PCT

INTERNATIONAL APPLICATION PUBLISHED UN

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

DER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

HO4N 7/36, 7/26, 5/14 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/16251

1 April 1999 (01.04.99)

(21) International Application Number: PCT/IB98/01241

(22) International Filing Date: 12 August 1998 (12.08.98)

(30) Priority Data:

97202912.8 23 September 1997 (23.09.97)  EP

(71) Applicant: KONINKLIJKE PHILIPS ELECTRONICS N.V.
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven
(NL).

(71) Applicant (for SE only): PHILIPS AB [SE/SE]; Kottbygatan 7,
Kista, S-164 85 Stockholm (SE).

(72) Inventors: DE HAAN, Gerard; Prof. Holstlaan 6, NL-5656
AA Eindhoven (NL). SCHUTTEN, Robert, Jan; Prof.
Holstlaan 6, NL-5656 AA Eindhoven (NL). PELAGOTTI,
Anna; Prof. Holstlaan 6, NL.-5656 AA Eindhoven (NL).

(74) Agent: STEENBEEK, Leonardus, J.; Internationaal Octrooibu-
reau B.V., P.O. Box 220, NL-5600 AE Eindhoven (NL).

(81) Designated States: JP, KR, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: MOTION ESTIMATION AND MOTION-COMPENSATED INTERPOLATION

(57) Abstract

In a method of

estimating motion, at least
two motion parameter sets
are generated (PE1-PEn)

from input video data (n,
n-1), a motion parameter

PET

(p11,p12,..p1 m)=(0,0..Ol

set being a set of parameters
describing motion in an
image, by means of which
motion parameter  set
motion vectors can be

L—UC2
(p21,p22,..p2m)

PE2

A

calculated. One motion
parameter set indicates a
zero velocity for all image
parts in an image, and each
motion parameter set has
corresponding local match
errors. Output motion data

S

l

Fors |

(pn1,pn2,..pnm)

PEn

are determined from the
input video data (n, n—1) in
dependence on the at least
two motion parameter sets,
wherein the importance of

y
A

=
=]

oL
S’

- -l

=

I

SM

i
¢

<
N
T

each motion parameter set
in calculating the output

|
é

Yy

=2
Eé/

motion data depends on the
motion parameter sets’ local
match errors.

~SC




AL
AM
AT
AU

BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
C1
CcM
CN
CuU
Ccz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Tsrael

ITceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ)
™
TR
TT
UA
UG
us
UZ
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 99/16251 1 PCT/IB98/01241

Motion estimation and motion-compensated interpolation.

The invention relates to a method and a device for motion estimation, and

to a video display apparatus comprising a motion-compensated interpolation device.

Motion vectors are used in a range of applications, such as coding, noise
reduction, and scan rate conversion. Some of these applications, particularly the frame rate
conversion, require the true-motion of objects to be estimated [10,11]. Other applications,
e.g. interlaced-to-sequential scan conversion, demand a high accuracy of the motion vectors
to achieve a low amplitude of remaining alias [12,13]. Finally, there is a category of
applications, e.g. consumer applications of motion estimation, where the cost of the motion
estimator is of crucial importance [14,15]. Several algorithms have been proposed to achieve
true-motion estimation [3,10,11,15-17]. Algorithms have also been proposed to realize
motion estimation at a low complexity level, e.g. [3,14,15,18-20], and in addition to the
pel-recursive algorithms that usually allow sub-pixel accuracy, see e.g. [21,22], a number of
block-matching algorithms have been reported that yield highly accurate motion vectors
[10,23,24].

Some years ago, a recursive search block-matcher was proposed which
combines true-motion estimation as required for frame rate conversion with the low
complexity constraint necessary for consumer applications [3]. This design has been
commercialized in a Philips IC (MELZONIC, SAA4991) [6,25] which applies motion
estimation and compensation techniques to improve the motion portrayal of film material
when shown on television, and to eliminate the blurring of image detail in the case of motion
as it occurs when displaying sequences at a picture refresh rate differing from the
transmission rate. The most challenging task of such processing is the estimation of motion
vectors indicating whether, at a given location of the screen, objects are moving or not, and
if so, how fast and into which direction. In the known IC, this task is performed by a so-
called block-matcher which divides the image into blocks and calculates a motion vector for
every block of pixels by minimizing a match criterion. The risk of such processing is that the

motion-compensated image, interpolated from neighboring images and using the motion
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vectors, may show block distortions if the motion vector field suffers from unwanted
inhomogeneities. To reduce this risk to an acceptable level, the IC in [6] applies a block-
matcher with improved consistency based on spatial and temporal prediction of candidate
vectors [3]. An advantageous side effect of this approach to motion estimation is the very
significant reduction of processing power required for the function, which is particularly due
to the very limited candidate vector count.

The article "Layered representation for motion analysis” by J.Y.A. Wang
and E.H. Adelson, in the Proceedings of the 1993 IEEE Computer Society conference on
Computer vision and pattern recognition, pp. 361-366, [29] discloses a set of techniques for
segmenting images into coherently moving regions, using affine motion analysis and
clustering techniques. An image is decomposed into a set of layers along with information
about occlusion and depth ordering. A scene is analyzed into four layers, and then a

sequence is represented with a single image of each layer, along with associated motion

parameters.

It is, inter alia, an object of the invention to provide a motion estimator
having a further reduced complexity. To this end, a first aspect of the invention provides a
method and a device as defined in claims 1 and 9. A second aspect of the invention provides
a method and a device as defined in claims 7 and 10. A third aspect of the invention
provides a video display apparatus as defined in claim 11. Advantageous embodiments are
defined in the dependent claims.

In a method of estimating motion in accordance with a primary aspect of
the present invention, at least two motion parameter sets are generated from input video data,
a motion parameter set being a set of parameters describing motion in an image, by means of
which motion parameter set motion vectors can be calculated. One motion parameter set
indicates a zero velocity for all image parts in an image, and each motion parameter set has
corresponding local match errors, such as match errors determined per block of pixels.
Output motion data are determined from the input video data in dependence on the at least
two motion parameter sets, wherein the importance of each motion parameter set (determined
by weighting factors W, see equations 17, 18 and between equations 20, 21) in calculating
the output motion data depends on the motion parameter sets’ local match errors. Local

match errors are to be understood in contrast with global match errors, such as match errors

calculated for the entire image.
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In a method of motion-compensating video data in accordance with
another aspect of the present invention, at least two motion parameter sets are generated
from input video data, one motion parameter set indicating a zero velocity, and each motion
parameter set having corresponding match errors, and output video data are interpolated from
the input video data in dependence on the at least two motion parameter sets, wherein the
importance of each motion parameter set in calculating the output video data depends on the
motion parameter sets’ match errors. |

In one embodiment, the reduction is so significant that the processing can

run on a fully programmable device, more particularly the Philips TriMedia processor.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings:

Fig. 1 illustrates two possibilities for motion compensation in accordance

with the present invention;

Fig. 2 shows a first embodiment of a motion-compensated interpolator in
accordance with the present invention;

Fig. 3 shows a second embodiment of a motion-compensated interpolator
in accordance with the present invention;
Fig. 4 shows a block diagram of a motion parameter estimator in

accordance with the current invention; and

Fig. 5 illustrates a preferred parameter estimator in accordance with the

present invention.

