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Introduction

e Compressed sensing can be applied for two main purposes:

i) it can lower the amount of data needed and thus allows to speed up
acquisition.

An example in the field of medical imaging of such application is dynamic
MRI [4].

ii) it can improve the reconstruction of signals/images in fields where
constraints or the physical acquisition set up yields very sparse data sets.

A typical example is seismic data recovery in geophysics [5].

e The objective of this paper is

to give the reader an overview of the different attempts to show the feasibility
of CS in medical ultrasound.

e The classification of the studies is done according to the data that are
considered to be sparse.

the scatterer distribution itself, the pre-beamforming channel data, the
beamformed RF signal and even Dopple data.
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Introduction

e [he way that how to be sparse in some domains is a key idea to apply
the inverse problem to the CS problem.

e In this paper, they show several schemes that expand data into sparse
signals.
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Application to Ultrasound Imaging

¢ A central concern in CS is that the data under consideration should
have sparse expansion in some dictionaries.

— Fourier basis, wavelet basis, dictionary learned from data, etc...

— i.e., the number of non-zero coefficients of the image or signal in this
representation basis should be as small as possible.

e One of the main features of the existing studies is the type of
signal/image to be reconstructed and the choice of the
representation where the US data are assumed to be sparse.

e \We overview the following models in the sparse domains

— Sparse diffusion map

— Sparse Raw RF

— Sparse assumption of the RF images Fourier transform
— Doppler imaging
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Sparse diffusion map

e Several groups of authors [12-18] have chosen to model the
medium under investigation itself as a sparse distribution of scatters.

e However, considering that most of the scatters have an
echogenecity close to zero is more unusual.

e [he basic idea [12-13] is to write the direct scattering problem and
solve the inverse problem under the constraint that the scatter
distribution is sparse.

P (89) = G(ee)VK

— With p*(e,) the scattered pressure received by the transducer
elements after transmission of a plane wave in direction 6, G(e,)
represents propagation and interaction with the scatters and 7« is the
scatter distribution lying on a regular grid.

e If 7x is assumed to be sparse, this problem is equivalent to the CS
problem.
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Sparse diffusion map

e Figure shows a result from a simple phantom consisting in four
iIsolated scatters obtained with this approach.
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e The CS result (d) is compared with synthetic aperture (a), delay and
sum (b) and Fourier propagation (c).
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Sparse diffusion map

¢ With the same assumption [14, 15] proposed another approach
based on finite rate of innovation and Xampling.
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e The edges are well reconstructed but the speckle is close to be
completely lost in some parts of the images.

e This is consistent assumption of scatter map sparsity.
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Sparse Raw RF

e Another group of authors [21-24] consider that the raw channel data
gathered at each transducer element during receive have a sparse
decomposition in some basis.

e The objective of such an approach is to reduce the quantity of pre-
beamformed data acquired and evaluate the ability of this approach
to reconstruct B-mode images of good quality.
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Sparse Raw RF

e Figure shows experimental results obtained from only 20% of the
original data using CS and wave atoms.

Orlglnal data

CS reconstruction Error
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Sparse assumption of the RF images Fourier

transform

e The reconstruction of post-beamforming 2D RF images via CS
technique is addressed.

e The sparsity assumption is related to the assumption of bandlimited
RF signal acquisition.

e The 2D Fourier transform of RF images is assumed to be sparse.
y=0¥x

— D denotes the sampling mask, W is the 2D Fourier Transform.

Random post-beamforming

_sudal distance

RF sampling mask
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Sparse assumption of the RF images

e (a) original simulated RF image, (b) RF samples used for reconstruction, (c)
reconstructed RF image using a reweighted conjugate gradient optimization, (d)
reconstructed RF image using the Bayesian framework proposed in [20].
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Doppler imaging

e CS has also been proposed for Doppler imaging [32, 33].

e The authors [32] made the assumption that the Fourier transform of
the Doppler signal is sparse.
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e In vivo Doopler result from a femoral artery. (a) real sonogram; (b)
reconstructed sonogram based on CS, where r is the ratio of the
number of Doppler samples to the total number of samples.
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Conclusion

Compressed sensing medical ultrasound is a very recent field of
research that can lead to drastic modifications in the way ultrasound
scanners are developed.

The technique is feasible but far from its technological applicability.

The key points for CS to work are

— A sparsifying basis

— A measure basis in coherent with the sparsifying basis
— Dedicated acquisition material

— Fast and robust reconstruction algorithms

Improvements are necessary for all of these concerns.

Efforts should be made in order to maintain the real-time
characteristic of medical ultrasound.

13 /15



Reference

e [4] M. Lustig, D. Donoho, and J. M. Pauly, “Sparse MRI: The
application of compressed sensing for rapid MR imaging,” Magnetic
Resonance in Medicine, vol. 58, pp. 1182-1195, 2007.

e [5] F. J. Herrmann and G. Hennenfent, “Non-parametric seismic data
recovery with curvelet frames,” Geophysical Journal Intl., vol. 173,
pp. 223-248, 2008.

14 /15



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

E. J. Candés, "The restricted isometry propaumy

its implications for compressed sensing;ompte
Rendus de I'Academie des Sciences, 346, pp. [23]
589-592, 2008.

E. J. Candes and T. Tao, "Decoding by linear
programming,” IEEE Transactions on Information
Theory,vol. 51, pp. 4203-4215, 2005.

A. Austeng and S. Holm, "Sparse 2-D arrays3dd  [24]
phased array imaging - design method{£EE
Transactions on Ultrasonics, Ferroelectricity and
Frequency Controlyol. 49, pp. 1073-1086, 2002.

