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ABSTRACT

This paper describes low�bitrate video compression based
upon the characterization of the new frame as a set of geo�
metric transformations of objects of the previous frame� Ob�
jects with motion are detected and the motion is estimated�
The estimated motion �motion �eld� is used to obtain the pa�
rameters for the geometric transformations� The pertinent
geometric transformations are rotation� translation� zoom�
ing and isotropic and anisotropic distortion� The motiva�
tion for choosing this set of third�order transformations is
that we have at our disposal special ASICS for real�time
video processing� We only want to transform moving objects
and therefore the boundaries of the moving objects must be
known� The boundaries of the objects are represented by
closed contours�

� INTRODUCTION

Digital video communication is a rapidly evolving �eld�
especially because of the progress made in video coding
techniques and very�large�scale integration �VLSI� tech�
nology� This progress leads to a high number of video
applications� like high�de�nition television �HDTV�� in�
teractive visual communication� and the videophone�
Of our special interest are the very�low�bitrate applica�
tions� like the videophone� videoconferencing and real�
time video transmissions over ATM networks or multi
media� These very�narrow�bandwidth applications nor�
mally have a bit�rate lower than �	 kbit
s and have
sometimes even an upper limitation of �� kbit
s� Com�
pression ratios higher than a factor 
��� are required
to achieve these very�low�bitrate conditions� The high
compression ratios achieved by the current compression
methods are accompanied by a low frame rate� modest
video quality� a tiny viewing window and disturbing ef�
fects like blocking and blurring� There is enough work to
be done to improve the quality of these very�low�bitrate
applications� with respect of the low�bitrate aspect�
The H���� standard has been developed between 
���

and 
��� for visual telephony over ISDN� The H���

standard describes the compression of the video com�
ponent of the audiovisual signal ���� The two possi�
ble frame sizes in H���
 are ������� and 
���
		�
both at a frame rate of ����� Hz and with the possibil�

ity to skip up to � consecutive frames� Both sizes are
standardized in the Common Interface Format �CIF�
and the Quarter CIF �QCIF� video format respectively�
The H���
 standard aims at a transmission at a rate
of p��	 kbit
s� where p� 
� �� � � � � ��� With values of
p � 
 or �� the QCIF�frames are transmitted at about

� frames per second� This mode is normally employed
for video�telephony applications� With values of p� ��
the CIF format is used at 
� or more frames per second�
This mode is intended for videoconference applications�

Between 
��
 and 
��� the H���	 standard was de�
veloped to extend the use of visual telephony to conven�
tional analog telephone lines with the use of the V��	
modem� The H���	 standard is one of the standards
used in the MPEG�	 compression standard �	� ��� The
available transmission rate on an analog telephone line is
���� kb
s for both speech and video� which leave about
�� kb
s for video� The H���� describes the compression
of the video component and is designed for transmission
at rates below �	 kbit
s� The encoded signal can be sub�
QCIF �with a frame size of 
����	�� QCIF� CIF or any
larger input format with a minimum number of consec�
utive skipped frames� H���� is capable of providing the
same quality as H���
 with less than half the number
of bits� H���� uses second generation video coding tech�
niques� which try to overcome the limitations of the �rst
generation video coding techniques� Still� the block�wise
processing of the frames as applied in the H���� stan�
dard causes the block�border to become visible when the
transmission capacity is insu�cient�

This paper proposes an alternative approach to per�
form the necessary motion compensation� Existing com�
pression methods compensate the motion by means of
macroblock compensation� The disadvantage of this
method is the blocking e�ect and the high number of
required transformation parameters� The proposed ge�

ometric object transformation method compensates the
motion of the total object� The advantage of this ap�
proach is the lower number of bits required to char�
acterize the motion and there is no blocking artifact�
The proposed approach also proceeds from the in�house
made ASICS� capable of performing third�order object



transformations ����
Our �rst objective is the implementation of the pro�

posed approach to get a better understanding concern�
ing obtained image quality and compression ratios�

