ﬁ?‘NEHXR&YQﬁiIH¥HEHZQIQSS(M’ nmot i on conpensated interpolation of in-—
ternediate fields or franes The present invention rel ates t@pasiBigaPBkeRREplaced

to an apparatus for notion conpensated interpolation of internmgg ] '
or franes. Backgr ound Current television transm ssion st gammmmum |'ﬂ||l
Europe and other parts of the world operate with a 50Hz displa '
rate. One conplete image, or frame, is transmtted every 1/25th of a

secondfe i) i Mppafir0oe o5t Mdtiow duthded SEAGRS , iferfdElAsioreash npe of
whi chtis tr%gétm té{%é%ver% /50t h of a second. Each field consists of

ei t her" A& %r 19 B¥®% frane. The process of refreshing a CRT
di spl ay causes a change of light intensity with tine, called flicker. At
50Hz, Vi eSSt AL | 5¥?§% [ S : | ght
scenes,ltdaéﬁ /or, at‘reg%‘}cﬁ%s%d%sr_t I'S %I%/(%k%e?nél@oﬁoéﬂc%%_g&%‘%ﬁ#eﬁdo% of

r enov-EQh@aHon icompendatesd inhergolatdan of tigteamedintenLiRlgn @r at a
hi gheredagiency. This increase in field rate may be by any arbitrary
anount as long as a frequency is chosen which is sufficiently great that

the sensitivity of the eye is very |low. The frequency used as an exanple in
this description is 100Hz, a doubling in frequency which results in a

relatE%&%¥f%d§ae har dwar e i npl enent ati on, although in principle, any

frequ used and 75Hz has al so been contenplated. Wth the exanple
frequency of 100Hz, there are two scanning pat- terns which may be used,

{ Nese il oW1, AR b ARG WPt 4R Al U e U i RiHled © LN
positions of the odgﬁénd evgﬁﬁﬁiéiggPﬁsz e arrangenent’s o théﬁimo types
. of sc®GFy 9k Bowesld MRprde Witdh@ BOHZ [dieplaywredrasdl gare-o Qe
or i gi R¥mplYYe isda%al oY €M A D) rtinshhi A ReMdy NOS MY G st be
created are r k a 'x'. The data in the new fields nmay be _generated
from ﬁ?(?‘-’é‘rq'n’i%ﬁ‘ﬁ% i%ﬂe iy EAMRased |Qfstheg S’G‘%‘Weﬁr'r fheldsy. 1. This
pre- sarhs one adcepiiai 6 spitdansenifitald tevraesien Sl EUes scoit.atlath
' field consists of either the odd or even lines of a frame.
The process of refreshing a CRT display causes a change of light
intensity with time, called flicker. At S0Hz, the human eye is
still sensitive to this flicker, and on bright scenes and/or
large displays this flicker is noticeable. One method of remov-
ing the visibility of this flicker is to refresh the display at
a higher frequency. This increase in field rate may be by any
arbitrary amount as long as a frequency is chosen which is
sufficiently great that the sensitivity of the eye is very low.
The frequency used as an exémple in this description is 100Hz, a
doubling in frequency which results in a relatively simple
hardware implementation, although in principle, any frequency
may béfuééd and 75Hz has also been contemplated.
With'the'example frequency of 100Hz, there are two scanning pat-
terns'whicﬂlmay be used, these are known as AABB and ABAB, where
the letters A and B refer to the positions of the odd and even
fields F. The arrangements of the two types of scanning is shown
in Figures 1A and 1C. Lines L which belong to the original input
signal are marked by a 'o' and new lines which must be created
are marked by a 'x!'.
The data in the new fields may be generated from the original
input signal as illustrated by the arrows in Fig. 1. This pre-
sents an acceptable picture quality when the images are static.
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shown in Figures 1B and 1D, the letter &f which sho nmou
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an appapstisn @FHEEEéﬁeﬁnFQEﬁFTXEEBhVEaHBtEﬁdthIB'§n§éhﬁéé ig apached by
ppplled to frame/fleld rate upconversion, but could equally well

have other uses, for example in the generation of an improved

slow motion video signal, or in standards conversion.

One technique of motion estimation is known as block matching.
Typically, the current field or frame of the picture is divided
into rectangular blocks. For each block, a search is made over
overlapping blocks in the.previous field or frame to find the
one that matches the current field block the best according to
some criterion, typically mean-square or mean absolute error.
The relative position of the two blocks gives the displacement,
or motion, vector for the current block.

Invention

It is one object of the invention to disclose a method of
improved fallback processing. 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 5.

