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ABSTRACT. An object-oriented analysis-synthesis coder is presented which encodes objects instead of blocks of N x N picture 
elements. The objects are described by three parameter sets defining the motion, shape and colour of an object. The parameter 
sets are obtained by image analysis based on source models of either moving 2D-objects or moving 3D-objects. Known 
coding techniques are used to encode the parameter sets. An object-depending parameter coding allows to introduce geometrical 
distortions instead of quantization errors. Using the transmitted parameter sets an image can be reconstructed by model-based 
image synthesis. 

Experimental results achieved with a first implementation of the coder are given and are discussed. 

Z U S A M M E N F A S S U N G . Es wird ein objektorientierter Analyse-Synthese Coder vorgestellt, der Objekte anstelle von Blöcken der 
Größe N x N Bildpunkte codiert. Die Objekte werden durch drei Parametersätze beschrieben, die die Bewegung, die 
Berandung und die Farbe eines Objektes definieren. Die Parametersätze werden durch eine Bildanalyse gewonnen, die 
entweder auf dem Quellenmodell bewegter 2D-Objekte oder bewegter 3D-Objekte basiert. Für die Codierung der Parameter­
sätze werden bekannte Codiertechniken benutzt. Eine objektabhängige Parametercodierung gestattet es, geometrische Verzer­
rungen anstelle von Quantisierungsfehlern einzuführen. Mit Hilfe der übertragenen Parametersätze kann ein Bild durch 
modellgestützte Bildsynthese rekonstruiert werden. 

Experimentelle Ergebnisse, die mit einer ersten Implementierung des Coders erzielt wurden, werden vorgestellt und 
diskutiert. 

R É S U M É . Ce texte porte sur un codeur d'analyse-synthèse encodant les objets plutôt que les blocs N x N constituant l'image. 
Les objets sont décrits par trois ensembles de paramètres décrivant leur trajectoire, leur forme et leur couleur. Ces ensembles 
sont obtenus par une analyse de l'image basée sur des modèles de source d'objets 2D ou 3D en mouvement. Des techniques 
de codage connues sont utilisées pour encoder ces ensembles. Ce codage par objets introduit des distorsions géométriques 
au lieu d'erreurs de quantification. A l'aide des ensembles de paramètres transmis une image peut être reconstruite par 
synthèse basée sur modèle. 

Des résultats expérimentaux obtenus lors d'une première mise en oeuvre du codeur sont présentés et commentés. 

Keywords. Model-based image analysis, parameter coding, model-based analysis-synthesis image coding. 

E Introduction 

In order to encode moving video signals at low 

bit rates each image of a sequence is usually sub­

divided into blocks of N x N picture elements 

(pels) and the luminance and chrominance signals 

of each block are encoded by motion compensated 

predictive and transform coding algorithms [16, 

0923-5965/89/S3.50 © 1989, Elsevier Science Publishers B.V. 

17]. Thus an image is described by independently 

moving square blocks which can lead to visible 

distortions known as blocking and mosquito effects 

of low bit rate codecs. To avoid these image distor­

tions more appropriate source models for describ­

ing the image have to be introduced. This paper 

presents a coding method called object-oriented 

analysis-synthesis coding which subdivides each 
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image into moving objects and encodes each object 
by three sets of parameters defining the motion, 
shape and colour information of the object. 

The objects and their parameters are obtained 
by an automatic analysis of the actual input image 
at the coder. Using the encoded and transmitted 
parameters an image can be reconstructed by 
image synthesis at the decoder as well as at the 
coder. 

Analysis-synthesis coding techniques have been 
published in [1 ,4 ,6 ,7 ,12 ,15 ,25] . These techniques 
have been developed to efficiently encode one 
known special object, e.g. a human face, and 
require an algorithm for recognizing the face in a 
scene. Therefore these techniques are sometimes 
called knowledge-based analysis-synthesis coding 
techniques [12]. If the semantical meaning of the 
face is also considered for coding it might be called 
semantic coding [4 ,7] . In [8] a more general 
strategy for analysis-synthesis coding is outlined. 

