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mental mesh Compression— Encoding and Compression

Introduction

Computer hardware now makes it possible to generate, manipulate and render geometric data sets reaching
hundred of millions of primitives. This huge volume is a major challenge both to software rendering
algorithms and to hardware ones. The two main technologies which mental meshTM provides to tackle this
are geometry compression and scene optimization.

Client-side rendering applications, such as 3D players embedded into web pages, multi-user game authoring
systems, and other mesh-centric software often require the transfer or storage of large meshes whose size
is undesirably, or even unacceptably, limited by hardware constraints or interactivity requirements. The
technology provided by mental mesh 3D compression solves this problem by significantly reducing data
needed to represent a mesh while preserving topology and quality. The mental mesh compression algorithm
accepts any triangle mesh as input, including degenerate meshes, and produces a compressed data stream
which allows reconstruction of the mesh within user-chosen quantization tolerance.

Massive and complex 3D scenes are often not well suited to efficient hardware rendering, mainly because
of suboptimal vertex layout and numerous small meshes. The technology provided by mental mesh scene
optimization offers a fully automatic way to merge, simplify and optimize a set of 3D objects. The
optimization algorithm accepts any triangle mesh as input, including degenerate meshes, and produces a
smaller set of objects well-suited for hardware rendering.

This document outlines the basic approach of mental mesh compression and scene optimization, presents
features of the algorithms developed, and provides information to substantiate the benefits of mental mesh.

mental mesh Compression

The mental mesh 3D compression algorithm is an improved, proprietary version of the algorithm in [1].
It quantizes mesh vertices, and then uses a region-growing approach to encode the mesh as a stream of
symbols which are then compressed. The compressed mesh can be unpacked in a symmetric decompression
and decoding process. More detailed information about mesh compression techniques can be found in [1].

Encoding and Compression

The first step of the compression process is standard quantization on the input mesh vertices. Figure 1
shows an example input mesh with an area of detailed marked and three different levels of bit precision
used on the vertex coordinates in the marked area.

6-bit quantization8-bit quantization13-bit quantizationFigure 1: Input mesh with detail marked, and detail area with di�erent levels of quantization
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mental mesh Compression— Decompression and Decoding

Quantization determines tolerance between the original and resulting meshes, and allows for some
compression at a cost of accuracy. The quantization step is the only step in the mental mesh compression
process which can be lossy. The amount of loss is controlled by the number of bits chosen to quantize
the mesh. mental mesh supports up to 31-bit quantization. If the number of quantization bits chosen
equals or exceeds the precision of the input data, then the quantization step is lossless. For instance, the
quantization step, and therefore the entire mental mesh compression process, can be made lossless on the
vertex data used in the OpenGL ES and M3G programming interfaces for mobile devices by choosing
8-bit or 16-bit quantization. See [2] for information regarding OpenGL ES and M3G.

The second step of the compression process is the construction of an encoding data stream from the
quantized mesh. It is a lossless process which does not affect the vertex positions of the quantized input
mesh and preserves topology. The encoding data stream contains valence and topological information and
is constructed in a region-growing process.

The third and final step of the compression process is to use standard, lossless entropy coding on the
encoding data stream in order to compress it. The symbols in the data stream are re-ordered before
compression in order to improve coherency, and thus performance of the entropy coding. The result is a
binary stream which takes less space in memory than the input mesh. Figure 2 shows the encoding and
compression processes.

010011000101...3, 3, 2, BOUNDARY, 1, 3, ...

Figure 2: Quantized mesh, its encoding data stream, and the compressed form
Decompression and Decoding

A mesh which has been compressed with mental mesh can be recovered by performing entropy decoding
on the data stream and decoding the mesh. The result is a mesh which is identical to the quantized version
of the input mesh. Figure 3 shows this process.

010011000101... 3, 3, 2, BOUNDARY, 1, 3, ...

Figure 3: mental mesh decompression process
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mental mesh Compression— Features

The first step of the decompression process is standard entropy decoding. It produces the sequence of
symbols that was used to encode the quantized input mesh. The second step of the decompression process
is to decode the mesh. The decoding is performed by interpreting symbols in the decompressed data
stream. Once decoding is complete, the quantized vertices which were read are converted to floating-point
values.

The resulting mesh has an identical topology to, and vertex positions within quantization tolerance of, the
original mesh.

Features

The features of mental mesh 3D compression include:� Acceptance of any indexed triangle mesh as input� Pre-processing for degenerate meshes� Vertex welding for improved performance�User-controlled quantization level or, alternatively, lossless compression� Results which are coherent across architectures� Compatibility with the OpenGL ES and M3G 3D programming interfaces� Region growing technique which favors entropy coding� Preservation of topology�Geometry re-ordering which improves hardware rendering performance� Triangle map computation for compression of mesh attributes�High-performance, prediction based compression of mesh attributes

Any indexed triangle mesh may be used as input to mental mesh. Degenerate meshes, i.e., those which have
non-manifold edges, non-manifold vertices, degenerate triangles or non-orientable triangles, are mended
automatically, and vertices with identical position are merged. The latter is to improve performance since
it is more efficient to encode one region of many triangles rather than many regions of few triangles.

Vertex positions and per-point attribute values can be either quantized or compressed as-is as given 32bit
floating point values without any loss of precision. Quantization of mesh data can be desirable for two
reasons. First, some compression is gained by quantizing. The greater the acceptable quantization error,
the better the compression. Second, quantizing allows all computations to be accomplished with integer
arithmetic, thus ensuring comparable results across different architectures. The amount of quantization
can be controlled by the user, ranging from 4- to 32-bit precision per vertex coordinate, depending on how
much loss can be tolerated. The quality sacrificed by quantizing the original mesh data is the only sense in
which mental mesh compression is lossy.

Even though one can achieve extremely high accuracy by chosing a high quantization level, it can be an
important issue in some application scenarios to store the original data in full floating point precision.
mental mesh offers an additional option to switch off quantization completely and still achieves a high
compression ratio. Concerning the portability for decompressing meshes across different platforms require
compatibility with the floating point arithmetic according to the IEEE-754 standard. Options concerning
quantization precision and lossless mode can be specified for each attribute separately, including geometry.

The compression developed for mental mesh is fully compatible with the OpenGL ES and M3G 3D
programming interfaces for mobile devices, which use 8- or 16-bit vertex precision. A choice of 8-bit
quantization leads to lossless compression on OpenGL ES mesh data. On M3G 3D data, a choice of 8-
bit quantization leads to lossless compression if 8-bit geometry integers are used, where a choice of 16-bit
quantization leads to lossless compression if 16-bit geometry integers are used. See [2] for information
regarding OpenGL ES and M3G.
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