� VIDEO CODING BASED UPON GEO�

METRIC OBJECT TRANSFORMATIONS

Figure � shows an image from a typical videophone
scene�

Figure �� Frame ���� from sequence �Anouk��

Evidently	 the shape of the objects in the image
should be analyzed �
�� Both the HVS�properties as
well as these particular image characteristics justify the
development of a contour�texture approach for coding
videophone sequences as an alternative to blockwise pro�
cessing� To obtain a contour�texture representation	 the
image sequence has to be segmented� The result of the
segmentation process gives a set of connected regions�
Each region can be characterized by its shape and its
evolution in the time domain� The evolution in time
can be described as a geometric transformation� Both
the outline of each region as well as its time progres�
sion needs to be transmitted	 in addition to the inte�
rior	 the texture	 of the region� Because the regions
rather stationar higher data compression ratios may be
accomplished	 while nonstationarities in the image are
accounted for by a parameterized description of the tem�
poral progression of the regions�
The approach to perform motion compensation by

means of geometric transformations follows from rapid
growth in technical possibilities� The hardware solu�
tion is a spatial image transformer �AELT��
�	 capa�
ble of transforming images of ��
���
 pixels at 
� or
�� frames per second� The design of this image trans�
former chip was initiated at the Laboratory of Network

Theory 	 VLSI�Design at the University of Twente and
has been further developed by the company AEMICS

in Hengelo� This spatial image transformer performs
a 
�dimensional �rd�order transformation and	 there�
fore	 any motion which approximates a �rd�order poly�
gon description can be motion compensated� A �rd�
order transformation makes it possible for objects to
perform primary operations like translation	 rotation	
zooming	 skewing	 but also more complex operations like
��dimensional warping operations and can be expressed
as follows�

�xi � r�
o
�Dxo � dyo�

�yi � r�
o
�Dyo � dxo�

���

With x� y the coordinates of the transformed image
and xo� yo the coordinates in the object plane	 ro is the
distance in the motion compensated image from the op�
tical axis� Motion compensation can be divided into two
categories	 isotropic and anisotropic transformation� In
Figure 
 three kinds of transformation can be seen� pin�
cushion	 barrel �both isotropic� and pocket�handkerchief
�anisotropic� motion�

Figure 
� Three kinds of distortion�

We characterize motion transformation by the two di�
mensional third order polynomial Eq� �� Correction can
be made by the operator T	 see Figure � which is the
inverse of this polynomial	 also a two dimensional third
order polynomial ��	 ���

x�u� v� � �ax � exv � ixv
� �mxv

�� �

�bx � fxv � jxv
� � nxv

��u�

�cx � gxv � kxv
� � oxv

��u� �

�dx � hxv � lxv
� � pxv

��u� �
�

and a similar equation for y�u� v��

Figure �� Image transformation�



Figure � shows the reverse address computation pro�
cedure� The target image is the corrected output im�
age� the source image is the acquired motion�distorted
image� For every pixel and thus u� v coordinate in the
target image� the corresponding coordinates in the input
image are computed� The source image is characterized
by a matrix of numbers representing the pixel intensity
in the center of the pixel� the so�called gridpoint� The
pixel intensities of computed coordinates in the source
image not identical to gridpoints are interpolated by cu�
bic spline interpolation�
The transformation viz� Equation � is easily executed

o��line by a computer but we have also implemented it
in hardware for real time applications by forward di�er�
ence accumulation �	
� The source coordinates x and y

are expressed by a 	� terms equation as a third order
polynomial of the target address� Each of the 	� terms
is given by the partial derivative�

�k�l

�uk�vl
k� l 
 �� � � � � � ���

��� The Encoder

The Encoder is displayed in Figure �� The encoder
generates an image sequence of intra�frame encoded
images �I� with a sub�sequence of consecutive predic�

tive frames �P� in between� which can be depicted as
IPP � � � PIPP � � � P� Block �� determines the geometric�
transformation parameters of the objects which must be
motion compensated� also the contours are de�ned for
all of the moving objects� Contour extraction is per�
formed using the Four�Triangle Method ��
� The ob�
tained contours are encoded using the Freeman Chain

Code ��� �
� The obtained regulated optical �ow �eld�
shown in Figure �� matches the geometric transforma�
tion of the object�

