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timation and signal paths with different interpolation process-
ing '

The present invention relates to a method and to an apparatus
for forming a video signal using motion estimation and signal

paths with different interpolation processipg: REPLACED SHE i> 3G

,Mx scription @ paged L to paged .B......
5%\_{( sm(s) . : paged 4. to paged .Z......
Wi Drawing(s) : paged ‘l Lo paged .T.......

Backgrouna :
Background el :paged. 7 to paged .7

i- 2 HECEIPT

The invention described here is part of a motlon compensated

field rate upconversion system, where intermediate fields of a
television picture, not pfesent at the input, are calculated by
means of motion compensated interpolation. A typical application
is conversion between 50Hz and 100Hz television signals for
display flicker reduction.

Invention

It is one object of the invention to disclose a method of se-
lecting an interpolation mode in relation to a confidence meas-
urement of the related motion vector. This object is reached by
the method disclosed in claim 1. '

It is a further object of the invention to disclose an apparatus
which utilises the inventive method. This object is reached by
the apparatus disclosed in claim 8.

In principle, every pixel in the intermediate fields can be
the direct ouﬁput*of a motion compensated interpolator. In
practlce, however, there will always be areas of the picture
“where the mOElLQﬂlS too fast or too complex to be estimated
correctly. Patent application EP93 402505 of the applicant
;. describés 'fallback processing' whereby a special non-compen-
' sated fallback mode or any comparable mode can be used in such

areas.
. This Sheet Has Been Reilaced
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apparatus for formng a video signal using notion estima-_tion and signal
paths with different interpolation processing. oL XigSes
| NVENTION  The invention described here is part of a not ! mﬁrgd
field rate up-conversion system where ipternediate field I i on

picture, not at the present input, are calcul ated by neans of notion
conpens | p l.pn LypLgal o] LOQel eLsls between 50
o and DR Hbopat COLEPLE"Lpoihy BapE, cARDLRERLEPBE 8 SBEY TR FOn B
SUMVARY GRAgHBetMRENTLIR motionscompepBpted dntenpolavdnni andt shei scl ose a
met hod Ofafﬁa§€k' R8aa tBherpehaki 8y gofigablrbebe! kA iGeRceClh! ¢BRCE
nmeasurenent  of .the related notion véctor.

reliability of the estimated motion vector. The confidence

g O

measure takes values between 0 and 1, where 0 (no confidence)
selects the fallback mode only, 1 (maximum confidence) selects
the motion compensated interpolation only, and intermediate
values mix linearly between the two.

Advantageously, the confidence measure includes the following
two components: a 'basic confidence measure' which reflects
the error in the motion measurement, and a measure based on
the speed of movement. |

In principle, the inventive method is suited for forming a video
signal using motion estimation and signal paths with different
interpolation processing, in particular motion compensated
interpolation and fallback interpolation, whereby the ocutput
signals of said different signal paths are combined in relation
to a measure of confidence which is derived from a minimum
motion estimation error of the input video signal, which is in
particular block based.

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.

In principle the inventive apparatus for forming a video signal
using motion estimation and signal paths with different interpo-
lation processing, in particular motion éompensated interpola-
tion and fallback interpolation, includes:
- motion compensated interpolation means and fallback interpola-
tion means which receive said input video signal and the output
" pixel values of which are mixed in combining means in relation
to a measure of confidence value which is derived in combining
means from a block based minimum motion estimation error of the
input video signal and from a related block motion vector or its
components;
- motion estimation means which calculate from said input sig-
nal, or motion information extractor means which extract from
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Iteis, a further object of the invention to dlsclose an a paratus mhlch
dtilizes the inventive method. In principle, t a
intermediate fields can be the direct output of sated
interpolator. In practice, however, theBe wl]l a of t he
pi cture where the notion is too fast or too conplex to be estlnated

correct {._ée E’%ﬁBIuEEBh\A%ﬁth” s@@%ﬁl‘l %]%9@ stirebRe 2BRG &3 S)tcgtgﬁ%?

' fal | back "process peci al -non-com¥ pensate nDde or
any conpianpaphm maéogaﬁsmmé@m #r§@é’-h apdegaid redatedhRlask matiann

fact thgekrpepl brofita 6 Po%ﬂhk%h or fade between the notion conpensated
interpolation and the fal'l - back node, controlled by a neasure of

confidence in the retiability of the estimated notion vector. The :
conf i depgeafitagebast akdd tiadnads etiodaent sand theviewent i(we appdatus

are resulting from the respective dependent claims.

Drawings

Preferred embodiments of the invention are described with refer-
ence to the accompanying drawings, which show in:

Fig. 1 example of law relating confidence to subblock matching
' error;

Fig. 2 example of law relating confidence to estimated speed;
Fig. 3 block diagram of confidence measurement circuit.

Preferred embodiments

One method of motion measurement is block matching followed by
localization using subblock matching, as described in EP-A-
93402188 of the applicant.
Such subblock matching process produces motion vectors whose
components may be passed through a median filter. In calculat-
ing the motion vectors, the subblock matching process or any
other comparable process generates an error (e.g. the sum of

~ absolute, or the square of, difference values between the ac-
cording pixel values in the two blocks used for matching) for
each candidate motion vector and the vector giving the minimum
error is chosen. |
It is the value of this minimum error which is used to calcu-
late a basic measure of confidence according to the law illus-
trated in Fig. 1. If this subblock matching error SBME is -
zero, the confidence CF takes its maximum value of 1. As the
error SBME increases to a cut-off value CV, the confidence
decreases to its minimum value of zero. Other, similar rela-

" tions (e.g. part of a sine or cosine function or a gaussian
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dehce) selects the fallback node only, and |nterned|q£§SMghg§§ﬁﬁk_I&kmearly
bet ween t he two. Advantageously t he confi dence neas
foll ow ng two conponents: a 'basic confidence neasure’ Iﬂ“i“[‘@ EE s the
error in the notion neasurenent, and thet neasure based
novenent . '

function) between subblock matching error and confidence may

also be used for such limiting filter.

One problem with this basic measure of confidence is that the

subblock matching process usually generates high errors, lead-

ing to low or zero confidence, around the edge of an object

moving over a detailed background. This means that the edge

will be interpolated using the fallback mode, even though the

motion vectors themselves correctly follow the edge. A solu-

tion is to pass the subblock errors through a rank order fil-

ter, for example on a 3x3 window. The filter may be a median

filter or another rank order filter; for example the third
highest error value in the window may be selected.

Advantageously, the measure of confidence may be modified to
take account of the speed ES of movement. The aim of this
modification is to ensure that, as an object accelerates out
of the range of motion speeds that can be estimated and coded
with a motion vector, the interpolation switches smoothly into
the fallback mode. An example of a suitable law that can be
applied is given in Fig. 2. Again, other relations (e.g. part
of a sine or cosine function or a gaussian function, different
start value SV) between motion speed ES and confidence CF may
be used. -

It can be applied to the true motion speed or to the two mo-
tion vector components separately, taking the minimum or some
other combination of the two results. The result is combined
with the main measure of confidence, for example by taking the
minimum or by multiplication.