M. Schiffner, T. Jansen, and G. Schmitz,
"Compressed Sensing for Fast Image Acquisition inf25]
Pulse-Echo Ultrasound,'Biomedical Engineering,

vol. 57, pp. 192-195, 2012.

M. Schiffner and G. Schmitz, "Fast Pulse-Echo[26]
Ultrasound Imaging Employing Compressive
Sensing,” in IEEE International Ultrasonics
SymposiumOrlando, Florida, USA, 2011, p. in press.

N. Wagner, Y. C. Eldar, A. Feuer, G. Danindah
Friedman, "Xampling in Ultrasound Imaging," in [27]
SPIE Medical Imaging2011.

N. Wagner, Y. C. Eldar, A. Feuer, and Z. Friexh,

"Compressed beamforming applied to B-mode
ultrasound imaging," in IEEE International
Symposium on Biomedical Imaging (ISBI) [28]

Barcelona, Spain, 2012, p. in press.

M. Shen, Q. Zhang, and J. Yang, "A novel reeei
beamforming approach of ultrasound signals based
on distributed compressed sensing," in[29]
Instrumentation and Measurement Technology
Conference (I2ZMTG)2011, pp. 1-5.

Q. Zhang, B. Li, and M. Shen, "A measurement-

domain adaptive beamforming approach for
ultrasound instrument based on distributed[30]
compressed sensing: Initial development,”

Ultrasonics,p. in press, 2012.

X. Zhuang, Y. Zhao, Z. Dai, H. Wang, and L. kiga
"Ultrasonic signal compressive detection with sub-
Nyquist sampling rate,'Journal of Scientific and
Industrial Researchyol. 71, pp. 195-199, 2012. [31]
J. A. Jensen, "Field: A Program for Simulating
Ultrasound Systems," Medical & Biological
Engineering & Computingyol. 34, pp. 351-353,
1996.

J. A. Jensen and N. B. Svendsen, "Calculatbn
pressure fields from arbitrarily shaped, apodized a [32]
excited ultrasound transducer$EEE Transactions

on Ultrasonics, Ferroelectrics and Frequency
Control, vol. 39, pp. 262-267, March 1992 1992.

H. Liebgott, R. Prost, and D. Friboulet, "Pre-[33]
beamformed RF signal reconstruction in medical
ultrasound using compressive sensingltrasonics,

p. accepted, 2012.

D. Friboulet, H. Liebgott, and R. Prost,
"Reconstruction de données RF ultrasonores par

compressive sensing," BRETS] Bordeaux, France,
2011, p. Accepted.

D. Friboulet, H. Liebgott, and R. Prost, "Comegsive
sensing for raw RF signals reconstruction in
ultrasound,” in IEEE International Ultrasonics
SymposiumSan Diego, California, USA, 2010, pp.
367-370.

H. Shaoyan, Y. Ming, and D. Mingyue, "Compreds
Sensing for RF Signal Reconstruction in B-model
Ultrasound Imaging," innternational Conference on
Intelligent Computation and Bio-Medical
Instrumentation (ICBMI)2011, pp. 19-22.

L. Demanet and L. Ying, "Wave atoms and spgrsi
of oscillatory patterns,’Applied and Computational
Harmonic Analysisyol. 23, pp. 368-387, 2007.

C. Quinsac, A. Basarab, and D. Kouamé, "Fraque
domain compressive sampling for ultrasound
imaging," Advances in Acoustics and Vibration,
Advances in Acoustic Sensing, Imaging, and Signal
Processingyol. 12, pp. 1-16, 2012.

C. Quinsac, A. Basarab, J. M. Girault, and D.
Kouamé, "Compressed sensing of ultrasound images:
sampling of spatial and frequency domains,/EEE
Workshop on Signal Processing Systenan
Francisco, California, USA, 2010, pp. 231-236.

C. Quinsac, A. Basarab, J.-M. Gregoire, and D.
Kouamé, "3D compressed sensing ultrasound,” in
IEEE International Ultrasonics Symposiuntan
Diego, California, USA, 2010, pp. 363-366.

N. Dobigeon, A. Basarab, D. Kouamé, and J.-Y.
Tourneret, "Regularized Bayesian compressed
sensing in ultrasound imaging," European Signal
and Image Processing Conference (EUSIPCO)
Bucharest, Romania, 2011, p. in press.

C. Quinsac, N. Dobigeon, A. Basarab, D. Kouamé
and J.-Y. Tourneret, "Bayesian compressed sensing
in ultrasound imaging " InlEEE International
Workshop on Computational Advances in Multi-
Sensor Adaptive Processing (CAMSAP)erto Rico,
2011, pp. 101-104.

A. Achim, B. Buxton, G. Tzagkarakis, and P.
Tsakalides, "Compressive sensing for ultrasound RF
echoes using a-Stable Distributions,'lfernational
Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC 2010)Buenos Aires
(Argentina), 2010, pp. 4304-4307.

J. Richy, H. Liebgott, R. Prost, and D. Frilbety
"Spectral doppler using compressive sensing," in
IEEE International Ultrasonics Symposiufrlando,

FI, USA, 2011.

S. M. S. Zobly and Y. M. Kakah, "Compressed
sensing: Doppler ultrasound signal recovery bygaisin
non-uniform sampling & random sampling," 28th
National Radio Science Conference (NRSZ)11,

pp. 1-9.



	JournalClub_Meeting_jintaek_20130219
	슬라이드 번호 1
	Introduction 
	Introduction 
	Application to Ultrasound Imaging  
	Sparse diffusion map  
	Sparse diffusion map  
	Sparse diffusion map  
	Sparse Raw RF  
	Sparse Raw RF  
	Sparse assumption of the RF images Fourier transform
	Sparse assumption of the RF images
	Doppler imaging
	Conclusion
	Reference

	JournalClub_Meeting_jintaek_20130219_ref



