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Communication Group Chen, Ahmad, Hanzo

Example

Locations of the desired source and the interfering sources with respect
to the two-element linear array with A/2 element spacing, A being the
wavelength.

; desired
mterfer%' source 1

source

i nterferesr
interferer
source 5 interferer
source 4

A2

Definitions: SNR= A%/202, SIR; = A3/A? fori=2,--- , M.

n
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Near-Far Effect

The near-far effect to bit error rate performance. SNR= 10 dB, SIR; = 24 dB for

i = 3,4,5, varying SIR,.

-8

MMSE ——
MBER s
_. -85
[
%
[hd
S
] 9
g \
o
—
g
- -9.5 \\
777777777 e

SIR2 (dB)

e The MBER solution appears to be robust to the near-far effect.
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Bit Error Rate Comparison

0 0
s < e
-~‘\\\ ——
- -
s 5 - 5
g )
K N & A}
s N s N
& -10 v G -10
s \ =4 \
b=l ] - L
=) L ) \
5 8 \
S 5l mmse ! S 5| mmse
MBER —-o— MBER ——
20 * -20 t
5 0 5 10 15 20 5 0 5 10 15 20
SNR (dB) SNR (dB)
(a) (b)

(a): SIR; =0dB, i =2,3,4,5;
(b): SIRy = —6 dB and SIR; = 0 dB, i = 3,4, 5;
(c): SIR; = —6dB, i =2,3,4,5;

log10(Bit Error Rate)

-10

-20

.
-

\

8

MBER
5 0 5 10 15 20
SNR (dB)
(©)

Limtry—ry
[ELTE

Dhotemdin aiil
[ ]
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Beam Pattern Comparison

SNR=10dB, SIR; =0 dB, i = 2,3,4,5.

0 e T 90 o

- MMSE ——
—_— 4 o] sources
. 5 . 60 MBER -~
g 10 $ 20 . sources
g g
3 s S o
£ 2
g 20 MMSE —— £ 30
sources o
25 MBER -~ -60 -
sources [T
30 -90 -
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90

Angle (degree)

Angle (degree)

Magnitude response along can be misleading, as in this case.
At the four angles for the four interfering sources, the phase responses of the MBER

Let F'(0) be the normalized DFT of the beamformer weight vector.
Traditionally, the magnitude of F'(0) is used to judge the performance of a beamformer.

solution are much closer to % = a much better response of yr(k) = R[y(k)].

Limtry—ry
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Probability Density Function Comparison

Conditional probability density function of beamformer given b;(k) = +1
and subset .. SNR=10 dB, SIR; = 0 dB, i =2,3,4,5.

: pdf —— : pdf ——
08 states . 08 states .
g o6 g o6
g g
S 0.4 S 0.4
3 3
§ 02 § 02
8 8
0 0
0.2 0.2
0 0.5 1 15 2 2.5 3 0 0.5 1 15 2 2.5 3
Re[y] Re[y]
(a) MMSE (b) MBER

e The beamformer weight vector is normalized to a unit Ien%th so that the BER is mainly
determined by the minimum distance of the subset )J to the decision threshold
yr = 0.

e This minimum distance is much larger for the MBER beamformer.

Chotee e g
e ans Mo s i3
Communication Group Chen, Ahmad, Hanzo

Block-Data Adaptive MBER Algorithm

e Given a block of K training samples {x(k),b1(k)}, a Parzen window
estimate of the beamformer p.d.f. is

R (yr — yr(k))?
Plyr) = K\/27rpanw Zexp < 2p2wHw >

where the kernel width p,, is related to the noise standard deviation o,,.

e From this estimated p.d.f., the estimated BER is given by:

sgn (b1 (k))yr(k)

Po(w) = > QGr(w) with gi(w) =

P puVwiw

e Upon substituting VPg(w) by VPg(w) in the conjugate gradient
updating mechanism, a block-data based adaptive algorithm is obtained.

[ ] g
e ans Mo s

Communication Group Chen, Ahmad, Hanzo

Probability Density Function Comparison

Conditional probability density function of beamformer given by (k) = +1
and subset Y, SNR= 15 dB, SIR; = —6 dB, i = 2,3,4,5.

1 pdf —— 1 pdf ——
0.8 states . 0.8 /\ /\ /\ /S\ta[es
T o6 T o6
E \ E WANAEA
s 04 \ 5 o4 \ \
] ]
§ 02 \/\ § 02
8 8
0 0
02 -02
05 0 05 1 15 2 25 3 05 0 05 1 15 2 25 3
Rely] Rely]
(a) MMSE (b) MBER

o The beamformer weight vector is normalized to a unit length.

e Note that :)JI(;) and y};’ are no longer linearly separable for the MMSE beamformer
= a high BER floor.
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Convergence of Block Adaptive Algorithm

Convergence rate of the block-data based adaptive MBER algorithm for a
block size of K = 200. The initial weight vector is set to wyvsE.

le-3 le-1
MMSE MMSE
le-2
le-4 \
Q Q
g 8 1e3
S les s \
bt L\\ U jeq
o \\w\*“ o L
le-6 e — 8
MBER
MBER
le-7 le-6
0 2 4 6 8 10 12 0 2 4 6 8 10 12
iteration iteration
() (b)

(a): SNR= 10 dB, SIR; = 0 dB for ¢ = 2,3,4,5, adaptive gain p = 1.0 and
p2 = 602 = 0.3. (b): SNR= 10 dB, SIR; =SIR; = 0 dB, SIR; =SIR; = —6 dB,
adaptive gain & = 0.5 and p2 = 202 = 0.1.
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Effect of Block Size

Effect of block size on the performance of the block-data based adaptive
MBER algorithm for SIR; = —6 dB and SIR; =0 dB, i = 3,4, 5.

0
2 g,
\G\ )

@ \\
©
x i\s\
= -4
e x
LIj \a
5
g 6
—
g block:50 e
a block:100 ~—s—

8 MBER ——

-10

0O 2 4 6 8 10 12 14
SNR (dB)
b
[ S, 0 1
7
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Learning Curves of LBER Algorithm

Learning curves of the LBER algorithm averaged over 20 runs, the initial weight vector is
set to wamse, solid curve is for training and dashed curve for decision-directed adaptation
with by (k) substituting b; (k) (two curves are indistinguishable).

le-3 le-1
le-2
le-4
2 MMSE —— I \ MMSE —e—
& \ decision directed g 1e3 decision directed 1
5 e e — B \ ranng ——
:"'E \\'WM ";'_] le-4
& ] & L
1e6 1le5 i
le-7 le-6
0 100 200 300 400 500 0 100 200 300 400 500
sample sample
(a) (b)
(a): SNR= 10 dB, SIR; = 0 dB for i = 2,3,4,5, u = 0.03 and p2 = 802 = 0.4.
(b): SNR= 10 dB, SIR3 =SIRy = 0 dB, SIRy =SIR; = —6 dB, x = 0.02 and

pi = 40721 = 0.2.
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Least Bit Error Rate Algorithm

Consider a single-sample p.d.f. estimate of the beamformer output

This leads to a single-sample BER estimate Pg(w, k).

Using the instantaneous stochastic gradient

se((k) ()
2V2mpn p< 2p%> (%)

VPg(w, k) =

leads to the LBER algorithm

sgn(bi(k)) exp (ylzi(k)> x(k)

2/ 27mpy, 2

wk+1)=w(k)+p %

Limtry—ry
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