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Adaptive 3D Object Modeling from Range and Color Images

Hiromi T. Tanaka
Computer Science Departient, Ritsumeikan University,
1916 Noji, Kusatsu, Shiga, 525 Japan

The objective of this work is to reconstruct a polyhedral representation of 3D objects from image
data that can adapt to the intrinsic surface shape and color and that might be used as accurate
CAD models. In this paper, we present an adaptive mesh model for hierarchical triangulation of
3D objects. We have developed an adaptive mesh generation algorithm that recursively bisects
mesk elements by increasing the number of mesh nodes according to surface curvatures. The
recursive subdivision based on such a viewpoint invariant feature yields the hierarchical surface
triangulation that is intrinsic to the surface, and satisfies the absolute accuracy criterion, because
nodes are generated as many times as required ntil the entire surface has been approximated
with an arbitrarily specipied threshold. The algorithm has been successfully applied to adaptive
sampling and reconstruction of both the range and color images of Japanese antique dolls with
fine grained color-texture. '
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Procedure Adaptive_Mesh_Generation

Tri[2] & Qd(io, jo + 1) ® Tri[0] 3. BRI 3ESFI &
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begin
For each of [NumQuads_inX][NumQuads_inY}] do
begin

step 1: (* Mesh Initialization*)
Initialize each mesh element with locally ob-
served surface properties;

step 2: (* Initail Triangulation *)

Divide each mesh element into two root trian-
gles, Rt[0] and Ri[1];

step 3: (* Parallel Recursive Subdivision of Root-
Triangles *)
Divide_Triangle(Rt[0], Acc_Thresh);
Divide_Triangle(Rt[1], Acc_Thresh);

end

end
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Procedure Divide_Triangle(7T},,Acc_Thresh)
begin .

step 1: (*Collect subdivision requests from neighbors
for handling discontinuites *)
If Neigh-
bor_Require_for_Subdivision(T,, Acc_Thresh)
then require for subdivision of Tp,;

step 2: (* Neighbors require for subdivision of T *)
Divide a parent triangle Ty, into T} and T; and
process them independently *)

step 2.1: Initialize T; and T, using the parent nodes
(Po, Pl,P-z) of T,, and M;

step 2.2: (* Recursive Subdivision of T} and T; *)
Divide_Triangle(T;, Acc.Thresh);
Divide_Triangle(T, ,Acc_Thresh);

end
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FIG. Adaptive mesh generation. Step 1: mesh initialization. (a)

Black circles represent nodes; lines represent connections aligned with
mutually orthogonal (x-y) coordinate lines of a viewing plane. Step 2:
initial triangulation. (b) At each node, the surface shape is recovered
xilldepth z, normal n, principal curvatures «;, x;, and their directions
€}, €; . The region bounded by each quadrangle is initially approximated
by two triangular patches of four neighboring nodes. Step 3: recursive
subdivision. (c, d) According to the curvatures at both ends, the nodes
are increased along the lines to approximate the regions of high curvature
with finer trianguiar patches.

FIG. Binary subdivision tree structure.
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FIG. 3. Adaptive sampling and reconstruction of color image: (a) original color image; (b) reconstructed color image using Gouraud shading;

(c) adaptive mesh (compression rate 15.6%).

FIG. 4. Adaptive sampling and reconstruction of samurai: (a) original color image; (b) reconstructed image using Gouraud shading; (c)
adaptive mesh (compression rate 10.98%); (d) front view; (e) side view (compression rate 2.1%).



FIG. 5. Adaptive sampling and reconstruction of Japanese antique doll: (a) original color image; (b) reconstructed image; (c) adaptive mesh
(compression rate 12.3%); (d) adaptive mesh on range image, 16-hedron approximation (compression rate 2.3%); (e) adaptive mesh on range
image, 72-hedron approximation (compression rate 16.2%); (f) front view of 3D adaptive mesh; (g) front view of Japanese antique doll.