In [5] a method was disclosed how to estimate global motion from an

image sequence. It is assumed that motion in the image can be described with a

two-dimensional first order linear equation, using D(x, n) for the displacement vector at

location x in the image with index n:

D% n) - [” m-p 3(")x] M

D,(n)+py(n)y
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It is recognized here that if we only aim at estimating global motion
vectors, the input to the parameter calculation means can be simpler than what has been
described in [5].

With only such global motion vectors available, the upconversion problem
becomes the most challenging part of the processing. [1,4] described a method for robust
motion- compensated temporal interpolation of image data. The basic idea consisted of a
three-tap median filter which produces an output pixel selected to be either the motion
compensated pixel mcl(eft) from the previous field n-1, the motion- compensated pixel

mer(ight) from the next field n, or the non-motion-compensated average av from both

neighboring fields n-1, n:

F,.(Tt: n—%) = med(mcl, av, mcr) 2)
with

mcl = F(x - aD(x, n), n-1) (3)
av = S(FGx m) + FX n-1) ) 4
mer = F(x + (1-a)D(x, n), n) (5)

a,(b<sasc\ c<asb)
med(a, b, ¢) = b , (asbsc\ c<sb<a) (6)
c , (otherwise)

The pixels used in the motion compensation are schematically drawn in
Fig. 1. Although quite robust, an even more robust algorithm could be considered for our
new very limited motion estimator proposal, including a three-tap median filter which
produces an output pixel selecting either the corresponding pixel l(eft) in the previous field n-

1, the corresponding pixel r(ight) in the next field n, or the motion compensated average

mcav from both neighboring fields n-1, n:
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F(x, n—%) = med(l, mcav, 1) (7
with:

l = F(x, n-1) (8)
meav = % ( AX - aD(x n), n-1) + FX + (1-)D G, n), n) ) ©)
r = F(x, n) (10)

However, this up-converter, which is indeed very robust, limits the
advantage of motion compensation severely (the motion compensation is limited to the lower
frequencies only). Therefore, in accordance with a preferred embodiment, the up-converter is
adapted between the first and the second option, depending on the expected quality of the
motion vectors. A favorable feature of the proposed interpolators is that switching between
the two robust options is not very critical. This implies that a fairly rough decision is
acceptable, which can be realized with little processing power on a (spatially) reduced size
version of the input sequence. This reduced size input sequence is used to calculate match
errors obtained with (at least) two motion vectors per location, either generated from a
parameter model or the zero vector.

The result is a segmentation which divides the image into layers where the
zero vector model or the calculated parameter model is more appropriate. The segmentation
mask SM is now used as an extra input of the up-converter UC, which uses the mask SM to
switch/fade between both previously described up-converters (see Fig. 2). In the case of a
valid parameter model, the up-converter tends towards the interpolation of equation 2,

otherwise towards the interpolation of equation 7.

In Fig. 2, the values 1 and r (see Fig. 1) are applied to a first averager
AV1 to produce the value av. A first median filter MED1 determines the median of the
values av, mcl, and mcr. The values mcl and mcr are applied to a second averager AV2 to
produce the value mcav. A second median filter MED2 determines the median of the values
mcav, 1, and r. The up-converter UC1 furnishes the interpolated value from the output

signals of the median filters MED1, MED2 in dependence upon the segmentation mask SM.
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The output signal of the up-converter UC1 is applied to a display unit (D) for displaying the
output video data (n-'2) between the input video data (n, n-1).

| From this point, extensions towards multiple layers can be considered, in
which several parameter estimators PE1 .. PEn (see Fig. 3, showing a layered parameter-
based estimator and up-converter) run parallel, each generating parameters models for
different, not necessarily fixed, parts of the image. These parameter estimators PEi are again
the input of a segmentation circuit SC which finds the parts of the image for which each
model is valid, or in other words, determines a segmentation mask SM indicating the best
interpolation method (parameter set) for each part of the image. The up-converter UC2
should again choose the best possible interpolation method for each separate layer within the

image in dependence upon the segmentation mask SM.

In Fig. 3, current image data from the input field n and previous image
data from the input field n-1 are applied to the parameter estimators PE2 .. PEn to determine
motion parameters p21-p2m .. pnl-pnm. A first parameter estimator PE1 just furnishes zero
parameters. The input fields n and n-1 are also applied to the segmentation circuit SC via
down-samplers D1, D2. The up-converter UC2 calculates motion vectors in the manner
indicated by equation 1 from the parameter set indicated by the segmentation mask SM, to
interpolate the output field n-'2 from the input fields n and n-1. The weighting factors W are
explained below with reference to equations 17 and 18, and between equations 20 and 21.
Each parameter estimator PE2 .. PEn comprises an error calculation to adjust the motion
parameters. This calculation is preferably limited to those image parts which correspond to
the parameter set delat with by the subject parameter estimator PE. To this end, a weight W
is assigned which weight fits with the amount of correspondence (kind of fuzzy logic). In the

end, at the interpolation, for each pixel that parameter set is used that yields the lowest

estimation error for each pixel.

In the following part of this disclosure, preferred parameter estimators

will be discussed.

In [2] methods of estimating global motion parameters from an image
sequence are described. The book focuses on various options for solving the
multi-dimensional optimization problem, such as gradient-based methods, simulated
annealing, etc. In accordance with a further aspect of the present invention, these motion

parameters are estimated with a significantly reduced operations count to either reduce the
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cost of dedicated silicon, or even enable processing on a programmable architecture
(particularly, the Philips TriMedia processor).

In [5], a method was disclosed to estimate global motion parameters from
an image sequence. It is assumed that motion in the image can be described with a
two-dimensional first-order linear equation. More complex parametric motion models have
been proposed [2] and can indeed be applied in combination with the present invention, but
will not be discussed in this disclosure. In [5], the parameter model was used to generate
attractive candidate vectors for a block-based motion estimator. The input to the parameter
estimator was the previous output vector field obtained from this block-based estimator. It is
recognized here that if we aim at only estimating global motion vectors, the input to the

parameter calculation means can be simpler.

