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Is it possible to bypass it? 
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The answer is YES! 
Candès et al. (2006) Non-linear 
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Introduction 

subject to 

Signal is 
K-sparse 
(K << N) 

Signal x of 
length N 

Measure M 
linear 

projections + + 

The signal is obtained solving the following non-linear problem 



Sparsity 



Sparsity of spectro-polarimetric signals 

Signals are sparse in the several 
universal wavelet basis sets 

Daubechies-4 Daubechies-8 

Coiflet-3 Haar 

Polarimetric signals produced 
by scattering processes 



Sparsity of spectro-polarimetric signals 

Signals are sparse in the several 
universal wavelet basis sets 

Daubechies-4 Daubechies-8 

Coiflet-3 Haar 



Sparsity of spectro-polarimetric signals 
induced by scattering at solar limb 

Region around 4554 A Region around Na I doublet 



Sparsity 



Sparsity of spectro-polarimetric signals 
induced by the Zeeman effect in magnetized regions 

Daubechies-4 PCA 

Spectro-polarimetric signals are sparse 



Signal reconstruction (different Φ matrices) 

95% compression 
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Quality of reconstruction 

Number of measurements 
normalized to sparsity 

Quality 

Noise levels 



Noise cancellation 

Reconstruction is done assuming sparsity noise is cancelled automatically 

Input noise level 

Output noise level 



The sub-Nyquist spectrograph 

The standard rule is to sample twice as fast as the largest possible frequency 
(Shannon-Nyquist theorem) 

However, we know that signals are sparse in some basis sets 

Then, one can reconstruct the signal perfectly even if it is highly undersampled 

N pixels 

N/2 pixels 

N/4 pixels 



The sub-Nyquist spectrograph 
Signals sparse in PCA basis 



Efficient spectroimagers (with A. López Ariste) 

Field selector Camera 

Diffraction 
grating 

Diffraction 
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Spectral 
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Efficient spectroimagers (with A. López Ariste) 

Wavelength+position 



Multiplexing spectroimagers (with A. López Ariste) 

Field selector Camera 

Diffraction 
grating 

Diffraction 
grating (opposite) 

Hadamard 
matrix 



Efficient spectroimagers (with A. López Ariste) 

Single 
30 mÅ 
slit 

Multiple 
Hadamard 
Slit 



Efficient spectroimagers (with A. López Ariste) 

This summer we’ll test reconstructions with fewer measurements  
than holes in the Hadamard mask using sparsity (CS) 



Exploiting large databases (SDSS) 

The Sloan Digital Sky Survey (SDSS) contains photometry for 
more than ~108 of stars and spectroscopy  

for only  ~105 

Can we infer physical properties from photometry (Teff, gravity, …)? 

Calibrations magnitude/colors vs. physical properties 

Is there a better way? 
Our idea is based on sparsity 



Sloan spectroscopy from photometry (with C. Allende Prieto) 

Measurement process 

Sparsity constraint 
Principal components 
(McGurk et al. 2010) 



SDSS spectroscopy from photometry - Reconstructions 
Reconstructions using (g,r,i) SDSS filters 



SDSS spectroscopy from photometry - Reconstructions 

Measure directly spectroscopic 
diagnostics (EW, effective temperature,…) 

for millions and millions of stars 



FP FP Broad 
Filter 

Camera 

This combination of filters leaves 
only one important transmission peak that 

is tuned to different wavelengths. 
Secondary peaks are highly reduced 

Standard filtergraph based on FP 



FP FP Broad 
Filter 

Camera 

Standard filtergraph based on FP 

For space missions (e.g., Solar Orbiter), FP etalons can be heavy 
and tuning is done using high-voltage, which consumes power 

Ideally, one should minimize the number of etalons 



FP FP Filter 

Camera 

I propose to use only one FPI and 
take advantage of multiplexing 

Standard filtergraph based on FP 



We measure projections along carefully 
selected functions 

and reconstruct the original signal provided  
that the number of non-zero ak is small? 

This is equivalent to solving the following problem 

Sensing matrix containing 
all Pk 

Basis functions Bk 



What is the advantage? 

Now the Pk functions can be implemented optically in a simple way 
because a FP interferometer+filter calculates optically the projection 

where Pk is the transmission function of the system. I propose to use 
a single etalon+filter to measure spectral line spectro-polarimetric signals 

Sparsity allows reconstruction with a small number of measurements 



Linear least-squares 



Full procedure 

Find appropriate 
basis set 

Select optimal 
etalon conf. according 

to basis set 

Measure and reconstruct 
using optimal basis set 

Use existing spectrograph to observe 
different regions in the Sun 

Build several basis sets or one is enough? 

Etalon configuration can be quite relaxed 
according to experiments 

Surprisingly, tt can take advantage of  
instrumental defects if they are known 

(e.g., poor polishing quality) 

Measurements are “universal” and can 
be used to reconstruct later using different 

basis sets appropriate for the observed 
region 



6173 Å line 

2 Å prefilter 

R=0.7 
d=2.5 mm 

n=1 
ε=λ/20 

N. measures=10 
sparsity=6 



6173 Å line 



Multiplexing filter-graphs for space-based observatories (FP) 



Multiplexing filter-graphs for space-based observatories (FP) 



Conclusions 

•  Spectro-polarimetric signals are sparse 

•  Efficient measurements process can be built  
  based on the sparsity 

•  Sub-Nyquist spectrographs 
•  Efficient spectro-imagers 
•  Exploitation of large surveys 
•  Efficient filtergraphs for space missions 

•  We have to take advantage of compressed sensing and  
   sparsity-enhanced techniques in astrophysics 


