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Abstract—Digital beamforming is of paramount significance in
addressing wireless communication systems’ capacity enhancement.
Among well established digital beamforming mechanisms are Mini-
mum Variance Distortionless Response (MVDR) and Linearly Con-
strained Minimum Variance (LCMYV) techniques. It would be worth-
while to establish the relative performance of the afore-mentioned
techniques in beamforming in various situations. In this paper,
MVDR and LCMYV techniques performance comparison is addressed
from the perspective of narrowband beamforming (in reception
mode), with the variation parameter being signal/ interferer spatial
separation. The LCMV beamformer has been constrained to yield
nulls in interferer Direction of Arrivals (DoAs). Also studied is a
Particle Swarm Optimization (PSO) solved null-steering beamformer.
It is established that the PSO solved null-steering beamformer out-
performs the LCMV and MVDR techniques. MATLAB software has
been used as the simulation tool.
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I. INTRODUCTION

Beamforming in wireless communication systems is of
paramount significance towards achieving capacity en-
hancement. Beamforming is essentially a spatial filtering ac-
tion [1]. Among techniques utilized in digital beamforming are
Minimum Variance Distortionless Response (MVDR) and Lin-
early Constrained Minimum Variance (LCMV) methods. Use
of metaheuristics in beamforming procedures such as beam
steering, null steering, reference signal aided beamforming
among others is an active research area. Beamforming on the
basis of MVDR, LCMV and null steering techniques is a focus
of the work presented in this paper.

Essentially, a reception digital beamformer operates on the
basis of weighting signals received at elements of a suitably
designed array. Taking into consideration an M element
antenna array, a digital reception beamformer output can be
framed as per (1). Reference can be made to [1].

H
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In (1):
e y is the beamformer output.
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e w is the beamformer weights vector (of size M).
e I is an M sized vector containing signals observed at the
array elements.

II. MINIMUM VARIANCE DISTORTIONLESS
RESPONSE BEAMFORMER

The MVDR beamformer is designed with an aim of mini-
mizing undesired signal power (interference and noise) whilst
simultaneously maintaining maximal response in the Direction
of Arrival (DoA) of the desired signal. This can be expressed
mathematically as per (2).

o Ry

Minimize (2a)

H. G (2b)

Subject to w? as =1

In (2), Ry, is the undesired signal correlation matrix and
as is the array response vector corresponding to the desired
signal DoA.

Studies involving the MVDR beamforming technique can
be found in [2]-[5].

ITII. LINEARLY CONSTRAINED MINIMUM
VARIANCE BEAMFORMER

The LCMV beamformer is designed with an aim of min-
imizing the total output power of an array subject to some
constraints: generate maximal gain in the desired signal DoA
and generate minimal gain in the undesired signals DoAs.

Studies involving the LCMV beamforming technique can
be found in [6]-[9].

IV. NULL STEERING BEAMFORMER

The null steering beamformer is designed with an aim of
generating an array response with maximum gain the desired
signal DoA and nulls in the undesired (interferer) signal DoAs.

(3a) gives the array response magnitude (AF}) correspond-
ing to the desired signal DoA. (3b) gives the array response
magnitude (AF,,) corresponding to an interfering signal DoA.
The null steering condition to be optimized can be expressed
as per (4).

AF, = o' - a(,)
AF,

(3a)

m. (3b)

w
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J(w) = AF, — AF, = o - a(8,) — w

' &(on) (4)

J(w) in (4) can be optimized using a metaheuristic algo-
rithm, an action carried out in this paper.

Studies involving the null steering beamforming technique
can be found in [10], [11].

V. METHODOLOGY

The problem at hand is essentially a reception beamforming
problem. A receive linear antenna array with 10 isotropic
elements is utilized. The desired signal is framed as having a
DoA of 0 degrees azimuth, 0 degrees elevation. Two interferers
are implemented, whose DoAs are framed as per Table I.

TABLE I
INTERFERER DOAS.

| Interferer 1 DoA | Interferer 2 DoA

| Azimuth | Elevation | Azimuth | Elevation

| |
| |
| Trial 1 | 30 | 0| 30 | 0|
| Trial2 | 20 | 0| 20 | 0|
| Trial 3 | -10 | 0| 10 | 0|
| Trial 4 | 5 | 0 5 | 0|

The desired signal is framed as a sinusoid as per Fig. 1.

