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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Motivation: kspace and encoding time

 MRI data acquisition:
frequency (k) Space Full kspace Reconstruction

« Temporal resolution of a
256 x 256 x 20 matrix
acquisition:

TR -nPE, -nPE, = At

0.003s - 256- 20

o Sufficient?

— Collect fewer kspace lines!
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Introduction: Cartesian Subsampling R=2

Subsampled kspace Reconstruction

» Collect half of the kspace lines in PE direction:

TR -nPE, - nPE, = At

0.003s-128- 20
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Introduction: Non Cartesian Subsampling

Subsampled kspace Reconstruction

« Collect 20 projections: Streaking Artifacts

« Additional reconstruction step: Regridding of sample
points to cartesian grid.

TR -nPE, - nPE, = At

0.003s - 20- 20
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction

Problem statement

How can we reconstruct the original image?

* Design appropriate sampling pattern (Pulse
Sequence Design)

* Introduce a priori knowledge (e.g. Parallel
Imaging, penalty functions)
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction

Non-Cartesian Parallel Imaging with IRGN [1]

(Collaboration with Martin Uecker, Gottingen, Germany)

(b)

« Jointly optimize sensitivity
estimation and image content.

« Reformulate as nonlinear
inversion problem.

* Non-Cartesian acquisition enables
use of even higher acceleration
Human brain scan, 256x256 matrix, 32 radial factors.

projections (R=13), 4 channel head caoill

(a) Conventional regridding reconstruction and oL
SOS coil combination — Talk of Christian Clason

(b) Proposed non-Cartesian IRGN method

[1] Knoll et al., ISMRM 2009, submitted
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction

Reformulate as constrained optimization
problem: Compressed Sensing Framework

u...Reconstructed Image

U =min®(0) |
G A...Sampling operator

—»>

_ 1 2 k...measured k-space data
() == l o
2 2 A...regularization parameter

R,...Penalty functions

Examples for R;:
— Total Variation
— Wavelets

— Choice of R, depends on type of artifacts that have to be
eliminated.
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Example: 3D TV for undersampled radial MR
angiography and real time reconstruction [2,3]

(Collaboration with the Institute for Computer Graphics and Vision, TU Graz, Austria)

« Total Variation methods can be used as constraints to reduce streaking
artifacts from undersampled radial data sets.

Main Drawback:
« Computationally expensive — not suitable for daily clinical practice.
« Example: 448x352x40 Matrix.

- Temporal Resolution with accelerated acquisition: <10s.
- Reconstruction takes 10mins — OK for research, not for clinical use.

[2] Knoll et al., MR Angio 2008
[3] Knoll et al., ISMRM 2009, submitted
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

GPU Computing

Make use of the massive parallelism of GPU architectures!

Nvidia GForce GTX 280

o 240 Processor Cores
« CUDA

But before we get to image reconstruction, let's go back
to data acquisition!
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Radial Stack of Spokes Trajectory

b !
\ i j y I1
N 4 ! ’ °
NONLV S thate spo_kes by 2- NumSpokes for
SO\ S adjacent slices.
+  — Changes of orientation
streaking artifacts in adjacent
NN slices
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AR U Total Variation

Trajectory of slice i+1
Trajectory of slice i+2
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

ROF Total Variation [4]

U= min d(u)

u...Reconstructed Images
D(u) @ @ f...Original images with artifacts

A...Regularization parameter
Vu\ aou au _
‘ ox ay o7 Q)...Image Domain

L2 norm in the data fidelity term makes the removal of structures
contrast dependent: Vessels with their strong CNR are
preserved, aliasing artifacts are removed.

— ROF Model was designed for denoising, but if we choose
the right structure of our undersampling artifacts, it can be
used to eliminate them.

[4] Rudin et al. Phys. D, 60(1-4) 259-268, 1992
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GPU Implementation [5]

* Solve the associated dual Euler Lagrange Equations
for each pixel in the 3D data set (Chambolle’s

Algorithm).
u=u,+AV-p u...Reconstructed Image
n T o U,...Original image with artifacts
P +(V(u0+/1V-p )) o
il A A, T...Regularization parameters
p =

1+;‘V(Uo LAV, p”} p...Dual Variable

« Parallization: A PDE for each pixel.

« Start an individual thread on the GPU for each
calculation.
[5] Pock et al., CVGPU Workshop CVPR 2008
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Results: 80 projections

(0)

TR=3.74ms

TE=1.48ms

FA=20°

Matrix size (x,y,z) = 448x352x40

Retrospective subsampling in x-y-
plane

80 radial projections
At =12s
R=9

CE dataset of the carotid arteries:
a) Conventional Regridding Reconstruction
b) Reconstruction with TV constraint
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Results: 40 projections

(b)

TR=3.74ms

TE=1.48ms

FA=20°

Matrix size (x,y,z) = 448x352x40

Retrospective subsampling in x-y-
plane

40 radial projections
At = 6s
R=18

CE dataset of the carotid arteries:
a) Conventional Regridding Reconstruction
b) Reconstruction with TV constraint
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Reconstruction Time

Implementation type Reconstruction time: Performance
448x352x40 Dataset (Iterations/s)
Matlab CPU version 9 min 0.18
CUDA, Nvidia GTX 280 0.24 s 414

« Speedup of 2300.
« GPU reconstruction times allow real time image reconstruction.

— Together with accelerated acquisition, possibility of real time MR
Imaging!
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction

Reconstruction

ime: Demo Video

If you are interested in the video which shows a live
performance of the algorithm, please send an email
to: florian.knoll@tugraz.at

Due to file size, it is not included with this file.
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Conclusion of Example

« Radial undersampling provides increased temporal resolution for time
resolved MRA acquisitions.

« 3D ROF Total Variation removes streaking artifacts, while preserving
blood vessels.

« Using a data fidelity term in image space limits this approach to certain
data sets. Data fidelity term in frequency space is WIP.

« The GPU implementation facilitates image reconstruction times that are
far below the corresponding acquisition times.

« We believe that this may pave the way for these reconstruction
strategies, currently promising research topics, to become powerful
tools in daily clinical practice.
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Open Problems
CUDA programming:

« WIP: GPU regridding (,learning project”, cooperation
with ICG).

. 2797 muin{%HAU — IZHE + Zi:/?,, R, (U)} 2?7

— Talk of Manfred Liebmann © ?
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Open Problems

* Perform an angiography in Vivo Study to show
feasabilty of GPU TV.
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Open Problems

« Develop new acquisition strategies.

» Design of appropriate penalty functions for
regularization (either for parallel imaging, or to exploit
aliasing structure).
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Towards Real Time MR Imaging: Data Acquisition Strategies and Image Reconstruction .

Open Problems

Quantitative evaluation of image quality:
* Objective Comparison of Reconstructions?

« Choosing regularization parameters?
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Thank you!

Questions?
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