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Abstract- The main advantage of wireless sensors
networks (WSNs) is their ability to operate unattended
in harsh environments in which contemporary human-
in-the-loop monitoring schemes are risky, inefficient
and sometimes infeasible. In some application scenarios,
replenishment of energy resources might be impossible,
and therefore sensor node lifetime shows a very strong
dependency on battery lifetime. So an important issue in
sensor networks is power scarcity, which depends on
battery size and weight limitations of WSN node.

The design of energy-aware algorithms is an important
factor for extending the lifetime of wireless sensor
network. Different mechanisms can be used to optimize
the energy of sensors and they have a great impact on
prolonging the network lifetime. Various algorithms
have been proposed for energy minimization by
scheduling sensor nodes activity. Some of them also
satisfy the Q-coverage and P-connectivity requirements,
which are necessary for reliable wireless sensor
network. In this paper comparison of various sensor
nodes scheduling algorithms are done and results are
analyzed. Comparisons are done based on different
properties. Pros and cons of each algorithm is also
analyzed. Further improvements can also be done to
improve these cons.

Keywords:-Wireless sensor network, Connected target
Coverage, Network Lifetime, Network architecture,
Cover set, Coverage, Connectivity, P-Coverage, Q-
Connectivity.

1. INTRODUCTION

Advances in Micro-Electro-Mechanical Systems (MEMS),
digital electronics and wireless communications have
developed Wireless Sensor Networks (WSNs) [1, 2]. WSN
are application specific and all design and requirement
considerations are different for each application especially
when it is used for military application. Each node is consist
of devices which are used to sense, collect and process the

data before transmitting to the adjacent nodes. Finally the
data is send to the base station, from which it is send to the
user through the satellites or internet.

Wireless sensor networks are now used in wide range of
applications related to national security, surveillance, home
and office application[3]habitat monitoring[4,5],health
application[6,7],environment forecasting and military etc.

Sensors are dropped by a helicopter and they collectively
form a network in an ad-hoc manner [8, 9]. Sensor node
lifetime is strongly dependent on battery lifetime [10].
Sensors are energy constrained and their batteries cannot
be recharged.

2. ARCHITECTURE OF A WIRELESS SENSOR
NODE

A sensor is the main component of a Wireless Sensor Node.
In addition to a sensor, each node in a wireless sensor
network is typically equipped with some main components.
Few of them are microcontroller, transceiver, sensors,
actuators, memory and power unit.

The sensor node senses the environment, collects the
relevant data, process the information collected, store it in a
buffer and forward this information to other nodes or base
station in a wireless manner. An energy source (Power
unit) supplies energy to the memory, sensing unit and
transceiver. The processing unit is used to process
incoming data and assemble them into packets to be
transmitted using the wireless transceiver.

MEMORY
CONTROLLER SENSOR(S) /
COMMUNI ACTUATOR(S)
CATION
DEVICE
POWER SUPPLY

Fig. 1 The components of a sensor node
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3. COVERAGE, CONNECTIVITY AND LIFETIME IN
WIRELESS SENSOR NETWORKS

Coverage is a fundamental issue in a WSN, which determines
how well a phenomenon of interest (area or target) is
monitored or tracked by sensors [11, 12]. Means up to how
much distance a node may sense the information. Each
sensor node is able to sense the phenomenon in a finite
sensing area. The sensing area of a sensor is normally
assumed to be a disk with the sensor located at the center.
The radius of the disk is called the sensing radius (Rs) of the
sensor, up to which a sensor may cover the area.

There are broadly three types of coverage classified based
on what is to be covered, namely area coverage, discrete
points coverage and barrier coverage [11].In area coverage,
the monitored space is divided into small areas called fields
[13] and each field is identified by a set of sensors covering
(monitor) the field. The area coverage problem is closely
related to the point coverage problem [14], as the fields are
equivalent to the points. The requirement can be extended to
K-coverage where each point in the area should be covered
by at least K different active sensors. The K-coverage
requirement improves the accuracy and reliability of the
observations [15], and is necessary for many applications
such as localization and target classification.