In the confidence measurement circuit of Fig. 3 an input video
51gnal e.g. 50Hz, 2:1 or 60Hz, 2:1, is fed to a motion com-
pensated interpolator MCI, to a fallback filter FFI and to a
motion estimator ME. A soft switch SSW operates on the output
signals of interpolator MCI and filter FFI and provides the
final output signal O which may have the format 100/120Hz, 2:1
or 50/60Hz, 1:1. Switch SSW is controlled by a confidence sig-
nal CF coming from a combiner CB. Motion estimator ME calcu-
lates the block matching error BME, a horizontal component MVX
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In'principle, the inventive nethod is suited for form ng a video signal

using notion estimtion and signal paths with different interpolation
processing, in particular notion com pensated interpolation and fallback

i nterpol ati on, whereby the output signalS of said different signal paths
are conbined in relation to a neasure of confidence which is derived froma

”‘n'”“”"QR&' %é%i '88m§6ﬁ8ﬁt°ﬁv?h8f Eﬂétr¥19€8dsm89§6n %@bﬁgr's in

part i cul ar rnci e I nventive apparat us or form ng
a vi deo 'ghww%uﬁg muéhS@sberraraaﬁmaﬁaeéu $haFheame TRt eSBiALRT ent

i nt er pol p§ i PH-RELGOTEERIN antﬂahéMEHEéf aﬁal@Hecéﬂ?§ﬂ1t56feﬂlgntSFE§|atlon
and fall back |ntergola tion, includes on coggensated L pterpol ation

means arP¥hl PhaRk ecelv?ﬁte?pgraﬁlgﬂ ﬁ@ﬁﬁ%vﬁﬁrcﬂ BeefvECUAFMENBRY vi deo
si gnal asdtidet othpuhapchthgvekrrves ahdybrcbharmotisrdvector and/or its

components from the transmitted input signal data stream. The
motion information can also be used in interpolator MCI.

Error BME passes through a rank order filter ROFI, for in-
stance a median filter, and a first weighting filter L1 oper-
ating according to the law of Fig. 1 and is then fed into a
combiner CB.

The horizontal wvector component MVX passes through a first
median filter MFI1 and a second weighting filter L2 operating
according to the law of Fig. 2 and is then fed into combiner
CB.

The vertical vector component MVY passes through a second me-
dian filter MFI2 and a third weighting filter L3 operating
according to the law of Fig. 2 and is then fed into combiner
CB. _

The combiner CB operates as described above and can work as a
look-up table which is stored in memory means. The laws of
filters L2 and L3 can be different (different function or
start value SV). The laws represented by filters L1, L2 and L3
can be stored in look-up tables.

In case of specific picture data characterlstlcs (e.g. cam-
era/film mode) different laws can be selected or downloaded
into the law memories.

If the chrominance components are not controlled together with
the luminance components by signal CF, they can be handled by
separate means according to Fig. 3, having laws designed espe-
cially for the chrominance components.

The invention can also be used for standards conversion, bit
rate reduction, digital HDTV, digital VCR and MPEG1l or MPEG2
devices (IEC/ISO standard). In case of bit rate reduction. the
fallback processing may be intra field coding.
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i conBining neans in relation to a measure of confi-—_  __dence value
whi ch is derived in conbining neans from a bl ock based m ni mum noti on
estimation error of the i nput vi deo signal and f%rﬁheetﬂalm&ﬂck Rlack
not i on vector or its conmponents; afd not i on est i ch
calculate fromsaid input signal, or notion i nfor Hum rreans
which o4 %ﬁérapt fromthe transmtted input signal data strea
bl ock ni mum noti on estimation error and said rel ated bIock
notion vector or its conponents. BRI EF DESCRI PTI ON OF THE DRAW NG

Preferred pobwed nestseetmifg hnveakbosighal deoyrr ubeghinbbionf eseimattiont he

acconpanquﬁggrgﬁa gngflgatﬁgowakﬁ:different interpolation processing,
in particular motion compensated interpolation (MCI) and fall-
back interpolation (FFI), characterised in that the output
signals of said different signal paths are combined (SSW) in
relation to a measure of confidence (CF) which is derived from
a minimum motion estimation (ME) error (BME) of the input

video signal (I), which is in particular block based.

2. Method abcording to claim 1, characterised in that said meas-
ure of confidence (CF) is also derived from the value of a
block motion vector (MVX, MVY). '

3. Method according to claim 2, characterised in that said meas-
ure of confidence (CF) is derived from the values of the hori-
zontal (MVX) and vertical (MVY) components of said block mo-
tion vector.

4. Method according to any of claims 1 to 3, characterised in
that the values of said motion estimation error (BME) pass
through two-dimensional rank order filter means (ROFI) before
being used to form (CB) said measure of confidence (CF}.

5. Method accdrding to any of claims 2 to 4, characterised in
that the values of said block motion vector or its components
(MVX, MVY) pass through median filter means (MFIl, MFI2) be-
fore being used to form said measure of cgnfidencé (CF).

6. Method according to any of claims 1 to 5, characterised in
that the values or pre-processed values of said motion estima-
tion error (BME) and/or said block motion vector or its compo-
nents (MVX, MVY) pass through limiting filter means (L1, L2,
L3) before being used to form said measure of confidence (CF).

7. Method according to any of claims 1 to 6, characterised in
that from the values or pre-processed values of said motion

* ¢ L M S *
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FIG 149s a diagramrelating confidence |evel (CF) to.g

g natchln
error (SBME) in accordance with an aspect of the |nventl Re aeg a
di agramrel ati ng confidence level (CF) to notion speed ance
wi th anot her aspect of the invention; 7FIG 3 is a bIo V|deo
si gnal processing systemincluding confldence measur enent and control in

accor dance t:.glattQ.%rﬁm 'ﬁ%'rpl(%%'m‘?f agxlafll J\%81l 2R ]pcgchﬁlb@gélove%téi ok ang 8

are bl ock 3| grans | FaFat cations sl gha
pr ocessi ng compomentis RMgX:3MVY) the mlnlmum is taken, or these values

are multiplied, to form said measure of confidence (CF).

8. Apparatus for forming a video signal (O) using motion estima-
tion (ME) and signal paths with different interpolation proc-
essing, in particular motion compensated interpolation (MCI)
and fallback interpolation (FFI), related to a method accord-
ing to any of claims 1 to 8 and including:

- motion compensated interpolation means (MCI) and fallback in-
terpolation means (FFI) which receive said input video signal
(I) and the output pixel values of which are mixed in combin-
ing means (SSW) in relation to a measure of confidence value
(CF) which is derived in combining means (CB) from a block
based minimum motion estimation error (BME) of the input video
gignal (I) and from a related block motion vector or its com-
ponents (MVX, MVY);

- motion estimation means (ME) which calculate from said input
signal (I), or motion information extractor means (ME) which
extract from the transmitted input signal data stream, said
block based minimum motion estimation error (BME) and said
related block motion vector or its components (MVX, MVY).

