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ABSTRACT

In recent days, applications using 3D animation models are increasing. Since the 3D animation model contains a huge
amount of information, data compression is needed for efficient storage or transmission. Although there have been various
proposals for 3D model coding, most works have considered only static connectivity and geometry information. Only a few
studies have been presented for 3D animation models. This paper presents a coding scheme for 3D animation models using
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1. INTRODUCTION

(a) 1* Frame (b) 100™ frame (c) 200" frame
Figure 1. CHICKEN CROSSING animation model

The original CHICKEN CROSSING animation model requires 14,577,900 bytes (3030 vertices x 400 frame x 3
coords/vertex x 4 bytes/coord + 5665 triangles x 3 indices/triangle x 2 bytes/index). In order to represent this animation
model efficiently, we need to compress dynamic mesh information as well as static mesh data*® However, despite of its
widespread use, not much work for efficient compression of streaming 3D animation has been done®’ . In this paper, we
describe 3D animation coding based on a new segmentation algorithm.

A block diagram of the proposed scheme is shown in Figure 2. The encoder consists of three functional blocks: coding of

compression schemes or Level-of-Detail (LOD)' algorithms. We then partition the key frame according to the (9,9)
distribution of the motion trajectory in the spherical coordinate system by grouping parts of similar movement. Finally, we
represent the motion vector for each partition using an affine motion model of 12 parameters. In-between models are
reconstructed from the key frame and the Tepresentative motion vectors using a frame interpolation method,
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. Figure 2. Block diagram of the proposed encoding scheme

2. SEGMENTATION OF 3D STATIC MODELS

In order to encode the animation mode] efficiently, we partition the given 3D model into semantic regi
be dealt as a Separate object. In this section, we describe three different algorithms for 3D model
clustering, segmentation based on the topology, and segmentation based on the motjon trajectory.

2.1. Spatial Clustering

Figure 3. Spatial clustering

2.2. Segmentation based on the Topology

Figure 4. Traversal of the 3D mesh mode]
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2.3. Segmentation based on the Motion Trajectory

1 general, consecutive frames in

MY, = \/MV_\.Z MV MY My, = an” (MV, MV, ). MV, =cos™ MV /MV,) (1)

Figure 5 shows the distributions of MV,.MV gand MV, where the ranges are 0 MV < 272, ~ASMV < 7, respectively.
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Figure 5. Distribution of motion vectors (MV,MVaMV ) between 1% and 1o frames

Let’s consider the rotational movement of a mode] in the 3D space, which is depicted in Figure 6,

Figure 6. Moving object in the 3D space

ate system, normalized motion vectors of similar

When we consider motion vectors (MV, MV, MV,) in the spherical coordin
» We can easily segment the

movement are clustered in a small solid angle of the sphere, as illustraed in Figure 7. Therefore
3D animation mode] by grouping each clustered Vectors as one segmented unit.

X
Figure 7. Distribution of similar motion vectors (MVgMV,y
f each sphere equally to have the same area, We

In order to make a more systematic analysis, we can partition the surface o
can consider two subdivision schemes: 8-4 subdivision’ and 6-4 subdivision®,
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The 8-4 subdivision scheme, which is drawn in Figure 8, divides the surface of the sphere into octants. Since we have
octants of the sphere, three bits are used to indicate each octant. Since each octant is symmetrical, we only consider the first
octant (x 2 0, y 2 0, z > 0) without loss of generality. Each octant is subdivided further into four triangular-shaped patches of
equal size. Each patch is then subdivided recursively into the triangular-shaped. smaller patches. This partitioning process
produces triangular patches of approximately equal area.

&

(a) Octant subdivision (b) Four subdivision

Figure 8. 8-4 Subdivision scheme

“The 6-4 subdivision scheme, which is shown in Figure 9, is similar to the 8-4 subdivision scheme. However, the surface of
the sphere is initially divided into six parts. Each sextant is divided into four rectangular-shaped patches of similar size.
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(a) Sextant Subdivision (b) Four subdivision

Figure 9. 6-4 Subdivision scheme

3. MOTION REPRESENTATION AND MODEL INTERPOLATION

Let (x,y,z) be a vertex position in the previous key frame and (x ", »',z’) be the vertex location in the current key frame. Then,
we calculate the motion vector {(Vx vy, vz) for each vertex by Eq. (2).

Vy(x,y,2) X'-x
Vy().',y,Z) = }"“y (2)
vz (x,,2) Z'-z

Since we use the affine motion model of 12 parameters, the motion vector can be expressed as follows:

o,\’ (xryr Z) a a, a; x a,
Vy(x,y,2) | = s Qg a; | y|+| aq 3)
Vz(x,y,2) 4 a ay Az) (ap
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In order to estimate 12 affine motion parameters, we define an error function to be minimized:

N
- ~ 2 L - e = 12
E(a)= Z vy (x;,9;,2;) - v{\.(,\'l.,yl-,zi)]z +[v (X, 1, 5) =1y (%01, 5)] +{vy ("i'.‘iy-‘-i)—‘Z(-\i')'ir-’-i)] J 4)
i=l
where ¥ is the number of motion vectors in the same segmented unit.

