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Abstract

showed an image quality superior to results achieved with
block-based hybrid coders like R M 8 [l] (H.261) or TMN2
[9].However, the additional transmission of shape parameters for a moving object is only justified, if the overall coding efficiency using the shape parameters is higher than the
efficiency achieved by a block-based description of the
moving object.

Forobject-based analysis-synthesis coding (OBASC)of
moving images, each moving object is described by three
parameter sets defining its motion, shape and surface color
They are coded using an object-dependent parameter coding. Compared to block-based hybrid coding, OBASC requires the additional transmission of shape parameters.
This is only justified, i f it increases the overall coding efficiency. The efSiciency of the block-based and the objectbased coders depends to a large extend on the size of the
moving objects. Objects smaller than 256 pels should be
coded by a biock-based coder whereas larger objects are
preferably coded by an object-bared codex

In order to achieve an efficient coding of each moving
object of the scene, the object-dependent parameter coding
has to switch between an object-based coder mode and a
block-based coder mode. The block-based mode is known
from existing and upcoming standards like H.261. Implementations of an object-based mode have been published in
the environment of object-based analysis-synthesis coding
[71[121[31[41[131[21.

1: Introduction
Block-based hybrid coding according to the standards
H.261 and MPEG-1 describes moving objects by motion
(2D displacement vectors) and color (DCT-coefficients)
parameters of square blocks [SI. This corresponds to a
source model "2D square blocks moving parallel to the
image plane". At boundaries of moving real objects, this
source model cannot describe correctly the motion in the
image sequences because there are two different motions
within one block. At low data rates, this inefficiency gets
visible as mosquito and block artifacts. In contrast to blockbased image coding, OBASC [7][12] allows to describe
arbitrarily shaped objects by means of motion, shape and
color parameters. It requires the additional transmission of
shape parameters. Therefore, motion at object boundaries
can be described correctly. The source models moving rigid
3D objects [12], moving flexible 3D objects and moving
flexible 2D objects [3][4] have been investigated. The latter
has been us for coding of image sequencesat data rates down
to 16 kbitls. For videophone test sequences, these coders

In [2], a switching of coder modes is presented which
compares the PSNR (Peak Signal to Noise Ratio) and the
bit-rates required in its block-based and object-based
modes. In its object-based mode, only motion and shape
parameters of the moving objects are transmitted. Color
parameters are always coded in the block-based mode 1161.
In this contribution, an analysis of the different coding artifacts of an object-based coding mode and of a block-based
coding mode as well as the difference in bit-rate required to
transmit the parameters of the source models is presented,
in order to derive a switching criterion for selecting the
appropriate coder mode.
Section 2 reviews the important aspects of OBASC based
on the source model of flexible 2D objects. In Section 3, a
block-based reference coder is developed which codes
images similar to an object-based coder without requiring
the transmission of shape parameters for the moving objects. In section 4, the influence of limited bit-rate on coding
artifacts is investigated. In section 5, the bit-rates which
block-based coders and object-based coders require in order to code an object with good subjective quality are estimated.

*Research was carried out at the Institut fur Theoretische Nachrichtentechnik and Informationsverarbeitung,Universitat Hannover, Germany.
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3: Block-based reference coder

2: OBASC based on the source model of moving flexible 2 0 objects

The hybrid coder according to the standard H.261 subdivides an image into macro blocks of size 16 16 pels [8]. For
each macro block, one motion vector can be transmitted. For
coding of color parameters (DCT coefficients) a macro
block is subdivided into 4 blocks of size 8 * 8 pels (Fig. 3.1).
For each block, it is decided whether color parameters are
transmitted. In the next section, boundary blocks will be
considered in addition to blocks and macro blocks. In a
boundary block of size 8 8 pels, differently moving objects
are present.