Amplitude (V)

01 015 02 025 0.3
Time (s)

Fig. 1. Desired signal.

The interferes are framed as random signals as per Figs. 2
and 3.

261

Proceedings of the Sustainable Research and Innovation Conference,
JKUAT Main Campus, Kenya
2 - 4 May, 2018

40

Amplitude (V)
o

,_10 i i i i i
0 0.05 0.1 015 02 025 0.3
Time (s)
Fig. 2. Interferer 1.
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Fig. 3. Interferer 2.

A noisy channel resulting in a Signal to Noise Ratio (SNR)
figure of 50dB is implemented. MVDR, LCMV, and Particle
Swarm Optimization (PSO) solved null-steering beamforming
schemes are utilized in solving the beamforming problem at
hand. The LCMV beamformer has been constrained to yield
nulls in interferer DoAs. A comparative study among the
beamforming schemes is carried out with angular interferer
separation as the study variable.

VI. RESULTS

The comparative study results are herein presented. The first
trial results are comprehensively presented (including graphi-
cal presentations of signals received at each array element).
For reasons of brevity, the other trial results are concisely
presented.

A. Trial 1: 60 degrees interferer separation

The signals observed at the array elements are as per Fig.
4 to Fig. 13.
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Fig. 4. Signal observed at array element 1.
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Fig. 5. Signal observed at array element 2.
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Fig. 6. Signal observed at array element 3.
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Signal observed at array element 5.
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Fig. 10. Signal observed at array element 7. Fig. 13. Signal observed at array element 10.
40

Upon beamforming using the MVDR beamformer, the sig-
nal observed at the beamformer output is as per Fig. 14.
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Fig. 11. Signal observed at array element 8.
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Fig. 14.  Signal observed at beamformer output upon using the MVDR
beamformer.
= :
- : : : : The MVDR beamformer resultant array response pattern is
E 2 HEAFREEA W as per Fig. 15.
5 : ' : ; :
= 1o NURENEL L i {11 11 20 Azm}-uth Cut (elevation angle:{0.0)
0

0 0.05 0.1 0.15 0.2 0.25 0.3
Time (s)

Fig. 12. Signal observed at array element 9.
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Fig. 15. Beamformer array response upon using the MVDR beamformer.

Upon beamforming using the LCMV beamformer, the sig-
nal observed at the beamformer output is as per Fig. 16.
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Fig. 16.  Signal observed at beamformer output upon using the LCMV
beamformer. Fig. 19. Beamformer array response upon using the PSO beamformer.

The LCMV beamformer resultant array response pattern is Fig. 20 presents a comparative array response plot.
as per Fig. 17.
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Fig. 20. Comparative array response plot.

Fig. 17. Beamformer array response upon using the LCMV beamformer.
From Fig. 20, it is easy to note the superior performance

Upon beamforming using the PSO beamformer, the signal —of the PSO solved null-steering beamformer over the MVDR
observed at the beamformer output is as per Fig. 18. and LCMV beamformers.

B. Trial 2: 40 degrees interferer separation

Upon beamforming using the MVDR beamformer, the sig-
nal observed at the beamformer output is as per Fig. 21.
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Fig. 18. Signal observed at beamformer output upon using the PSO
beamformer.
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per Fig. 19.
Fig. 21.  Signal observed at beamformer output upon using the MVDR
beamformer.

The MVDR beamformer resultant array response pattern is
as per Fig. 22.
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Fig. 25. Signal observed at beamformer output upon using the PSO
Fig. 22. Beamformer array response upon using the MVDR beamformer. beamformer.
Upon beamforming using the LCMV beamformer, the sig- The PSO beamformer resultant array response pattern is as
nal observed at the beamformer output is as per Fig. 23. per Fig. 26.

20

Azimuth Cut (elevation angle = 0.00)

-20

-40

Magnitude (V)

-60

Normalized Power (dB)

-80

0 005 01 015 0.2 025 03 -100

Time (s) -50 0 50

Azimuth Angle (degrees)

Fig. 23.  Signal observed at beamformer output upon using the LCMV

beamformer. Fig. 26. Beamformer array response upon using the PSO beamformer.

The LCMV beamformer resultant array response pattern is Fig. 27 presents a comparative array response plot.
as per Fig. 24.
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Fig. 27. Comparative array response plot.

