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Fig. 1. The approximate decomposition results obtained using the proposed method. (a)—(g) The proton density
of the 1st-10th principal component. WM—-, GM—, and CSF-like components are observed in (b), (d), and (g),
respectively. WM, white matter ; GM, gray matter ; CSF, cerebrospinal fluid.

(a) T1w (simulation) (b) T1w (experiment) (c) T2w (simulation) (d) T2w (experiment)
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Fig. 2. Ti-and T2-weighted MR images obtained by the simulation and experiments. IR-FSE (TR/TE =2357/
8.2ms, TI=860 ms, FOV = (22 cm)?, matrix =256 X 256) and FSE (SE sequence : TR/TE=3000/99 ms, FOV
= (22 cm)?2, matrix =256 X 256) sequences were used for Ti1— and Te—weighted imaging, respectively.
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Fig. 3. The principal component variances. The first ten components

explained 73% of the signal variation.
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Realistic numerical phantoms are required for accurate and appropriate MRI simulations.
However, structure models used in conventional numerical phantoms are insufficient due to the limit-
ed number of components used for simulation. This study proposed an automated technique for the
decomposition of brain structures for development of a numerical phantom with an arbitrary number
of components. The acquired MRI scans of a volunteer’s brain were decomposed into 207 compo-
nents using a constrained linear least-squares method. Those components were approximated to 10
components using principal component analysis. The simulation and experimental studies demon-
strated the usefulness of our method. The proposed approach will contribute to the development of a
mathematical phantom, a numerical phantom defined with mathematical modeling.



