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Background!
•  Global Low Rank (GLR)1-5: PSF 1,5, k-t PCA2, IRPF3, k-t SLR4!
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Background!
•  Locally low rank6 (LLR), PSF with varying model order7!
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•  This study: LLR + sparsity!
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Method: Data!
Six fully-sampled 2D cine datasets!
•  32 cardiac coils !
•  spatial resolution 1×1 mm2, 30 timeframes per cardiac cycle.!
•  distributed by the 2013 ISMRM Challenge (http://www.ismrm.org/challenge)!
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Method!
•  Sampling patterns: !

•  Variable-density random 
sampling!

•  Cartesian golden-angle radial 
sampling !

•  Acceleration factors (R): !
    10 to 50.!
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Method!
•  Locally low rank (LLR) + temporal finite difference (tFD)!
•  Algorithm: ADMM with variable splitting8 !
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  Γ*=arg min
Γ

F ⋅S ⋅Γ −m 2
2 + λ1 Cb (Γ) Schatten, p

b∈patches
∑ + λ2 ∇t (Γ) 1

Data Consistency! Locally Low Rank! Sparsity!

Cb!Cb (�): operator to extract and reform the overlapping 
patches from Γ,patch matrix size: 5x5xNt!

8. S.	  Ramani,	  IEEE-‐TMI，2011   !



Method!
•  LLR+ temporal Finite Diff. compared with:!
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Methods! Regularization Terms!
LLR!

Temp. Finite Diff.!

kt-SLR!

λ Cb (Γ) Schatten, p  
b∈patches
∑

λ ∇t (Γ) 1

λ1 Γ Schatten, p + λ2 ∇t (Γ) 1



Method!
•  Quantitative metrics:!

–  normalized root mean square error (NRMSE) !
–  structural similarity index (SSIM)9 !
–  high frequency error norm (HFEN)10 !
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    HFEN=
LoG(Γ*)− LoG(Γ true ) F

2

LoG(Γ true ) F

2

LoG(�) : Laplacian of Gaussian filter that captures the edges !

ROI	  

9.   Z. Wang et al. IEEE-TIP, 2004!
10.  S. Ravishankar and Y. Bresler, IEEE-TMI, 2011    !



RESULT!
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Result!

15	  

  Temp. Finite Diff.   Temp. Finite Diff. 
  LLR  LLR
  k  kt - SLt - SLR
LLR + tLLR + temp. Finite Diff. emp. Finite Diff. 

Frame NumberFrame Number
1010 1313 1616 1919 2222 25256

7

8

9

NRMSE (%), R=50NRMSE (%), R=50

7411010 3030 5050

4

5

6

7

8

NRMSE(%)NRMSE(%)

Acceleration FactorAcceleration Factor
1010 3030 5050

2

3

4

5

1-SSIM(%)1-SSIM(%)

1010 3030 5050
4

6

8

1010
HFEN(%)HFEN(%)



Result!
Averaged Ranking, R=20!

LLR+tFD
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Discussion!
•  Retrospective à Prospective study!

–  2D random!
–  Cartesian golden angle sampling!

–  1D random: !
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Temp. Finite Diff.!LLR!

: impractical in 2D acquisition

à  2D cine with golden angle radial
à  3D cine with Cartesian sampling



Summary!
•  LLR + temp. Finite Diff. provides superior image quality !

–  preservation of fine structures, endo- and epicardial boundaries!
–  Less model-related artifact!

•  The results are directly relevant to 2D cine MRI using radial 
sampling, and emerging 3D cine MRI methods.!

!
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