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Fig. 1. Schematic block diagram of the MRI simulator. (a) Optimized for Cartesian sampling. (b) Developed for

arbitrary k-space sampling.
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Fig. 2. The central cross-sections of the spoiled gradient echo MR images simulated for various number of sub-
voxels (NS). TR, TE, and FA of the pulse sequence were 20 ms, 6 ms, and 30°. FOV and image matrix were 64
mm cube and 256 x 256 x 32. The subvoxels were assigned along the readout direction (horizontal direction of the

images).
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Fig. 3. The central cross-sections of the spoiled gradient echo MR images acquired (upper) and simulated (low-
er) for the various phase increment angles. The phase difference ¢ between two successive RF pulses was n(n+

1 ®/2.
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Fig. 4. Inversion time dependence of the (a) acquired and (b) simulated MR images for the MP2RAGE se-
quences. The central cross-sections of the 3D images (256 X 256 X 32 image matrix) are shown. Inversion time de-
pendence of the image intensity of the phantom (c) acquired and (d) simulated MR images acquired with the

MP2RAGE sequences.
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simulation experiment

(a) 1st gradient echo images (Tl = 252 ms)

simulation experiment

(b) MP2RAGE (calculated for Tl = 252 ms)
= Gp1XGryp/ (Grj1 X Gryy+Grppx Gryp)

Fig. 5. MP2RAGE images calculated for the
acquired and simulated images. Bi in-
homogeneity was corrected.
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TR=100ms, NS=1 TR=100ms, NS=2 TR=100ms, NS=3 TR=300ms, NS=1 TR=300ms, NS=3
(a) Cartesian gradient echo in inhomogeneous Bo (without rewind : FLASH)

TR=100ms, NS=1 TR=100ms, NS=22 TR=100ms, NS=3? TR=200ms, NS=1 TR=300ms, NS=1
(b) 3D Cones, 256 cone and 128 shot in inhomogeneous Bo

TR=100ms, NS=1 TR=100ms, NS=22 TR=100ms, NS=3? TR=200ms, NS=1 TR=300ms, NS=1
(c) 3D Cones, 256 cone and 128 shot in homogeneous Bg

TR=100ms
(d) 3D Cones, 256 cone and 128 shot (experiment)

TR=200ms

TR=300ms

Fig. 6. (a) The central cross-sections selected from the 3D image datasets simulated with the Cartesian gradient
echo (FLASH) sequences in an inhomogeneous magnetic field. The central cross-sections selected from the 3D
image datasets simulated with the 128 shot and 256 cone 3D Cones sequences (b) in an inhomogeneous magnetic
field and (c¢) in a homogeneous magnetic field. (d) The central cross-sections selected from the 3D image datasets
acquired with the 128 shot and 256 cone 3D Cones sequence.
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What Benefits Will a Bloch Simulator Bring to the Further Development of
MR Imaging?

Katsumi Kosg'* and Ryoichi Kosg2*

Lnstitute of Applied Physics, University of Tsukuba
1-1-1 Tennoudai, Tsukuba, Ibaraki 305-8573
2MRTechnology, Inc.

Fast three dimensional (3D) magnetic resonance imaging (MRI) simulators were developed for
Cartesian and Non-Cartesian k-space sampling using graphic processing units (GPUs). The simulat-
ed results were compared with those acquired using a custom-built 1.5T MRI system for the RF
spoiled gradient echo, MP2RAGE, and 3D Cones sequences. The simulated MR images clearly
reproduced the MR images that were experimentally obtained in the calculation times of less than or
nearly equal to the image acquisition times. Therefore, MRI simulators using Bloch equations
showed considerable possibilities in the research and development of MRI.

*Present affiliation : MRIsimulations Inc.
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