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Abstract: In wireless sensor networks (WSN), the nodes are low powered devices and hence designing a low power WSN is
highly important for getting longer lifetime. Wireless Sensor Networks are increasingly being employed for monitoring and
sensing in harsh environments such as factories and offshore platforms. This technology has the potential to offer measurements
over larger and difficult to access areas, giving more up-to date and precise information to inform control and operational systems.
Wireless sensor networks are ideal for the development of the envisioned world of ubiquitous and pervasive computing. Energy
and computational efficiency constraints are the main key issues when dealing with this type of network. One of the challenges
facing the development and adoption of wireless sensor networks is achieving wireless communications which is energy efficient
yet robust and resilient. Being low cost and battery powered, wireless sensors have limited resources, which must be used
optimally. Large Beam efficient smart antennas can give significant improvement in communications performance, and recent
developments in parasitic array techniques have led to low power, low cost smart antennas. In this research, an interferencenormalized least mean square (INLMS) algorithm for wireless sensor network is proposed. The INLMS algorithm extends the
gradient-adaptive learning rate approach to the case where the signals are non-stationary, we also compare the performance of
proposed smart antenna scheme with existing LMS and NLMS algorithms.
Keywords: Wireless sensor network, Smart Antenna, Interference Normalization Least Mean Square [INLMS]Algorithm ,
Normalized least mean square (NLMS) algorithm,Least mean square(LMS).

I.INTRODUCTION
Wireless sensor networks (WSNs) are a class of distributed
computing and communication systems that are an integral
part of the physical space they inhabit [1]. This type of
network is characterized by nodes with a low profile, having
limited computational power and sparse energy resources,
which have the ability to collaborate with each other, and to
sense, reason, and react to the world that surrounds them.
Recent advances in this field have enabled the development
of wireless sensor networks, the functionality of which rely
on the collaborative effort of a large number of tiny, lowcost, low-power, multi-functional sensor nodes that are able
to communicate un-tethered over short distances [2,3].
More- over, engineering or predetermining the positions of
the nodes is not necessary. This allows random deployment
in hostile environments or disaster-relief operations, a
unique feature that accounts for rendering these network
types an integral part of modern life. Smart environments
represent the next evolutionary development step in the
automation of building, utility, industrial, home, shipboard,
and transportation systems [4]. This bridge to the physical
world has enabled a growing bouquet of added-value
services, ranging from health to military and security, such
as target tracking, environmental control, habitat
monitoring, source detection and localization, vehicular and
traffic monitoring, health monitoring, building and industrial
monitoring, etc. [5,]. On the other hand, wireless sensor
networks display certain undesirable or hard-to-deal-with
features. These include power limitations, frequently
changed topology, broadcast communication, susceptibility
to failure, and low memory, while their architecture calls for
protocols and algorithms with self-organizing capabilities
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[2]. In most cases, a wireless sensor network will be
composed of a large number of densely deployed sensor
nodes. Neighboring nodes might be very close to one
another, resulting in high interference and power
consumption levels. Furthermore, one of the most important
constraints of sensor nodes stems from their limited –
generally, irreplaceable – power sources. Therefore, while
traditional networks aim at achieving high quality of service
(QoS) provisions, wireless-sensor network protocols must
focus primarily on power conservation. Tradeoff
mechanisms seem necessary to increase reliability at the
cost of lower throughput or higher latency. An essential
design issue is related to the investigation of system
parameters, such as network size and node density, with
regards to system metrics including spatial coverage,
throughput, latency, network lifetime, energy efficiency, and
reliability, and how these affect the tradeoffs previously
mentioned.

