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ABSTRACT

In order to satisfy the needs of new applications in a
multimedia environment the problem of object—oriented
coding has to be addressed. In this paper two main ap-
proaches are presented to tackle this problem. First,
an algorithm for shape coding 1s presented. It is based
on a chain coding algorithin where powerful modeling
techniques are used to increase the compression ratio.
Second, an algorithm for interior coding Is described.
It is based on an arbitrarily—shaped subband transform
followed by a generalized embedded zerotree wavelet al-
gorithm. It is shown in the paper that 1t achieves good
compression results and has additional properties such
as supporting arbitrarily -shaped regions, being compu-
tationally efficient, keeping the same dimensionality in
the transformed domain, allowing perfect reconstruction
and an intrinsic rate control mechanism. The presented
results show that the two algorithms build an efficient
basis to design object—oriented videc coding schemes.

1 INTRODUCTION

New applications in a multimedia environment arise the
need of additional functionalities and requircments for
video coding schemes. Most of thern are closely related
to object-oriented manipulations. Object—-oriented fun-
ctinnalities require a prior segmentation of the scene into
regions of interest. In general, these regions are of ar-
bitrary shapes. There are two important issues involved
in a region-based scheme. The fitst one is the repre-
sentation and coding of the region shapes. The second
is Lhe represention model and coding of the interior of
the so—called objects (regions). ‘LThis work presents an
algorithm addressing hoth of these 1ssues.

The problem of representation of region shapes has
been investigated in the past for regions with arbitrary
and particular shapes [1,2]. The easiest and also the
mosl obvious way is to represent each region using its
contour. More complex solutions use a tree structure
for the scgmented data [3].

In this paper we concentrate on the problem of re-
gion representation using the contour information, This
problem becomes less obvious when representing all re-

gions in a segmented image, and when the goal is to
reduce the redundancies as much as possible. In fact, in
this case the contours representing a segmiented image
will be coded twice, if regions are coded independently.
Il is possible of course to remove one of the two conto-
urs. However, in this case the contour pixcls themselves
should be marked so that the decoder can assign them
to the correct region. In this paper we use a technique,
which will code only one contour in between regions.
This allows a unique way to assign the correct region
labels to the pixels on the contours without a need for
additional labeling. Quite an extensive literature has al-
ready treated the problem of contour coding [3-8]. The
most popular technique consists in coding the position
of the pixels in the contour relative to their neighbors,
which is referred to as chain coding. In the mosi classical
chain coding, the first pixel in a contour is coded in its
absolute coordinates. All the remaining pixels are then
coded by just indicating their relalive position cowpa-
red 1o the last encoded neighboring pixel. Variants of
this technique based on the same principle can be used
in order to improve the efficiency of the coding [1,6 -8].

The other main issue of ohject—oriented techniques is
the texture coding. An cfficient representation of the re-
gion interior should provide a good decorrelation of the
data in order to obtain a high energy compaction. In the
case of compressing rectangular pictures this operation
iz performed using appropriate block transforms such as
NCT or subband/wavelet transforms. Various appro-
aches have been proposed to gencralize the block-based
techniques to arbitrary shaped regions. These techni-
ques are either computationally very expensive [9, 10]
and/or do not perform a full decorrelation of neighbo-
uring pixels in a given region [11]. ‘The technique descui-
bed in this paper is based on a subband transform ap-
plied to arbitrarily—shaped regions.

2 SHAPE CODING

One of the major 1ssues 1n every object—oriented coding
approach 1s that of shape coding. When considering
the coding of one single region in a segmented image,
it is logical to assume that its contour is closed. Ho-



wever, when coding all the regions, if one wants to aveid
the problem of coding contours twice in the segmented
image, the closeness of contours should be relaxed. In
this case, an additional code for the end of contour is
needed. But if all the already coded information is ava-
ilable at the decoder, no additional code for the end of
contour is required, because once again, it 18 possible to
discover the end of a contour when it hits another one.

We adopted a variant of chain coding which takes
into account the special charactenistics of the typical
contours obtained by classical segmeniation techniques.
These characteristics are: 1) The contours are open; 2)
They are 4-connected; 3) They typically contain long
runs in the same direction.

Thus, this shape coding process is subdivided into
three steps: first the shape mask is transformed into
a conlour representation, then the contours arc chain-
coded, and finally the stream produced by the chain
coder is entropy encoded. The next paragraphs present
each of the these three steps.

The shape of an object ) is given by a biuary mask
MO where

1 if the pixel (ij) belongs
_M,-(;- = to the object O (1)
0 otherwise

The conlour representation (¥© of the shape of O is de-
fined as

s0oag0 1 o
0 lf ‘llluii.j! I'Jf"_l.‘j, J"’filj_l.‘
e and .M!-o_,,j_l have the )
g same value '

1 otherwise

A contour pivel is defined as a pixel (¢,7) such that
Coi=1

Although the transformation from MY to C© is stra-
ightforward, this is not true of the inverse which requires
a filling algorithm. Moreover, the inverse transform does
not always exist. The original mask can ouly be reco-
vered if there are no 7 and 7 such that (i, 5), (¢,7 + 1),
(i +1,7), and (i + 1,7+ 1} are contour pixels. To gu-
arantee the existence of the inverse, the mask can be
either morphologically filtered, or magnified by a factor
of two [12]. The first solution has been preferred in the
frame of this work, because the segmentation mask of
the test sequence is quite noisy.

