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(a) Scaffolds in tissue engineering  (b) Wake Forest Institute for
Regenerative Medicine 2015
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Algorithm 1: BVH construction
Data: G=Grid node, P=Parameter of [u, v, w]

Result: BVH structure for each grid nodes
1 Approximate G(P) with bounding sphere
2 if G(P) is leaf then
3 Set leaf flag and insert G(P) to tree
4 end
5 else

6 foreach FEach parameter p € P do

7 Subdivide p to p; and p, /* divide into half */
8 Call this routine recursively for G(p;) and G(p;)
9 end

10 Union bounding spheres of left and right Child

11 end

AREE FAGHE BE T2 L E SR AZBo] 83 1 (leaf node)o]
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(a) 2 BVH trees (b) BVTT tree
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Algorithm 2: Collision Detection between two BVHs
Data: N : node of BV Hy, N5 : node of BV Hy

[uny

if isSphereCollision(N1,N2) then

2 if N1 and N5 are both leaf nodes then

3 Collision|[N1] < True

4 Collision|[Na] < True

5 end

6 else

7 Call this routine recursively for left, right child of Nj,Ny
8 end

9 end
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if d > (R +r),collision = False
if d < (R+),collision = True
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if collision = Trueandd < R,included = True
(4.19)

if collision = Trueandd > R,included = False
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Algorithm 3: Tile Parameterization from Cube to Grid

Data: S : grid’s space parameter, R : range of parameter,

cyH : cylinder’s height, radL : radius’s length between outer
circle and inner circle, density : each numbers of [u, v, w] of
cylinder

1 grid, < [radL * R(S,)]

2 grid, <27 * R(S,)]

3 gridy «[cyH* R(Sy)]

4 for i,j,k €density do

5 [wiy Vi, w5 <= [gridy;, gridy;, gridy;] for each grid.

6 end

7 Move mesh data to new parameter [gridy;, gridy;, gridy;|
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(a) Canal Space (b) Canal Box

(c) Tiles in Boxes (d) Tiles
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(a) Empty Canal Space (b) Filled Canal Space
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(b) Connected
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Abstract

We introduce an effective method of modeling a blood vessel model in
which two cylinders cross each other and filling it with microstructures. First,
we propose to soften the steep-curved surface generated between the two cylin-
drical branch structures, by using a rolling-ball blending method. To this end,
we present a mathematical formula for generating a kernel surface passing
through the two branch structures at the same time. In addition, we show
that it is possible to create a smooth kernel curved surface to the extent de-
sired by the user according to the size and use of the blood vessel model.

In order to fill the blended branch structure with microstructures, we
present a method of reparameterization of the space in each cylinder-shaped
model. After dividing each cylinder models into smaller-sized grids, a bounding
volume hierarchy consisting of a sphere surrounding each grid can be obtained.
Through collision detection using this data structure, it is possible to quickly
and easily distinguish the cylinder grids intersecting each other. Furthermore,
the surplus grids that are not required for modeling can be efficiently found
and removed using this data structure.

In addition to the cylinder model, we present a method of dividing the
kernel surface created in the branch structure into several bonding volumes
and filling it with microstructures of similar size. Also, an efficient method

of filling the space in which the two cylinders intersect so that they can be



smoothly connected to other microstructures is presented.

Keywords: Microstructure, Rolling-ball blending, Branching structure, Bound-
ing Volume Hierarchy, Canal surface, 3D modeling

Student Number: 2020-23988
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