Fig 1: Hardware architecture of a sensor node
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Fig 2: Overview of WSN

Several studies have addressed the topic of resource
allocation in wireless communication systems to overcome
the time varying nature of wireless channels. An effective
approach that improves the quality of signal transmission
over wireless channels is channel coding which is typically
considered as a main component of any wireless digital
communications system. However, there is an increase in
the required bandwidth (or equivalently reduction in the data
rate) due to channel coding. Thus, it is always desired to
minimize the overhead incurred by the channel coding
scheme while meeting the applications’ requirements in
terms of the bit error rate (BER). A common problem with
channel coding schemes is their degraded performance at
low values of the received signal-to-noise ratio (SNR) and
the unnecessary overhead when designed for worst case
SNR values. To overcome this problem, adaptive channel
coding schemes have been proposed to take advantage of
knowledge of the channel status and/or the information
being transmitted. In some systems, like second generation
GSM mobile radio systems, channel coding is used
selectively for message bits that carry more information
while no coding is used for less important bits. A variation
of the channel coding approach is joint source/channel
coding. In almost all such combined design techniques for
digital images and videos, the goal is to minimize distortion
with a constraint on a resource such as available data rate,
bandwidth, transmission power, latency, etc. To be able to
design combined coding schemes for real time image and
video communication applications, it is necessary to have an
estimate of distortion at different source coding rates and
channel coding conditions that can be used for coding and
transmission in real time. High speed and high quality are
always demanded of communications systems. As one of the
approaches for achieving these requirements, the
development of error correcting codes that correct more
errors is attracting attention. Low-density parity-check codes
(LDPC codes) are known as powerful codes that are able to
perform close to the Shannon limit. Therefore several
standards have decided to adopt LDPC codes, and
implementation is taking place gradually. At the same time,
in the data storage field, the advent of high definition
displays and high-definition television broadcasting has
stimulated technological developments such as Blue-ray
Disc discs and holographic memories that can record large
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volumes of data. High-density recording techniques are
essential to achieving a large storage capacity. The data
(strength of magnetic field or reflected light) which is read
from the recording media is weaker, and so likely to be
more susceptible to errors. Consequently, in order to achieve
high-density recording that maintains the same data quality,
still stronger error correcting codes are needed. This
situation is similar to that in a communication system, in
which increases in speed must maintain the same
communication quality. LDPC codes are an area of active
research in advanced communication systems, advanced
data storage systems, and similar systems. The prime
examples of codes on graphs are low-density parity check
(LDPC) codes. Extensive simulation results showed that, in
many channels (such as additive white-noise Gaussian
(AWGN) channel, binary symmetric channel, and Erasure
channel), LDPC codes perform nearly as well as earlier
developed turbo codes. The theory of codes on graphs has
not only improved the error performance, but has also
opened new research avenues for investigating alternative
suboptimal decoding schemes, such as belief propagation.
The belief propagation algorithms and graphical models
have been developed in the expert systems literature by
Pearl [9] and, in the case of LDPC codes, are at least an
order of magnitude simpler than the turbo decoding
algorithm.
II. INLMS Algorithm
An interference-normalized least mean square (INLMS)
algorithm for robust adaptive filtering is proposed. The
INLMS algorithm extends the gradient-adaptive learning
rate approach to the case where the signals are
nonstationary. In particular, we show that the INLMS
algorithm can work even for highly nonstationary
interference signals, where previous gradient-adaptive
learning rate algorithms fail. The choice of learning rate is
one of the most important aspects of least mean square
adaptive filtering algorithms as it controls the tradeoff
between convergence speed and divergence in presence of
interference. In this letter, we introduce a new interferencenormalized least mean square (INLMS) algorithm. In the
same way as the NLMS algorithm introduces normalization
against the filter input x(n) , our proposed INLMS algorithm
extends the normalization to the interference signal u(n).
The approach is based on the gradient-adaptive learning rate
class of algorithms [1]–[4], but improves upon these
algorithms by being robust to nonstationary signals. We
consider the adaptive filter illustrated in Fig. 1, where the
input signal x(n) is convolved by an unknown h(n) filter to
produce y(n). which has an additive interference signal u(n),
before being observed as d(n). The adaptive filter attempts
to estimate the impulse response h(n) to be as close as
possible to the real impulser esponse h(n) based only on the
observable signals x(n) and d(n) .The estimated convolved
signal y(n) is subtracted from d(n), giving an output signal
e(n) containing both the interference u(n) and a residual
signal r(n)=y(n)- y(n). In many scenarios, such as echo
cancellation, the interference u(n) is actually the signal of
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interest in the system. The standard normalized least mean
squares (NLMS) algorithm is given by Fig

algorithm. This is an acceptable increase considering the
gains in stability and echo attenuation achieve.