9. Apparatus according to claim 8, characterised in that said
block based minimum motion estimation error (BME) and said
related block motion vector or its components (MVX, MVY) pass
through rank order or median filter means (ROFI, MFI1, MFI2)
and/or through limiting filter means (L1, L2, L3) before being
used in said combining means (CB) to form said measure of con-
fidence value (CF). '

AR
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-3 DETAI LED DESCRITION  One nethod of notion nmeasurenent
I's "block based", that is, it is based on t:he: novenent of bl ocks of picture
el enents between a current and a previous location fromfield to field or
frame to frame as distinguished from "pi8xel based" systems in which the
notion of individual pixels is neasured. For inproved accuracy in block

based syupkegpr it has been proposed to enpl oy bl ock matching foll owed by

IocalizETTﬁﬁ—ﬁsing subbl ock matching, as described in EP-A-
In motion compensated field rate upconversion systems intermediate fields of a
television picture, not present at the input (i), are calculated by means of motion
compensated interpolation. A typical application is conversion between 50 Hz and
100 Hz television signals for display flicker reduction. In principle, every pixel in
the intermediate fields can be the direct output of a motion compenéated interpola-
tor {MCI). In practice, however, there will always be areas of the picture where
the motion is too fast or too complex to be estimated correctly.
According to the invention, the final output (O) is in fact the resuit of a soft switch
(SSW) or fade between the motion compensated interpolation (MCI) and a fallback
mode (FFl), controlledn by a measure of confidence (CF) in the reliability of the es-
timated motion vector. Advantageously, the confidence measure includes the fol-
lowing two components: a 'basic confidence measure' which reflects the error
(BME) in the motion measurement, and a measure based on the speed of move-
ment (MVX, MVY).

Fig. 3
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9340218872 of the applicant filed Aug. 9, 1993. See al so EP-A-93117661. 4
filed Feb. 11, 1993 and U.S. patent -appli- -cati:on Ser. No. 08/303, 337
entLHﬁgQ,QE%FCD AND APPA- RATUS FOR MOTI ON ESTI MATI ON USI NG BLOCK MATCHI NG
which was filed 8 Sep. 1994. Such subbl ock mat chi ng process produces
notion vectors whose conponents may be-Prqsed through a nedian filter. In
cal cul ating the notion vectors, the subbl ock matchi ng pro- cess, or any

ot her conparabl e process, generates an error (e.g. the sum of absolute, or
t he squanair, di fference val ues between th gccording pi xel values in the
two bl ocks Ysed for matching) for each candﬁalte notion vector and the

vector givifig the mninmumerror is chosen. t is the value of this
mnimumerrgr which is used to calculate a bdsi c neasure of confidence
accordi ng f) the | aw
4 i '
: !
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aspect of jhge invention, that one problemw th the neasure of confidence of
FIG 1is that the subbl ock mat chi.ng process usually generates high errors,

| eading to | ow or zero confidence,
The present invention relates to a method and to an apparatus

for forming a video signal using motion estimation and signal
paths with different interpolation processing.

Background

The invention described here is part of a motion compensated
field rate upconversion system, where intermediate fields of a
television picﬁure, not present at the input, are calculated by
means of motion compensated interpolation. A typical application
is conversion between 50Hz and 100Hz television signals for
display flicker reduction.

Invention

It is one object of the invention to disclose a method of se-
lecting an interpolation mode in relation to a confidence meas-
urement of the related motion vector. This object is reached by
the method disclosed in claim 1. '

It is a further object of the invention to disclose an apparatus
which utilises the inventive method. This object is reached by
the apparatus disclosed in claim 8.

In principle, every pixel in the intermediate fields can be
the direct output of a motion compensated interpolator. In
practice, however, there will always be areas of the picture
where the motion is too fast or too complex to be estimated
correctly. Patent application EP93 402505 of the applicant
describes 'fallback processing' whereby a special non-compen-
sated fallback mode or any comparable mode can be used in such

areas.
This is the replacement sheet
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around the edge of an object noving over a detail ed back- ground. This

means that the edge will be interpolated using the fallback node, even

t hough the notion vectors them selves correctly follow the edge. A

solution to the foregoing, in accordance wi th another aspect of the

invention, is to pass the subblock errorg through a rank order filter, for

exanple on a 3x3 window (e.g., as illustrated in FIG 8). The filter may be
er, rank eafilter

el ect | ng PRCELRRT ORBREGS art JAUaIHE FROEAE AF riouP by “86- 48 Bt ed
fade between the motion compensated interpolation and the
fallback mode, controlled by a measure of confidence in the
reliability of the estimated motion vector. The confidence
measure takes values between 0 and 1, where 0 (no confidence)
selects the fallback mode only, 1 (maximum confidence) selects
the motion compensated interpolation only, and intermediate

" values mix linearly between the two.

Advantageously, the confidence measure includes the following
two components: a 'basic confidence measure' which reflects
the error in the motion measurement, and a measure based on
the speed of movement. ' '

In principle, the inventive method is suited for forming a video
signal using motion estimation and signal paths with different
interpolation processing, in particular motion compensated
interpolation and fallback interpolation, whereby the output
signals of said different signal paths are combined in relation
to a measure of confidence which is derived from a minimum
motion estimation error of the input video signal, which is in
particular block based.

Advantageous additional embodiments of the inventive method are
-resulting from the respective dependent claims.

In principle the inventive apparatus for forming a video signal
using motion estimation and signal paths with different interpo-
lation processing, in particular motion compensated interpola-
tion and fallback interpolation, includes:

- motion compensated interpolation means and fallback interpola-
tion means which receive said input video signal and the output
pixel values of which are mixed in combining means in relation
to a measure of confidence value which is derived in combining
means from a block based minimum motion estimation error of the
input video signal and from a related block motion wvector or its
components;

- motion estimation means which calculate from said input sig-
nal, or motion information extractor means which extract from

This Sheet Has Been Reﬂlaced - This is the repl acement sheet
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-4 - As used herein, the termrank order filter has 1ts usual neaning of
a filter which provi des sel ection or cl assificatiffi gpeet HRB Rcedf an

ordering of values. A nedian filter, for exanple, ' fLIter
that selects that value of a set of values for whi ﬂ! renainlng
val ues are larger and the other half of Bhe renmini e smaller.
Rank order filters differ in a significant respect fromestinmation filters
(e.g., Intfaép@kaﬁ@mﬁt@éd ai&@gﬁ%lg@féndtln aaftat stheamyt Qb.li.dlﬁl@c]EQ?ésé/@' ue tquﬁl
to a specific input_value and is hot nerel an, or appr.oxi ma

of a ral TERPHSVAPEASD SR ok ARG §sﬁ?§a bl afreR et oy be.

nodi - vector or its components.

Advantageous additional embodiments of the inventive apparatus
are resulting from the respective dependent claims.

Drawings

Preferred embodiments of the 1nvent10n are described w1th refer-
ence to the accompanylng drawings, whlch show in:

Fig. 1 example of law relating confidence to subblock matching
error;

Fig. 2 example of law relating confidence to estimated speed;

Fig. 3 block diagram of confidence measurement circuit.

Preferred embodiments

One method of motion measurement is block matching followed by
localization using subblock matching, as described in EP-A-
93402188 of the applicant.

Such subblock matching process produces motion vectors whose
components may be passed through a median filter. In calculat-
ing the motion vectors, the subblock matching process or any
other comparable process generates an error (e.g. the sum of
absolute, or the square of, difference values between the ac-
cording pixel values in the two blocks used for matching) for
each candidate motion vector and the vector giving the minimum
error is chosen.

