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This thesis deals with the problem of linear structure registration in 3D medical images. Linear structures re-
fers to objects whose lengths are several times longer than their widths or diameters such as rib, bronchus,
and blood vessel. The author represents linear structures using their centerlines, and pérforms registration
of centerlines. This thesis covers both rigid and nonrigid registration methods of linear structures.

For rigid registration, the author proposed an iterative closest point method for curved linear structures,
and targeted rib registration between inspiratory and expiratory CT images. Rotation axis and rotation an-
gle were calculated from registration result. Centerline extraction accuracy,registration accuracy, and conver-
gence for the proposed error function were evaluated by image simulation. The proposed rigid registration
method was also tested on CT images of four normal volunteers.

For nonrigid registration, the author proposed a branching linear structure registration method using"tree
association graph", and targeted the registration of the airway trees. This study presents a method of"3D
tree matching using association graph” for nonrigid registration of branching linear structures in 3D medical
images. Matching of branching linear structures in 3D medical images such as bronchus and blood bessels
should cope with displacement by body motion, physiological deformation such as respiration, and topological
errors such as pseudo branches or missings occuring during image processing process.In this study, the rela-
tion between an arbitrary tree node and its parent, children, and sibling nodes was adopted as node attributes
to construct a similarity measure reflecting rate of volume change of a tetrahedron which is spread between par-
ent, children, and sibling nodes of an arbitrary tree node. The proposed similarity is based on the general char-
acteristic of displacement and deformation that it can possibly cope with every displacement and deformation
occuring in organs. Furthermore, weights in adjacent edges in"tree association graph" was changed to pre-
vent mismatch occurred by topological errors. The proposed nonrigid registration method was verified
through matching of trees generated using the 3D airway tree model and trees from real CT images.
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