The above described motion estimation principle holds whether
single or double sided block matching is used. Double sided



Jhe abd&%ad@&EIAbﬁd 291098 estimation principle holds whether single or
double sided bl ock matching is used. Double sided bl ock

‘mat ching and its advantages are described in EP-A-93402187 of the
applicant. As block matching is conputationally intensive, real-tinme hard-
ware inplenmentations of this technique ?nplenent sone form of parallel
processi ng. The nost common formis to have one bl ock matchi ng processor
per cangléekemabthing vandoitsAadeantpgeshardwdescripédnint EPFAR9IBE02387
single s de bl oc natchlng scheme is shown in Fig. 2. This inplementation
al | ows ?h a2EP ﬁ%ﬁ? Of velocities of up to 2 pixels or lines in the
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candi daie SBﬁﬁﬁrSnMEigh pusthhe dthplkmdntAsidasallbed theFReAs8%4620589 of
t he appl can e_ et of reducin he_h re.c r ly a
linited® a%aibs Qb%%s?g|89n%?|§ 9%*?1% S ﬁ%@tﬁn Pl hgerSﬁEXE 3ug,
sone ofventscahngerapthonsduEedhppeocssemngAﬁlemanpImabcheﬁhslneparéé to

moti on EQfPeEﬁétSgr%éﬁﬁﬁéibékdw&EhetHBEQ”YﬁrEh@”pkév%éﬁ&“fh@lﬁ'&r 2ruhere.

"[err]" 1s a sit mp- tion vector processor in the two-di nensional
vel oci t }igphreed[ by 17 \pPE¥e}s IRel#BEFon estimtion is performed (within

ar ea AHBnOBrBéﬁht@rgﬁvélﬁabdmtébuatgoﬂﬂ Bl&ctskes, OthenBlbcRr sehewhmot i on

d as the vel t th
2ot 1 ot FRORCEROUASCPYPE n R pORs ABECOROF b pPBEFRF B LBP. "RK| Py, PERG: o

is a I|sehtngnvehecingommngosmgnamteAsregéonumﬁﬁ& bEypndcelsihgnelest i on
gﬁ;'ga}hgﬁg e&£9é839%3981£@8&et80EB%” ?iégﬂcy &H&rﬁéﬁEs LBREsS LRl e
process g rs re- |ns ea t1s respect to this
unconpehgatbardggr@nlmplementatlon, there is some incentive to minimise
the number of candidate vectors which must be checked.
As described in EP-A-93402059 of the applicant, one method of
'reducing the hardware cost is to cover only a limited range of
possible motion vectors within the image, and to cover some of
this range with reduced precision.
An example of this related to motion compensated frame/field
rate upconversion is shown in Fig. 3 where 'e' is a site of a mo-
tion vector processor'in the two-dimensional velocity space
Vy/vk. The motion estimation is performed (within area AHP of
high precision) with a good precision of small or slow motion
and as the velocity of the object increases, the precision of
the estimation decreases (within area ALP of low precision). Fi-
nally, there is a limiting velocity (uncompensated region UCR)

" beyond which no motion estimation is performed and where compen-
sation is therefore impossible and a fallback processing is re-
quired instead. It is with respect to this uncompensated region
that the present inventibn relates. In addition, the invention

is applicable to both scanning types shown in Fig. 1A and Fig.

1B.
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velocity. What is unacceptable, is the abrupt change as the edge

of the motion compensated velocity region is crossed (velocity
VOSR outside of supported region AHP and ALP). The image will
abruptly change from the appearance in Fig. 4b, 4c or 44 to that
of Fig. 4e. :
Referring back to Fig. 1A and 1C, it can be seen that this will
result in a sudden change in parts of the 1mage, from a high
guality single moving image to a low quality double image, with
or without 'mouse-teeth' depending on the type of upconversion
in use. It is the purpose of the inventive fallback processing
to improve the subjective appearance of images moving with a ve-
locity too large to be correctly compensated.

It can be seen from Fig. 1 that the images which are in the
wrong temporal position are those of the new fields (marked by
'x's). Considering the case in Fig.'lA of the AABB type scanning
(ABAB is similar), the éomplete image is already present in the
correct temporal position in the original fields.

