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Introduction— Contents of mental matter

Introduction

The mental matter
� c library is a powerful, next-generation modeling package comprised of modular

components. Its two main components are the Hierarchical Subdivision Surface (HSDS) library and the
Free-Form Surface (FFS) library, and these are complemented by a collection of tools to perform surface
conversions and to enhance modeling capabilities. Figure 1 shows an overview of the mental matter
modeling library.

polygon
meshes

subdivision
surfaces

free-form
surfaces

Simplification
Library

Polygon Mesh Polygon Mesh
to HSDS
Library

Hierarchical
Subdivision Surface

(HSDS) Library

Shape-By-Shading
(SBS) Library

NURBS Surfaces
Library

HSDS to

to HSDS
NURBS Surfaces

Library NURBS Surface
Modeling Tools

Geometry
Approximation

Library

Free-Form Surface
(FFS) Library

mental matter

Figure 1: Overview of the mental matter modeling library

Contents of mental matter

The HSDS library includes tools for the construction, manipulation and tessellation of hierarchical
subdivision surfaces. It provides full multi-resolution editing, meaning that the surface can be modeled
or animated at different levels of detail. Modeling operations on edges, vertices, faces and surface points
are provided. Surface attributes such as texturing and materials are also supported. An overview of the
contents of the HSDS library is shown in Figure 2.
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Figure 2: Overview of the contents of the HSDS library
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Introduction— Applications of mental matter

Several mental matter components complement the HSDS library. The Shape-By-ShadingTM (SBS) library
allows 3D modeling of hierarchical subdivision surfaces by shading in a 2D setting. The Polygon Mesh
to HSDS library and NURBS Surfaces to HSDS library allow for the import of surfaces into the HSDS
library, and the HSDS to NURBS Surfaces library exports surfaces from the HSDS library to the FFS
library. These allow for multiple modeling approaches to be used on one surface. The Polygon Mesh
Simplification library reduces large 3D data sets and prepares them for import into the HSDS library.

The FFS library has two-tiered support. Its base is the Geometry Approximation library, which provides
curve and surface approximation, texturing, materials and displacement mapping. A set of NURBS surface
modeling tools has been developed using the Geometry Approximation library as a base. An overview of
the FFS library is shown in Figure 3.
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Figure 3: Overview of the contents of the FFS library

Applications of mental matter

The mental matter library is a complete modeling package which offers advantages in applications such as:

� Computer Aided Design and Manufacturing (CAD/CAM)
The direct manipulation feature of the HSDS library can be used to edit user-chosen points
and areas. Direct surface editing allows for design changes without worrying about parametric
modeling constraints.
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Introduction— Connection of mental matter to mental ray

� Shape design
Shape-By-Shading pulls together shape designers who express ideas in 2D drawings with
computer specialists who build 3D models. Results are fully compatible with the HSDS library.

� Surface translation
Conversion between hierarchical subdivision surfaces and NURBS surfaces in both directions
means that multiple modeling approaches can be used on the same object.

� Raw data import
Polygon mesh simplification enables large sets of raw data to be represented efficiently. The
Polygon Mesh to HSDS library can be used to mend meshes with undesirable properties and
to import them as well-behaved control meshes into the HSDS library for multi-resolution
modeling.

� Geometry compression
Technology in the Polygon Mesh Simplification library compresses geometric data by converting
polygon meshes to binary streams.

� Animation
Multi-resolution surface representation in the HSDS library allows for rough motions to be
mapped out easily. Articulation of detail can be incorporated easily into overall object motion.

Integration of mental matter

The mental matter library can be integrated into applications by using the mental matter API or by
creating files in the .mi scene description file format. The API of mental matter is described in the
mental matter Modeling Library Programmer’s Manual. See [3]. The results of mental matter modeling
are available in three surface types, namely hierarchical subdivision surfaces, free-form surfaces and polygon
meshes. Figure 4 shows this information flow.

application mental matter
.mi file format

mental matter API

polygon mesh

free-form surface

subdivision surface

Figure 4: Integration of mental matter into an application

Connection of mental matter to mental ray

The mental ray
� c product provides a highly developed rendering solution. See [1] and [2] for more

information. Both mental ray and mental matter use the same surface approximation tools and other
features which are not specific to rendering, and the two libraries use the same API to access these features.