However, in barrier coverage [16,17], the sensing capability
of a sensor is presented as the probability that a sensor
detects the phenomenon, and is assumed to be related to
some other factors such as the distance between the sensor
and interested phenomenon. The barrier coverage concerns
with determining the probability that an wundetected
penetration passes through the barrier (area where sensors
deployed).

Connectivity means the sensor network should remains
connected so that the information sensed by sensor nodes
can be send back to the base station. Rc (Connectivity radius)
is the radius up to which a sensor may communicate its data
with other sensor nodes in WSN. Connectivity is as critical as
sensing coverage. Multi-hop communications are necessary
when a sensor is not connected to the sink node directly.
Two sensors are called neighbors if they are within each
other's communication range. Along with coverage,
connectivity is also important. Moderate loss in coverage
may be tolerated by applications but loss in connectivity can
be fatal as it can render an entire portion of the network
useless as their sensing data cannot reach to the base station.
Therefore, it is desirable to have higher degrees of
connectivity in wireless sensor networks. But, the problem of

determining the optimal deployment pattern that achieves
both Q-coverage and P-connectivity for general values of P,Q
and Rc (connectivity radius) and Rs (sensing radius) is an
open problem.

The time till the sensor network remain active and provide
the information of the coverage area is called lifetime of
WSN. In the absence of proper planning, the network may
quickly cease to work due to the network departure or the
absence of observation sensors deployed close to the
interested phenomenon. Experiments show that wireless
communication (data transmitting and receiving)
contributes a major part to energy consumption rather than
sensing and data processing [20]. Therefore, reducing the
energy consumption of wireless radios is the key to energy
conservation and prolonging network lifetime.

4 . Q-COVERAGE AND P-CONNECTIVITY PROBLEM
IN WSN

Coverage and Connectivity are most fundamental
requirement of a wireless sensor network. Each and every
target in the WSN should be sensed by more than one sensor
node so that WSN may remain connected even if one sensor
fails. Higher order of connectivity is also required for
appropriate communications up to the base station. So for
reliable WSN, there should be Q-Coverage and P-
connectivity.

Q-coverage: Every point in the plane is covered by at least g-
different sensors [21].

P-connectivity: There are at least p disjoint paths between
any two sensors [21].

Fig. 2 Coverage and Connectivity diagram

As it can be seen from the figure that there are four sensor
nodes A, B, C, D. Rc is the communication radius of node A
and Rs is the sensing radius of node A. So node A can sense
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the data within this radius only .Node B and node C are
under the communication radius (range) of node A. Mean’s
node B and node C can communicate with node A easily and
exchange the information with each other. Node D is not
under the communication radius (Range) of node A. So node
D cannot communicate with node A.

V. ENERGY EFFICIENT SCHEDULING

To increase the lifetime, the WSN, sensor nodes can be
divided into a number of different subsets, called cover sets
and each cover set should cover all the targets. In node-
disjoint sets, each sensor is allowed to participate only in one
cover set. But in non-disjoint sets, a sensor may participate
in multiple cover sets. There are many techniques of solving
the problem of active node selection in WSNs [22, 23]. Some
of them are given and compared below.

In [24], a centralized and node disjoint heuristic algorithm
(BGOP) is proposed. No concern regarding connectivity is
given in this proposed algorithm. Here a sensor may have
number of sensing capabilities, with minimum sensing range
r. If the distance between a sensor and target is less than
sensing range r, then all such sensors are neighbors of the
target.

The target with the smallest “neighbor-sensor” set is an
upper bound for the number of cover sets that would be
generated. Such targets are called critical targets. This
upper-bound is called, the theoretical maximum. In this
algorithm there are four classes of sensors that can be
considered for selection in cover set and are given below.
Class Best: The sensor covers all uncovered targets and none
of the already covered ones.