By substituting Eq. (3) into Eq. (4), we have

N
E(a) = Z {vy (x;,y:2;) —(ayx+a,y+ Mzta, )]2 +vy (X, ¥4, 2;) —(asx+agy+a,z+ "s)]z

i=|

vz (x;,31,2;) = (agx + @y +ay,z+a,)]} (3)

The optimal values of the 12 parameters are estimated by the least square method. The resulting equation is represented in
Eq. (6).

(%% xy xzm om0 0 o0 o o 0 0 ofa]  [velxynz)x]
xy: oyt Yizi y; 0 0 0 o0 o0 0 0 0fa V(X ¥i,2;) -y

- Xiz;  ¥:iz; z,2 z; 0 0 0 0 o 0 0 0fa; Va (%5 ¥i,2;) -2
Xx; Yi z; 1 0 0 0 0 0 0 0fay v (X ¥:,2;)

0 0 0 0 x? xy xz xx 0 0 0 0fas vy (%, 5i,2;) - x

i 0 0 0 0 xy y? Yizi yi 0 0 0 0fa =ﬁ Vy(x,',}’,',?,')'y (6)

w0 0 0 0 xz oyz 22 Zo 00 0 ofa| “lvxy,z)z
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CROSSING model, which is shown in Figure 1. The original CHICKEN CROSSING animation model requires 14,577,900
bytes. In our experiment, we have investigated the first 10 frames of the animation model.

4.1. Distortion Measure

In order to evaluate the distortion between the original 3D model 4 and the reconstructed one B, we define an objective
error metric Eqy,(4,B) by Eq. (7). . '

> d*(,B) D d* (v, 4)

_1_ veA R (7)
2 N, Ny

-~ E dist

where the distance d(v,M) = min peM "v—p" is the minimum distance from v to the closest vertex of M, and ”"

represents the usual Euclidean vector length operator. N, and Np are number of vertices of mode] 4 and model B,
respectively. Since the distortion metric is the average value of the two asymmetric values, the measure becomes Ssymmetric
with respect to the original and the reconstructed models.
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4.2. 3D Object Segmentation

Figure 10 shows experimental results of the spatial clustering segmentation algorithm, In this eXperiment, we partition the
model into two and four parts. As shown in Figure 10(a) and Figure 10(b), neighboring triangles are grouped into the same
segmentation unit. However, we cannot define .an accurate motion vector for each segmented unit because different motion
VECIOrs can exist in one segmented unit. Therefore, the decoder cannot feconstruct in-between models with those motion
vectors.

(a) Two (b) Four
Figure 10. Results of spatial clustering segmentation
“figure 11 shows the experimental result of the segmentation algorithm based on the topology. For the CHICKEN
CROSSING model, we have 31 segmented parts. This algorithm also produces an inaccurate motion vector for the

Segmented unit as in the spatial clustering, and we cannot control the number of Segmented objects. In addition, since it
produces segmented parts by traversing the triangular faces, it is difficult to modify segmented parts intentionally.

Figure 12 shows two €xperimental entation algorithm based on the motion trajectory. In this
CXperiment, we partition the origin parts. In the first 10 frames of the CHICKEN
CROSSING model, the head of th ot moves forward. As shown m Figure 12, the
segmented parts are the head the body, th € results show that the proposed scheme can

vectors and reconstruct better in-between models.

(a) Four (b) Eight

Figure 12. Results of proposed scheme
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4.3. Interpolation of In-Between 3D Models

In order to interpolate in-between models, we segment the 0" frame of the given model into 32 partitions using the 8-4
subdivision scheme and estimate affine motion parameters for each partition. We then reconstruct 10 in-between models by
a linear interpolation algorithm.

Figure 13 shows the original model at the 5" frame and its interpolated model. Figure 14 shows the original model at the 9"
frame and its interpolated model. As we can observe in Figure 13 and Figure 14; visual quality of the reconstructed models
by the proposed interpolation scheme is acceptable. Table 1 represents the average distortion £, of all interpolated frames.

(a) Original model (b) Reconstructed model

Figure 13. 3D model interpolation at the 5% frame

(a) Original mode] (b) Reconstructed model

Figure 14. 3D model interpolation at the 9" frame

Table 1. Average distortions of interpolated frames

| Frame Number Ly |
[ 1 0.259724 7
[ 2 0.410400
[ 3 0.476859
[ 4 0.501918
[ 5 0.502291
[ 6 0.485860
r 7 0.455056
[ 8 0.407002
[ 9 0.321586

5. CONCLUSIONS

In this paper, we introduce a new coding scheme for 3D animation models and propose a 3D segmentation algorithm using
successive subdivision in the spherical coordinate system. Based on the distribution of motion vectors, we partition the

models.
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