It is the value of this minimum error which is used to calcu-
late a basic measure of confidence according to the law illus-
trated in Fig. 1. If this subblock matching error SBME is.
zero, the confidence CF takes its maximum value of 1. As the
error SBME increases to a cut-off value CV, the confidence
decreases .to its minimum value of zero. Other, similar rela-
tions (e.g. part of a sine or cosine function or a gaussian

Thiz iz the repiacement sheet
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fied to take account of the speed (ES) of novenent. The aimof this

nodi fication is. as an object accelerates out of the range
of notion sp'ee’ﬁ1lst§Pl Hid dletn Ko ﬁéeegti mat ed and coded with a notion vector, the
i nt er pol ation sﬂll Emﬂ I‘Iy into the fall back node. An exanple of a
suitable law th led is given,in FIG 2. In FIG 2, the
function 200, conprising segnents 202 and“204, illustrates confidence |evel
CF as a function of the notion speed, ES. Again, other relations (e.qg. part
of a sinefghcBishhebetweeai sabblocki matchiagg§§§§Faﬁnfiuﬁﬁ’f‘%&ﬁ,enﬁfaf f“@‘ge t

start val i SV) DELUBER-0LL08 19REL,ES Badreenf | dence C- my be used

rat her th& I'near rel ationshi p_shown. €.
conf i denceheppedbiemawibhskhpsnhysbe REBFIER ES Fﬁggfgﬁgzgo%ﬁoﬁhgﬁegge

Al ternati ¥E%¥10Ei: Hﬁl‘.eﬁ‘in ppkbedskouthallyogeneratesebigh evmpssenisad-
separatelingetg.ioa grvggrhc%gnggdenCe, around the edge of an object
moving over a detailed background. This means that the edge
will be interpolated using the fallback mode, even though the
motion vectors themselves correctly follow the edge. A solu-
tion is to pass the subblock errors through a rank order f£il-

ter, for example on a 3x3 window. The filter may be a median

filter or another rank order filter; for example the third
highest error value in the window may be selected. -

Advantageously, the measure of confidence may be modified to
take account of the speed ES of movement. The aim of this
modification is to ensure that, as an object accelerates out
of the range of motion speeds that can be estimated and coded
with a motion vector, the interpolation switches smoothly into
the faliback mode. An example of a suitable law that can be
applied is given in Fig. 2. Again, other relations (e.g. part
of a sine or cosine function or a gaussian function, different
start value SV) between motion speed ES and confidence CF may
be used.

It can be applied to the true motion speed or to the two mo-
tion vector components separately, taking the minimum or some
other combination of the two results. The result is combined
with the main measure of confidence, for example by taking the
minimum or by multiplication.

In the confidence measurement circuit of Fig. 3 an input wvideo
signal, e.g. 50Hz, 2:1 or 60Hz, 2:1, is fed to a motion com-
pensated interpolator MCI, to a fallback filter FFI and to a
motion estimator ME. A soft switch SSW operates on the output
signals of interpolator MCI and filter FFI and provides the
final output signal O which may have the format 100/120Hz, 2:1
or 50/60Hz, 1:1. Switch SSW is controlled by a confidence sig-
nal CF coming from a combiner CB. Motion estimator ME calcu-
lates the block matching error BME, a horizontal component MVX
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"Y' direction or horizontal or "X' direction) and then taking the m ni num
of the two conponents or sone other conbi- nation of the two results. The
result is conbined with the nmain neasure of confidence (e.g., FIG 1,
confidence vs matching error), for exanple by taking the m nimum or by

mul tiplication. In the confidence neasurﬁgsnt circuit of FIG 3 an input
video signal S[err], e.g. 50 Hz, 2:1 or Is fed to a notion
conpensated interpolator MCl, to a fall back fllter FFI and to a notion
estimator B4 A sairtixsl cdoniiemniMUie o retid | midsted Momidrputectiamal s of

whi oh ey e AT o sfe ¢ RO e ST Ao Aol T L
control | ed #% locadied d@ﬁ@@u@mar@mmmmd dihe GomiieroflCHF o 3 is
det erm ni ngdhe ¥ WHddAR®Xf dRF. a TV receiver. Then, circuit ME may
extract the matching error and/or the motion vector and/or its
components from the transmitted input signal data stream. The
motion information can also be used in interpolator MCI.
Exrror BME passes through a rank order filter ROFI, for in-
stance a median filter, and a first weighting filter L1 oper-
ating according to the law of Fig. 1 and is then fed into a
combiner CB.
The horizdntal vector component MVX passes through'a first
median filter MFI1 and a second weighting filter L2 operating
according to the law of Fig. 2 and is then fed into combiner
CB. '
The vertical vector component MVY passes through a second me-
dian filter MFI2 and a third weighting filter L3 operating
according to the law of Fig. 2 and is then fed into combiner
CB.
The combiner CB operates as described above and can work as a
look-up table which is stored in memory means. The laws of
filters L2 and L3 can be different (different function or
start value SV). The laws represented by filters L1, L2 and L3
can be stored in look-up tables.
In case of specific picture data characteristics (é.g. cam-
era/film mode) different laws can be selected or downloaded
into the law memories.
If the chrominance components are not controlled together with
the luminance components by signal CF, they can be handled by
separate means according to Fig. 3, having laws designed espe-
cially for the chrominance components.
The invention can also be used for standards conversion, bit
rate reduction, digital HDTV, digital VCR and MPEGlL or MPEG2
devices (IEC/ISO standard). In case of bit rate reduction. the
fallback processing may be intra field coding.
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interpolator and fallback filter signals that are conmhined to formthe
out put signal S[err]. Mtion estimtor ME calculates the beEF‘ﬁﬁTEﬁTh
error BME, a horizontal conmponent MVX of the rel at edmmmemhsmt@

vertical conponent MVY of the related notion vector. m"mmu”fm

- 5- As an alternative to providing & notion esti
Claims

1. Method for forming a video signal (O) using motion estimation
(ME) and signal paths with different interpolation processing,
in particular motion compensated intérpolation (MCI) and fall-
back interpolation (FFI), characterised in that the output
signals of said different signal paths are combined (SSW) in
relation to a measure of confidence (CF) which is derived from
a minimum motion estimation (ME) error (BME) of the input
video signal (I), which is in particular block based.

2. Method aécording'td claim 1; characterised in that said meas-
ure of confidence (CF) is also derived from the value of a
block motion vector (MVX, MVY).

3. Method according to claim 2, characterised in that said meas-
ure of confidence (CF) is derived from the values of the hori-
zontal (MVX) and vertical (MVY) components of said block mo-
tion vector. '

4. Method according to any of claims 1 to 3, characterised in
that the values of said motion estimation error (BME) pass
through two-dimensional rank order filter means (ROFI) before
being used to form (CB) said measure of confidence (CF).

5. Method according to any of claims 2 to 4, characterised in
that the values of said block motion wvector or its components
(MVX, MVY) pass through median filter means (MFIl, MFI2) be-
fore being used to form said measure of confidence (CF).

6. Method according to any of claims 1 to 5, characterised in
that the values or pre-processed values of said motion estima-
tion error (BME) and/or said block motion vector or its compo-
nents (MVX, MVY) pass through limiting filter means (L1, L2,
L3) before being used to form said measure of confidence (CF).