An image coder based on the source model of moving
flexible 2D objects describes the shape of each moving object by a 2D silhouette. The motion of a object is described
using a displacement vector field. For the displacement vector field, one displacement vector with half pel accuracy is
estimated and transmitted for each block of size 16 16 pel.
Color parameters are extracted from the image sequence.
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Inside one object, a dense displacement vector field is
computed from the transmitted vectors using bilinear interpolation resulting in a smooth change of motion inside one
object and motion discontinuities at object boundaries.
Hence, inside moving objects blocking artifacts are
avoided. The color parameters of the object are taken from
previously transmitted images. Using the motion and shape
parameters, image areas which are uncovered due to object
motion can be computed. In these uncovered areas, the color
parameters of the objects are updated using the current
image. Moving objects with these three sets of parameters
are named MC-Objects. Due to the shape parameters, it is
possible to compute a subjectively correct prediction image.
Those image regions, which cannot be described with a
sufficient subjective image quality using MC-bjects are
named MF-objects. They are described using 2D shape parameters and color parameters extracted from the current
image. The detection of MF-objects exploits the relevance
of errors to the human observer (irrelevancy reduction) and
neglects geometrical distortions like small position and
shape errors of the moving objects.

Each macro block can be coded in three different modes.
In the most simple case, the selection of the appropriate
coding mode is based on the measurement of the prediction
error. In the CCITT reference model RM8, for each macro
block, the energy of the real image (intra mode), the energy
of the prediction error without (inter mode) and with motion
compensation (MCP-mode) is measured [ 11. The mode
with the smallest energy is selected. For a optimal coding
efficiency, the selection criteria has to select the mode with
the smallest rate R given a distortion D:

W )= Min(R,n,,o(D), R,nte,(D), R H C P ( D ) ) . (3.1)
Here, IQntra
and Rinter account for the data rates of color
parameters and R ~ c allows
p
for the rate of color parameters
and for the additional rate required for the displacement
vector. Generally, the coder uses the MCP-mode in moving
areas. In case of estimation errors or limits of the underlying
source model, the coder switches "back" to the simpler
modes inter or intra.

The 2D silhouette of each MC-object is coded using a
polygodspline approximation and motion compensated
prediction [ 5 ] .The quality measure for shape approximation
d:= is the maximum allowable deviation between the estimated and the approximated shape. The 2D shape parameters of the MF-objects are coded without temporal prediction using a polygodspline approximation. Experiments
[6][111 have shown that it is more efficient to code shape
parameters using the polygon/spline approximation and the
color parameters for the areas inside the coded shape than
approximating the shape of the MF-bjects by square
blocks of size 8 . 8 pels and then code the color parameters
of the blocks. The gain in bit-rate due to the transmission of
these shape parameters can be as high as 50%.Whereas the
shape parameters of moving objects are used to describe the
physical world, the shape parameters of MF-objects are
only used to increase coding efficiency and to avoid mosquito artifacts.
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Fig. 3.1 A circle is moving with a displacement
d. The areas uncovered due to object motion are
marked in a light grey. The image is devided into
macro blocks consisting of four blocks. The
marked blocks on the boundary of the circle are
boundary blocks containing two differently
moving objects.
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For OBASC, image quality of the boundary blocks depends on

The reference coder developed in this section is based on

R M 8 and will be enhanced in several ways. In order to
increase the coding efficiency of the block-based coder and
to make it more comparable to the object-based coder, motion compensation will be modified:

- the accuracy of the estimated and transmitted shape and
motion parameters

- the coding error of the color parameters transmitted for

1. Displacement vectors are estimated and coded with half

the uncovered areas.

pel accuracy [9].
2. For each macro block, it will be transmitted whether the
displacement vectors should be interpolated.
3. For each pel of a marked macro block, a displacement
vector field with an amplitude resolution of 0.5 pel is calculated using bilinear interpolation of the transmitted
vectors [141.
The interpolation of the displacement vector field of
OBASC takes into account shape information only at the
boundaries of MC-objects. With the extensions 1. to 3., the
block-based coder is now able to do a motion-compensated
prediction which differs only in boundary blocks from
OBASC, hence blocking artifacts are. avoided inside moving objects. Like in OBASC, the coder control in nonboundary blocks can consider geometrical distortions as
irrelevant to the human observer.

