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Tetrahedral Adaptive Mesh for
Parallel Hierarchical Tetrahedralization of Volume Data

YASUFUMI TAKAMA,t AKINORI KIMURAt and HIROMI T. TANAKA®

Recent advances in volume scanning techniques have made the task of acquiring volume
data of 3-D objects easier and more accurate. Since the quantity of such acquired data is gen-
erally very large, a volume model capable of compressing data while maintaining a specified
accuracy is required. The objective of this work is to construct a multi resolution tetrahedral
representation of input volume data. This representation adapts to gradient of field values
while preserving their discontinuities. In this paper, we present a tetrahedral adaptive rep-
resentation technique. We have developed a parallel algorithm of tetrahedral adaptive mesh
generation, according to local field properties such as the orientation and curvature of isosur-
faces, until the entire volume has been approximated within a specified level. Experimental
results demonstrate the validity and effectiveness of the proposed approach.

June 2007

ooboodooboocoooboocooooobobooooboo

gooano

CTO Computed Tomograpy 0 MRIO Magnetic
Resonance Imaging0 OO0 000000000000
0000000000000 00ooo0oooooo
O00000000ooOo0o0ooOooooooooog
000oo000o00oo0ooooooOoooooooo
00000000000000oooooooooo
O00o0o0o0oOoooOoooooooooooooo

t0o0o0o0oooooooooo
Graduate School of Science and Engineering, Rit-
sumeikan University
1000000000
Faculty of Engineering, Ashikaga Institute of Technol-

ogy

67

00000000000000000000000
000000000000000D00000000
00000000000000000000000
0oY*¥ooooooo0000o0Nonoooon
0000000000000000000000300
000000000000000000000000
000000000000V 0000000000
000000000000000080000000
000000000000000000000000
0000000000000000000000000
300000000000000000000000
000000000000000000000000
000000000000000000000000
0DO00O000g»eeenidngo g Maubach O



68 ooooooooooooooooooooboboooooooo

01 000000
Fig.1 The crack problem.
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Fig.2 Initial tetrahedralization.
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Fig.3 Cyclic subdivision of a tetrahedron.
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Fig.4 Recursive definition of three tetrahedral primitives.
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Procedure_Divide_Tetrahedron(T},,Acc_Thresh)
(*Tp : a parent tetrahedron *)
(* Acc_Thresh : the accuracy criterion *)
begin
Step 1:(* Collect subdivision requests from neighbors
for crack handling *)
If INeighbor_Require_for_Subdivision(Ty, Acc_Thresh)
then return (INeedSubdivision,)
Step 2:(* Divide Tp into two child tetrahedra Ty and T
and process them independently *)

Step 3: (* Recursive Subdivision of Ty and Ty *)
Divide_Tetrahedron(Ty, Acc_Thresh);
Divide_Tetrahedron(Ty., Acc_Thresh);

end
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Procedure Neighbor_Require
for_Subdivision(7},Acc_Thresh)
(*Tp : a parent tetrahedron *)
(* Acc_Thresh: the homogeneity criterion *)
begin
(* check the size of Tp*)
If Ty is the smallest tetrahedron
then return (!NeedSubdivision)
Step 1:(* Evaluate Acc_Thresh for Tp *)
If the homogeneity along E doesn’t reach Acc_Thresh
then return (NeedSubdivision)
Step 2:(* Associate E with RI(E) of a group of
tetrahedra {Tp;} sharing E %)
Step 3:(* Recursive Ezpansion of RR(Cb(i, j, k)) *)
(* Evaluate Acc_Thresh for Ty and Ty of
each of Tp; € RI(E) independently *)
for each Tp; € RI(E)
Step 8.1:Define Tp; into Ty; and Tp; at a middle point of E
Step 3.2:
If Neighbor_Require_for_Subdivision(Ty;,Acc-Thresh)
then return (NeedSubdivision)
If Neighbor_Require_for_Subdivision(Ty.; ,Acc-Thresh)
then return (NeedSubdivision)
Step4:If any neighbor of Ty; or Tyr; of Tp; requires for subdivi-
sion
then require for the subdivision of Tp
return (!NeedDivision)

end
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Table 1 Exp. result — concentric spheres.
Acc._Thresh size of tetra # of # of # of nodes comp. error
(Othresn) ||base edge||//3 tetra cells pathces adaptive non-adaptive rate [%)] [%]
27/6 16 4,704 1,061 6,859 15.5 1.71
21 /12 8 15,396 1,560 3,009 50,653 5.94 1.60
27 /24 4 83,952 5,232 15,655 389,017 4.02 1.05
27 /48 2 490,344 18,624 90,897 3,048,625 2.98 0.601
27 /96 1 2,906,448 70,512 543,035 24,137,569 2.21 0.483
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Fig. 17 The result of tetrahedral adaptive mesh — foot.
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