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Problem Formulation

STEP 1.1.2

STEP 1.1.1

STEP 1.2

STEP 2

[Goldstein et al.; SIAM J. Imaging Sci 2009][Aelterman et al.; Elsevier Sigpro 2011]
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Improvement 1: the discrete shearlet transform

curveletReal DWT

Approximation error: Approximation error: Approximation error:

shearlet

6[Guo et al.; SIAM Mat. An. 2007]

[Candẻs et al.; Multiscale mod. 2006]

[Easley et al; Appl. Comput. Harmon. Anal. 2008]

optimal for piecewise

C² images



25% Fourier acquisition
+ reconstruction with resolution increase of 50%
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TVShearlet

Improvement 1: the discrete shearlet transform
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Power Spectral Density
of the corresponding shearlet filter

Ideal spectral support 
of 1 upperscale shearlet

transition 
too sharp 

Improvement 1: the discrete shearlet transform
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Power Spectral Density
of the original shearlet filter

transition 
too sharp 

Power Spectral Density
of the smooth filter

Improvement 1: the discrete shearlet transform
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‘smooth’
shearlet

transform

‘sharp’
shearlet

transform

Improvement 1: the discrete shearlet transform



Spirally Acquired Data

‘smooth’ shearlets ‘sharp’ shearletsNaive reconstruction
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Anatomical Data

Only TV
35.6dB

13(spiral, 25% of Nyquist)



Anatomical Data

14(spiral, 25% of Nyquist)

Only ‘sharp’ 
shearlets
36.5dB



Anatomical Data

15(spiral, 25% of Nyquist)

Only ‘smooth’ 
shearlets
36.6dB
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• Subsampled MRI with multiple receiver 

antennas (e.g. SPIR-iT ):

Clear 
aliases of 

the front of 
the head

Clear 
aliases of 

the back of 
the head
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Improvement 2: Parallel Imaging

[Lustig et al.; MRM 2009]



Complementary

techniques

• Compressive Sensing:
– Sub-Nyquist MRI data

– Regularized reconstruction exploiting sparsity

– Estimation of missing K-space data

• Parallel Imaging:
– Sub-Nyquist MRI data

– well-posed reconstruction through large number of 

different coil sensitivities

– “Calculation” of missing K-space data
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Improvement 2: Parallel Imaging



• 4 coils, 3% sub-Nyquist sampled

Single coil rec,
then 

combining

Joint 
reconstruct

ion

PSNR = 23dB

PSNR = 28dB

Experiment: joint vs. Separate CS-pMRI
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Improvement 3: Improved Trajectory

• At first:

21

30.53 dB
10.44 dB

(10% of Nyquist)



Improvement 3: Improved Trajectory

• But better is:

22

22.2 dB

(10% of Nyquist)
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Improvement 3: Improved Trajectory

• Or:

(10% of Nyquist)

23.6 dB26.4 dB

Need

Regridding!



Improvement 3: Improved Trajectory
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• Archimedean spirals with varying radii:

prediction ground truth
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Improvement 3: Improved Trajectory

• For a more moderate speedup:

(25% of Nyquist)

23.6 dB37.5 dB
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Improvement 3: Improved Trajectory

• Curiously:

(25% of Nyquist)

36.0 dB
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The MRI Imaging equation:

Increases signal

bandwidth

[Puy et al.; ISMRM 2011]

Improvement 3: Improved Trajectory



Some Biology

-Distance Estimation through correlating 
with received echos
-Spatially compact autocorrelation function: 
Broadband signal
-Sweep over all frequencies: A Chirp!
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Improvement 3: Improved Trajectory

• Great effect!
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30.53 dB
10.44 dB

(10% of Nyquist)

23.5 dB



Improvement 3: Improved Trajectory
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25% of Nyquist 10% of Nyquist
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Improvement 4: Prior Model
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• Using structure in addition to sparsity. Many recent 

developments include:

― Group sparsity, Group Lasso, Block sparsity, Tree sparsity, 

Graph sparsity [Huang et al, ICML’09], Model based sparsity

[Baraniuk et al, IEEE Trans IT 2010] 

• We encode spatial structure using Markov Random Field. 

Closely related work (not reported on MRI):

― LaMP – Lattice Matching Pursuit [Cevher et al; Sig Proc Mag

2010]
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Observable random field d ={d1, d2… dN}

Hidden random field l ={l1, l2… lN}

l=1

l=0
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Prior on 
noise-
free 
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likelihood model

p(d |l=0)

p(d |l=1)

d= +n

p( |l=1)
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Set 
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Improvement 4: Prior Model
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Improvement 4: Prior Model

Random subsampling with center low pass, 50%
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Improvement 4: Prior Model



Today’s presentation

• In conclusion:

– In order to maximize reconstruction 
performance, a combination of optimal 
image representation, parallel imaging, 
a well designed trajectory (!) and 
properly handling spatial structure in the 
regularization are needed.
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Thank you for your attention.

email: jan.aelterman@telin.ugent.be

Any questions?