7. Methoed according to any of claims 1 to 6, characterised in
that from the values or pre-processed values of said motion

Cx ¢ L M 0§ »*
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in the system the notion error and vector conponent values may also be
transmtted if the notion estimator. MEis |ocated wthin a transmtter and

the circuit of FIG 3 is part of a receiver, e. ¢ Thig Sheet acedThen
circuit ME may extract the matching error and/or j or and/ or
Its conmponents fromthe transmtted input signal d S

modi fication is illustrated in FIG 6 i@ which the input signal Si
contai ning the bl ock based m nimum notion estinmation error signal (e.g.,

the bl ock magehing; & daldr aq!afﬂm)t heaDBli 89iHe61SER et Bt et d drhd tisnput
of a notion extractor ME . The notion inforpation can also be used in 'the
i nt er pol at ofFoRPPneRt 3 c@fod MVY¥)a ther MLELTIYR 1B FRKSH F éiﬁ??xﬁﬁiﬁ%ﬁe, t he
bl ock matchipg maleipFidanaltBormngass mehsanghof camfddentss (GR)t.er ROFL,
for instance a nedian filter (or a 3x3 wi ndow, etc. as previously

described) and a first
8. Apparatus for forming a video signal (O) using motion estima-

tion (ME) and signal paths with different interpolation proc-

essing, in particular motion compensated interpolation (MCI)

and fallback interpolation (FFI), related to a method accord-
. ing.to any of claims 1 to 8 and including:

- motion compensated interpolation means (MCI) and fallback in-
terpolation means (FFI) which receive said input video signal
(I) and the 6ﬁtput ﬁikel values of which are mixed in combin-
ing means (SSW) in relation to a measure of confidence value
(CF) which is derived in combining means (CB) from a block
based minimum motion estimation error (BME) of the input video
signal (I) and from a related block motion vector or its com-
ponents (MVX, MVY);

- motion estimation means (ME) which calculate from said input
signal (I), or motion information extractor means (ME) which
extract from the transmitted input signal data stream, said
block based minimum motion estimation error (BME) and said
related block motion vector or its components (MVX, MVY).

9. Apparatus according to claim 8, characterised in that said
block based minimum motion estimation error (BME) and said
related block motion vector or its components (MVX, MVY) pass
through rank order or median filter means (ROFI, MFIl1l, MFI2)
and/or through limiting filter means (L1, L2, L3) before being
used in said combining means (CB) to form said measure of con-
fidence value (CF).
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wei ghting or "limiting" filter L1 operating according to the |aw or
transfer function of FIG 1 and is then fed into a conbiner CB. FIGS. 7
and 8 illustrate the foregoing alter- natives of using nedian and w ndow
filtering for the rank order filter ROFL. In FIG 7 the rank order filter
ROFL-A conprises a nedian filter. In FIG 8 the rank order filter ROCFL-B
conprises a window filter. The horizontal notion vector conmponent MX
passes through a first nedian filter MBL1 and a second wei ghting or
"limting" f||ter , accordl nto the Iaw transfer functi on)
of FIG 2 and % -{ PO LS ®ed, curved
rat her than |inea i ST T ce vs bl ack
mat chi ng transfer ﬁ?uthalhnﬁdM(TlTlIﬂ?iiIi speed transfer
functi on. Abgth#ctverti cal vector conponent MY passes through a

In motion compensated field rate upconversion systems intermediate fields of a
televi_sion picture, not present at the input (), are calculated by means of motion
compensated interpolation. A typical application is conversion between 50 l:-|z and
100 Hz television signals for display flicker reduction. In principle, every pixel in
the intermediate fields can be the direct output of a motion compensated interpola-
tor (MCI). In practice, however, there will always be areas of the picture where
the motion is too fast or too complex to be estimated correctly.
According to the invention, the final output (O) is in fact the resuit of a soft switch
(SSW) or fade between the motron compensated mterpolatxon {(MCI) and a fallback
mode (FFl), controlled by a measure of confidence (CF) in the reliability of the es-
| timated motion vector. Advantageously, the confidence measure includes the fol-
lowing two components: a 'basic confidence measure' which reflects the error

(BME) in the motion measurement, and a measure based on the speed of move-
ment (MVX, MVY).

Fig. 3
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second nedian filter MFL2 and a third weighting or "lim iting" filter L3
operating according to the |aw or transfer function—of—lfl‘G—m hen

fed into conbiner CB. The conbiner CB operates as d ﬁ@éﬂ‘k g can
work as a | ook-up table which is stored in mam)ryrre es for
t he conbi ner CB include signal conmbining by mninmms |m“( “ hown in
FIG 4) and by products (as shown in FIG 5). The |l a 2 and

L3 can be different (different functiod or start val ue SY). The Iams
represented by filter L1, L2 and L3 can be stored in | ook-up tables.

Mor eover, in_case of speC|f|c picture data character- istics (e.g.
carmera/ fi | mlpde) different |aws can be sel ec@Bd or downl oaded into the
| aw of menordes. |f the chromi nance conponentys are not controlled
together with the |um nance conponents by sigral CF, they
1- 1
!
I
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. !
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can be handl ed by separate neans according to FIG R ng Iaws deS| gned I
especially for the chrom nance com ponents. 4 i 3

-6 - Q her advant ageous application of the i nventi éﬁ\_.t.mc- .-ude

standards conversion, bit rate reducti on di gi tal

"MPEGL or MPEX devices (IEC ' [ -

METHOD AND APPARATUS FOR FO_ NING -
A VIDEO SIGNAL USING MOTION
ESTIMATION AND SIGNAL PATHS WITH
DIFFERENT INTERPOLATION
PROCESSING

FIELD OF THE INVENTION

The present invention relates to a method and to an
apparatus for forming a video signal using motion estima-
tion and signal paths with different interpolation processing.

BACKGROUND OF THE INVENTION

The invention described here is part of 2 motion compen-

. sated field rate up-conversion system, where intermediate

fields of a television picture, not at the present input, are

calculated by means of motion compensated interpolation. A

typical application is conversion between 50 Hz and 100 Hz
television signals for display flicker reduction.

SUMMARY OF THE INVENTION

It is one object of the invention to disclose a method of
selecting an interpolation mode in relation to a confidence
measurement of)the related motion vector.

It is a further object of the invention to disclose an
apparatus which utilizes the inventive method.

In principle, every pixel in the intermediate fields can be
the direct output of a motion compensated interpolator. In
practice, however, there will always be areas of the picture
where the motion is too fast or too complex to be estimated
correctly. Patent application EP93 402505 of the applicant
describes “fallback processing’ whereby a special non-com-
pensated fallback mode or any comparable mode can be
used in such areas.

The final output is in fact the result of a soft switch or fade
between the motion compensated interpolation and the fall-
back mode, controlled by a measure of confidence in the
reliability of the estimated motion vector. The confidence
measure takes values between 0 and 1, where 0 (no confi-
dence) selects the fallback mode only, and intermediate
values mix linearly between the two.

