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Abstract

This paper proposes an efficient method for encoding the shape information of the object in the
image. The proposed method is based on the PVS (Progressive Vertex Selection) method and uses
the new vertex selection condition. The proposed system selects less number of vertices than
conventional methods when maximum distortion (D__ ) is given, so gives 5.5 ~ 17.2% bit reduction
than PVS and 13.8 ~ 31.3 % bit reduction than IRM over test sequences and is also robust to the
noise of the contour by using wider search range than PVS. Simulation results show that the
proposed method has outstanding performance than other conventional vertex selection methods in
the rate-distortion sense.
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l. Introduction

Region-based image coding method [1] and object-based image coding method [2] introduced shape
coding into image and video coding. A region is defined by its homogeneous texture and described
by texture and shape, and an object is defined by its uniform motion and described by motion, shape
and color parameters. The purpose of using shape was to achieve better subjective picture quality
and increased coding efficiency as well as an object-based video representation. MPEG-4 visual is
the first international standard allowing the transmission of arbitrarily shaped video objects (VO's)
[3]. MPEG-4 visual transmits motion, texture, and shape information of one VO within one
bitstream. By MPEG-4 visual, the importance of shape for video objects is recognized. In MPEG-7,
with other information such as color, texture, and motion of an object, shape is also used as a
Descriptor (D), which describes an object.

Shape information is very important in many applications, thus several researchers have been
studying to efficiently encode shape information [4] ~ [7]. There are two major classes of shape
coders: bitmap-based coders and contour-based coders. The former encodes each pixel whether it
belongs to the object or not and the latter encodes the outline of the object. The proposed method
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belongs to the second type. It approximates the boundary by a polygon, which has merits in inherent
quality control [8], and considers the problems of finding the polygon, which leads to the smallest
bit-rates for a given distortion.

The most well-known method in the vertex-based contour coding is the polygon-based contour
approximation. Two schemes are commonly employed for vertex selection in polygon-based contour
approximation: the progressive vertex selection (PVS) method [9] and the iterated refinement
method (IRM) [6].

PVS selects polygon's vertices progressively. It traces contour points from initial point and
check whether the peak distance (d, ) between a straight line, whose two end points are initial point
and current contour point, and the contour portion, which is approximated by the segment, is larger
than given maximum distance criterion (D, ). If d, is larger than D, the very previous point is
selected as a polygon's vertex and the process is continued from this vertex. It selects minimum
number of vertices under maximum distance criterion (D, _ ) so it reduces the amount of data
needed to encode polygon's vertices, but the size of error region between an object and a polygon is
large.

On the other hand, IRM decides polygon's vertices by iteration. The polygon approximation is
computed by using those two contour points with the maximum distance between them as the
starting points. Then, additional points are added to the polygon where the approximation error
between the polygon and the contour is maximum. This is repeated until the shape approximation
error is less than D, . Because of its vertex selection condition, high curvature points are apt to be
selected as polygon's vertices so the area of the error region is small. But the polygon, which IRM
produces, has large number of vertices.

The latter has a drawback of selecting a large number of vertices when the maximum allowable
distortion (D, ) is given, so many number of bits for encoding them is needed. The former,
however, has an advantage of small number of bits for encoding an approximating polygon because
of the small number of vertices it selects, but has a shortcoming when there are some noises on the
contour, it may select excessive vertices.

So, in this paper, an efficient vertex selection method is proposed, which is strong to the
contour noise and selects small number of vertices satisfying the given maximum distortion (D, ).
The proposed method is based on the progressive vertex selection method and suggests a new vertex
selection condition, in which all possible contour points are selected as the candidate vertices and
among them the furthest point is selected as the vertex of a polygon, so can approximate an object by
using small number of bits.

This paper is organized as follows: In section I, general structure of the vertex-based shape
information encoder is presented. In section Ill, the proposed vertex selection method is presented.
The experimental results are shown in section IV and conclusions are in section V.

*

I1. Vertex-based shape information encoder

Fig. 1 shows a general framework for shape coding methods that relies on polygonal approximations
of the shape [4].
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Vertex-based shape information encoder consists of several modules such as shape
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Fig. 1 General block diagram of vertex-based shape information encoder.

preprocessing, contour extraction, vertex selection, vertex encoding, approximation reconstruction,
reconstruction method encoding, and reconstruction error encoding. At first, an input segmentation
mask is preprocessed to decrease spatial resolution to the desired level and reduce unwanted noise
and edge jaggedness. Then, a contour is determined and extracted from the input mask. Vertex
selection (VS) module selects vertices defining a polygonal approximation of the contour subject to
some distortion criteria or a limit of the number of vertices. Finally, vertex encoding (VE) module
encodes the lists of vertices for each contour approximation. Some vertex-based coding methods
reconstruct an approximation of the object contour and encode the approximation error in the dashed
elements in Fig. 1.

Previous works in the conventional vertex-based encoding scheme focused on reducing the
number of bits needed for encoding the given vertices by using the relations of successive vertices.
We, in this paper, propose an efficient polygonal approximation scheme that selects less vertices of a
polygon satisfying the maximum distortion criterion to improve the performance of the shape
information coder.