When motion compensated processing is impossible, the new fields
may be generated by non-compensated methods, such as repeating
the original fields, or by generating a progressive scan image



Mﬁéﬁ nPPRIN 63dRydIs294@ I3 ocessing is i npossible, the new fields nay be
generated by non-conpensat ed net hods, such m%&pﬁ@@e&g{ B&qori ginal

fields, or by generating a progressive scan | and del ayi ng
alternate lines by 10nms. The subj ectlve appe HIM
than significantly inproved by heavily S ow p

double i mage is
the new fields in
the horizontal direction. The filtering nmust be active over a region
conpar abide ded ayiing f2d telrmateullindsmioye 10kse ghicesubglecthive prkaﬁdaEhQ:eI s to

I ot er olat d f| The
;lem)\éﬁ %g%p%%e%gyl%laur sgt%hglsf |tté"l“’lgls \Li\‘zg%&%?'af Ed¥s gl;"lJf’Xt ion in
the w 68Y PamSorfdlltessng sie Tiews fhieldsi g mheehemyzsecanddumebaloh a 100Hz
vi deo Qhﬁn%hlt%rﬂﬁ@eﬂhﬁQl%eﬁ%c&&%ehBW%Q &F%&g?oﬁy%Bﬁgh 83e"qh QQQ'SE [t

on an OBJG V|n with high velocity. As I sTonly present | el ds
with ifr €&nt in the correct tenporal position, the subjectlve

strengmheobfﬁb@td@wbtﬁlsﬁﬁgetb&1@@e§b|EOFQQMQQ@ al ?Sgthﬁglen% ab%?gFrback
enent ati on,

t t [ t, i,
or ocos sl Ehel BEknys < PEerkeTaltd: eukadsl, bhes £1dResto0e BroresgnRonTRe
det er nthedfiefds whicbr aedel dispdayede wieho ctntfprtnae&onn ihh eh?n wasntgns at ed
I | h i i e or__noti on
(001 oncHiBorayl BoBSLABED) tnabMBILRLERY) NG, WELDGTSESoRH bedyhopsmR! o0
vi deo $P§HaZI vidergsperal Bﬁoé?cﬁﬁtﬁbﬁevé§t§h§ hMMeneyysualcayetem dekst ed

nDtlOnnM§|Qég&bQére&Eeaﬁ'aﬁ ebgéa%ehseaﬁg &éEﬂethh'Oeiéégt ai ggnoti on
vect orchan et erm ned I nter- atron Is er OI’ med in

whi ch BEkeE véFuQQ XfPFﬁéePﬁtéPnéaﬁéﬁé WFEFdénéprmﬁﬁﬁeg BEP§eREe inokbEsS
filteredrbecizontmpblrylapdsibebaby thheshblketivg B&réﬁ&theoﬁVEheadbﬁ%%?Pon
conpar S 0 ef acts cause he n155|ng
coggen?HAQFegs h?g?ggyafggﬁged’A 9§H§§bﬁguénaﬁd9Fﬁﬁﬁg¥ eMBEAVRENEE S t he
i nvent J@etk¥ehpdcanser gsalityg LnobhiheimpipmehtueidrpepHenfalliBiaak.
processing is applied to the new fields when a motion vector

cannot be determined, that is normally when the velocity lies in
the uncompensated region UCR.

In principle, the inventive method is suited for motion compen-
sated interpolation of intermediate fields or frames of a input
video signal using pixel block motion vectors, whereby in case
of related motion velocities extending a preselected range or in
case said motion vectors cannot be determined a fallback inter-
polatlon is performed in which pixel values of the intermediate

" fields or frames only are lowpass filtered horizontally and
whereby the filtering is active over a region comparable in size
of double image artefacts caused by the missing motion compen-
sated interpolation.

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

‘In principle the inventive apparatus for motion compensated in-
terpolation of intermediate fields or frames of a input video
signal using pixel block motion vectors includes:

- motion compensated interpolation means and fallback interpola-
tion means which receive said input video signal and the output
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preselected range or in case of said motion vector cannot be de-
termined said fallback interpolation means are selected by said
switching means.

Advantageous additional embodiments of the inventive apparatus
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 AABB and ABAB scanning for upconversion and resultlng
artefacts;

Fig. 2 typical architecture for one-sided block matching;

Fig. 3 example configuration of reduced coverage of motion
vector processofs; .

Fig. 4 appearance of a moving object accelerating horizontally
through the velocity space of Fig. 3;

Fig. 5 fallback processing low pass filter;

Fig. 6 simplified block diagram of inventive apparatus.
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pi xel values QUT for the internedi ate t1el
processing elements may calculate the minimum absolute value

or the minimum squared error. _

All the processing elements PE have a common input IN, corre-
sponding to the current block. The relative displacements be-
tween the pixels in the search window are provided by a net-
work of line LD and sample SD delays that follow the field
delay FD connected to input INP.

