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Local Shape Analysis of the Hippocampus using Hierarchical
Level-of-Detail Representations

Jeong-Sik Kim" - Soo-Mi Choi™" - Yoo-Ju Choi'™" - Myoung-Hee Kim™""

ABSTRACT

Both global volume reduction and local shape changes of hippocampus within the brain indicate their abnormal neurological states.
Hippocampal shape analysis consists of two main steps. First, construct a hippocampal shape representation model ; second, compute a shape
similarity from this representation. This paper proposes a novel method for the analysis of hippocampal shape using integrated Octree-based
representation, containing meshes, voxels, and skeletons. First of all, we create multi-level meshes by applying the Marching Cube algorithm
to the hippocampal region segmented from MR images. This model is converted to intermediate binary voxel representation. And we extract
the 3D skeleton from these voxels using the slice-based skeletonization method. Then, in order to acquire multiresolutional shape representation,
we store hierarchically the meshes, voxels, skeletons comprised in nodes of the Octree, and we extract the sample meshes using the ray-tracing
based mesh sampling technique. Finally, as a similarity measure between the shapes, we compute L, Norm and Hausdorff distance for each sam-
pled mesh pair by shooting the rays fired from the extracted skeleton. As we use a mouse picking interface for analyzing a local shape inter-
actively, we provide an interaction and multiresolution based analysis for the local shape changes. In this paper, our experiment shows that our
approach is robust to the rotation and the scale, especially effective to discriminate the changes between local shapes of hippocampus and more-
over to increase the speed of analysis without degrading accuracy by using a hierarchical level-of-detail approach.

FiSs : 3R A EM(3D Shape Analysis). RAFY &8 (Similarity Measure). AE& LOD(Hierarchical LOD). sk (Hippocampus)
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Depth_Buffer_Based_Voxelization( )
Set up depth buffers for a 3-D model({xy, x2, [y, y2, [21, z2]).
Specify the buffer resolution n(r® voxels).
For each voxel v(i,j, k)
Compute corresponding buffer values.
0, k), x2G, k), vk, D), yolk, i), 21§, 1), 2, 10)
Decide v(i, j, k) belongs to the object or not.

Slice_Skeletonization( )
Divide 3-D voxel space into n slices along v axis.
For each slice S;, Compute a center point ¢ from the object boundary.
For each pair of skeletal points : (G, G) //j=i+1(0 <i < n-1)
If(Euclidean_distance(G, G) > threshold)
Interpolate(C;, C) using threshold.

Octree_Construction(NODE root)
If{(meshes_count > max_triangles) and (aur_subdivision < max_subdivision))
Subdivide root node into eight child nodes.
For each child node
Set the child node to current_node.
Find polygons that are included in current_node.
Octree_Construction(current_node)
Else Store the polygons to current_node.
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Mesh_Sampling( )
Specify the number of skeletal points n and the number of rays m.
For each skeletal point p;
Construct a circle map of p; and shoot rays.
For each ray r;
Compute intersection between the ray and all polygon meshes.

Distance_Computation(reference, target)
For each pair of sampled meshes // Mreference, Murget
Compute the centers of Mireference and Miarget.
Compute the L; Norm or Hausdorff distances between the
two centers.
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