Figure 2-b will help
understanding. Suppose that node k at the (n+2)-th level of the
tree decides to increase the talk interval with its children, i.e.,
nodes at the (n+3)-th level (including node l). First, node k
advertises the new talk interval to its children through the
direct beacon (step 1). Second, in the same communication
period, the node sends the reverse beacon (step 2) to its parent
j at the (n+1)-th level, to force a talk interval shift ahead in
time. Node j receives the reverse beacon, adjusts the
parameters for the next communication period and advertises
them, via the direct beacon (step 3), to its children. Because
all ancestors have to shift their talk interval, node j also
propagates the reverse beacon (step 4) up to its parent i at the
n-th level. Note that in this case the schedule propagation
impacts all nodes in the network. In fact, aside from the
ancestors of the node which increases its talk interval, also
other nodes can be involved in a transient phase which may
require the introduction of a pause period. For instance,
consider a node j’ at the (n+1)-th level of the tree (illustrated
in the second row of the scheme in the figure) which is not a
direct ancestor of the node originating the new schedule. Its
parent (i.e. node i) will shift ahead and advertise the new talk
interval information during the m-th communication period.
For reasons similar to the talk interval reduction, a pause
period is introduced in the subtree rooted at nodes i, i.e. the
nodes below the n-th level of the tree which are not direct
ancestors of node k (which originated the new schedule).
Assuming that (i) clocks of nodes are properly synchronized,
and (ii) direct and reverse beacons never get lost, it can be
shown that the following properties hold.
Property 1 (Schedule agreement). Child nodes wake up at
the instant, and for the duration, enforced by their parent,
even when talk intervals change.
Property 2 (Non overlapping schedules). For any two
nodes i and j such that j is a child of i, the talk intervals i
and j are not overlapped.
Property 3 (Adjacent schedules). In steady state conditions,
the talk intervals shared by any node with its children and its
parent, respectively, are contiguous.
C. Schedule robustness Beacon Protection
Beacon messages are critical for correctness of the
protocol. When a node misses a direct beacon containing the
new parameters, it cannot schedule its activity for the next
communication period. In addition, the node cannot send
direct beacons to its children until it re-acquires the correct
schedule information. As a consequence, the loss of
coordination propagates along the routing tree to its
descendants. Direct beacons may get lost, for example, due to
communication errors or collisions with other beacons or
regular messages transmitted by interfering nodes. As direct
beacons are sent through broadcast frames, they cannot be
re-transmitted by the underlying MAC protocol. Instead,
reverse beacons are unicast messages and, thus, they are
retransmitted by the MAC protocol if not received correctly.
To add robustness to the direct beacon transmission and
prevent collisions, the last part of the talk interval – referred to
as Beacon Period – is reserved for the direct beacon
transmission only. Child nodes must refrain from initiating
regular message transmissions during the Beacon Period. In
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addition, the transmission of the direct beacon is initiated with
a random back off delay. Finally, two back-to-back copies of
the direct beacon are transmitted.
D. Beacon Loss Compensation
The Beacon Protection mechanism increases the
probability that a direct beacon is successfully received by
child nodes, but it does not solve the problem of direct-beacon
losses. Therefore, we also devised the following mechanism
to compensate the negative effects that derive from missing a
direct beacon. Since talk intervals typically remain constant
for a number of communication periods, when a node misses a
direct beacon, it uses the current schedule parameters also in
the next communication period. However, if the node misses
the direct beacon even in the subsequent communication
period, it remains awake until it re-acquires a new direct
beacon.
Obviously, this heuristic produces a correct schedule if the
parent node has not changed the talk interval in the meantime,
which is true in almost all cases. Otherwise, it produces a
non-optimal behaviour of the node (and its descendants as
well) for a limited number of communication periods. The
actual effect of a wrong prediction is different, depending on
whether the talk interval has been increased or decreased. If a
parent has reduced its talk interval, the corresponding child
node wakes up earlier than the correct instant and we can now
have overlapping schedules.
This results in energy wasting and useless message
transmission that can potentially interfere with transmissions
from other nodes. However, the child node remains awake
until the end of the communication period and, very likely,
receives a fresh direct beacon. On the other hand, if the talk
interval has been increased, according to old schedule
parameters, the child node wakes up at the right time but
would go to sleep earlier than the correct instant.
However, since it missed the direct beacon in the previous
communication period, it does not go to sleep until it receives
a fresh direct beacon. Thus, it is very likely that it receives the
new direct beacon almost immediately. If this is not the case,
it will remain active until a new direct beacon is received.
III. LOAD BALANCING ALGORITHM
In a wsn, with a decentralized and heterogeneous structure,
some nodes may have different capabilities of processing and
batteries, imbalances of load can occur. Indeed, a more
powerful node in term of processing capacity can become
idle, because it has finished its work quickly while the others,
less powerful, are occupied most of the time, consuming more
energy. Powerful nodes capacity can be exploited by
overloaded nodes if a fraction of their load is shared with
them. If the difference between the heaviest loaded and the
lightest loaded nodes is minimized, the average work
execution time can be reduced, the energy of the nodes will be
better exploited and the nodes lifetime can be extended. It is
what contributes to the stability of the network topology that
plays a principal role in different problems like: routing,
scheduling, resource reservation etc. Load balancing is
certainly one of the solutions for increasing the efficiency of
applications and the network life time.
Load Balancing algorithms are designed essentially to
distribute equally the load on nodes and maximize their
utilization while minimizing the total task execution time.
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This issue has been of considerable interest in the network
research community when it comes to wired and wireless
networks. It aims to guarantee that no node is under loaded or
overloaded. It looks at setting up a uniform load on all nodes.
Then, it is expanded in order to take into account new
environments and new applications (large scale applications,
multimedia applications, etc.). Compared to the wired
networks, the mobile environments introduce new highly
variable parameters such as limited resources, wireless link
communication and mobility.
IV. IMPLEMENTATION AND EVALUATION

