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Introduction

Page 1011-Jan-08

Required Energy for Basestations in 2010 in 
Germany

3300 GWh in 2010

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

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

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

• Designing RF front-end
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• Base-station example

Architecture and efficiency [2] Energy consumption = 6 kW [3]
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The Rice University : A Single-Pixel Camera [4]

Original 16384 Pixels
3300 Measurements

(20%)

16384 Pixels
1600 Measurements

(10%)

65536 Pixels
3300 Measurements

(5%)

65536 Pixels
1300 Measurements

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

• Training

• Atom identification n � 49(7x7) k � 2.n � 98
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The Munich University : Analysis Operator Learning [5]

• Image reconstruction
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Broadband RF Sampling

• Frequency domain sampling

• Time domain sampling
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Compressed Sampling

D � tψkukPΓ

xx , ψky �

» �8

�8
x ptq .ψk ptq .dt

x̃ ptq �
¸
kPΛ

xx , ψky .ψk

• Select a dictionary D
• Inner-product xx , ψky

• Minimizing the number of measurements : optimizing Λ
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What is a Fourier Transform ? [6]

• D �
 
ψf ptq � e j .2.π.f .t

(
• X pf q � xx , ψf y

• x ptq �
³�8
�8 X pf q e j .2.π.f .tdf

• X pf q �
³�8
�8 x ptq e�j .2.π.f .tdt

• x ptq �
°

k X pk .f0q e
j .2.π.k.f0.t

Standard LSNA uses boxcar window

Projection basis :

Time Frequency

k=1

k=2

k=3
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The Short Time Fourier Transform [6]

Rectangular STFT is well suited for harmonic analysis

• D � tψk,τ ptqu

• ψk,τ ptq � Pk .ψk pt � τq

• ψk ptq � Π pf0.tq e
j .2.π.k.f0.t

• Pk � f0.e
j .2.π.k.f0.τ

• X pk .f0, τq � Pk .x ptq
 ψk ptq

Projection basis :

Time Frequency

k=1

k=2

k=3

X pk .f0, τq � Pk .F�1
 
X pf q .Ψk pf q

(
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Measurement matrix of the harmonic sampling
x P RN y P RP P ! N

• Spase signal in the frequency domain

pY q � rMs . pXq

pyq �
�
Fp

�
�1

. rMs . rFns . pxq

pyq � rUs . rFns . pxq

Fi P Ci�i is the DFT matrix

• General case with D � tψkukPΓ

y � U.Ψ.x � b
with U P CP�N et Ψ P CN�N
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Non-uniform subsampling
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Random sampling [7] [8]

pi ptq|t�n.T P t�1u

x ptq �
¸

k

αk .ψk ptq

y rns �

» �8

�8
x pτq .pi pτq .h pt � τq dτ

����
t�n.T

y rns �
¸
k

αk .

» �8

�8
ψk pτq .pi pτq .h pn.T � τq dτ

Rice Technion
[7] [8]

fe ADC 400 kHz 280 MHz
fe Demodulator 3.2 MHz 2 GHz
Number of demodulator 1 4
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Non uniform sub-sampling

fLO Technology fMAX

16 MHz Ø 20 MHz Sampler 50 GHz
Ñ 500 MHz Sampler 20 GHz
Ñ 1 GHz Sampler 20 GHz
Ñ 800 MHz Sampler 35 GHz
Ñ 2 GHz THA [9] 18 GHz
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Recovering x ptq

• Idependant
Measurements

• Sparse Regression [10]

Assuming X � Ψ.x , then

y � U.X � b leads us to the solution :

X P arg min
}y�U.X }2

2 ε

}X }1

Optimization Algorithms :

• Pursuits methods
• Lasso
• Dantzig Selector
• L1 norm minimizer
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Optimization on L1 norm

• Definition of Lp norm

}x}p �

�¸
i

|xi |
p

� 1
p

• Illustration on balls Lp

• The solution on L1 is sparse
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on the use of Signal Processing

• Keywords survey on IEEE Xplore between 1991 and 2011 in journals ”IEEE
Transaction on...”

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 I & II(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 I : ”Regular Paper” and ”Fundametal Theory and Applications”
• Circuits and Systems II : ”Express Briefs” and ”Analog and Digital Signal Processing”
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We can reach better efficiency !

• Improving RF front-end efficiency
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