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Abstract - This study presents three important narrow band Beamformers for smart antennas; conventional phases shift, adaptive
Minimum Variance Distortion less Response Beamformer (MVDR) and adaptive Linear Constraint Minimum Variance
Beamformer (LCMV). The conventional phases shift beamformer in presence of strong interference signals we cannot exactly
extract the signal content. Based on the received signal weight vector these beamformers form beam pattern. In self-nulling
condition LCMV beamformer is efficient than the MVDR beamformer even though the interference signal direction is close to the
desired signal direction. The nine elements uniform linear array (ULA) with λ/2 element spacing smart antenna is used in our
simulation program.
Index Terms— LCMV, MVDR, Narrowband Beamformer, Smart antenna, ULA.

1. INTRODUCTION
The capacity of modern wireless communication network
is increasing day by day. To handle this situation the
service providers have to hence signal quality and
increase the coverage area [1]. Smart antenna can adjust
the array pattern towards the desired signal direction by
using smart signal processing algorithms [2], [3], [4]. To
enhance the reception of smart antenna system different
narrowband beamforming algorithms are analyzed [5], [6]
and these algorithms are also used for noise reduction [7].

Fig. 1 shows general block diagram of conventional
narrow band Beamformer for the input simples x m(t),
m=1…..M the array output y(t) is given by:
( )

( )

In the above equation * indicates the complex conjugate.
The beamformer structure is associated with sinusoidal or
narrow band signals. Let the signal received by the first
sensor is x1(t) with zero phase. Then the signal received
by the mth sensor is given by:

II. NARROWBAND BEAMFORMING
A beamformer is a spatial filter that allows the signal of
interest in the desired direction and rejects the
interference signals from other. To arrive the signals to all
the antenna elements at the time a conventional
beamformer delays the received signal at each antenna
element. To archive this in narrowband Beamformers, the
signal received at each antenna is multiplied by a phase
factor. For Narrowband beamformers the Signal
bandwidth is narrow.
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Here τm is the propagation delay and m=1,2,3,…M. Then
the narrow band beamformer output given by
( )
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The response of narrow band beamformer at τ0=0 is given
by:
(

)
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Where the weight vector is defined as:
,

-

The array response vector d(ω,θ) can be expressed as:
Fig.1 General conventional narrowband Beamformer
system

(ω θ)
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III. PHASE SHIFT BEAMFORMER
The Phase shift beamformer can be applied to narrow
band signals. The phase shift beamformer response is
obtained from Discrete Fourier Transform (DFT)
beamformer by replacing the phase shift with a constant
phase shift given by:

Here the narrow band signal centre frequency is f0. By
applying a N-point Discrete Fourier Transform to each
sensor output xm(n), results in frequency transformed
data, Xm(k) where fk = kfs/N, such that
( )

∑

( )

Where Xm(k) is an estimate of Xm(f).
The phase shift Beamformer output response in frequency
domain is given by:
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IV. MINIMUM VARIANCE DISTORTIONLESS
RESPONSE (MVDR) BEAMFORMER
Phase Shift Beamformer cannot extract the signal content
exactly in strong interference environment. To overcome
this interference problem, a popular adaptive beamformer
MVDR beamformer is used. The MVDR Beamformer
suppresses the interference signal with low noise and high
signal to noise ratio (SNR). The output of the array is
given by:

*
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In the above equation d represents array element spacing
and the desired angle θ i is, and m is the number of
elements.
For weight vector calculation the MVDR beamformer
does not require the knowledge of the interference signals
directions. It only requires desired signal direction. Then
the optimization weight vector is given by:

( )

∑

The Inverse Fourier transform of the above equation give
the output of phase shift beamformer in time domain
given by:
(

*
+
( )
Where a(θ) is the steering vector given by:

( )
( )
( )
V. LINEAR CONSTRAINT MINIMUM VARIANCE
(LCMV) BEAMFORMER
Signal self-nulling problem in MVDR beamformer is
avoided in LCMV Beamformer by considering the
following constraints:
 Preserve the incoming target signal direction and
 The beam former output does not deviate from +/- 2°
of the accepted direction.
The weights of LCMV Beamformer are estimated as:
( )
( )
( )
When the gain constant g = 1 the above equation becomes
optimum weights MVDR Beamformer.

The expression for the output power is given by:
* | | +

*

+

*

+

Here the received signal covariance matrix is R and
H denotes hermitian transpose. The array output
power PMVDR is minimized by selecting the optimum
weights and by maintaining the unity gain in the desired
signal direction. The adaptive MVDR Beamformer
algorithm is given by:

VI. SIMULATION RESULTS
For simulating the received signal we considered a
rectangular pulse train as the incoming signal for the
uniform linear array (ULA) with 9 isotropic antenna
elements which are separated with λ/2 spacing. Assume
that the incoming pulse train as shown in figure 2 is
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arriving at the array from 300 azimuth angle and 00 in
elevation angle. Also assume that the SNR of 3dB at each
antenna element. In the presence of thermal noise the
magnitude plot of the signals for each antenna element is
shown in figure 3.

00,200,600 and 800 as shown in figure 6. Here we cannot
extract the signal content form the target signal.

Figure 4 Phase shift beamformer beam pattern

Figure 2 Transmitted signal of interest

Figure 5 Phase shift beamformer response without
interference

Figure 3 Signals present at each antenna element of 9
element ULA
(a) Phase Shift Beamformer:
Figure 4 shows the beam pattern of Phase shift
Beamformer without interfering signals. Here the main
beam of phase shift beamformer is pointing towards the
desired 400 directions. And the Phase Shift beamformer
signal is stronger than the noise as shown in figure 5.
Next consider the four interference signals along

Figure 6 Phase shift beamformer response with
interference
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beamformer treats the desire signal along 380 as an
interference signal and suppress it.

b) MVDR Beamformer:
The output response and beam pattern of MVDR
beamformer is shown in figures 7 and 8 respectively. We
can observe deep nulls along the interference directions
00, 200, 600 and 800. MVDR beamformer preserves the
target signal along the desired 400 direction (0 dB gain)
and suppresses the interference signals. Whereas the
Phase Shift beamformer does not place nulls along
interference directions..

Figure 8 MVDR Beamformer output with signal
direction mismatch

Figure 6 MVDR beamformer response with presence of
interference

Figure 9 MVDR Beamformer beam pattern with signal
direction mismatch
c. LCMV Beamformer

Figure 7 Beam pattern of Phase shift and MVDR
beamformers with interference

Self Nulling issue in MVDR can be solved in LCMV
Beamformer. As shown in figure 10 the target signal is
detected again even though the signal direction is
mismatched

MVDR beamformer only receives signal in the desired
direction 400 but suppresses it when it is arrived with
slightly different direction 380. This effect is known as
"signal self nulling". As shown in figure 9 the MVDR
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band conventional beamformers. The simulations are
carried on using MATLAB (R2015a) software.
Future Work: The proposed narrow band beam forming
algorithms for smart antennas can be compared with wide
band beam forming algorithms and can be extended to
uniform rectangular arrays and circular arrays.
Acknowledgement: We thank for all those who helped us
in getting the required MATLAB results in research
laboratory of ECE department of KL University.
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