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LA, RS (CT, MR, @572 L) OFELWERIZEY, AMEANE = kootEiEcfd 5
Bz 72 BRI S DD K 912720, BRICEE-S S B ATRE & 7o o 7= 15 BT Y
SEICRBWTI, FHREEERZK (Computer Aided Diagnosis: CAD) 13fx & EE /R HFZET —
v Lo TWD, FHEMTEZKI(CAD) Y 2T LMTBWT, Eifgk SRR okEs LT
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1. RO ERMD T 2 N TEREEHT F AT v TG E LR L, 2 ERERE O TRIET
Y NV Bk (Linear Tensor Coding: LTC) % V=[5 H 3 RITHEIE DFLEET & 2 F v iRt
EERFR L. RFETHE, 2T — 1L 1R 7 MVIZEBT 2 MERRL, —D20
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TEHIENTE, FHRBSEZHICAITHL Z L a2 R LT,

2. Sparse and Low Rank Matrix Decomposition (SLRMD) j:1Z & 2 RATEREMTIE 2 RZE L,
B STz BRITIBIRD & RTINS AT T 2 & 2 e - BT 2 2 &R TEDH L O 1Tk -
7o, FRUCE S TUTFO =20 ERE LN« @QATEE 3 T IRONES b
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Il otz s () RFTERE T O E -T2 2 LI k- T, HEAEIC K 2RO
ZERMICEHIT 2 2 LB TE, FAEZEOEBENICE DO THANTHLZ L &R ;
(c) Increment SLRMD £ % BEEaAOIZBA% L, on line TOXEZW O AIREMEZ R LT,
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In recent years, medical imaging, including computed tomography (CT), magnetic
resonance imaging (MRI), and ultrasound imaging, has made remarkable progress.
It 1s possible to use high-resolution 3D medical images for diagnosis. Computer
aided diagnosis (CAD) has become one of the major research subjects in the field of
medical image analysis. The basic idea of CAD is to firstly extract useful features
(shape and texture features) from medical images and then use machine learning
methods to give or generate a second opinion for assisting doctors’ final diagnosis.
Therein, efficiently and compact representing the shape and texture features, which
is also the key part for affecting the final performance of the CAD system, is a great
challenge due to the high- and multi- dimensions of the medical images. In
conventional CAD, principal component analysis (PCA) is usually used to extract
the shape and texture features, which are also known as statistical shape model
and statistical appearance model. However, PCA is a global analysis method, and it
is difficult to determine local changes. Furthermore, PCA requires that the 3D
1mage should be firstly unfolded into 1D vector for texture analysis. The spatial
structure will be lost and it also suffers large-computation problems. In this
research, we proposed novel statistical analysis methods of shape and texture for
CAD. The main contributions of this thesis are summarized as below:

1. I proposed a novel statistical analysis method of texture based on multilinear
algebra, which is also called Linear Tensor Coding (LTC), for 3D medical images,
and it can be considered as an extension of conventional PCA. In the proposed
method, the 3D image is treated as a 3'd order tensor directly without unfolding.
Compared with the previously proposed generalized N-dimensional PCA
(GND-PCA), the proposed method can represent the 3D image by a linear
combination of tensor-formed basis. Thus, it 1s possible to select specific basis,
which mainly contribute to disease, for diagnosis. The effectiveness of the proposed
method has been demonstrated.

2. A local shape analysis method was proposed based on Sparse and Low Rank
Matrix Decomposition (SLRMD), which is able to identify and separate the local
shape deformation. We have the following three achievements: (a) a robust
shape-based registration method was proposed that uses the local shape analysis as
a preprocessing in order to remove the local deformation and noise; (b) an accurate
CAD for cirrhotic livers was developed based on the local shape analysis, instead of
PCA; (c¢) Incremental SLRMD was also proposed theoretically for on-line medical
1mage diagnosis.