The fallback processing low pass filter in Fig. 5 passes the in-
put signal (i.e. the 'x' pixels in the lines of Fig. 1) through
a chain of one horizontal sample delays T. The respective de-
layed output pixel values and the pixel values of the input sig-
nal IN are multiplied by the filter coefficients 1/16, 2/1s6,
3/16, 4/16, 3/16, 2/16, 1/16 in multipliers X. The multiplier
outputs are combined in adder '+' to form the final output pixel
values OUT for the intermediate fields.

In Fig. 6 the 50/60Hz input.signal IN passes through a motion
compensated interpolation circuit MCI or a fallback interpola-
tion circuit FBI and a switch SW to the 100/120Hz output. Cir-
cuit ME can be a motion estimator which calculates related
motion vectors MV from the input signal IN and controls switch
SW by detecting strongly moving picture areas in which no motion
estimation can be performed. This information can also be trans-
mitted if the motion estimator is located within a transmitter
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Is out of range (i.e. in the case of edges, operate solely on vertical
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horizontal component of the velocity only is out of range (i.e.
in the case of edges, operate solely on vertical edges).

Another possibility, as described in the accompanying patent ap-
plication EP93 402506 of the applicant could be to control the
application of the fallback mode processing through some inter-
mediate form of vector conditioning, such as a measure of confi-
dence.

The invention can also be used for standards conversion, bit
rate reduction, L digital HDTV, digital VCR, digital wvideo disc
player and MPEG1 or MPEG2 devices (IEC/ISO standard).
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velocities (V[err], V[err]) extending ? presel ected range (
I n case said notion vectors (M) cannot be determ ned I"w

interpolation (FBI) is performed in which pixel values o]

i ntern€lladms fields or franes (x) only are | ow pass flltered (T, X +)
horizontal 'y, whereby the filtering is -active over a region conparable
I n size of double inmage arte- facts (Fig. 1A, Fig. 1B) caused by the
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not |
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sated interpolation.

2. Method according to claim 1, characterised in that said fall-
back interpolation (FBI) is performed only when the horizontal
component (Vy) of the motion velocity is out said preselected
range.

3. Method according to claim 1 or 2, characterised in that said
fallback interpolation (FBI) is performed in relation to a
measure of confidence of said motion vector (MV).

4. Method according to any of claims 1 to 3, characterised in
that a soft switching (SW) is performed between said mbtion
compensated interpolation (MCI) and said fallback interpola-
tion (FBI). ' '

5. Apparatus for motion compensated interpolation (MCI) of inter-
mediate fields or frames (x) of a input video signal using
pixel block motion vectors, related to a method according to
any of claims 1 to 4 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 selected in
switching means (SW) in relation to said motion vector (MV) or
its horizontal component (Vy), whereby in said fallback inter-
polation means pixel values of the intermediate fields or
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SW inrelation to said notion vector (M) or Its horizontal conponent
‘(Vh), whereby in said fall back inter- pol ati on neans pi xel val ues of the
internmediate fields or frames (x) only are |owpass filtered

(T, X, +) horizontally and wherebytﬁ@fllterlng IS active over a region
conpar abl e in size of double imge artefacts (Fig. 1A, Fig. 1B) caused by
the m ssi Fyaimds o(nc)cmmqnsaaiee(idwpasspcﬂ:alﬁmd (Trthpm)eshdmdruralmqans
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stream sdind sids GI;Ek dmgéda rigiagsh R iHCYIWIFind/ ok, B9 hdrBlzorruged by
conponent the(\ﬁ?u.) MRE R d) &aseratsd dAmd i ecd,or or its horizontal

conponent exten a presel ect ed range (AHP, "ALP)_ or in case ,  _of said

not i on 'veé‘tQFrl% ml?é'-ld%'% SeatedME) FhEgh lﬁﬁ#@‘flrf’lte Freomotatd o Rians
(FBI) are ssgfreal edrd)y, o Gactiidit hidFbaiison dxXfactdr riens aivm) zmcmml ng

ui £ chi ng SEEE 2pm e, Mt GG pp iy Aehal SR R A T sed i n
t hat sajld:cﬂq)[msédjsnotaqu'amecﬁoza MY tadd /IOt artHDTOL T mweiadke rcanpaient
digital V%hc}r, thcgrnggzaliﬁ/i&eé% UF G PMdtion vector or its horizontal
component extending a preselected range (AHP, ALP) or in case
of said motion vector cannot be determined said fallback in-

terpolatioh means (FBI) are selected by said switching means
(SW) .

6. Apparatus according to claim 5, characterised in that said
switching means (SW) are soft switching means.

7. Apparatus according to claim 5 or 6, characterised in that
said apparatus is part of a digital TV or HDTV receiver or a
digital VCR or a digital video disc player.
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