I11. Proposed vertex selection method

PVS method progressively searches the contour from the starting point (c,) and selects the first
contour point, which satisfies the vertex selection condition, as a vertex of a polygon as shown in Fig.
2, where the vertex selection condition of the conventional PVS method is given as follows:

Select a contour point ¢, as the vertex
If d(cy,,.C,)<D,. and d(c

*
start ? start 1 Cn+1) > Dmax
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Where, d(c,,c,) is the peak distance between the partial contour (contour points from c, to
¢, ) and the polygon line (c ,C,) and defined as follows.

d(c,,c,)= max }d'(ca,cb,s) 1)

se{Ca Cast Gy

Where, d'(c,,c,,s) is the distance from a point s to the polygon line (c ,C,) and defined as
follows.

| (Sx - Ca,x)(cb,y - Ca,y) - (Sy - Ca,y)(Cb,x - Ca,x) |

\/(Cb,x - Ca,x)2 + (Cb,y - Ca,y)2

d*(C,: Gy, 8) = )

Where, s, and s, are the x- and y-address of s, c,, and c,, are the x- and y-address of c,,
and c,, and c,, are the x- and y-address of c, , respectively.

Fig. 2 shows an example of vertex selection process. Because the peak distance d(c,,c,,) is
larger than D, , PVS method selects the very previous contour point (c,) as the vertex of a
polygon. And from the contour point ¢, , the process continues until the search process meets the last
contour point. In this example, PVS method selects four contour points as the vertices of a polygon
(Cy,Cy,C,y, aNd Cyy) (see Fig. 2 (a)).

The proposed method selects the contour point, whose distance on the contour from the start
point is longest, as the vertex of a polygon among the candidate points, which satisfy the vertex
selection condition. The candidate vertex selection condition is defined as follows:

Select a contour point ¢, as the candidate vertex
1. If d (C ) < D and d(cstart 'Cn+1) > D;ax
2. 1f d(cy,,.c,) <D, after the contour point meets condition 1

start 7 ~n

start ? ~n

That is, the first candidate vertex is the same point as that of the conventional PVS method
selects. After that, the proposed method continues the contour search to find the vertices that
satisfies the second condition. From this, the proposed method found 6 candidates
(Cq,C15,C6,C17,Ciq,Ce) @s shown in Fig. 2 (b). The proposed method selects the last candidate vertex
as the vertex of a polygon, which has the longest distance from the previous vertex. As shown in Fig.
2 (b), using the new condition, there are just three vertices for approximating the open contour.

From the observation, we know that the proposed method can approximate an object using
smaller number of vertices than the conventional PVS. This means that it can approximate an object
by using small number of bits when the maximum distortion measure is given.

To find all the points that satisfy the maximum distortion criterion, it should search whole
contour points until it meets the end point. This, however, causes the computational burden. To
reduce it, the search range is restricted until the peak distance from the polygon line to the partial
contour is not more than the two times of the given maximum distortion (d(Cg,,Ceng) <2-D
After the peak distance exceeds 2-D;

max)

there is not much possibility that the peak distance is less

max !
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than D, again, so we restrict the search range to 2-D_,_ . We can reduce the computational burden
by restricting the search range.

O : contour point
@ : candidate vertex

d(cy,¢y) >D;ax W : vertex

d(cy,Cpy) >Dpy O O

d (CO’ Cg) < Dr:lax d (CQ ' CZl) < D;ax

@)
d (CO’ CZO) > Dr*nax D

. Csmm@ d(Cyg,Ca1) <Dpa
d (CO 1 Clg) < Dmax C16C17018 C19

(b)

Fig. 2 Progressive vertex selection method
(a) conventional selection method (b) proposed selection method.

IV. Experimental Results

Experiments were conducted to compare the performance of the proposed vertex selection method
with other methods, especially PVS (Progressive Vertex Selection) and IRM (Iterated Refinement
Method), in the rate-distortion sense. Many kinds of MPEG-4 test sequences were used in the
experiments, and, among them, the results of two sequences (Children kids (352 x288) and Stefan
(352 x240)) are presented here.

The vertex of a polygon is selected by using three different vertex selection methods, as
described above. For calculating the bit rates, the entropy coding of the relative address of two
successive vertices is used, except the first vertex which is encoded by using the fixed length coding
of the absolute addressing.
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Fig. 3 Rate-distortion curve (a) Children-kids image (b) Stefan image.

Fig. 3 (a) and (b) show the rate-distortion curves of 'Children-kids' and 'Stefan' sequences,
respectively. The proposed method showed outstanding performance compared with the
conventional vertex selection methods over all distortion levels.

Fig. 4 shows the reconstructed shape images with vertices of 'Children-Kids' image; (a) is the
reconstructed shape image by the proposed method, (b) is the reconstructed one by PVS, and (c) is
the reconstructed one by IRM. As shown in the top row of Fig. 4, the subjective qualities of the
reconstructed images are almost same in the lower distortion region (D, =1.0). As the D,
increases the subjective quality of the reconstructed shape image by the proposed method is almost
same with that by PVS and is slightly worse than that by IRM. The proposed method, however,
saves bits considerably in the vertex coding step, so can use them in the approximation error
encoding by using VQ (vector quantization) or DST (Discrete Sine Transform) to enhance the
subjective quality.

V. Conclusions

This paper proposed an efficient method for encoding the shape information of the object in the
image. The proposed method adopted conventional PVS as the basic vertex selection scheme and
proposed a new vertex selection condition when the maximum distortion is given. To make more
efficient polygon in the rate-distortion sense, the proposed method searched the contour up to the
peak distance between the polygon and the partial condition is not more than 2-D__ .

The proposed method gave 5.5 ~ 17.2% bit reduction than PVS and 13.8 ~ 31.3% bit reduction
than IRM over test sequences. The subjective quality of the reconstructed shape image, however, is
slightly poorer than IRM. But it can be recovered if some of the saved bits are used for the
approximation error encoding by VQ or DST. This can provide the function of the bit-stream
scalability to the shape information encoder.
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Fig. 4 Comparison of the reconstructed shape of Children-Kids image (a) Proposed
method (b) PVS (c) IRM (from top to bottom D =1.0,2.0,3.0).
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