Advantageously, the confidence measure includes the
following two components: a ‘basic confidence measure’
which reflects the error in the motion measurement, and the
measure based on the speed of movement.
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| SO s§tandard). In case of bit rate reduction the fallback processing may be
intra-field coding. - 7 - What is
clainmed is: 1. Anethod for form ng a video output signal (So) froma
video input signal (Si) using notion estimation (Mg and signal paths with
different interpolation processing conpri's- ing notion conpensated
I nterpolation (MCl) in one signal ,

In principle, the inventive method is suited for forming a

video signal using motion estimation and signal paths with
different interpolation processing, in particular motion com-
pensated interpolation and fallback interpolation, whereby
the output signals of said different signal paths are combined
in relation to a measure of confidence which is derived from
a minimum motion estimation error of the input video
signal, which is in particular block based.

In principle the inventive apparatus for forming a video
signal using motion estimation and signal paths with differ-
ent interpolation processing, in particular motion compen-
sated interpolation and fallback interpolation, includes:

motion compensated interpolation means and fallback

interpolation means which receive said input video
signal and the output pixel values of which are mixed
in combining means in relation to a measure of confi-
dence value which is derived in combining means from
a block based minimum motion estimation error of the
input video signal and from a related block motion
vector or its components; and

motion estimation means which calculate from said input

signal, or motion information extractor means which
extract from the transmitted input signal data stream,
said block based minimum motion estimation error and
said related block motion vector or its components.

BRIEF DESCRIPTION OF THE DRAWING

Preferred embodiments of the invention are described
with reference to the accompanying drawings, which show
in:

FIG. 1 is a diagram relating confidence level (CF) to
subblock matching error (SBME) in accordance with an
aspect of the inveation;

FIG. 2 is a.diagram-relating confidence level (CF) to
motion speed (ES) in accordance with another aspect of the
invention; _

FIG. 3 is a block diagram of video signal processing
system including confidence measurement and control in
accordance with the principles of the invention;

FIGS. 4, 5, 6, 7 and 8 are block diagrams illustrating
modifications of the video signal processing system of FIG.
3. .
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path and fall back interpolation (FFI) in the other path, conprising the
steps of: conbi ning the output signals of the different signal paths
(SSW in relation to a neasure of confidence (CF); form ng the neasure of
confidence froma bl ock based, m ni_mum noti on estimation error (BME)
of the video I nput signal (Si). 2" A met hod according to claim1l
wherein the step of form ng the neasure of confidence includes: formng a

bl ock notion vector (MX or ME?AILEWTDEQQRIP’HOM deo input signal (Si); and
conbining (CB) said bl ock based m ninum notion esti - mation error

(BVME) with the bl ockOmptrhethodvefcotion measikiviEnois NGk based”, A et hod

accordi ng to cl ai nhit Whér Bi ihséd enshepdfement of blocks of picture
elements between a current and a previous location from
field to field or frame to frame as distinguished from “pixel
based” systems in which the motion of individual pixels is
measured. For improved accuracy in block based systems, it
has been proposed to employ block matching followed by
localization using subblock matching, as described in EP-A-
93402188.2 of the applicant filed Aug. 9, 1993. See also
EP-A-93117661.4 filed Feb. 11, 1993 and U.S. patent appli-
cation Ser. No. 08/303,337 entitled METHOD AND APPA-
RATUS FOR MOTION ESTIMATION USING BLOCK
MATCHING: which was filed 8 Sep. 1994.

Such subblock matching process produces motion vectors
whose components may be passed through a median filter. In
calculating the motion vectors, the subblock matching pro-
cess, or any other comparable process, generates an error
(e.g. the sum of absolute, or the square of, difference values
between the according pixel values in the two blocks used
for matching) for each candidate motion vector and the
vector giving the minimum error is chosen.

It is the value of this minimum error which is used to
calculate a basic measure of confidence according to the law
illustrated in FIG. 1 which illustrates by diagram 100
confidence level CF as a function (segment 102) of subblock
matching error SBME. If this subblock matching error
SBME is zero, the confidence CF takes its maximum value
of “1” (e.g., unity) as shown. As the error SBME increases
to a cut-off value CV, the confidence decreases to its
minimum value of zero. Other, similar relations (e.g. part of
a sine or cosine function or a gaussian function) between
subblock matching error and confidence may also be used
for such limiting filter as an alternative to the linear rela-
tionship illustrated.

Itis herein recognized, in accordance with an aspect of the
invention, that one problem with the measure of confidence
of FIG. 1 is that the subblock matching process usually
generates high errors, leading to low or zero confidence,
around the edge of an object moving over a detailed back-
ground. This means that the edge will be interpolated using
the fallback mode, even though the motion vectors them-
selves correctly follow the edge. A solution to the foregoing,
in accordance with another aspect of the invention, is to pass
the subblock errors through a rank order filter, for example
on a 3x3 window (e.g., as illustrated in FIG. 8). The filter
may be a median filter or another rank order filter; for
example a filter selecting the third highest error value in the

window may be selccted. | |
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form ng the neasure of confidence includes: formng a horizontal block

notion vector (MVH) and a vertical block notion vector (MY) fromsaid
vi deo i nput signal (So); and conmbining (CB) said bl ock based m ni num
notion esti - mation error (BME), sgid horizontal block notion

vector (MVH) and said vertical block notiion vector - (WY). 4. A

nmet hod according to cI aim 1 further conprising the step of: f| ltering said
bl ock notion estinati ofs d5¢ F‘ETBNEE Wrmhragk A Glterdiastity neal ( RoOFL) . 5. A
met hod according to Hicapiggsfiafiteny CE(PH?)‘P%%SH CEI%OYS‘{@@QS?FMO" filtering

sai d bl ock based ni nPhih§ haxs 8h 2@ 9rdanng; ¢fnvalues. érméthﬁlm Breh a rank
order filter (ROFL).example,isarank order filter that selects that value of a set

of values for which half of the remaining values are larger
and the other half of the remaining values are smaller. Rank
order filters differ in a signiﬁcant respect from estimation
filters (e.g., interpolators or averagers) in that the output is
"areal value equal to a specific input value and is not merely
an estimation or approximation of a real input value.
Advantageously, the measure of confidence may be modi-
fied to take account of the speed (ES) of moverient. The aim
of this modification is to ensure that, as an object accelerates
out of the range of motion speeds that can be estimated and
coded with a motion vector, the interpolation switches
smoothly into the fallback mode. Ao example of a suitable
law that can be applied is given in FIG. 2. In FIG. 2, the
function 200, comprising segments 202 and 204, illustrates
confidence level CF as a function of the motion speed, ES.
Again, other relations (e.g. part of a sine of a sine or cosine
function or a gaussian function, different start value SV)
between motion speed ES and confidence CF may be used
rather than the piece-wise linear relationship shown.

The confidence/speed relationship may be applied to the
true motion speed. Alternatively, it may be applied to the two
motion vector components separately (e.g., the vertical or
“Y™ direction or horizontal or “X” direction) and then taking
the minimum of the two components or some other combi-
nation of the two results. The result is combined with the
main measwre of confidence (e.g., FIG. 1, confidence vs
matching error), for example by taking the minimum or by
multiplication.