Copyright c
 2006 mental images mental matter Functional Overview, doc. 3.11 3



Introduction— Hierarchical Subdivision Surfaces in mental matter

While mental ray focuses on rendering, mental matter combines surface approximation with modeling
capabilities. The relationship between these two products is summarized in Figure 5.

surface approximation

adjacency detection

displacement mapping

texturing and materials

renderingmodeling

mental matter mental ray

Figure 5: Relationship between mental matter and mental ray

The mental matter modeling library can be packaged with or without the mental ray renderer.

Availability of mental matter: A Modular Approach

In addition to the full mental matter modeling package shown in Figure 1, subsets of it can be made
available. Figure 6 shows two examples, one focusing on subdivision surface modeling and the other on
modeling with NURBS surfaces.
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Figure 6: Examples of available mental matter subsets

Other combinations of mental matter components are available, depending on customer needs.

Hierarchical Subdivision Surfaces in mental matter

Modeling on hierarchical subdivision surfaces in mental matter is supported by the HSDS library and the
SBS library.
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Introduction— Hierarchical Subdivision Surfaces in mental matter

Hierarchical Subdivision Surface (HSDS) Library

The HSDS library is based on a proprietary hierarchical subdivision surface representation that offers:

� Meshes with arbitrary topology

� Smooth limit surface generation

� Multi-resolution representation

These properties are not available in commonly used tensor product surfaces, which have the drawback
that it is difficult to maintain curvature-smooth surfaces when modeling complicated shapes. Such shapes,
traditionally, are assembled from many individual small surface patches which must be carefully stitched
or blended together to avoid discontinuities on the surface. In addition, trimming is required in most cases,
which further complicates design. Special care has to be taken to avoid gaps along trim curves.

These problems are avoided easily by using hierarchical subdivision surfaces because their construction
produces inherently smooth surfaces of arbitrary topology. A hierarchical subdivision surface is built by
subdividing, that is refining, a base control mesh using pre-specified rules. The HSDS library uses the
Loop scheme for triangular meshes and the Catmull-Clark scheme for quadrilateral meshes. Each time a
control mesh is refined, a new level is created. These levels form a hierarchy of meshes that approach a
smooth limit surface and allow for multi-resolution editing.

Figure 7 shows a sequence of control meshes for a subdivision surface. The base control mesh is shown on
the left. It was refined to create a level 1 control mesh (middle) and again to create a level 2 control mesh
(right).

quadrilateral base level
control mesh (level 0)

subdivision to level 1 subdivision to level 2

Figure 7: Subdivision of a base control mesh

The wavelet representation developed for the HSDS library allows for multi-resolution editing of control
meshes of a surface. Changes in the positions of vertices are propagated up and down the hierarchy of
meshes.

Figure 8 shows the result of a vertex edit (left) on the level 2 control mesh pictured in Figure 7, as well as
the effect analysis has both on the level 1 control mesh (middle) and on the base level control mesh (right).
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IntroductionÐ HierarchicalSubdivisionSurfacesin mental matter

vertex edit at level 2 effect of vertex edit on level 1 effect of vertex edit
on base level (level 0)

Figure 8: Vertex edit at level 2 and e�ect of edit on lower levels

The HSDS library offers severalmodeling tools, including:

� Smoothcreaseswith fractional creasesharpness

� Smooth,corner, dart, cuspand conic vertex features

� Direct manipulation of the surfaceat arbitrary points

� Trimming by trim edgespeci®cation

� Topology editing on the basemesh

Figure 9 showsthe construction of a triangular basecontrol meshfollowed by a modeling processwhich
usesseveralof thesetools and re®nesthe meshto approximatethe limit surface. Approximation criteria
canbeusedto re®neacontrol meshadaptivelyso that it is within aspeci®edaccuracyof the limit surface.
Severalapproximation methodsareprovided.

4. limit surface
    approximation using
    adaptive refinement

1. triangular base control
    mesh construction and
    tagging of features

cusp vertex

conic vertex

3. subdivsion to level 22. subdivision to level 1

creases

Figure 9: HSDS modeling processusing a conic vertex, a cusp vertex, and creases

A hierarchical subdivision surfacemodeling examplewhich usesa quadrilateral basecontrol meshasa
starting point is shown in Figure 10.
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