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Abstract

Three-dimensional (3-D) mesh models have attribute darta, such as colors, normal vectors, and texture coordinates to render or shade the
surface of the mesh. Although scveral coding schemes have been developed to represent the topology and geometry information of the
3-D mesh. coding of the attribute data has received less attention. In this paper. we propose a new predictive coding scheme for colors
and normal vectors of the 3-D mesh model. where we predict colors and normals based on several ancestors along the vertex ordering.
In order to encode the color information, we define a mapping table thar specities how colors are mapped into other vertices. The
mapping table can represent frequently oceurring color parterns etficiently. For normal vectors. we also propose an average predictor
and the 6-4 subdivision quantizer in the sphencal coordinate system. The proposed scheme has demonstrated good coding efficiency for

various VRML test data,
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1. Introduction

In recent days. 3-D models are popularly used in various
applications. such as Internet services, computer graphics.
and svnthetic imaging svstems. The 3-D model usually

requires a lurge number of polygons to represent details of

the muodel accurately Since transmission bandw idth and
storage capacity are hmated o many apphications, we need
w  tind compact representation ot the  3-D model
Polygonal meshes are trequently used to represent surtaces
of 3-D objects for tast interactive visualization.

in general. 3-D mesh models have connectivity.
gecometry. and attrbute data. While the connectivity data
describe the connection relationship among vertices and
characterize the wnology of the 3-D model. the geometry

attribute data comprise normal vectors, colors and texture
coordinates which are needed to paint and shade the 3-D
model. The attribute data is often attached to vertices, faces,
or corners of the 3-D mesh model.

Under the limited network bandwidth. we need to reduce
the number of transmission bits as much as possible. while
maintaning reasonable reconstruction quality. Since the
escometry and auribute data specitied by floating-point
numbers arc the major parts of the 3-D model
representation, coding of that information is eftective in
reducing the total number of bits. Although current
research for the 3-D mesh representation has focused on
connectivity and geometry coding [1-5]. coding of the
attribute data has received less attention. In this paper. we
propose a new predictive coding scheme for colors and
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2. Color Compression

Color information can be attached to vertices. faces. or
comers in the 3-D mesh model. In this work. we propose a
compression  algorithm  for color data with per-vertex
binding.

Fig. 1 shows the block diagram of the proposed color
encoder. After color data are rcordered in the traversal
order. the bit rate selector chooses whether color data are
compressed by a mapping table or not. Specifically. it the
overall size of the mapping table is larger than the required
bit rate. the color data is encoded by DPCM with a large
quantizer step size. Otherwise. the mapping table is
employed to encode frequently recurring colors efficiently.
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Fig. 1. Block Diagram ot a Color Encoder
2.1 Mapping Table

3-D mesh models can be obtained by a laser scanning
system or generated using an authoring tool. In these cases,
some parts arc often painted with the same color due to the
limited precision of the system. In other words, 3-D
models often have only a small set of colors that recur
frequently over many vertices. For instance, the
HUMIDITY model in Fig. 2(a) contains 39,072 vertices
painted with only 401 different colors. The proposed
mapping table scheme can provide a high coding gain for
such 3-D models that have frequently recurring colors.

In the mapping table. a color value is encoded only once
when 1t appears tirst during the vertex layer traversal.
When the same recurs on another vertex later. the encoder
records the index of the last vertex with the same color.,
instead of the color 1tselt. The mapping table can reduce
the bit rate for color data sigmiticantly, since 1t avoids the
duplicated encoding of the same color.

Let us encode the sequence in Table | (a). The coded
data for this sequence are summarized in Table 1 (b).
Imually . the mappmyg table s empty. Sincee the first vertex
has a color value 4. the encoder records the color of index
0. which informs the decoder that the color value of 4 is
first used. Since the second vertex has a color value 7,
which s not used yet. the encoder records the color index 0
and the differential color 3 that is the difference between
the current color and the preceding color. The information

for the third and fourth vertices is encoded in a similar way.

Table 1. Mapping Table

(a) Input Sequence

Index 1 2 3 4 5 6 ) 8 9 10
Color | 4 7 6 5 471 6 4 6 8 4
(b) Coded Data
Index Color Index Differential Color

1 0 4

2 0 3(=7-4)

3 0 1(=6-7)

4 0 -1 (=5-6)

5 4(=5-1) =

6 3(=6-3) =

3 2(=17-5) =

8 2(=8-6) =

9 0 2(=8-6)

10 3(=10-7) -

However. since the fifth vertex has a color value of 4
that is already used in the first vertex. the encoder records
the color index 4 by the index difference between the
current vertex and the last vertex that has the same color
Note that the encoder need not record the color value, since
the decoder can reconstruct the color value using the color
index. The encoding operation continues in this manner tll

the end of the sequence.

(c) BRAIN

(d) C-SKULL

Fig. 2. Test Models for Color Compression






