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ABSTRACT 

Shape-adaptive texture coding is often being perceived 
as a mean to achieve increased coding efficiency, e.g. due 

to a better representation of correlation properties along the 
boundary between two objects which should lead to a higher 
transform gain. However, if data rates demand a lossy cn- 
coding of contours, an improvement in transform gain be- 

comes questionable. 

This paper investigates the potential coding gain which 
may result from shape-adaptive texture coding using DCT 

basis functions under the constraint of both lossless and 
lossy shape coding. For this purpose. a ID texture model 
is derived with rellccts synthetical as well as “natural” bor- 
ders between objects. 

1. INTRODUCTION 

A discussion of benefits and theoretical limits of objcct- 
based coding techniques accompanies the ongoing standard- 
isation of MPEG-4: Clearly, with objects being extracted 

from a video sequence, coded individually in a layered man- 
ncr and composed at the receiver’s side, an enhanced acces- 

sibility of video material is achieved, providing so-called 
,funcrionalities 1 ISO94]. 

The layered composition of video sequences as described 
above requires an encoding of oh.jcct contours. Besides en- 

ahling certain functionalities, a potentially higher prediction 
gain is expected since motion discontinuitics at the object’s 
contour are likely and thus easy to employ. Furthermore, an 
improvement in transform coding may result from adjusting 

the transform domain to highly correlated object textures. 

Obviously, the accuracy of the encoded shape is of signifi- 

cant importance for the eventual coding gain. This has to 
be taken into account especially for object-based coding at 
very low bit rates, when lossy shape coding becomes in- 
cvitable. 

In the following, the interdepcndencies between lossy 
shape coding and methods for contour-adaptive tcxturc cod- 

ing are investigated. Since most region-based transform 
coding techniques currently considered for standardisation 

are derived from the DCT (SADCT [Siko95], block padding 
[ISO96]), the use of DCT basis functions will be assumed 
throughout this paper. 

2. OBJECT BORDERS: TEXTURE MODEL AND 
ADAPTED TRANSFORM CODING 

The following investigations will be carried out using a one- 
dimensional model of a horizontal image lint at the transi- 
tion between two adjacent ob.jects. Both the left and the 
right object textures shall bc represented by first order au- 
toregressive processes [Jain89] with correlation coefficients 

/‘L and PH, and variances gf, and (r$, respectively, forming 
a multivariate Gaussian distribution with zero-mean random 
variables. Moreover, correlation coefficients between ran- 
dom variables belonging to different object textures are set 

to a constant value of r,. 

Both model textures arc combined at cdgc location h: 
with K pixels belonging to the left object, and :17 - K be- 

longing to the right ob.ject. As depicted in Fig. 1, the re- 
sulting texture is finally being low-pass filtered with matrix 
9, containing shifted duplicates of the symmetrical impulse 
response with length 21: + 1. This liltcring is intended as 
a simple model of the optical filtering inhcrcntly involved 
during image acquisition. 

A number of 20000 image vectors were arbitrarily se- 
lected from sequcncc Alcryo and were used to estimate the 
values given in Table 1 in order to establish a set of repre- 
sentative model parameters. 

The texture model introduced above is used to invcsti- 

gate the transform gain achicvablc by an contour-adaptive 

transform based on separate DCTs. In order to take lossy 
encoding of the object’s contour into account. a lirst trans- 
form is carried out over adomain of; = K+E pixels and the 
second transform over the remaining 3’ - V; pixel, whcrc E 
denotes a potential contour approximation error introduced 
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Figure 1: Model of the texture in the transition area of two adjacent objects and subsequent transform 

texture of Alciyo (general) u, = 58.10 pa = 0.9632 
texture of .4kiyo (left side) Fa = 74.32 & = 0,7X6 

background texture (general) utl = 31,67 ptl = 0,9916 
background texture (left of akiyo) ;jtl = 17,97 FtI = 0,701:! 

Table I : Model parameters of object textures extracted from MPEG-4 sequence Akiyo 

by lossy shape coding. 

This procedure generates an orthogonal transform of 

g1fi.x with fi = [“;’ ,,-t-_] . (1) 

where D-, and D:v-z are representing transform matrices 

of a i;: - Dc”1’ and (IV -K) - DC”I’, respectively (refer to 
Fig. 2). The coefficients Sij of the < x < matrix correspond- 
ing to a < - DC’/‘ arc defined as [Jain891 

with 

i 
I 

a(i) = J E 
i=o 

2 

J 

(3) 

r 
else 

i,j E {O, . . ..<-I}. 
As a reference, a single DCT over N pixels will be used 

during evaluation. In contrast to this regular n;-DCT, a 
contour-adaptive transform with matrix fi will be referred 
to as dual DCT (Eq. ( 1)). 