Probably the most popular contour coding technigue
consists in coding the position of the contour pixels re-
lative to their neighbors referred to as chain coding. In
the proposed approach we use a classical 4 connected
contours in order to obtain a stream of direction sym-
bols representing the shape of contours to be caded. The
latler is further compressed by means of an appropriate
entropy coding as described below.

‘The PPM (prediction by partial matching) [13]
compression scheme is used to efficiently compress the

stream generated by the chain coder. PPM 1s a finite-
context statistical modeling technique that blends to-
gether several fixed-order context models to predict the
next symbol in the stream. Prediction probabilities are
computed from frequency counts, which are updated as
symbols are processed. The symbol that actually occurs
18 encoded relative to its predicted distribution using
arithmetic coding.

An improvement specific to chain coding symbols 18
further applied. Since backward moves (for example a
south maove following a north one) are impossible, a zero
probability is asgigned to the direction opposite to the
previous one (the south move has zero probability in the
previous example).

3 INTERIOR CODING

Another major issue in an object—oriented coding
scheme 1s the problem of the interior coding. The propo-
sed approach can be seen as a generalization of the em-
bedded zerotree wavelet (EZW) algorithm [14, 15] from
rectangular images to arbitrarily shaped regions, Spe-
cial care has been dedicated to retain all the advanta-
ges of the EZW algorithin for arbitrarily shaped regions
without any compromise. As for the original BZW al-
gorithm the proposed technique is based on three ba-
sic blocks, namely the transformation, the zerotree pre-
diction and the successive approximation quantization
(SAQ).

The transformation block {generalized to abritra-
rily shaped regions) performs the decorrelation of the
data into a multiresolution structure using the wavelet
transform. The subband iransform is performed in a se-
parable way as in conveniional decomposition schemes.
The zerotree prediction in turn allows a further impro-
vement of the energy compaction by taking into account
the remaining intra—band correlation. Moreover, the ze-
rotree wavelet algorithm has been generalized to wave-
let packels by means of an appropriate pruning of the
parent—children relationship tree. This procedure is il-
lustrated in Figure 1. Finally, the SAQ provides an em-
bedded bit stream and allows an exact rate control. The
cmbedded bit stream together with the multiresolulion
structure allows addilional lealures such as progressive
transmission, retrieval and data browsing.

4 RESULTS OF THE PROPOSED TECHNI-
QUES

The segmentation mask of the person in the foregronnd
of the Sean sequence is encoded. The spatial resolution
is 176 x 144 pixels {(QCIF), and the temporal one 10 Hz,
‘The statistical model is either reset (i.c. all frequency
counts are resel o zero) after every frame, never reset,
or reset after every 10 frames. The order of the model
is 4, and 7 if the model is never reset.

Results are shown in Figure 2. They do not take
into account the overhead needed to encode the number
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Figure 1: Illustration of the parent—children relationship
of a general decomposition into six subbands.

of chains, and their starting positions (~ 20 bits per
frame).

Figure 2 shows that never resetting the statistical mo-
del yields the best results (280.46 bits per frame on ave-
rage). However this method has a significant drawback.
To decode the n-th frame, all the previous frames need
to be decoded first. As resetting the model after every
frame doesn’t yield very good performance (401.57 bits
per frame on average), it is best to reset the model every
once in a while. Resetting every 10 frames seems reaso-
nable (309.54 bits per frame on average). The effect of
resetting the model is clearly visible in Figure 2 (the
cost of the first frame after a reset is much higher).

Results to illustrate the interior coding have been per-
formed by coding and decoding an actual bit stream. In
this way, the correctness of the algorithm is assured. In
Figure 3 it is shown that it is possible to control the
rate of each object in the scene. The picture in the
middle has been coded at a rate of 0.35 bits/pel. The
PSNR of the reconstructed picture is 28.91 dB, of the
person only 28.56 dB and of the background 29.07 dB.
The shape has been coded by means of the algorithm
presented in Section 2. For the given frame, a cost of
400 bits has been achieved. In the example proposed in
Figure 3¢, 0.023 bits/pel were allocated to the backgro-
und and 0.316 bits/pel for the person in the foreground,

600 v
# contour pixels
Reset after avery frame --
Never reset -
500 Reset every 10 frames

200
time [1/30 sec]

Figure 2: Results

giving a total rate of approximately 0.35 bits/pel. The
PSNR of the reconstructed objects are 32.515 dB for the
person in the foreground, and 22.41 dB for the backgro-
und.

5 CONCLUSIONS

In this paper the problem of object—oriented coding is
discussed. Two algorithms are presented to approach
the problem. The first one deals with the coding of the
shapes. It is based on three steps. 1) The tranformation
of the shape mask into a contour representation. 2)
Chain coding of the contours. 3) Entropy encoding of
the produced symbol stream.

The second one deals with the coding of the region
interior. It is based on a subband transform followed
by an adaptation of the embedded zerotree wavelet al-
gorithm. The proposed algorithm can be characterized
by the following properties: 1) It can be applied to ar-
bitrarily shaped regions. 2) The whole process is com-
putationally efficient and does not require any iterative
procedure. 3) The representation of the transformed
data keeps the same dimensionality and preserves the
shape information of the original data. 4) The transfor-
mation allows a perfect reconstruction with a multireso-
lution representation. 5) The SAQ allows an exact rate
control together with a progressive bitstream.

Results of the proposed techniques show that they are
well suited to be included in a general object—oriented
video coding scheme.
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