Fig. 24. Beamformer array response upon using the LCMV beamformer.
From Fig. 27, it is easy to note the superior performance

Upon beamforming using the PSO beamfomler, the Signal of the PSO solved null—steering beamformer over the MVDR
observed at the beamformer output is as per Fig. 25. and LCMV beamformers.

C. Trial 3: 20 degrees interferer separation

Upon beamforming using the MVDR beamformer, the sig-
nal observed at the beamformer output is as per Fig. 28.
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Fig. 28.  Signal observed at beamformer output upon using the MVDR

beamformer.

The MVDR beamformer resultant array response pattern is

as per Fig. 29.
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Fig. 29. Beamformer array response upon using the MVDR beamformer.

Upon beamforming using the LCMV beamformer, the sig-
nal observed at the beamformer output is as per Fig. 30.
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Fig. 31. Beamformer array response upon using the LCMV beamformer.

Upon beamforming using the PSO beamformer, the signal
observed at the beamformer output is as per Fig. 32.
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Fig. 32. Signal observed at beamformer output upon using the PSO
beamformer.

The PSO beamformer resultant array response pattern is as
per Fig. 33.
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Fig. 30.  Signal observed at beamformer output upon using the LCMV

beamformer.

The LCMV beamformer resultant array response pattern is

as per Fig. 31.

Fig. 33. Beamformer array response upon using the PSO beamformer.

Fig. 34 presents a comparative array response plot.

From Fig. 34, it is easy to note the superior performance
of the PSO solved null-steering beamformer over the MVDR
and LCMV beamformers.
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Fig. 37.  Signal observed at beamformer output upon using the LCMV
Fig. 34. Comparative array response plot. beamformer.

D. Trial 4: 10 degrees interferer separation The LCMV beamformer resultant array response pattern is

Upon beamforming using the MVDR beamformer, the sig- S Per Fig. 38.
nal observed at the beamformer output is as per Fig. 35.
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Fig. 38. Beamformer array response upon using the LCMV beamformer.
Fig. 35.  Signal observed at beamformer output upon using the MVDR
beamformer. . . .
Upon beamforming using the PSO beamformer, the signal

The MVDR beamformer resultant array response pattern is ~Observed at the beamformer output is as per Fig. 39.

as per Fig. 36.
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Azimuth Angle (degrees) Fig. 39. Signal observed at beamformer output upon using the PSO

beamformer.

Fig. 36. Beamformer array response upon using the MVDR beamformer. .
The PSO beamformer resultant array response pattern is as

Upon beamforming using the LCMV beamformer, the sig- P¢" Fig. 40.

nal observed at the beamformer output is as per Fig. 37.
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Fig. 40. Beamformer array response upon using the PSO beamformer.

Fig. 41 presents a comparative array response plot.
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Fig. 41. Comparative array response plot.

From Fig. 41, it is easy to note the superior performance
of the PSO solved null-steering beamformer over the MVDR
and LCMV beamformers.

E. Overall SINR comparison

Going by Table II, the superior performance of the PSO
solved null steering beamformer is evident. The beamformer
yields good results even with narrow interferer angular sep-
aration. The LCMV beamformer outperforms the MVDR
beamformer in all trials.

TABLE 11
SINR RESULTS IN DB.

| | Trial 1 | Trial 2 | Trial 3 | Trial 4 |
| LCMV Mean | 17.643 | 17213 | 16932 | 16.789 |
| LCMV Min | 9.838 | 9330 | 8388 | 8317 |
| MVDR Mean | 14.838 | 14.522 | 14633 | 14.508 |
| MVDR Min | 6299 | 5874 | 6872 | 7.188 |
| PSO Mean | 55.284 | 56.103 | 56.045 | 40.420 |
| PSO Min | 47.907 | 48.922 | 48.500 | 32.656 |
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VII. CONCLUSION

In this paper, MVDR and LCMV techniques performance
comparison has been addressed from the perspective of nar-
rowband beamforming (in reception mode), with the varia-
tion parameter being signal/ interferer spatial separation. The
LCMV beamformer has been constrained to yield nulls in
interferer DoAs. Also studied is a PSO solved null-steering
beamformer. From MATLAB software simulations, it has
been established that the PSO solved null-steering beamformer
outperforms the LCMV and MVDR techniques.
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