Limiting ourselves, for clarity, to the four parameter model of equation 1,

—

we first define the parameter vector P:

p,(n)

= |pm

P(n) = p.(n) (11)
pn)

and define our task as selecting P(n) from a number of candidate parameter vectors -C“p(n) as

the one that has the minimal value of a match criterion calculated in accordance with:

«C,n =Y |Fx n - Fx - D(x, n), n-1) | (12)

The calculation of this error function can be greatly simplified by applying
a strong subsampling. Experiments indicate that good results can be achieved with a match
criterion calculated on just some 300 pixels per field, i.e. a subsampling factor of the order
of 1000! The most effective by far, however, is a clustered subsampling, i.e. the selected
pixels form groups sparsely distributed over the field.

The proposal to perform the minimization involves taking a prediction
vector (now at least 3-dimensional, in our example 4-dimensional), adding at least one update

vector, and selecting the best in accordance with equation 13. Good results could be
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experimentally obtained when generating a candidate vector set CS (n) containing three

candidate parameter vectors E‘p(n) in accordance with:

CS(n) = {'c'p(n) | T ) = Pu-1) + mU,n), Tyme US,(m), m = 1,0, 1} (13)

with US(n) selected in accordance with:

i 0 0 0
0 0 0 .

us,m = | [ol > 1ol > il > o] |- G=1.2:4.8,16) (14)
0 0 0 i

Penalties can be added to the match error of individual candidate vectors
(parameters sets) to obtain e.g. temporal smoothness. Also temporal filtering of the
parameter vectors, either within or outside the prediction loop, is considered to prevent a
sudden change of motion vectors from one image to the other.

Although it has been suggested in the description so far that the
parametric motion model describes the global motion of the entire image, alternatives can be
thought of, in which the image is divided into some, e.g. 9, large blocks, and possible
predictions are not only the temporal prediction, but also one or more spatial predictions. A
further alternative includes segmentation, and a fixed number of parameter estimators run in
parallel, each focusing on a segment of the image indicated by the segmentation algorithm
run on a previous image.

The operations count is incredibly low. Calculation of the error criterion

amounts to approximately 1000 operations per candidate vector per iteration. For the

3.16.1000 _ 48

described implementation, this results in
720.288 207

= (.23 operations per pixel.
This a reduction by another one or two orders of magnitude as compared with the estimator
of [6].

Fig. 4 shows a block diagram of a motion parameter estimator according

to the current invention. First and second candidate parameter sets Cpl, Cp2 are applied to a
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multiplexer MUX and to a parameter-to-vector converter PVC to obtain two candidate
motion vectors Cvl, Cv2. The first candidate parameter set Cpl is the previous output
parameter set P(n) of the multiplexer MUX. The second candidate parameter set Cp2 is
obtained by adding (adder AD) an update parameter set Up to the first candidate parameter
set Cpl. The update parameter set Up is obtained by applying the result of a mod(n) counter
CNT to a look-up table LUT. The candidate motion vectors Cvl, Cv2 are applied to an error
calculator EC, to which the present and previous fields n, n-1 are also applied, to obtain two
errors E1, E2. A minimum circuit MIN determines which error is the smaller, to obtain a

selection signal s for the multiplexer MUX in order to obtain the output parameter set P(n).

The following part of this disclosure describes a preferred method of
estimating motion parameters from video data. Motion estimation is applied in coding and
scan rate conversion of video data. Although usually the picture rate of this video data at the
input of the motion estimator is fixed, the picture rate of the video source from which this
data originated may differ from that of the processed data. Particularly, this occurs when
film material is converted to video, or when video material from one video standard is
converted to another standard somewhere in the video chain prior to the motion estimator.

A common way of dealing with the required picture rate conversions is to
use the most recent picture until a new one becomes available. When converting from a low
picture rate to a higher one, this implies repetition of source pictures in the new format,
while a conversion from a high to a lower rate leads to occasionally skipping images of the
source material. In either case, the resulting video exhibits an irregular motion pattern
(judder), which violates the common assumption in motion estimators that motion has a
strong temporal consistency. In motion estimators that try to profit from this assumption, by
using temporal prediction vectors, the problem results that the irregular motion behavior
eliminates the usefulness of these temporal prediction vectors. A serious degradation of the
estimated motion vectors may result.

In [9], a solution for this problem was disclosed, for movie material
transmitted in a 50 Hz television standard. The idea here is to recirculate the vector
prediction memory when a repeated picture occurs. In [8], a method was disclosed in which
the picture memory storing the ’previous’ picture was recirculated until a non-repeated
picture occurred. A characteristic shared by both prior art methods is that the pattern has to

be known in order to change the memory control.

It is an object of the current aspect of the invention to provide a very



10

15

20

25

30

WO 99/16251 10 PCT/IB98/01241

robust motion estimation method that needs no a priori knowledge of the repetition pattern to
reliably estimate motion. To this end, the motion estimator takes temporal prediction vectors
from more than one previous image pair (as much as the maximum length of the repetition
pattern), and selects the best of these as a basis for the estimation process, or uses all of
them as candidates in a matching process.

This solution is economically justifiable, particularly in object-based
motion estimators, where the number of motion vectors to be stored is very small. A
software version of the algorithm has been shown to run real-time on the Philips TM 1000

(TriMedia) processor.

Fig. 5 illustrates a preferred parameter estimator in accordance with the
present invention. Current image data from the present field n and previous image data from
the previous field n-1 are applied to a motion parameter estimator unit MPE to obtain motion
parameters P(n). Picture delays D1, D2, .. Dn furnish delayed versions TP1, TP2, .. TPn of

the motion parameters P(n) to the motion parameter estimator unit MPE.

The following part of this disclosure relates to a layered motion
estimation, i.e. the image is segmented into a plurality of layers.

Region-based motion estimators have been introduced as an alternative to
block-based motion estimators. Block-based motion compensation has been adopted in the
international standards for video compression, such as H.261/263 (video-conferencing over
ISDN lines), MPEG-1 (multimedia) and MPEG-2 (all-digital TV application). Although these
standards do not specify a particular motion estimation method, block-based motion
estimation becomes a natural choice.

However, the use of blocks as units for motion estimation may result in
blocking artifacts, because the boundaries of objects do not generally correspond to block
boundaries, and adjacent blocks may be assigned substantially different motion vectors if no
spatio-temporal consistency constraint is present.