V. LMS Algorithm
The Least Mean Square (LMS) algorithm, is an adaptive
algorithm. LMS incorporates an iterative procedure that
makes successive corrections to the weight vector in the
direction of the negative of the gradient vector which
eventually leads to the minimum mean square error. Beam
forming is directly determined by the two factors. This
algorithm can be applied to beam forming with the software
Matlab. The result obtain can achieve faster convergence
and lower steady state error. The algorithms can be
simulated in MATLAB 7.10 version.

Fig 4 : Block diagram of Echo cancellation system
where
and
μ(n)
is
the
learning
rate. Here, we propose to extend this algorithm, by
adaptively updating μ(n). By adopting our approach, we
develop an algorithm which we call the INLMS algorithm
and which works even for highly non stationary interference
signals, where previous gradient-adaptive learning rate
algorithms fail.

III. NLMS Algorithm
The normalized least mean square (NLMS) algorithm
NLMS algorithm has been implemented in Matlab. As the
step size parameter is chosen based on the current input
values, the NLMS algorithm shows far greater stability with
unknown signals [6]. This combined with good convergence
speed and relative computational simplicity make the NLMS
algorithm ideal for the real time adaptive echo cancellation
system. As the NLMS is an extension of the standard LMS
algorithm, the NLMS algorithms practical implementation is
very similar to that of the LMS algorithm. Each iteration of
the NLMS algorithm requires these steps in the following
order [7].

Consider a L length LMS based adaptive filter in which
„W‟ is the weight vector updated in accordance with the
statistical nature of the input signal x(n) arriving from the
antenna array. An adaptive processor will minimize the error
e(n) between a desired signal d(n) and the array output
y(n).The knowledge of the received signal eliminates the
need for beam forming, but the reference can also be a
vector which is somewhat correlated with the received
signal. As shown in Fig.2. The output response of the
uniform linear array is given by y(n) = hˆ H (n)x(n)
(7)
We consider the adaptive filter where the input signal x(n) is
convolved by an unknown h(n) filter (to produce y(n))
which has an additive interference signal v(n) before being
observed as d(n).
The value of error signal estimation is
e(n) = d(n)-y(n)
(8)
The estimated convolved signal
r(n) y(n) yˆ (n)
(9)
we arrive at the recursion for the LMS adaptive algorithm
for updating the step as
h(n) = h(n - 1) + 2*μe(n)x(n)
(10)
where μ is constant step and the filter taps can be adaptively
updated by using above recursive relation.

1.The output of the adaptive filter is calculated

2.An error signal is calculated as the difference between the
desired signal and the filter output
E(n) = d(n) – y(n)
(4)
3.The step size value for the input vector is calculated
Figure 5: LMS adaptive Beam forming Network

(5)
4.The filter tap weights are updated in preparation for the
next iteration.
W(n+1) = W(n) + μ(n)e(n)x(n) (6)
Each iteration of the NLMS algorithm requires 3N+1
multiplications, this is only N more than the standard LMS
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NLMS converge faster than LMS because the step size is
optimize at each iteration. The computational complexity of
the more in NLMS than LMS. But INLMS is better than
NLMS & LMS algorithms.
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IV. SYSTEM MODEL

Fig 6: System model of efficient adaptive beam steering
Using INLMS based Smart antenna in WSN

V. SIMULATION RESULTS
Initially creating a 10000 square meter field area for
modelling of network, this value can be change as per
requirements. (x=100 m and y=100 m) Placing Network
devices on the graph, these are number of sensors and base
station which gather data from sensors. Sensor are selected
manually from user end and base station is placed at the
center of field initially.All the sensor devices are placed
randomly in the field without any placing criteria. After that
the antenna and network initial values which we take, this
can be change from user end as per requirement.
SIMULATION PARAMETERS