In the confidence measurement circuit of FIG. 3 an input
video signal S, e.g. 50 Hz, 2:1 or 60 Hz, 2:1, is fed to a
motion compensated interpolator MCI, to a fallback filter
FFI and to a motion estimator ME. A soft switch SSW
combines or “blends” the output signals of interpolator MCl
and filter FFI to produce the final output signal S, which
may have the format 100/120 Hz, 2:1 or 50/60 Hz, 1:1.
Switch SSW is controlled by a confidence signal CF coming

- from a combiner CB for determining the proportions of the
interpolator and fallback filter signals that are combined to
form the output signal S_. Motion estimator ME calculates
the block matching error BME, a horizontal component
MVX of the related motion vector and a vertical component
MVY of the related motion vector.
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6. A nethod according to claim3 further conprising the step of: _
filtering said block based m ni mum notion estimation ~error (BME) with a
rank order filter (ROFL). 7. A nethod according to claim5 further
conprising the step of: nedian filtering](NFLl, MFL2) said bl ock notion
vector. 8. A nmethod according to clarm™6 further conprising the step of:
median filtering (M-L1 sai d horizontal block notion vector conponent

and said vertical bl ocl\h¥t e (QPrayishipg A &ation estimator locally
in the system, the motion error and vector component values

may also be transmitted if the motion estimator ME is
located within a transmitter and the circuit of FIG. 3 is part
of a receiver, e.g. 2 TV receiver. Then, circuit ME may
extract the matching error and/or the motion vector and/or
its components from the transmitted input signal data
stream. This modification is illustrated in FIG. 6 in which the
input signal Si containing the block based minimum motion
estimation error signal (e.g., the block matching signal) and
the motion vector) is applied to. the input of a motion
extractor ME'. The motion information can also be used in
the interpolator MCI if desired in a particular application.

To continue, the block matching error signal BME passes
through a rank order filter ROFL, for instance a median filter
(or a 3x3 window, etc. as previously described) and a first
weighting or “limiting” filter L1 operating according to the
law or transfer function of FIG. 1 and is then fed into a
combiner CB. FIGS. 7 and 8 illustrate the foregoing alter-
natives of using median and window filtering for the rank
order filter ROFL. In FIG. 7 the rank order filter ROFL-A
comprises a median filter. In FIG. 8 the rank order filter
ROFL-B comprises a window filter. The horizontal motion
vector component MVX passes through a first median filter
MFL1 and a second weighting or “limiting” filter L2 oper-
ating according to the law (transfer function) of FIG. 2 and
is then fed into combiner CB. As previously noted, curved
rather than linear relationships may be used in the confi-
dence vs black matching transfer function and the confi-
dence vs motion speed transfer function.

The vertical vector component MVY passes through a
second median filter MFL2 and a third weighting or “lim-
iting” filter L3 operating according to the law or transfer
function of FIG. 2 and is then fed into combiner CB.

The combiner CB operates as described above and can
work as a look-up table which is stored in memory means.
Alternatives for the combiner CB include signal combining
by minimum selection (as shown in FIG. 4) and by products
(as shown in FIG. 5). The laws of filters L2 and L3 can be
different (different function or start value SV). The laws
represented by filter L1, L2 and L3 can be stored in look-up
tables. Moreover, in case of specific picture data character-
istics (e.g. camera/film mode) different laws can be selected
or downloaded into the law of memories.

If the chrominance components are not controlled
together with the luminance components by signal CF, they
can be handled by separate means according to FIG. 3,
having laws designed especially for the chrominance com-
ponents.
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9. A net.hod according to any of clainms 3-8 further conprising the step of:
subj ecting at |east one of said block based m ni num notion estimation
error (BME), said block notion vector, said horizontal conponent (MWX)
of said bl ock notion vector and said vertical conmponent (MY) of
said bl ock notion vector to limting fi‘l6t'ering (L1, L2, or L3) prior
to said conbining step. 10. A nethod according to any of clains 2-8
further conprising thefé@RSathgeous application of the invention include it

use in standards conversiom, bit rate reduction, digital

HDTV, digital VCR and MPEG1 or MPEG2 devices (JEC/

ISO standard). In case of bit rate reduction the fallback

processing may be intra-field coding.
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subjecting at |east one of said block based m ni num notion estimation

error (BVME), said block notion vector, said horizontal conponent (MWX)
of said bl ock notion vector and said vertical conponent (MY) of

said block notion vector to limting filtering (L1, L2, or L3) prior
to said conbining step; and wherein tHe step of conbl ni ng conprises
taking a mni - m fI gd Lgnal s that are conbi ned. 11. A nethod
according to any of nifxo Iher . orrgrl si] g{ﬁlnrago)sft s of:

subj ecting at |east ﬁ‘em?) TOIBoti on estimation

)u on (
BVE) | d g ‘r‘ E%ﬁ“??“ﬁ& MEY), ang, t (X
error (BB, 58 w?pmtﬁ“wmm e N A

sai d bl ock notion BEaRYOn eompensated, nterpplation GI) n opesigagl
path and fallback mterpolatmn (FFI) In the other path,

comprising the steps of:
combining the output signals of the different signal paths
(SSW) in relation to a measure of confidence (CF);
forming the measure of confidence from a block based,
minimum motion estimation error (BME) of the video
input signal (8i).
2. A method according to claim 1 wherein the step of
forming the measure of confidence includes:

forming a block motion vector (MVX or MVY) from the

video input signal (Si); and

combining (CB) said block based minimum motion esti-

mation error (BME) with the block motion vector
(MVX or MVY).

3. A method according to claim 1 wherein the step of
forming the measure of confidence includes:

forming a horizontal block motion vector (MVH) and a

vertical block motion vector (MVY) from said video
input signal (So); and

combining (CB) said block based minimum motion esti-

mation error (BME), said horizontal black motion
vector (MVH) and said vertical block motion vector
(MVY).

4. A method according to claim 1 further comprising the
step of: filtering said block motion estimation error (BME)
with a rank order filter (ROFL).

5. A method according to claim 2 further comprising the
step of:

filtering said block based minimum motion estimation

error (BME) with a rank order filter (ROFL).

6. A method according to claim 3 further comprising the
step of:

filtering said block based minimum motion estimation

error (BME) with a rank order filter (ROFL).

7. A method according to claim § further comprising the
step of: median filtering (MFL1, MFL2) said block motion
vector. '

8. A method according to claim 6 further comprising the
step of: median filtering (MFL1, MFL2) said horizontal
block motion vector component and said vertical block
motion vector component.