For videophone test sequences,it has been shown that the
estimation of motion and shape parameters is possible with
sufficient accuracy and the bit-rate for coding the color
parameter of the uncovered areas is high enough to ensure
good image quality [4] [ 121.

For the block-based reference coder, image quality of
boundary blocks depends on

- the inherently wrong motion compensation
- the coding error of the color parameters transmitted for

the boundary blocks.
Since the block-based coder does not know the shape of
the moving objects, motion compensation creates a high
frequency prediction error signal which has to be coded for
all boundary blocks. Due to the limited data rate, a relatively
high coding error has to be accepted. As long as the boundary of a moving object is moving within the same boundary
block, color parametersof the complete boundary block will
be coded in consecutive frames. Therefore, subjective
image quality is not only influenced by the coding error of
the color parameters but also by the temporal unrest and
edge busyness caused by the repeated coding of the boundary block. This coding artifacts become visible as soon as
the coding error is higher than 42 dB. Since an object-based
coder is able to compensate motion in boundary blocks correctly and transmits color parametersonly for the uncovered
areas and not for the completeboundary blocks, no temporal
unrest or edge busyness occurs. Therefore, acceptable
image quality is achieved with coding errors of the color
parameters as high as 36 dB. Hence, for the same subjective
image quality, the coding error in the object-based coding
mode may be up to 6 dB higher compared to block-based
coding.

In OBASC, the transmission of shape parameters for
MF-objects increases the coding efficiency. Therefore, this
method is adapted to the block-based coder:
4. Areas, for which color parameter have to be transmitted,

are described using a polygon/spline approximation.
5 . Color parameters are transmitted for these arbitrarilyshaped regions only [101[151.
Due to these extensions, coding of color parameters is identical for the block-based and the object-based coder. Furthermore, the block-based and the object-based coder work
identical in all but boundary blocks. At object boundaries,
the OBASC is able to describe the physical world correctly.
As far as hardware complexity is concerned, the two coders
differ mainly in image analysis which is much more complex for the OBASC.

4: Coding artifacts

5: Data rates

Fig. 3.1 shows for a moving object the problems for
selecting the appropriate coding mode in order to achieve a
good image quality. In order to describe the current image,
OBASC requires in addition to the color parameters transmitted for previous images the current motion and shape
update parameters as well as the color parameters of the
uncovered areas. The block-based coder has to transmit
motion parameters and color parameters for each boundary
block, since a block-based motion description cannot be
correct for boundary blocks. Assuming identical previously
coded images, differences in picture quality show up in
boundary blocks only.

In the following paragraphs, the data rates required for
coding of boundary blocks is estimated in order to develop
a switching criterion for selecting the appropriate coding
mode for each object in a scene. Since the object-based and
the block-based coder transmit the same motion parameters
and hence require the same data rate for their coding, the rate
for motion information will not influence the switching criterion and will be neglected in the following investigations.
For block-based coding, the required data rate for each
boundary block of a macro block is given by
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RB =

(5.1)

RB,,

boundary blocks

where RE gives the average rate for coding the color parameters of a boundary block.
For object-based coding, the data rate for each boundary
block is given by

1

Ro =

+

(R:MC

(5.2)

Rg,(IA)'

boundary block

where R:NC gives the average rate for coding the shape
parameters of the MC-object and R&,A the average bit-rate
for coding the color parameters of the uncovered areas. Assuming identical subjective image quality, the appropriate
coding mode is selected according to