 End-to-end delay
End-to-end delay refers to the time taken for a packet to be
transmitted across a network from source to destination.
 Throughput
Throughput or network throughput is the average rate of
successful message delivery over a communication channel.
This data may be delivered over a physical or logical link, or
pass through a certain network node. The throughput is
usually measured in bits per second (bit/s or bps), and
sometimes in data packets per second or data packets per
time slot.
 Efficiency
The ratio of the number of messages successfully delivered
from source to destination, to the total network load
generated throughout the simulation.
 Percentage of active nodes, a (%):
The average number of nodes allowed to transmit with in
the same time slot without being blocked due to interference
caused by ongoing network traffic. A small percentage of
active nodes corresponds to more collisions, which reduces
network

Fig 7: Beam pattern using INLMS (Amplitude response antenna
pattern)

Figure shows that the Comparison of Beam pattern (beam
width with respect to angle)for LMS,NLMS and Proposed
INLMS algorithm. In that fig INLMS algorithm beam pattern
is best in comparision of NLMS & LMS algorithms.

Fig 8: End to end delay with respect to transmission period.
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Figure shows End to End delay in packet delivery in
network with respect to transmission period in all the three
cases, here packets delivery is depends upon the beam
pattern of antenna.

Fig 9: Active nodes with respect to transmission period
Figure shows that Active Nodes in network with respect to

transmission period in All the three cases here packets
delivery is depends upon the beam pattern of antenna.

Figure 10:Throughput with respect to transmission period
Figure shows that Throughput in network with respect to
transmission period in all the three cases, here packets
delivery is depends upon the beam pattern of antenna.

VI. CONCLUSION & FUTURE WORK
A wireless sensor network (WSN) consists of small
autonomous low-cost low-power devices that carry out
monitoring tasks. Initially developed for military use, WSNs
can now a days be found in many civil applications, such
asenvironmental monitoring, biomedical research, seismic
monitoring, and precision agriculture. Several methods,
which are based on cooperative signal enhancement, were
developed to overcome the difficulty of long distance
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transmissions and energy inefficiency in WSNs where
sensor nodes are deployed over a wide area. These methods
include Smart Antennas, Cooperative MIMO, and a
relatively new technique Distributed Beamforming. The
multi disciplinary field of smart antennas has become
significantly important over the past two decades. In this
paper constrained interference normalized least mean square
(INLMS) algorithm for narrowband adaptive beamforming
has been derived. This algorithm is capable of efficiently
adapting according to the environment and able to maintain
the chosen frequency response in the look direction always
while minimizing the output power of the array. The
capability of the smart antenna systems to track the user
with the main lobe and interference with the nulls creates a
significant impact on the current and future wireless sensor
networks.In this work we have presented a routing scheme
for sensor networks that utilizes smart antenna systems,
where sensed data is sent to a receiving center using only
local information and total absence of coordination between
sensors, the data transmission in sensors are totally depends
upon the beamwidth of smart antenna used. Due to the
novelty of our proposal we pointed out the feasibility and
necessity of using smart antennas in sensor networks, as
well as the advantages that are presented to communication
links due to their use. Our protocol is suited for those cases
where unexpected changes to the environment (i.e. a fire, a
person entering a restricted area, etc.) must be propagated
quickly back to the base station without the use of
complicated protocols that may deplete the network from its
resources. Our protocol is very easy to implement as nodes
do not have to decide whether or not to forward the
message. The protocol ensures packet delivery and low
energy consumption solely with the use of INLMS beam
forming based smart antenna systems on sensor nodes.
Network performance is measured in network throughput,
lifetime, end to end delay and beam width of antenna used,
it is clear from results that our INLMS based transmission
scheme outperform the traditional LMS and NLMS based
beamforming. We plan to continue this line of research by
also considering “random” paths (not necessarily optimal)
so that data is propagated to the destination. “Randomness”
could be applied in the choice of the node beam direction,
the transmission power, or the node antenna‟s beam-width
(i.e. with the use of variable gain switched beam antennas).
Finally, mobility of sensors should be considered, so that
networks using robotic sensors could be accounted for in the
future. Of course, for this to be of any value, the protocol
must again use only local information and no coordination
between sensors.
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