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With the transition of the most fundamental data in
manufacturing from drawings to three-dimensional (3D)
CAD (Computer Aided Design) data, we are now able
to fabricate products with beautiful curved surfaces, for
example, automobiles, cellular phones, etc. However, cur-
rent 3D CAD involves only shape data, which consequently
poses certain difficulties in process modeling and simula-
tions aimed at predicting the performance of final prod-
ucts. Our Team aims to develop a totally new type of
CAD—Volume CAD (VCAD)—which can handle volume
data consisting of three-dimensional shape information as
well as physical attributes information. This volume CAD
realizes the representation of robust data which can be
shared by various simulations and flexible manufacturing
methods, and plays a central role in the construction of
production systems which can be used directly for man-
ufacturing processes requiring accumurated simulation re-
sults.

1. Theoretical researches for the development of
VCAD

In these researches, theories required for developing
VCAD are being established.

(1) The combinatorial analysis for the representation of
3D shape using a Kitta Cube

One conventional method of representing surface in-
formation explicitly for volume data is extracting isovalue
surfaces by giving density to the vertices of cubes (there
are 28 ways of switching cutting points in the vertex based
method). We discovered that representation ability can
further be improved with less information using a data
structure with one cutting point on one edge (2'? ways,
in the edge based method) as a Kitta Cube which we pro-
posed. We calculated the exact number for patterns of
a Kitta cube using Polya’s conting Theory. Our results
showed that the set of 14 patterns of the cutting points
configurations for the conventional method is a subset of
the set of 144 patterns for the Kitta cubes. Therefore
the Kitta cubes are more expressive than the conventional
method.

(2) Volume modeling with implicit functions. Using
a technique of implicit surface fitting, we developed and
incorporated a method for reconstructing the surface rep-
resented by the points approximating a surface.

The method allows us to input data without defin-
ing surface-topology, e.g. point-sampled real world data,
into a VCAD system. Since implicit functions gives us in-
side/outside information of the solid at any points in the
space, we can also perform solid modeling operations, such
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as boolean operations, in more accurate and simple ways.
Furthermore, the conversion from an implicit surface to
the Kitta Cube triangles is quickly done by using the cell
based structure of the VCAD system.

(3) Contouring the Non-manifold Surface of Multi-
material volumetric data

There are some contouring methods which can be ap-
plied to multi-material volumetric data. However, they
assume that the volumetric data are clear with no noise
(such as implicit functions). We extended the contouring
methods to apply the real data (such as CT scanned data
of mechanical parts) and improve the precision of contour-
ing surfaces.

2. Development of practical software systems for
VCAD

In these researches, software for allowing other teams to
actually use VCAD and demonstrate the full performance
of VCAD are developed (for various VCAD versions). This
fiscal year, we developed the revised versions of VCAD
Framework (V.3.1 and V.3.2) provided with new applica-
tion program interfaces. and a full distributed version of
VCAD framework (V.4.0). We released these software to
other teams, and developed a feedback system to imple-
ment the required corrections and version upgrading.

(1) Development of VCAD framework (V.4.0)

Fundamental software (VCAD framework) which en-
ables the users customize VCAD functionalities is newly
developed. This framework is actually performed in dis-
tributed PCs without special settings even with different
platforms such as, Linux, Windows, and Mac OS.

(2) Development of interfaces between VCAD and
CHIKAKU CAD

We developed softwares which connect between VCAD
and CHIKAKU CAD, developed in RIKEN. In this year,
we added an output routine of the VOBJ format (input
format file for VCAD) in VCAD framework ver 3.2 to
CHIKAKU CAD, which establishes the conversion from
CHIKAKU CAD to VCAD.

Research Subjects

1. Surface modeling and robust geometric representation
in volume data
2. Practical software development, distribution and
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