The coding concept described here, is not restric­
ted to only one special object and therefore can 
be applied to a more general class of scenes. It 
does not require a recognition algorithm. Object-
oriented analysis-synthesis coding can be based 
on different source models for describing the 
objects and their motion in a scene. Depending on 
the source model parameter sets with different 
information content and different bit rates will be 
generated by the coder. Two source models are 
considered in this paper: The model of planar rigid 
objects with three-dimensional motion and the 
model of three-dimensional rigid objects with 
three-dimensional motion. The colour information 
is considered as being projected on the surface of 
the objects. Image analysis algorithms have been 
developed which estimate the shape and motion 
of the objects in a scene and automatically generate 
the three sets of parameters to be encoded by 
predictive or transform coding techniques. To 
reduce the frame-to-frame redundancy, motion 
compensated interframe prediction is applied and 
only the temporal update information is encoded. 

In object-oriented analysis-synthesis coding the 
object-oriented information can be used to control 
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the coding of the parameter sets. Thus by sup­
pression of shape and colour update information 
of an object, geometrical distortions are introduced 
instead of quantization error distortions when 
irreversible coding techniques have to be applied 
in order to cut down the generated bit rate. The 
geometrical distortions are less annoying than 
quantization error distortions in situations where 
the modelling of an object is sufficiently exact as 
indicated by relatively small shape and colour 
update informations. 

In Section 2 the new coding concept and the 
basic block diagram of the coder are explained. 
The image analysis and synthesis algorithms are 
described in detail in Sections 3 and 4. The coding 
of the parameter sets is still in a very early stage 
as presented in Section 5. First results obtained by 
a simulation of this coding concept are discussed 
in Section 6. 

2. Concept and structure of the object-oriented 
analysis-synthesis coder 

Object-oriented analysis-synthesis coding sub­
divides each image of a sequence into moving 
objects and describes each object i by three sets 
of parameters defining motion A,, shape M, and 
colour S, information of the object. The object 
parameters depend on the kind of source model 
being applied. To explain the concept and structure 
of the object-oriented analysis-synthesis coder the 
block diagram of Fig. 1 is used and the simplified 
model of planar rigid objects with only transla-
tional motion is assumed. 

Instead of the frame memory of block-oriented 
coding techniques, object-oriented coding requires 
a memory to store the parameters sets A = {A,}, 
M = {M,}, S = {5,} of the objects. The object 
memory of the coder and decoder contains the 
same parameter informations and allows the coder 
and decoder to reconstruct a transmitted image by 
image synthesis. The reconstructed image S'k is 
displayed at the decoder and used for image analy­
sis of the next input image Sk+1 at the coder. 
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Fig. 1. Block diagram of an object-oriented analysis-synthesis coder. 

In the case of the source model considered here 
the motion parameter set A, of an object i contains 
two elements ax,a2 corresponding to the frame-to-
frame displacement of the object in x- and .in­
direction. The shape parameter set M ; can be inter­
preted as picture elements of a bi-level image, 
where the white picture elements describe the 
shape of the object being analysed and the black 
picture elements represent the residual image area. 
The elements of the colour parameter set St corre­
spond to the luminance and chrominance informa­
tion of each picture element belonging to the object 
i. Fig. 2 illustrates the information of these par­
ameter sets for an image with two objects. 

The task of the image analysis block in Fig. 1 is 
to analyse the next input image S k + 1 to be coded 
and to estimate the parameter sets A,, M f , S ; for 
each object i by use of the reconstructed image 
S'k. A hierarchically structured procedure has been 
developed which starts with the estimation of A,, 
Mi, Sf of the largest object in the first step of 
hierarchy and then analyses the smaller objects in 
the subsequent steps of the hierarchy. At the output 
of the image analysis block the parameter sets A,, 
Mi, Si are available in PCM representation as 
illustrated in Fig. 2. 

The analysis fails in image areas which cannot 
be described by the source model being applied. 

SHAPE, MOTION AND 
SOURCE MODEL COLOUR PARAMETERS 

INPUT 

Fig. 2. Illustration of model based image analysis. (Source model of planar rigid objects with translational motion.) 
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