Figure �� Example of computed optical �ow�

The transformation parameters are obtained using a

��dimensional least�squares �t of a ��dimensional �rd�
order polynomial� The result of block 	 is a set of geo�
metric transformation parameters and contour descrip�
tions of the spatial areas associated with the moving ob�
jects� This set of transformation parameters are passed
on to block number ��

Block �� creates the reconstructed P�frame N�	� to
check if the reconstructed �motion compensated� frame
satis�es a prede�ned error criterion�

Block � checks the error between the reconstructed
P�frame N �	 and the original frame N �	� Above
a certain error threshold� supplementary data is DCT�
encoded� quantized and transmitted�

��� The Decoder

The proposed concept for the Decoder is displayed in
Figure �� The bit�stream from the Encoder to Decoder
can contain I�frame data or else data for reconstruction
of the P�frames� The data for P�frame reconstruction
are both the quantized transformation parameters and
the contour information� These two parts are withdrawn
from the bit stream in block �� Block � receives the ex�
tracted transformation�parameter information and con�
tour information from block 	� The geometric transfor�
mations are performed for all moving objects� this with
use of the contours as boundaries� The transformations
are performed on the previous I� or P�frame� The trans�
formed objects are detached from the transformation
region by making use of a polygon �lling algorithm and
the created gaps are �lled in� The complexity of the De�
coder seems much lower than the Encoder� but that is
not quite true� The complexity di�erence lies mainly in
the extraction of the contours and the extraction of the
transformation parameters� The P�frame reconstruction
is the same in the Encoder and the Decoder�

Figure �� Encoder Block Diagram�



Figure �� Decoder Block Diagram�

� RESULTS

The software algorithm was applied to sequence of ���
colour frames of ���������� bits �Quarter PAL	
 with
a total duration of ����� seconds� The sequence was
encoded according to the pattern IPPPPPIPPPPP
 re

sulting in �� I
frames and ��� P
frames� Of the ��� P

frames ��� di�erent objects were motion compensated
and �� frames contained no signi�cant motion� The av

erage contour length is ��� connected coordinates�

A �rd
order �
dimensional transformation requires ��
parameters
 which require �� bits each� The Freeman

coded contour elements require ��� bits per element on
average� The initial point of the chain code requires ��
bits� To match the results of H����
 the assumption is
made that one out of three frames is displayed �i�e�
 a
frame rate of ���� Hz	�

The average compression ratio R can be determined
as

R �
B

�IP � CL� CP � TP � PAR	� FR�AMC

with

B � number of bits�frame � ��� � ���� ��
FR � frame ratio � ���
IP � initial point � �� bits
CL � av	 contour length � ��� bits
CP � av	 nr	 of bits�contour elem	 � 
�� bits
TP � nr	 of transf	 param	 � ��
PAR � number of bits per param	 � �� bits
AMC � av	 nr	 of objs	 transformed � �����
� � �����

where CL�CP is the average number of bits to describe
a contour
 and TP �PAR is the number of bits needed
to describe a transformation� The resulting compression
ratio of the observed sequence is R � ��������� The
compressed sequence is virtually indistinguishable from
the original�

� DISCUSSION AND CONCLUSIONS

An alternative method has been developed for very

low
bitrate compression methods� The motion com

pensation is performed by geometric object transfor

mations instead of macroblock translation� A software
implementation of the geometric object transformation
method is developed
 providing information concerning
reconstruction quality and compression ratio� The ap

proach indicates very promising results�
�� The possibility to perform the object transforma


tions by a �
Dimensional �rd order transformation�

�� Objects can be identi�ed by their contours and
their optical �ow�

�� In comparison to other very
low
bitrate compres

sion methods no e�ect like blocking and a reduced
blurring e�ect�

�� A very high compression ratio ������	 for the recon

structed frames
 this in comparison to a very
low

bitrate compression standard H���� �compression
ratio between ����
����	�

Very
low
bitrate compression methods are only in

tended for sequences with relative low number of ob

jects in motion
 no quickly appearing and disappearing
of objects
 no frequent sequence changes and a station

ary camera position� The same conditions hold for the
geometric object transformation method�
Real
time implementation of this approach seems to

be technically possible and is currently in progress�
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