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RECONSTrucuion

Encoding: d=Em+ M
Decoding: i =Fd
MR Signal Noise
Data Encoding matrix E 1{’
H
Image Depiction F E FLI’F
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Reconstructionyormuids:

Constrain
FE =Id
Solutions
Pseudo-inverse: F=(E"E)"'E"
Optimum SNR inverse: F=(E"P'E)'E"P™

Regularized solution: R < NC F= (EHIIJ_lE + ;x@_l )_1 EH‘P_l
R>N_ F=OF"(EOE" +\W)™
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Pruessmann KP et al MRM 1999



Parallelymagingeitimatey

geometry factor (g)
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2D-Imaging

3D-Imaging
(thin slab)

Wiesinger F et al. MRM 2004
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INTOrMatioNY et undancy.

How much information is redundant?

Transform data to a sparser coefficient space

Find model that suitably links coefficients

Retain key coefficients

Original: 16 bits/pixel 16 bits/pixel
Entropy rate!: 3.3 bits/pixel 1.0 bits/pixel
“theoretical” R: 4.8 16.0

1) Cosine Transform, Huffman encoding
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Q@f Uniform spatiotemporal undersampling




XELESIXST ISP

i
(L

X-t space x-f space



A
>

o
e+|200
o
e+ioo

e o o o o ()
e—l(l)
\J \J

Point spread function

True object signal

After aliasing
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Data domain Transform domaln

Result

Frequency

J Tsao et al. MRM 2003
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RECONSIOENNEREMPOrdiSIENdIS

Spatial Weighting Basis functions
:“'~.‘.:‘¢'.““ N
m(y,t)=UEV" < WB= Y W(y,n)B(nt]
Conns’ tenns’ n=1

True N=1 N=2 N=4
I

Our problem is well depicted with as few as
4 basis functions

(N=24)



X-PCa space

X;
cha
48 frames 4 weights determine 48 frames
48 equations 48 equations
in 48x12 unknowns in 4x12 unknowns

Pedersen H et al. MRM 2009



12x k-t PCA

12x k-t SENSE
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MR Contrast agent

(Gadolinium)
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SDEENOSIONYMAsing

10x 3D k-t PCA (2.2 x 2.2 mm?)

R. Manka et al. JACC 2011
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2X 2X ‘I ||
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2004 2006 2008 2010 2012

Kellman P et al. MRM 2004 Plein S et al. MRM 2007 Nayak KS et al. JCMR 2008 Otazo R et al. MRM 2010
Plein S et al. Radiology 2005 Jung B etal. JMRI 2008  Vitanis V et al. MRM 2010
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8x 3D k-t PCA

G. Crelier, GyroTools
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501510008 oOWIqUantinCation:

Healthy volunteer Patient with dilated aorta

0.00 ms

R. Manka, G. Crelier, USZ+IBT



LIMItations
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RdNaomuunaersampling,




COMPresseasSensing

Data Transform domain Result
) Detection ;
of large signals

M. Lustig et al. MRM 2007
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RaNUOMYErSuSImionmunaersampling

Perfusion Curves - Septum
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M. Usman et al. MRM 2011, C. Prieto et al. MRM 2011
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Reference Ox k-t GSI

M. Lustig et al. MRM 2007, M. Usman et al. MRM 2011, C. Prieto et al. MRM 2011
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Reference Ox k-t SPARSE  9x k-t GSI

M. Lustig et al. MRM 2007, M. Usman et al. MRM 2011, C. Prieto et al. MRM 2011




SUmmary,

Significant spatiotemporal correlation in dynamic data
Compact data representation in x-f and x-pc spaces
Uniform undersampling of 2-8x with L2 reconstruction
Random undersampling of 9x by exploiting group sparsity
Temporal filtering results if undersampling exceeds limits

Combination with parallel imaging to effort higher factors