A promising approach to solve the problem of block artifacts and to
provide more accurate prediction along moving edges is to segment the motion field. Motion
information and pattern information (intensity, contour texture) are used in order to achieve a
region-based (arbitrarily shaped) motion estimation, the next goal being objects handling and
possibly MPEG-4 ’Audio-Visual (AV) objects’.

Several methods have been proposed [2] to segment images and estimate
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motion parameters for these segments from an image sequence. Depending on their strategy
in carrying out the segmentation, these methods can be classified into Bottom-up methods,
Top-down methods, and Layered representation. We shall briefly summarize the
characteristics of the individual categories.

o Bottom-up methods

The processing starts with an intra-frame segmentation of the image based
on pattern information, or on a previously calculated dense motion vector field. The
segmentation generally results in a number of small regions. Those regions are then merged,
generally using information on their motion, i.e regions with similar motion are merged into
one region, and motion parameters are then re-calculated. This procedure proves to be fairly
popular when the aim is object-oriented coding. Examples in {26-29].

° Top-down methods

The processing starts with an initial image segmentation in large regions.
These are subdivided where the calculated motion model lacks accuracy, and motion
parameters are re-calculated. The initial segmentation is generally based on a
changed/unchanged rule, i.e. the current image is compared with the previous one: when, in
the same position, the luminance value in one frame is considerably different from the one in
the other one, this pixel is marked as ’changed’, or unchanged’ otherwise. Subsequently, the
part of the image classified as ’changed’ can be motion-compensated, in accordance with the
motion field calculated for that region, and the previously described procedure is iterated in
order to identify the different motion regions. Examples in [11,30,31,36].

The two techniques can also be combined, e.g. the initial segmentation
starts can be random, or based on a previous estimation [11,32], and successive refinements
are in both directions. The estimation and the segmentation can also be performed
simultaneously, using a statistical approach to the analysis of image sequences, e.g. with a
Maximum Likelihood Estimation method [33].

o Layered representation methods

The ideal scene segmentation results in separate objects, and involves 3-D
information, but this is difficult to obtain and computationally intensive. Therefore, the video
data is segmented and described as a set of moving layers, i.e. of image parts, undergoing
similar motion, even if disconnected. Then order (depth) of the layers is determined.
Examples in [29,34,35]. A model which is less complicated than the full 3-D model and less
complicated than a model that deals with all objects in the sequence has been proposed. Since

it is the model adopted in a preferred embodiment, it will be described in more details in the
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following paragraphs.

In accordance with these layered representation methods, the video data is
segmented and described as a set of moving layers, i.e. of regions undergoing similar
motion, even if disconnected. The depth order of the layers can then be determined. A
layered representation of a video sequence is interesting for several applications such as scan
rate conversion, object tracking, video compression, coding, video annotation and indexing.
A number of algorithms have already been presented for layered motion estimation [29,34-
37].

One of the crucial points in these algorithms is the way the motion
estimation/segmentation problem is solved. Two main approaches have been proposed.

. Sequential approach

The sequential approach resolves multiple layers by estimating
sequentially a dominant motion, similarly to what is done in the top-down method. The main
drawback of such an approach is that, since the final segmentation is not yet known while
dealing with one layer, part of the image with a different motion can be included in the
estimation of the motion parameters, affecting the results.

. Simultaneous approach

The simultaneous approach attempts to estimate simultaneously all the
layers in the image. This can be done by using a pre-computed dense motion vector field.
The initial set of motion models can be derived by using a clustering algorithm on the given
motion vector field [29]. In computing the motion vector field, some smoothness assumptions
are generally made. This may lead to a motion vector field in which the boundaries do not
correspond to objects/layers boundaries, so that a correct segmentation is not possible.
Alternatively, the problem can be formulated as a stochastic problem, and a Maximum-
Likelihood Estimation of the multiple models, and their layers of support, can be performed
using an Expectation-Maximisation algorithm [36]. The main drawback of the two last-
mentioned methods is their complexity.

Another crucial point is the way the motion parameters are estimated.
Depending on whether the estimation of motion parameters is carried out on the luminance
signal itself or not, it can be classified as direct or indirect. The direct methods are generally
considered to be more robust. In [2], several methods of estimating global motion parameters
from an image sequence are described. Various options for solving the multi-dimensional
optimization problem, such as gradient-based methods, simulated annealing, etc. have been

proposed. It is the purpose of the proposed algorithm to estimate these motion parameters
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with a significantly reduced operations count to enable motion estimation on a programmable
architecture.

It is the topic of the current part of this disclosure to estimate/segment
image sequences with a significantly reduced operations count to either reduce the cost of
dedicated silicon or even enable processing on a programmable architecture (particularly, the
Philips TriMedia processor).

The current aspect of the invention deals with motion estimation /
segmentation aiming at a layered representation. To keep the cost of the implementation as
low as possible, we focus on an implementation as a direct method, although an indirect
version seems feasible. It provides an elegant solution to the chicken and egg problem of
combined motion estimation / segmentation. The solution consists of a weighting process that
limits the pollution of the optimization criterion of a parameter estimator for a given layer by
information dealt with by the other parameter estimators running in parallel. Designing a
motion estimator to run real-time on existing programmable architectures imposes severe
constraints on the problem of motion estimation, since the complexity of the algorithm has to
be drastically reduced. A layered motion estimator has been chosen for this purpose, since it
is believed that it is potentially easier to implement on a programmable architecture than e.g.
a block-based motion estimation, seeing that there are fewer layers than blocks.

In a layered representation, an image is divided into a number of layers,
i.e. parts of the image undergoing a coherent motion, even if disconnected. We assume that
the apparent motion (optical flow) in a sequence can then be described with parametric
models, i.e. it is only due to a combination of camera motions and rigid motion of opaque
objects. Hence, one set of motion parameters can be estimated for each layer instead of the
motion field itself.

Segmenting a sequence of images in regions undergoing similar motions
and simultaneously estimating their motion is in itself an ill-posed problem, since the two
assignments are inter-dependent. In order to correctly estimate the motion in one region, the
region should be known. However, in order to determine the regions of the image that move
coherently, their motion should be known. A new method for a quasi-simultaneous motion
estimation and segmentation up to a fixed number of layers is presented. We address the
problem of estimating the motion parameters for each layer and simultaneously segment the

image introducing a hierarchy i.e. giving a different rank to the layers. The two goals this

hierarchy is meant for are:

o To prevent a certain layer from estimatinging on parts of the image that
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are well covered by layers ranked higher in the hierarchy.
o To prevent a certain layer from being polluted by parts of the image that
will be better covered by layers ranked lower in the hierarchy.

