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Introduction: respiratory motion modeling

4D-CT (XCAT phantom?!) deformation vector fields (DVF)
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e DVF — patient-specific model of respiratory motion
e applications®3: reconstruction, registration, prediction, ...

Segars et al, Med Phys, 2008 2Zhang et al, Med Phys, 2013 3Ruan & Keall, Phys Med Bio, 2010
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Introduction: PCA-based modeling & limitations

3N y
P
p PCA limitations
e two-way coupling & analysis
N — PN = .
e linear correlations
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Xyz
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Introduction: PCA-based modeling & limitations

two-way analysis of DVF motion
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1Zhang et al, Med Phys, 2007 2Li et al, Phys Med Bio, 2011 3Ruan & Keall, Phys Med Bio, 2010
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Purpose: beyond two-way, linear models

e multi-dimensional motion: spatial, directional, temporal

— linear/non-linear variations®

e tensor: multi-way extension of two-way relations
— e.g. voxels ® direction ® phases
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e multi-linear analysis?'3

— layered two-way spectral approach

'Boldea et al, Med Phys, 2008 2Tucker, Contrib Math Psych, 1964 3Acar & Yener, IEEE TKDE, 2008
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Layered method: components & sub-components
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Layered method: components & sub-components
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Layered method: components & sub-components

direction
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Layered method: components & sub-components
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Layered method: components & sub-components
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Layered method: components & sub-components
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Layered method: components & sub-components

7 single-layer pseudo-singular values o
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Layered method: components & sub-components

single-layer pseudo-singular values
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captured variance: 92.3%

two-layer pseudo-singular values
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Layered method: components & sub-components

single-layer pseudo-singular values
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Layered method: components & sub-components

(g‘f single-layer pseudo-singular values
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captured variance: 92.3%

two-layer pseudo-singular values
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captured variance: 2.0%
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Layered method: components & sub-components

(g‘f single-layer pseudo-singular values
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captured variance: 2.4%
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Layered method: components & sub-components

single-layer pseudo-singular values
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XCAT 4D-DVF: dominant spectral components
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XCAT 4D-DVF: dominant spectral components
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Early test: XCAT 4D-DVF motion

e DVF motion recovery: phase 0 (EE) — phase 5 (EI)

— motion representation
— registration denoising
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Early test: XCAT 4D-DVF motion

e DVF motion recovery: phase 0 (EE) — phase 5 (EI)
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Conclusion

e multi-linear analysis of multi-dimensional DVF data
— beyond 3-way, e.g. multiple respiratory cycles

e systematic, layered approach

— successively decoupled dimensions
— fine control over component selection

e potential impact

— motion modeling, deformable registration, tracking
— experimentation in progress
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Thank you!

contact: ailiop@cs.duke.edu
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