Class Good: The sensor covers a subset of the uncovered
targets and none of the already covered ones.

Class OK: The sensor covers all of the uncovered targets and
a subset of the already covered ones.

Class Poor: The sensor covers a subset of the uncovered
targets and a subset of already covered ones.

Best class members are always preferred candidates and are
included in the cover sets .If Best class candidate does not
exists; then one of the other classes candidate can be tried in
the order given as

Good — OK — Poor.

In [25], authors proposed the solution of network lifetime
maximization problem as the maximum set covers problem
(MSC). In this point coverage algorithm, all sensors have
their location determination capability wusing Global
positioning system (GPS). MSC is NP Complete problem. The
solution is proposed only for 1 coverage and no concern
regarding connectivity is given.

It is non disjoint algorithm. So a sensor can participate in

more than one cover set. It is centralized algorithm. So, the
Base station (BS) executes the scheduling algorithm and
broadcast the schedule to each sensor node. Only coverage is
considered here. No connectivity concern is there. Each
sensor node schedule itself for active/sleep according to this
schedule. All cover Sets are activated for the same time
interval (w). Thus sensors may participate in multiple sets
without any additional requirements of being disjoint set
and equal operating time intervals. In greedy approach, at
each stage a critical target is selected. Critical target means
the target that is covered most sparsely. After the selection
of critical target, a sensor with greatest contribution is
selected to cover the critical target. The various greatest
contribution functions can be applied to find out the sensor
with the greatest contribution. For example, a sensor that
covers the larger number of uncovered targets or a sensor
having highest residual energy. A target is either covered by
the sensors already selected in the set cover, or it becomes a
critical target, at which point the sensor with the greatest
contribution, that covers the critical target, is selected. This
is done till all the targets are covered and thus finally a set
cover is completed. Each set cover is active for w unit of time.
Thus the network lifetime is w*i, where i is the number of set
covers and w is the time each cover is active.

There is always tradeoff between data reliability and
network lifetime. So for better reliability over lifetime, MSC
problem considering Q-coverage is also defined by authors
in [25].In [26], authors introduce the Connected Set Covers
(CSC) problem .Here the objective is coverage as well as
connectivity. CSC problem is NP-complete and it is proved.
Sensor nodes are organized into a different cover sets and all
the targets are monitored continuously. The energy
constraints and BS-connectivity of each sensor set must be
satisfied. This method lowers the density of active nodes and
reduces interference at the MAC layer.

MSC problem is a particular case of CSC problem when Rc is
equal to the network diameter. Means any sensor can
directly communicate with the base station and all sensors of
a cover set are BS connected.

The network lifetime increases with the number of sensors
and the communication range. For a specific number of
sensors and sensing range, the network lifetime decreases as
the number of targets to be monitored increases.

In [27], authors organize the deployed sensors into cover
sets covering all targets in the region and each sensor in the
cover set is connected to the Base Station (BS) also. The
currently active cover set is responsible for monitoring all
targets. TPICSC [27], consider both coverage and
connectivity together. Finding maximum number of sensor
covers is has been proved to be NP-complete and it is an
exponential time complexity. By Simulation it is shown that
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the proposed algorithm get the acceptable solutions with
polynomial computation time and improve the performance
of the Greedy-CSC heuristic algorithm. First it makes the
cover set and then connectivity is made by adding extra
nodes. If some nodes are redundant then they are removed
in next step called redundancy phase. Finally the energy
values of selected sensors in cover set are updated in next
phase.