The parameter vectors are then estimated in parallel, using a recursive
approach, i.e. the earlier estimated parameter vector for each layer is used as a prediction to
which update vectors are added. The selected parameter vector is the one resulting in the
lowest match error. After this, the parameter vectors of all layers together are used in the
segmentation of the image into the desired different layers.

The motion of each layer 1 is described by a simple motion model. It is

assumed that the motion within a layer can be described with a two-dimensional first order

linear model.

D(xl,n) = [ (15)

s(,n) + d(ln)x
sy(l,n) + dy(l,n).y

using D(x,1,n) for the displacement vector of layer 1 at location X = (x,y)7 in the image with

index n. With this four-parameter model, horizontal and vertical translations (pan and tilt) as

well as zoom can be described. More complex parametric motion models have been proposed

[2] and can indeed be applied in combination with the proposed algorithm, but will not be

discussed hereinafter. In the experiments, this motion model has been used with several

degrees of freedom:

o All four parameters free.

. The parameters s, and s, free, d, and d, coupled with a fixed ratio in
accordance with the aspect ratio of the image (three-parameter model).

. The parameters s, and s, free, d, and d, fixed to zero (two-parameter,

translation model).

The parameter s, free, x,, d, and d, fixed to zero (one-parameter, panning
model).

In one embodiment, a first layer has 4 or 8 free parameters, while each
subsequent layer has less free parameters than the preceding layer to reduce the
computational burden.

The invention is based on the recognition that the zero vector (no motion)

is very common and important in video sequences, and especially important for the intended
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application in scan rate conversion. Therefore, the proposed algorithm starts with a layer 0,
with motion described by the zero parameter vector (which is obviously not estimated). The
parameter vectors of additional layers 1, 1 > 0, are estimated separately by their respective
parameter estimators PE,.

Each PE, has the same basic principle as the 3D recursive search block
matcher of [3]. A previously estimated parameter vector is updated in accordance with a
pseudo- random noise vector, after Which the best matching parameter vector is chosen.

Considering the parameter model of equation (15), the parameters of layer

I, 1 > 0, are regarded as a parameter vector 7‘2:

s (I,n)

- sy(l,n)

P(n) = d (l,n) (16)
d (1,n)

and we define our task as to select ﬁ,(n) from a number of candidate parameter vectors

CP(n) as the one that has the minimal value of a match criterion. The error function is

calculated in accordance with:

¢(CP() = «CP(m) + ¥ W@ . T(CPn) a7)

xeX,

where penalties H(Cri’l(n)) are added to the match error of individual candidate vectors

(parameters sets) to obtain e.g. spatial smoothness, and ¢ is:

(CPm)=Y = W(.|F,(xn) - F(x - D(xLm.n - 1| (18)

xeX,
where W,@“ is a weighting factor that depends on the position x, Fs(}:n) is the luminance

value at position X in the sub-sampled image with index n, and X, is a set of positions x

where the motion of layer 1 is to be estimated (the mode of selecting of positions x will be
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explained below).

The images are sub-sampled with a factor of 4 horizontally and 2
vertically on a field base, generating a sub-sampled image F(n) from each original field
F(n). This contributes strongly to the desired reduction of operations count. The

5 sub-sampling is permitted because the objects for which motion is estimated are large
enough. In order to achieve pixel or even sub-pixel accuracy on the original pixel grid of F,
interpolation is required on the subsampling grid [7].

The proposed minimization shows some analogy with the strategy

exploited in [3,7], i.e. take a prediction vector (in this case four-dimensional), add at least
10 one update vector, and select the best candidate vector in accordance with equation (18).

Good results could experimentally be obtained when generating a candidate parameter set

Sg(n), containing three candidates CTI.’,(n) in accordance with:
Sz = { CP(n)|CPn) = P(n-1)+mUP(n), )
UP(n) € SU—Pl(n), m=-1,0,1}

15

with update parameter lﬁ’,(n) selected from update parameter set Slﬁ,’(n):

o
o

Sgp(n) =

b

) (20)

OOO ~-
O O =~

(@ = 1,2,4,8,16)

Temporal filtering of the parameter vectors, both within and outside the

20 prediction loop, is applied to prevent a sudden change of motion vectors from one image to
the other.

The algorithm described so far performs one iteration on a pair of input

images. Faster convergence of the algorithm is achieved with multiple iterations of the

parameter estimators on the same pair of input images, in this case ﬁ,(n—l) in equation (19)
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is replaced with the output of the previous iteration —P,(n) after the initial iteration on a pair

of images.
A hierarchical structure of the layers is proposed. This is achieved by:
. Selection of positions X in X, excluding image parts well covered by
higher ranked layers.
. Within X, reducing the effect of image parts that are potentially better

covered by layers ranked lower in the hierarchy: assignment of higher

weights W,(})- to the pixels assigned to layer 1 in the previous

segmentation.

Each estimator, apart from the highest in the hierarchy (the zero
estimator), minimizes a match error calculated in regions in which all higher level estimators
where unsuccessful in the previous image. The set of positions X, is filled with the positions
x where the match error of all higher ranked layers exceeds the average block match error
with a fixed factor.

Experiments indicate that good results are still achieved when the number
of positions in X is limited to just some 2-5% of all pixels in the image. The most effective
is a clustered sub-sampling within the image, i.e. the selected pixels form groups sparsely
distributed over the entire image. In the current application, a maximum of 50 clusters of 16

pixels is chosen (3% of all pixels in F).

A correct selection of X is necessary to prevent the current estimator

from estimating motion that is already covered by previous layers.
The location-dependent weighting factor W,(_x.) 1s determined by the
segmentation mask SM(n-1) found in the previous image. Positions x that belong to the

current layer 1 in accordance with the segmentation mask will have a weighting factor greater

than one, where positions belonging to a different layer have a weighting factor of one. A
correct selection of W,(—f) is necessary to prevent the current estimator from estimating
motion that can be covered by subsequent layers in the hierarchy.

The segmentation step is the most critical step in the algorithm. Its task is
to assign one of the layers, i.e. one model of motion, in the image to each group of pixels.

This is basically achieved by assigning the best matching model to each group of pixels (a
block B, which is typically as large as 8 x 8 pixels on frame base).