3. COMPUTATION AND RESULTS 

Both contour adaptive DCT and regular N-DCT are cvalu- 
atcd by means of the commonly used transform gain G,,*(, 

[Jaya84]1Siko95] (Eq. (4)) that measures the distortion im- 
provement of transform coding over PCM at equal data rates. 

However, the coding overhead introduced by shape coding 

shall bc neglected in this comparison, since shape coding 
can be perceived as an incvitablc step in order to achieve 

object based functionalities. 

The variances G” of ran_dom vector 2 can be extracted 
from the covariance matrix C = D C DT. with C denoting 
the covariance matrix of X before transformation, and D 
corresponds either with the h’-DCT (:V = 8) or with the 

dual DCT. 

$ iF ;;’ 

C “,‘(: = 10 log id1 

. (4) 

The following diagrams show comparisons bctwccn the in- 
troduced model and corresponding simulations which are 
based on image vectors taken directly from sequence Aki!/o. 

Synthetical edges (Fig. 3, left) can be understood as a 
model for artificially combined tcxturcs common to com- 
puter graphics. A large number of image vectors have been 
selected from arbitrarily regions of both ob.jccts (akiyo and 

background) to yield simulation results, whcrcas UL = (T(~, 

OR = oh, pL = /)a, and PR = Ph have been chosen for 
the model-based computation. With r, = 0 and @ = E 
both textures arc ideally de-correlated from each other. As 
expected, the dual DCT outperforms the N-DCT for 1 < 

N < 7 in simulalion as well as in computation. 

jn contrast to synthetical edges, the model for “natural” 
edges involves parameters ~1. = ZO. UR = Zh, pi = &, 
and p/l = Fh, respectively. Moreover, r,, has been se1 to 
0.5 and filtering with a low-pass filter (impulse response 
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Figure 2: Contour-based DCT transform of image vector .Y 
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Figure 3: Transform gain over pixels in edge domain as a function ofcdge position K along synthetical cdgcs (left) and liltcrcd 

edges (right) 

(0.25; 0.5; 0.25)) is carried out via matrix a. Computa- 
tional results for such filtered edges arc depicted in Fig. 3 

(right), together with transform gains determined in simu- 
lations. The gain of the contour-based transform is reduced 
substantially by non-zero correlations between pixels from 

different object textures. However, an average improvement 
of I .5 dB is still perceivable. 

The results above hold only for lossless contour coding. 

Since the transform kernel of the dual DCT does no longer 
match the actual correlation profile if the contour approxi- 
mation error E differs from zero, the potential coding gain is 

diminished. 

More general results can be derived by feeding the model 
with a continously increasing ratio of the variances of both 
textures and averaging the resulting transform gain over all 
possible edge position K, provided that K is uniformly dis- 
tributed. 

For the case of lossless shape coding, contour-based tex- 
ture coding leads to an improvement in the averaged trans- 
form gain cspccially if the underlying video material has 

been composed synthetically. However, it should be noted 
that the significant increases in transform gain dcpictcd in 
Fig. 4 and Fig. 5 hold only for pixels along the object’s bor- 

der. 

In the case of lossy shape coding, the potential transform 
gain is reduced significantly such that the dual DCT may 
even perform worse compared against a regular S-DCT. 
Furthermore, if there is a substantial difference in texture 
variances of both objects, an error towards the ohjcct with 
greater variance is extremely critical, whereas enlarging the 
same object leads lo a slighter deterioration or - in certain 
situations - still to an improvement over the X-DCT. 

4. CONCLUSION 

In this paper, a one-dimensional model for the transition 01 
textures along ob.jcct borders has been established. Based 
on this model, the transform gain of two separate DCT trans- 

forms with transform domains adapted to the correspond- 
ing objects was evaluated and compared against a regular 
DCT with constant length :V = 8. While significant im- 

provemcnts were perceivable for losslcss shape coding, it 
was shown that for lossy shape coding improvements are 
reduced or even inverted into a deterioration. It could bc 

further demonstrated that an cnlargemcnt of the object with 
higher variance is prcfcrablc to its minilication, if texture 
variances differ significantly from each other. 
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Figure 4: Averaged transform gain over pixels in edge domain as a function of the contour approximation error E with respect 

to synthetical edges 
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Figure 5: Averaged transform gain over pixels in edge domain as a function of the contour approximation error E with rcspcct 
to filtered cdgcs 
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