In [28], the authors added QoS requirement to the target
coverage problem by adding the constraints of Q-Coverage.
An integer vector Q is given. In Q vector, any qi is the
minimum number of sensors that simultaneously covers the
targets i. The objective of target Q-coverage problem is to
maximize sensor network lifetime satisfying Q-coverage
requirement. Again the problem is NP-complete. The
proposed heuristic called HESL gives solution very close to
the optimal solution. This heuristic has two essential
features. It uses a greedy heuristic to generate Q-covers by
prioritizing sensors in terms of the residual battery life and
the algorithm assigns a small constant of lifetime to Q-covers
so generated. The small values of lifetime constant means
more close is the solution of optimal solution.

Till now, generally all heuristics presume that the state of a
sensor covering targets is binary: success (covers the
targets) or failure (cannot cover the targets).But actually, a
sensor covers targets with a certain probability. To improve

WSNs’ reliability, this probability factor should be
considered. To solve this problem, authors in [29] introduce
a failure probability concept for the target coverage problem
and it improves the system reliability. The solution is
modeled as a-Reliable Maximum Sensor Covers (a-RMSC)
problem and a greedy algorithm is designed that efficiently
computes the maximal number of a-Reliable sensor covers.
For extending the lifetime of WSN efficiently with a user’s
pre-defined failure probability requirements, only the
sensors from the current active sensor cover are responsible
for monitoring all targets, while all other sensors are in a
low-energy sleep mode. By Simulation the performance of
this algorithm is validated and shown that the user can
precisely control the system reliability without sacrificing
large amount energy consumption. A table of comparison of
all algorithms given above is presented.
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Table 1.Comparison of sensor node scheduling algorithms
Reliable
BGOP MSC CSC TPICSC HESL Target
Coverage
Order of
1-Coverage | 1-Coverage 1-Coverage 1-Coverage Q-Coverage Q-Coverage
Coverage
Order of Not Not 1- Not
1-Connectivity Not Considered
Connectivity Considered | Considered Conneyctivity | Considered
Centralized Vs.
Distributed Centralized | Centralized | Centralized/Distributed | Centralized Centralized Distributed
algorithm
Lifetime of all
generated Set
covers Same Same Same Same Different Different
Granularity
constant (w)
Reliability Not Not Not Not
Not Considered Considered
consideration | Considered | Considered Considered Considered
Target’s
Not
Criticality Considered | Considered Considered Considered Not Considered
Considered
Consideration
Upper bound
calculation of
WSN Lifetime Done Not Done Not Done Not Done Done Not Done
Point
Point Point Point Point
Coverage/Area Point Coverage Point Coverage
Coverage Coverage Coverage Coverage
Coverage
Non Node
q Non disjoint q | . Non disjoint | Non disjoint Non disjoint
P isjoint Non disjoint algorithm
disjoint/Node ) algorithm algorithm algorithm algorithm
disjoint algorithm
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algorithm
Cannot be | Cannotbe Cannot be used for Q- Cannot be Cannotbe | No guarantee of
used for Q- | used for Q- Coverage and P- used for Q- used for Q- Connectivity
Coverage. Coverage. Connectivity. So Coverage and Coverage. with BS. But
No No reliability decreases P- No probability
guarantee of | guarantee of Connectivity. | guarantee of factor of
Connectivity | Connectivity So reliability | Connectivity Coverage is
with BS. So | with BS. So decreases with BS. So given. Thus

Pros/Cons reliability reliability reliability reliability of
decreases. decreases. decreases. network
Life time of somehow
network is increases.

less as node
disjoint
algorithm is

used
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6. CONCLUSION

In this paper, comparisons of various node scheduling
algorithms are done. Comparison of well known standard
algorithms like BGOP, MSC,CSC TPICSC,HESL a-RMSC have
been done and results are analyzed. Comparisons are done
based on the properties of algorithms like order of
coverage, order of connectivity, Reliability, type of
algorithms (node disjoint/non disjoint algorithms) etc.
Pros and cons of each and every algorithm is also given.
Future work can be done by improving the order of
coverage and connectivity and by improving the reliability
of the network. There can be many variations of the
problem with additional constraints of coverage,
connectivity or directional sensing [30, 31, 32] etc.
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