I

block - based
mode = object - based

blocks. For small objects, this rate is higher than for large
objects due to the higher curvature of the object silhouette.
The rate R:flc can be approximated by
Rg,,(nR) = M * (e4'.''("r30) 5.8) [bit/boundary block]
for nR24,
(5.4)
with the number of boundary blocks nR and the scaling
factor M. For non-predictive coding M equals 1, for motion-compensated predictive coding using d:= = 1.4 pel,
M decreases to 0.5. Eq. (5.4) is not valid for nR<4, because
then the assumption of estimating the shape of the moving
objects correctly is not valid anymore.
The rate R& for coding the color parameters of the
uncovered areas is given by

+

if RB < Ro
else
(5.3)

with WJA the number of pels of the uncovered areas and
rc,uA the average rate required for transmitting the color
parameters of 1 pel.
For the test sequences, an average nUA =7 pelhoundary
block and nUA = 10 pelhoundary block were measured. The
rate rc,uA depends to a large extend on the image signal and
the efficiency of a background memory, which can easily be
incorporated into a object-based coding scheme [3]. The
measurements for a coding error of PSNR=36 dB gave
0 Irc,uBCE 1.0 bit/pel. Fig. 5.2 shows the data rate for
coding the boundary blocks of an object for different ~,JJA
and rc,uA. Fig. 5.3 gives the same rate normalized to bit/
boundary block. If the block-based coder requires a bit-rate
below the lower curve in Fig. 5.2 and 5.3, it will outperform
a object-based coder. Similarly, if the block-based coder
requires data rates above the upper curve, an object-based
coder will outperform the block-based coder. If the rate is

In order to get an estimate of the rates R:, R:Mc and R&,
the test sequences Claire and Miss America were analyzed.
In order to measure the rate Rg,vMC,
3D model objects of
the persons in the sequence were generated [ 121. By moving
these model objects in a 3D model world and projecting
them into the image plane, the silhouettes of the objects were
obtained in different sizes. Fig. 5.1 shows the bit rate R:Nc
required for coding the shape parameters of a MC-object
with a quality measure of d i u = 1.4 pel [ 121 as a function
the object size represented by the number of boundary
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Fig. 5.1 Data rate in bivboundary block for
coding the shape parameters of a object during
its first occurence (intra mode) as function of the
object size represented by the number of
boundary blocks n ~The
. solid curve is the model
curve according to Eq. (5.4) with M=l. In case of
predicitve coding the data rates have to be
diveded by two (Mz.5). For the test sequences
Claire and Miss America, the no. of boundary
blocks is n ~ = 8 and
7 n ~ = 9 5respectively.
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Fig. 5.2 Data rate Rqn,) in biffobject. Shape
parameters of MC-objects are predictively
coded (M=0.5). Color parameters of uncovered
~ ~bit/
areas are coded with different rates r c , , in
pel.
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between the two curves, the size of the uncovered area has
to be determined in order to make a correct decision according to Eq. (5.3).The test sequences (CIF, 10 Hz) were coded
at a data rate of 64 kbids. In Fig. 5.3, the data rates spent for
coding the boundary blocks are given for R M 8 and the object-based coder. Although the block-based coder spends
approximated 25 % of the bit rate in the boundary blocks for
the test sequence Claire, it is still not possible to achieve a
subjectively acceptable image quality, whereas the objectbased coder provides sharper images without blocking artifacts. Experiments conducted so fare indicate that moving
objects covering more than four boundary block or objects
larger than 256 pels should be coded in a object-based
mode.

6: Conclusions
In order to compare the bit-rates required for coding a
moving object in a block-basedandin aobject-based mode,
a block-based reference coder is assumed which uses features like interpolation of the displacement vector field and
color coding for arbitrarily shaped regions developed for
object-based coding. The transmission of shape parameters
for the moving objects is not required. Hence, the coders
mainly differ in their ability to describe motion discontinuities properly. Experiments indicate that objects larger than
256 pels are preferably coded in an object-based mode
whereas smaller objects are more efficiently coded in a
block-based mode.
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