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Magical Compressed Sampling Application

Introduction

Required Energy for Basestations in 2010 in
Germany (infineon

B 3300 GWh in 2010

B This is 50%b of the small Nuclear Power Plant
Isar 1 (6200 GWh)

B This is 100% of the big Water Power Plants
O Altenworth (1970 GWh) and Greifenstein (1720 GWh)

B Urgent need for Basestations with improved efficiency
data from Infineon [1]
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Introduction

e Designing RF front-end

1= DAC

o

ADC j
e Base-station example

Typical Base Station Prx
Power Amplifier incl.
Feeder
=
0% Efficiency

Signal Processing

50-80% (65%) Air Condition

10-25% (17.5%)

Signal Processing

(Analogue + Digital)
Power Supply 5-15% (10%)
5-10%(7.5%)

Energy consumption = 6 kW [3]

75% Efficiency
Base Band Unit

ny n;

Architecture and efficiency [2]
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The Rice University : A Single-Pixel Camera [4]

Low-cost, fast, sensitive
optical detection

Xmitr
Compressed, encoded
image data sent via RF
for reconstruction

Image encoded by DMD
and random basis

DSP
Revr
Original 16384 Pixels 16384 Pixels 65536 Pixels 65536 Pixels
3300 Measurements 1600 Measurements 3300 Measurements 1300 Measurements
(20%) (10%) (5%)
QIEEE M @

(2%)
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The Munich University : Analysis Operator Learning [5]

e Training

II'HIH!EH"IEIEIHH
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The Munich University : Analysis Operator Learning [5]

e Image reconstruction

(a) Masked 60% missing pixels. (b) Inpainted image, PSNR
35.6dB.

(c) Masked 90% missing pixels. (d) Inpainted image, PSNR
28.2dB.
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Broadband RF Sampling

e Frequency domain sampling

f
z (t)
L ‘ [ ‘ (T ] T
kel 15 e o
i T | t
[ [ |
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Compressed Sampling

D = {¥ihker
+00 o
Gy = J_Oox(t).wk(t).dt
K(8) = X 00vn) vk
kel

e Select a dictionary D
e Inner-product {x, ¢,

W (1)

2 (t) —(X) y(0) = (2, 9)

e Minimizing the number of measurements : optimizing A
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What is a Fourier Transform 7 [6]

Projection basis :

D= {¢f (t) — ej.2.7r.f.t}
X (f) = ()

JAAY,

=1

X(t) _ SJ_F;.SX (f) of2.mf.tf
X(F) = Lo x (pe2miede \//\\/j\\//\\//\\//\\//

k=2

o x(t) ~ ZkX (k.fy) of 2.mk.fo.t MWW

|
|

k=3

Standard LSNA uses boxcar window -
Time
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The Short Time Fourier Transform [6]
Rectangular STFT is well suited for harmonic analysis

Projection basis :

e D= {¢k,T (t)} M
o Y (t) = Peahy (t —7) /

° ¢k (t) =N (fot) ej.2.7r.k.f0.t
o P = fb.ej.2.7r.k.1%.7'

o X (k.fo,7) = Pr.x(t) % 1 (t)

e

Time

X (k.fo,7) = P F H{X (f) Wi (F)}
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Measurement matrix of the harmonic sampling

x e RN y eRP P« N
e Spase signal in the frequency domain
S 6(t— k) X

- |

(v) [M]. (X) |
)

()

[Fp]™h M1 [Fal - (%)
[U1. [Fal. () -

F; € C'% is the DFT matrix

General case with D = {{x},cr
y=UV.x+b

with U € CP*N et W ¢ CVXN
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Application

Non-uniform subsampling

Lo

@7 [t / ] n.Tanc

o) | @ I P B

pilt)
T
Yi(f)
—
Y2 (f)
— '
Y (f)
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Random sampling [7] [8]

i (t)
Pi(Ole—nr € {£1}
T ST S
+00
y[n = J x(7).pi(1T).h(t —T)dT
—o0 t=n.T

Eak wm ((7).h(n.T —7)dr

Rice Technion
7 l8]
- fe ADC 400 kHz 280 MHz
Y {n] e UTI I Qg fe Demodulator 3.2 MHz 2 GHz
. ’ . Number of demodulator 1 4
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Non uniform sub-sampling

fLo Technology | fuax
nlt)  yt)
10 - 16 MHz < 20 MHz | Sampler 50 GHz
O— e ‘ nTine — 500 MHz Sampler 20 GHz
. . - , — 1 GHz Sampler 20 GHz
2 ——(X; " —rvi - 800 MHz Sampler | 35 GHz
— 2 GHz THA[9] | 18 GHz
X(f)
pilt) M |
T H
Yi()) _

() i

INN\\N
L NN
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Recovering x (t)

e ldependant e Sparse Regression [10]

Measurements
Assuming X = V.x, then
y = U.X + b leads us to the solution :

2 () ——) ()

b=k X e argmin | X|z
ly—U.X|3<e
& w ()

Optimization Algorithms :

Pursuits methods
Lasso

Dantzig Selector
L1 norm minimizer

Za(t - kT)

SIEEE M @D IMS2012 Montreal - 79 " ARFTG Conference
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Optimization on £; norm

e Definition of £, norm

Ixl, = (Z |x,-|P> ;

e lllustration on balls £,

2 T2

© m

e The solution on L7 is sparse

£y
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on the use of Signal Processing

® Keywords survey on IEEE Xplore between

Transaction on...”

1991 and 2011 in journals "IEEE

Fourier Gabor Wavelet Compressive Sensing
(1822) (1946) | (1984) (2006)

Signal Processing 3374 (1) 346 (1) 1971 (1) 87 (1)

Image Processing 1184 (12) 342 (2) 1646 (2) 31 (5)

Circuits and Systems | & 11(4 jnls) 1457 82 591 5

Antennas and Propagation 2388 (2) 59 (14) 284 (14) 2

Instrumentation and Measurements 1376 (8) 72 (12) 358 (11) 3

Microwave Theory and Techniques 1833 (5) 15 174 1

Electron Device 503 14 13 0

® () : rank

® Circuits and Systems | : " Regular Paper” and " Fundametal Theory and Applications”

® Circuits and Systems Il : " Express Briefs” and " Analog and Digital Signal Processing”
QIEEE M @D IMS2012 Montreal - 79 " ARFTG Conference
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We can reach better efficiency !

e Improving RF front-end efficiency

ﬂ 1\ 1\ Dy=Dg=Dg=F I( ]H( \\
/> A anteren I
7 , e . i
L f PP
Fre Fre
(/7$ /\ n q I q
Gain
Mo nime
=t B - {ui} [
. o5~ {vf} Tl
Freg Po= {%?} I"re&' H \
SIEEE M @D
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