For each layer, a match error is calculated in accordance with:
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e(B.ln)

Y = |F(G+(1-a)D(x1,n),n)-F (x-aD(x1,n,),n-1)| 1)

X¢B

Segmentation mask SM(B,n) assigns the layer 1 with the lowest ¢ to the

block B. The temporal position of the segmentation is defined by &, which was set to 1/2 in

our experiments.
In order to save processing power, the segmentation mask SM does not
have to be calculated for every block B. Instead, the calculated blocks can be sub-sampled in

a quincunx pattern, after which the missing positions in the segmentation mask are
interpolated (e.g. by choosing the most occurring layer number from a neighborhood) [7].
Segmentation is more difficult as more layers are present, since the
segmentation task will resemble more and more that of a full search block matcher. To
prevent an output of the motion estimator that has inconsistencies similar to those of a full
search block matcher, extra (smoothing) constraints have been added to the algorithm.

Current smoothing constraints consist of:
° Spatial smoothing: by taking a larger window in the calculation of the ¢ than
the size of the block B to which the layer is assigned.

° Temporal smoothing: by reducing the calculated e of a layer with a bonus
value if this layer was chosen in the segmentation of the previous image.
. Spatial smoothing: by using a majority filter to remove singular spots in the
segmentation.
As a result of experiments, a three-layered structure was chosen in the
first implementation on TriMedia. Layer O is not estimated, corresponding to no-motion, i.e.
all parameters equal to 0. Layer 1 has two free parameters and layer 2 has just one free
parameter. The parameter estimator of layer 1 iterates 5 times, and the estimator of layer 2
iterates 3 times, on each input image pair.
A simple pre-filtering of the sub-sampling is achieved by averaging pixel
values in a block of 4 x 2 pixels. This takes approximately 10 operations per sub-sampled

180.144.10

tput pixel, or — "~ ~
output pixel, o 750388

= 1.25 operations per pixel of the input grid (CCIR 601 / 625

lines / 2:1).
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Calculation of the error criterion in a parameter estimator takes

approximately 1000 operations per candidate vector per iteration. For the described

3.(5+3).1000

implementation, this results in =55 788

=~ 0.12 operations per pixel (this does not

cover all functions of the parameter estimation). The calculation of the error criterion in the

segmentation takes approximately 10 operations per layer per block, so 3(77%2(?(?2/828) 10 _

0.47 operations per pixel (this does not cover all functions of the segmentation). This is a
reduction of another order of magnitude as compared with the estimator of MELZONIC
(SAA4991) [3]. Measurements in partially optimized code for TriMedia indicate an achieved
operation count of about 1.25 for the sub-sampling, 1.0 for the parameter estimator and 6.1
operations per pixel for the segmentation.

The proposed layered motion estimator was simulated, including usage of
the resulting displacement vector for picture rate conversion of 25 Hz film to 50 Hz display.

The vector field resulting from the motion estimator proved to be highly
consistent and well suited for scan rate conversion. The quality obtained is considered
attractive and, for most scenes, comparable with the quality achieved with MELZONIC
(SAA4991).

The proposed Motion Estimation algorithm has no vector range limitation
due to implementation, which is an advantage over MELZONIC (SAA4991).

A method of extending global motion estimation algorithms to the
estimation of motion parameters in a layered video representation has been presented. A
fixed number of parameter estimators is run in parallel, each calculating parameters for one
image layer. A segmentation assigns each part of the image to the correct layer.

Although the estimators operate in parallel, some hierarchy exists. Each
estimator, apart from the highest in the hierarchy, operates on image parts where higher
ranked estimators in the hierarchy were unsuccessful in the previous image. Secondly, each
estimator is prevented from pollution by parts of the image that will be better covered by
estimators lower in the hierarchy.

Experiments indicate that the present result is not far from what was
obtained with a dedicated design: Natural Motion with the MELZONIC (SAA4991). The

algorithm, however, is much more suitable for implementation in software on a processor
like the TriMedia.
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Finally, the algorithms in accordance with the present invention may be
interesting for other application areas of motion estimation, such as video compression and
coding, video annotation and indexing, object tracking and noise reduction.

A first aspect of the invention can be summarized as follows. A new
method for global motion-compensated up-conversion is described, and ways are indicated to
extend the proposal to application in a layered video representation. Essentially, parameters
describing the global motion are estimated, preferably using a recursive approach. The local
motion vectors generated with these parameters are used to generate a motion-compensated
image. Simultaneously, a segmentation mask is calculated on a reduced size image, the
output of which is used to switch between different parameter sets or interpolation methods.
An attractive low-cost version is detailed, which is suitable for implementation on currently
available fully programmable devices (Natural Motion on a TriMedia).

The following salient features of preferred embodiments are noteworthy.
A method, and apparatus realizing this method, for motion compensating video data,
comprising:

at least two means for calculating global motion parameters from the input
video data,

interpolation means for calculating output video data from one or more
input fields, in dependence of the, at least two, sets of global motion parameters, in which
one of the at least two means for calculating global motion parameters provides parameters
indicating a zero velocity for the entire image, regardless of the image content.

Preferably, the interpolation means is an order statistical filter, e.g. a
three-tap median filter, which produces an output pixel from either:

the corresponding pixel in the previous field, the corresponding pixel in
the next field, and the motion-compensated average from both neighboring fields (first
option), or:

the motion-compensated pixel from the previous field, the motion-
compensated pixel from the next field, and the non-motion-compensated average from both
neighboring fields (second option).

Preferably, a segmentation signal activates the first decision, in case the
local motion vector calculated from the second parameter set yields the best match on the

reduced size input image.

Preferably, the segmentation signal is derived from a reduced size version

of the input signal.



10

15

20

25

30

WO 99/16251 21 PCT/1B98/01241

A method, and apparatus realizing this method, for motion-compensating
video data, comprising:

at least two means for calculating global motion parameters from the input
video data,

interpolation means for calculating output video data from one or more
input fields, in dependence of the, at least two, sets of global motion parameters, and a
segmentation signal derived from a reduéed size version of the input signal.

Preferably, one of the global motion parameter calculating means provides
parameters indicating a zero velocity for the entire image, regardless of the image content.

A second aspect of the invention can be summarized as follows. A new
method for global motion parameter estimation is described. Essentially, parameters,
describing the global motion in the image are estimated using a recursive approach, i.e. an
earlier n-dimensional (n is the number of parameters in the motion model) estimate is used as
a prediction to which (n-dimensional) update vectors are added. The output parameter vector
is the one resulting in the lowest match error. The extremely low complexity of the
algorithm, and the high quality make it very attractive for future use in TV and Multi-Media
applications, possibly running on fully programmable devices such as TriMedia.