In this section, the implementation of the proposed schemes
is given first. Then, the evaluated results on the proposed
schemes are given.
A.Implementation
To evaluate the performance of ASLEEP, we implemented
it by using the ns2 simulation tool.
B.Simulation setup
In both protocols of our analysis we referred to a network
scenario consisting of 30-50 nodes randomly deployed over a
50x50 m2 area(as per existing authour’s preferrence), with the
sink placed at the center of the sensing area. Each node in the
network generates a fixed number of messages per
communication period, independent of its position on the
routing tree. This scenario corresponds to a random
deployment of sensor nodes over a given area for periodic
reporting of sensed data, which is a typical case in monitoring
applications. In such applications, data of interest (e.g.,
temperature, vibrations) are sensed and reported periodically
to the sink node – data messages are typically short e.g., 10-20
bytes [11]. The sensing/communication period depends on the
specific application.
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The following performance indices are measured:
• Talk interval. Plotting the talk interval duration over time
provides a graphical representation of the ability of the
protocol to adapt to changing operating conditions.
• Duty-cycle, denotes the fraction of time a sensor node is
active within a communication period .
• Transient time duration, defined as the number of
communication periods from when the variation occurs to
when the new talk interval stabilizes. We considered a talk
interval as stable when it remains constant for more than L
communication periods. This metric gives a measure of how
quickly the protocol adapts to the new operating conditions.
V .RESULTS
Since the analysis in dynamic conditions is aimed at
investigating how the protocol reacts to changes in the traffic
pattern and network topology, we did not consider the effects
of message errors/losses in this part. This allow us to better
understand the behavior of the protocol.

Figure 3 Energy of load node(ENERGY vs TIME)

TABLE 1. SIMULATION PARAMETERS

C.Analysis in dynamic conditions
To investigate the behaviour of ASLEEP in dynamic
conditions we considered two different kinds of variation in
the operating conditions.
• Traffic pattern variation. Sensor nodes start with a given
message generation rate. Then, after some time, they increase
significantly their message rate and, finally, they switch back
to the original rate. This scenario may occur when sensors are
requested to report an event with better fidelity (i.e., using a
higher sampling rate or including additional physical
quantities) for a limited time.
• Topology variation. These experiments start with an initial
configuration where only one half of the nodes deployed in
the sensing area report data. After some time, also the
remaining nodes start reporting data. This scenario may occur
when additional nodes are required to report data so as to
observe the sensed phenomenon with increased spatial
resolution.

Figure 4 PDR of Alterate node (PDR vs TIME)
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