_—

Wy

pate: 3 0 SEP 1997



L3). prior to said conbining step; and wherein the step of conbining
conprises taking a product of the signals that are conbined. 12. A
nmet hod according to any of clains 2-8 further conprising the steps of:
subj ecting at |east one of said block based m ni nrum notion estimation
error (BME), said block notion vector, said horizontal component ( WX)
of said bl ock notion vector and said vertical conponent (MY) of
sai d bl ock notion vect of- tA méethed jageprilingt wr any qflalaimsy 3-$rfurther [ 3) prior
to said conbini ng st epsompribing thhetapi of: t he step of conbi ning conpri ses
sel ecting con- fi deggectyil Wededst et &f! QRK tWtk! Bd¥e8- minirhdm Appar at us
for form ng a vi deo si gnahoﬁgﬁeésii}ﬁadHﬁ'é}ﬂ)rnfﬁMﬁ'j‘, esh BBLE o) and si gnal
paths with different vector, said horizontal component (MVX) of said block
motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or
L3) prior to said combining step..
10. A method according to any of claims 2-8 further
comprising the steps of:
subjecting at least one of said block based minimum
motion estimation error (BME), said block motion
vector, said horizontal component (MVX) of said block
motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or
L3) prior to said combining step; and
wherein the step of combining comprises taking a mini-
mum of the signals that are combined.
11. A method according to any of claims 2-8 further
comprising the'steps of:
subjecting at least one of said block based minimum
motion estimation error (BME), said block motion
vector, said horizontal component (MVX) of said block
motion vector and said vertical -component (MVY) of
said block motion vector to limiting filtering (L1, L2, or
L3) prior to said combining step; and
wherein the step of combining comprises taking a product
of the signals that are combined.
12. A method according to any of claims 2-8 further
comprising the steps of:
subjecting at least one of said block based minimum
motion estimation error (BME), said block motion
vector, said horizontal component (MVYX) of said block
motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (1.1, L2, or
L3) prior to said combining step; and
wherein the step of combining comprises selecting con-
fidence valnes from a look-up table.
13. Apparatus for forming a video signal (S,) using
motion estimation (ME) and signal paths with different
interpolation processing, in particular motion compensated
interpolation (MCI) and fallback interpolation (FFI), com-
prising:
motion compensated interpolation means (MCI) and fall-
back interpolation means (FFI) coupled to receive said
input video signal (S,);
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I nterpol ati on processing, in particular notion conpensated interpolation .

(MCl) dand fallback interpolation (FFlI), com prising: noti on conpensat ed
i nterpol ation nmeans (MCl) and fall - back interpol ati on means (FFI)
coupled to receive said i nput video signal (S[err]);

-9- conbi ni ng neans (SSW for comnbini nd out put signals of

combining means (SSW) for combining output signals of
said motion compensated and fallback interpolation
means in relation to a measure of confidence value
(CF);

combining means for deriving said measure of confidence
value from a block based minimum motion estimation
error (BME) of the video input signal (Si) and from a
related block motion vector or its components (MVX,
MVY); and

motion estimation means (ME) for calculating from said
input signal (Si), or moton information extractor
means (ME) which extract from the transmitted input
signal data stream, said block based minimum motion
estimation error (BME) and said related block motion
vector or its components (MVX, MVY).

14. Apparatus according to claim 13 further comprising:

means (ROFL) for rank order filtering said block based
minimum motion estimation error (BME) and for
median filtering (MFL1, MFL2) said related block
motion vector or its components (MVX, MVY) before
being used in said combining means (CB) for forming
said measure of confidence value (CF).
15. Apparatus according to claim 13 further comprising:
filter means (L1, L2, L3) for applying limiting filtering to
said block based minimum motion estimation error
(BME) and to said related block motion vector or its
components before being used in said combining
means (CB) for forming said measure of confidence
value (CF).
-16. Apparatus according to claim 13 further comprising:

means (ROFL) for rank order filtering said block based
minimum motion estimation error (BME) and for
median filtering (MFL1, MFL2) said related block
motion vector or its components (MVX, MVY) before
being used in said combining means (CB) for forming
said measure of confidence value (CF); and

filter means (L1, [.2, L3) for applying limiting filtesing to
said block based minimum motion estimation error
(BME) and to said related block motion vector or its
components (MVX, MVY) before being used in said
combining means (CB) for forming said measure of
confidence value (CF).
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sai d notion conpensated and fallback interpolation rreans inrelation to a
nmeasure of confidence val ue (CF); conbi ni ng a’nn$'“* -ng said
nmeasure of confidence °~value froma block b ?ﬁ %"’r‘fuM&rﬁEEMr estimation
error (BME) of the video input signal (?hNY)arld fr ofEBLACEDel at ed bl ock

notion vector or its conponents (WX, and notion estTmati on nmeans
(ME) for calcul atlng1fzrnmemddﬂasreéxfea%c@hﬂwheeéh)smdq n information

data stream  saig ﬁﬂ%& a‘*’&?ﬁ&%“%ﬂ%dﬁé‘?@%t?gg A Tor (BR'E?”Z'nd

said rel ated bl ock n'? g%‘t ctor %ﬁrmlxder
Apparat us accordi nqil (ﬁ &ﬁ:ompnses one 01??? ter (ROFL-A)
and (ii) a window filter (ROFL-B).
19. A method as recited in claim 6 wherein said rank order
filter (ROFL) comprises one of (i) 2 median filter (ROFL-A)
and (ii) a window filter (ROFL-B).
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means (ROFL) for rank order filtering said block based m ni num noti on
estimation error (BME) and for median filtering (MFL1, MFL2) said related
bl ock notion vector or its conmponents (WX, MY) before bei ng used in
sai d conbi ning neans (CB) for formng sai d neasure of confidence val ue
(CF). 15. Apparatus according to claim13 further conprising: filter neans
(L1, L2, L3) for applying limting filfering to sai d bl ock based m ni num
notion estimation error (BME) and to said related bl ock notion vector or
its conmponents before being used in said conbining means (CB) for

form ng said neasure of confidence value (CF). 16. Apparatus according to
claim 13 further conprising: neans (ROFL) for rank order fllterlng sai d
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17.. A frethod as recited in claim4 wherein said rank order filter (ROFL)
conprises one of (i) a nedian filter (ROFL-A) and (ii) a wi ndow fi kb@s.; zeoe

( ROFL-B) . 18. A nethod as recited in claim5 wherein said rank order

filter (ROFL) conprises one of (i) a nedian filter (ROFL-A) and (ii) a

wi ndow filter (ROFL-B). 19. A nmethod as recited i nREPACBMENTGHEETN aﬂamR i
rank order filter (ROFL) conprises onel6f- (i) a nedian filter (R,G:L-Ag 1993
(1) a window filteryf RELAEN as recited in claim 4 wherein said fank order
filter (ROFL) comprises one of (i) 2 median filter (ROFL-A)
and (ii) 2 window filter (ROFL-B).

18. Amethod as recited in claim 5§ wherein said rank order
filter (ROFL) comprises one of (i) a median filter (ROFL-A)
and (ii) a window filter (ROFL-B).

19. A method as recited in claim 6 wherein said rank order
filter (ROFL) comprises one of (i) a median filter (ROFL-A)
and (ii) a window filter (ROFL-B).
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ABSTRACT

METHOD AND APPARATUS FOR FORMING A VIDEO SIGNAL USING MOTION
ESTIMATION AND SIGNAL PATHS WITH DIFFERENT INTERPOLATION
PROCESSING

Motion compensated video output signal (SO) produced by a soft
switching or "fading" (SSW) between the a motion compensated
interpolation (MCI) and a "fallback" mode (FFI) (eg.,intra-
field), controlled by a "measure of confidence" (CF) in the
reliability of the estimated motion vector. The confidence
measure includes the following two components, namely: .(i) a
"basic confidence measure" (e.g., a block based, minimum motion
estimation error (BME) and (ii) a measure based on the motion
velocity or "speed" of movement of the motion vector or its
horizontal (MVX) and vertical components (MVY).

Figure 3