The following salient features of a preferred embodiment are noteworthy.
A method, and apparatus realizing this method, for estimating motion parameters (the
parameter vector) of an image sequence, comprising:

means for furnishing a prediction parameter vector, i.e. a previously

calculated motion parameter estimate,

means for selecting at least one update parameter vector from an update
set,

means for adding said prediction vector to said at least one update vector,

means for calculating the quality (cost function) of the resulting, at least
two, parameter vectors, using data from at least two fields,

means for selecting the best from the aforementioned, at least two,
parameter vectors on the basis of their quality,

means for outputting the selected parameter vector as the motion
parameter estimate.

Preferably, penalties, temporal filtering, and temporal and/or spatial

prediction are applied.

A third aspect of the present invention can be summarized as follows. A
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method of estimating motion parameters from video data is disclosed. The invention allows
temporal predictive motion estimation on video data that, due to simple picture rate
conversion techniques (repetition of the most recent picture), exhibits an irregular motion.
The solution consists of using multiple temporal prediction vectors taken from various
previous image pairs. This solution is economically justifiable, particularly in object-based
motion estimators, where the number of motion vectors to be stored is very small. A
software version of the algorithm has been shown to run real-time on the Philips TM 1000
(TriMedia) processor.

The following salient features of a preferred embodiment are noteworthy.
A method, and apparatus realizing this method, of estimating motion parameter vectors from
video data, which furnishes, for at least some image-parts, at least two (temporal) prediction
vectors estimated from data of different previous image pairs. Preferably, the above-
mentioned at least two prediction vectors are candidates in a vector selection process
determining the output vector for an image (part). Advantageously, in accordance with a
criterion function, the best of the above-mentioned at least two prediction vectors is used as a
basis for calculating candidate vectors (e.g. updating process) that are input of a vector
selection process determining the output vector for an image (part). Preferably, the decision
information (which of the at least two prediction vectors is best, in accordance with a
criterion function) over a number of successive images (image parts), is used to detect
picture repetition patterns (e.g. 3-2 pull-down and 2-2 pull-down of movie material, but also
other patterns due to source-destination picture frequency mismatches).

A fourth aspect of the invention relates to a joint motion estimation and
segmentation of video data, and can be summarized as follows. A method of segmenting an
image into a fixed number of layers and estimate motion parameters for individual layers is
disclosed. The invention provides a solution to the chicken and egg problem of combined
motion estimation and segmentation. The solution consists of a weighting process that limits
the pollution of the optimization criterion of a parameter estimator for a given layer by
information dealt with by the other parameter estiinators running in parallel. The extremely
low complexity of the algorithm, and the high quality make it very attractive for future use
in TV and Multi-Media applications. A software version of the algorithm has been shown to
run real-time on the Philips TM1000 (TriMedia) processor.

In a preferred embodiment, a layered motion estimation algorithm is
proposed that permits quasi-simultaneous motion estimation / segmentation up to a fixed

maximum number of layers. The estimation results in one motion parameter set per layer,
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and a segmentation map that assigns these sets to different parts of the image (motion
layers). Motion in a layer is modelled with a maximum of four parameters capable of
describing pan, tilt and zoom. The concept shows some hierarchy, ie a ranking of the
motion layers. In this way, the motion parameter estimation concerning one layer excludes
parts of the image that have been described by a layer ranked higher in the hierarchy and is
not polluted by parts of the image that are better described by layers ranked lower in the
hierarchy. The concept results in a very low operations count. It has been shown to perform
well, even in critical scan rate conversion applications, particularly in picture rate
up-conversion. A variant including three layers has been scheduled to run in real-time on a
Philips TriMedia processor.

The following salient features of preferred embodiments are noteworthy.
A method, and apparatus realizing this method, for segmenting an image into a ranked set of
layers and estimating motion parameters for every layer, comprising:

a parameter estimation (PE) process for every layer in the current image
optimizing a criterion function based upon (groups of) pixels from at least two pictures,

a segmentation process (SP) assigning motion parameter sets to image
parts,

a weighting process (WP) to define the individual effect of information
from different image parts on the criterion function of a motion parameter estimator

in which the WP

reduces or eliminates the effect of information from those image parts that

fulfil a first criterion, and

increases the effect of information from those image parts that fulfil a
second criterion.

Preferably, the first criterion is met if, in a previous iteration of the
algorithm on the same or another picture pair, the image parts fell in regions which were
adequately described by any of the motion parameter sets estimated by PEs active on layers
with a higher rank number. "Adequately" means that an error function, using the parameter
sets of the PEs active on layers higher in the hierarchy, stays below a threshold (either fixed,
or adapted, e.g. to the average error).

Preferably, the second criterion is met if, in a previous iteration of the
algorithm on the same or another picture pair, the image parts fell in regions which were
best described by the motion parameter sets estimated by this given PE. "Best" means that an

error function, using the parameter sets of the given PE, is lower than that of any of the
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other PEs.

Preferably, this error function is based upon the motion-compensated
difference between the pixels in the current field and the corresponding pixels in the previous
field, using the parameter sets to be evaluated (direct method).

Preferably, this error function is based upon the difference between
motion vectors calculated with some method, and motion vectors resulting from the motion
parameter set to be evaluated (indirect method).

Preferably, picture parts meeting the first criterion are eliminated in the
error function of a given PE, and this first criterion is adapted in such a way that the picture
area on which the criterion function is calculated remains within a given range (control loop
to efficiently use maximum available processing power).

Preferably, the PE and/or the SP, and/or the WP operates on down-scaled
and/or subsampled video data.

A method, and apparatus realizing this method, for segmenting an image
into a ranked set of layers and estimating motion parameters for each layer, comprising:

an iterative parameter estimation process for every layer in the current
image optimizing a criterion function based upon selected (groups of) pixels from at least two

pictures,

a segmentation process assigning to every part of the image one of the
motion parameter sets,

a selection process to define upon which (groups of) pixels from the at
least two pictures the motion parameter estimator(s) should optimize their criterion function,

in which the parameter estimation process iterates on its data more often
than the other processes.

Preferably, the selection process selects for a given layer those (groups of)
pixels, for which the parameter sets of layers higher in the hierarchy, in a previous picture
did not give satisfactory results according to a rule. Preferably, this rule involves the
comparison of an error(sum) of (groups of) pixels with a fixed or adaptive threshold.

Preferably, this threshold is adapted in such a way that the number of
pixels on which the criterion function is calculated remains within a given range.

Preferably, the criterion function is a summed error calculated between
selected (groups of) pixels from the previous picture and corresponding pixels from the
current picture compensated for motion in accordance with the candidate motion parameters.

Preferably, the contribution of the selected pixels to the criterion function
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is weighted, depending on which layer they were assigned to (in the previous picture).

