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Data Acquisition
Shannon-Nyquist Sampling Theorem :

“No information loss if we sample at 2x the bandwidth”
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A precursor of compressed sensing was seen in the 1970s, when seismologists 
constructed images of reflective layers within the earth based on data that did 
not seem to satisfy the Nyquist-Shannon criterion : “Sparse Spike Train 
Hypothesis”.

The ideas behind compressive sensing came together in 2004 when Emmanuel 
J. Candès, a mathematician at Caltech, was working on a problem in 
magnetic resonance imaging. He discovered that a test image could be 
reconstructed exactly even with data deemed insufficient by the Nyquist-
Shannon criterion.
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Candès and Tao argue that compressive sensing is based on a kind of 
uncertainty principle, where the spectrum of the signal and that of the 
measuring instrument have complementary roles. 

The traditional sensing strategy takes sharply focused samples; it’s like 
hunting with a spear. This works well when the signal is spread out over a 
broad domain. 

But when the signal itself is highly structured and narrowly focused, the 
better plan is to spread the measurements out over the domain—to hunt 
with a net rather than a spear. 

CS relies on two principles:
Sparsity, which pertains to the signals of interest, and
Incoherence, which pertains to the sensing modality.
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In linear algebra, the restricted isometry property characterizes matrices 
which are nearly orthonormal, at least when operating on sparse vectors. 
The concept was introduced by Candes and Tao[1] and is used to prove 
many theorems in the field of compressed sensing.[2]









There are two feasible ways to recover the data : 



Finding the candidate with the smallest L1 norm can be 
expressed relatively easily as a linear program, for which 
efficient solution methods already exist. 
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Richard Baraniuk et al., Rice University, 2006

http://www.dsp.ece.rice.edu/cscamera

http://www.dsp.ece.rice.edu/cscamera/inthenews

http://www.tempointeraktif.com/hg/it/2006/10/05/brk,20061005-85452,id.html
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Jianwei Ma and Francois-Xavier Le Dimet, Deblurring from highly 
incomplete measurements for remote sensing. (IEEE Trans. Geoscience and 
Remote Sensing, 47 (3), 792-802, 2009). 

H. Jung, J. C. Ye, Performance evalution of accelerated functional MRI 
acquisition using compressed sensing. (Proc. IEEE International Symposium 
on Biomedical Imaging (ISBI), pp. 702-705, June 28-July 1, 2009, Boston, 
USA). 

J. Provost, F. Lesage, The application of compressed sensing for photo-
acoustic tomography. (IEEE Trans Med Imaging, 28(4):585-94, April 
2009). 

For more papers about CS :

http://www.dsp.ece.rice.edu/cs
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