Preferably, the contribution of the selected pixels to the criterion function
is increased if they were assigned to the same layer previously.

A method, and apparatus realizing this method, for segmenting an image
into a ranked set of layers and estimating motion parameters for every layer, comprising:

a parameter estimation (PE) process for every layer in the current image
optimizing a criterion function based upon (groups of) pixels from at least two pictures

a segmentation process (SP) assigning to every part of the image one of
the motion parameter sets,

a selection process to define upon which (groups of) pixels from the at
least two pictures the motion parameter estimator(s) should optimize their criterion function,
in which the selection process allows a small fraction of the pixels only to contribute to the
criterion function optimized by the PEs, regardless of the size of the layer to which these
parameters are assigned by the segmentation process.

Although originally designed to run as an application on the Philips
TriMedia processor, more applications are possible. Particularly, the concept can be designed
into next generation VGA-controllers. Since this is dedicated silicon, the total cost is
negligible. Such a VGA-controller may have an improved performance as compared with
the TriMedia solution, because much more processing power is available in dedicated silicon.
Furthermore, it is expected that, if more than two parallel parameter estimators are applied,
the performance can be brought to a level which is potentially better than that of the current
high-end solutions at a possibly lower cost.

It should be noted that the above-mentioned embodiments illustrate rather
than limit the invention, and that those skilled in the art will be able to design many
alternative embodiments without departing from the scope of the appended claims. In the
claims, any reference signs placed between parentheses shall not be construed as limiting the
claim. The invention can be implemented by means of hardware comprising several distinct
elements, and by means of a suitably programmed computer. In the device claim
enumerating several means, several of these means can be embodied by one and the same
item of hardware. In the claims, the expression "comprising” does not exclude the presence

of other elements or steps than those listed in a claim.
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CLAIMS:

1. A method of estimating motion in video data, the method comprising the
steps of:

furnishing (PE1-PEn) at least two motion parameter sets from input video
data (n, n-1), one motion parameter set indicating a zero velocity for all image parts in an
image, and each motion parameter set having corresponding local match errors for all image
parts in an image, a motion parameter set being a set of parameters describing motion in an
image, by means of which motion parameter set motion vectors can be calculated; and

determining (MPE) output motion data (P(n)) from said input video data
(n, n-1) in dependence on said at least two motion parameter sets, wherein the importance of

each motion parameter set in calculating said output motion data (P(n)) depends on the

motion parameter sets’ local match errors.

2. A method as claimed in claim 1, wherein said motion parameter sets

furnishing step includes the steps of:

furnishing at least one previously calculated motion parameter set as at
least one first prediction parameter vector (Cpl);

adding (AD) at least one update parameter vector (Up) to said at least one
first prediction parameter vector to obtain further prediction parameter vectors (Cp2); and

selecting (PVC, EC, MIN, MUX) one of said first and further prediction
parameter vectors (Cpl, Cp2).

3. A method as claimed in claim 2, wherein said furnishing step includes the

step of furnishing motion parameter sets (Tp1-TPn) calculated for at least two previous
fields.

4. A method as claimed in claim 1, wherein said motion parameter sets
furnishing step includes the step of determining for each motion parameter set other than the
zero velocity set, an adjusted motion parameter set in dependence on global match errors,

said global match errors being calculated for image parts in accordance with weights assigned
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to the image parts.

5. A method as claimed in claim 4, wherein for a given adjusted motion
parameter set determination (PEi), said weights are increased for those image parts for which
the given motion parameter set has the lowest local match error in comparison with the local

match errors of other adjusted motion parameter set determinations (PE1-PEn)

6. A method as claimed in claim 4, wherein for a given adjusted motion
parameter set determination (PEi), said weights are decreased for those image parts for
which the local match error of another adjusted motion parameter set determination (PE1-

PEn) falls below a given threshold.

7. A method of motion-compensating video data, the method comprising the
steps of:

furnishing (PE1-PEn) at least two motion parameter sets from input video
data (n, n-1), one motion parameter set indicating a zero velocity for all image parts in an
image, and each motion parameter set having corresponding local match errors for all image
parts in an image, a motion parameter set being a set of parameters describing motion in an
image, by means of which motion parameter set motion vectors can be calculated; and

interpolating (UC2) output video data (n-'2) from said input video data (n,
n-1) in dependence on said at least two motion parameter sets, wherein the importance of

each motion parameter set in calculating said output video data (n-%2) depends on the motion

parameter sets’ local match errors.

8. A method as claimed in claim 7, wherein said interpolation step supplies

a median (MED?2) of a corresponding pixel (1) in a previous field (n-1), a
corresponding pixel (r) in a next field (n), and a motion-compensated average (mcav) from
both said previous (n-1) and next (n) fields, if the match error of the motion vector (D) used
for calculating said motion-compensated average (mcav) exceeds the match error of the zero
motion vector, or

a median (MED1) of a motion-compensated pixel (mcl) from the previous
field (n-1), a motion-compensated pixel (mcr) from the next field (n), and a non-motion-
compensated average (av) from both said previous (n-1) and next (n) fields, if the match

error of the motion vector (D) used for furnishing said motion-compensated pixels falls
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below the match error of the zero motion vector.

9. A device for estimating motion in video data, the device comprising:

means for furnishing (PE1-PEn) at least two motion parameter sets from
input video data (n, n-1), one motion parameter set indicating a zero velocity for all image
parts in an image, and each motion parameter set having corresponding local match errors
for all image parts in an image, a motion p‘arameter set being a set of parameters describing
motion in an image, by means of which motion parameter set motion vectors can be
calculated; and

means for determining (MPE) output motion data (P(n)) from said input
video data (n, n-1) in dependence on said at least two motion parameter sets, wherein the
importance of each motion parameter set in calculating said output motion data (P(n))

depends on the motion parameter sets’ local match errors.

10. A device for motion-compensating video data, the device comprising:

means for furnishing (PE1-PEn) at least two motion parameter sets from
input video data (n, n-1), one motion parameter set indicating a zero velocity for all image
parts in an image, and each motion parameter set having corresponding local match errors
for all image parts in an image, a motion parameter set being a set of parameters describing
motion in an image, by means of which motion parameter set motion vectors can be
calculated; and

means for interpolating (UC2) output video data (n-%2) from said input
video data (n, n-1) in dependence on said at least two motion parameter sets, wherein the
importance of each motion parameter set in calculating said output video data (n-'2) depends

on the motion parameter sets’ local match errors.

11. Video display apparatus, comprising:
a device for motion-compensating video data as claimed in claim 10;

a display unit (D) for displaying said input video data (n, n-1) and said
output video data (n-%).
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