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Cr oss- | um nwoes3rszduct i on. The invention relates to a net hodperssogppsasat us
for a col or-dependent cross-|um nance reduction. Such a col or-dependent
cross-lum nance reduction is known from5 DE-C 1,908,897, in which a _
| um nance notch filter is controlled by al si gnal which is obtained fromthe
vi deo sigpal by.band-pass filtering, thresholding and rectification. The
smal | er ?ﬁ%sséﬁé\‘%ég‘&m?ﬁe col or subcarrier anplitude dependent control
signal, the smaller the reduction of high-frequency signal conponents in
the | um nance channel is. The prior art nethod shows the di sadvantage that

al so cross-col or conponents will result in a lumnance 10 notch filtering
operation, which cones down to an unnecessary |oss of quality of the
| um nance signal. It is, ‘inter alia, an object of the invention to furnish

a sinple color- dependent cross-Ilum nance reduction’in which the
above-nmenti oned di sad\(;_ﬁlnt,agsq has E(;F%n' 15 mtigated. To this end, a first
aspect of the inventi omen¥entinprelatestg)a,method and apparafusdfer p colar-fdependent
reduct i ogeRp Adudiidd. ned in claim1. A second aspect of the invention
provi des a col or- epenaent cross lum nance reduction nethod as defined in
claim10. A'third second aspect of the invention provides a television

receiver as defined in, clai m1l. Adyantagequs. enbodijrents. are defined in
The subcl arms. 20 "Sueh COlordepehieHR oS N IBReR AR 5 o fOB
col or sdepEdenD08 897 sin whicha Tutinfée Motchfiltdr'is controlfdEby?d SignaPWhichrigm nance
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It is, inter alia, an object of the invention to furnish a simple color-
dependent cross-luminance reduction in which the above-mentioned disadvantage has been
15 mitigated. To this end, a first aspect of the invention provides an color-dependent cross
luminance reduction apparatus as defined in claim 1. A second aspect of the invention
provides a color-dependent cross luminance reduction method as defined in claim 10. A third
second aspect of the invention provides a television receiver as defined in claim 11.
’Advantageous embodiments are defined in the sﬁbclaim_s'. |
20 ' According to the invention, in a color-dependent cross-luminance
reduction, intra-frame averaged chrominance signal components are furnished in response to
chrominance signal components. Subsequently, a cross-luminance reduction filter control
signal is furnished in ciependence on the intra-frame averaged chrominance signal
components, and the Iuminance signal is filtered in dependence on the cross-ltiminanee
25 reduction filter control signal to produce an output luminance signal. As the intra-frame
averaged chrominance signal components are largely free from cross-color, the prioi' art
disadvantage has been mitigated. | | |
| . | These and other aspects of the invention will be apparent from and
elucidated with reference to the embodimen‘ts described hereinafter.



In the drawi ngs: Fig. 1 shoWws a basic bl ock diagramof a cross-| um.nance
~reduction 3Y@o3M8U5 in accordance with the present inventi onpCHIBIS/I00353
Fig. 2 shows two possible curves for attenuating the high frequency part of

t he | um nance signal in dependence on a rom nance anplitude; Fig. 3 shows

a prior art chrom nance-notion-adaptive |'um nance filter; Fig. 4 shows an
enmbodi ment of a chrom nance-notion-adaptive |uminance filter in accordance
with the present invention; 10 - Fig. 5 shows an intra-frane
averaging circuit; Fign the diasngsan inter-frame difference cal cul ating
circuit; Fig. 7 shows _a basjc bl ock.diagramof a ] ' )
chromi nance- not i on- ad &8+ bé@‘ﬁ?ﬁ%&ﬂﬁgl‘?&l ‘fl‘gm%o%%ﬁmsﬂ’m% redyction. ond
embodi ner i he Bt with'B torédant fventich: Shows a first nodification of

: tu t tion; : :
~the bl oc%gram@@g. 71; anéi 15 At ~~ _ Fig. 9 shows a second
nmodi f Scati on of the blRigk2 dhows two poOssitilg cuives for attenuating thetlligh freqiienyy spartof

Fig. 1, ' | um ' I |ied t. hi gh-f
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[err]. Intra-frame aveigosehews meﬁﬁﬁﬂ,ﬁh&-hﬁﬁbﬁ-ﬁﬂﬁh\[ﬁhﬁﬁnﬁf&ﬂﬁ&' i ed
to a saturation 20 detéctor 3. I'n one enbodiment, the saturation detector
3 deternines an anpl i tHigie4 shows amembodiment of 8 choemisancemotipr-atdaptive-luminaace

aver aged =¢hr am ' *LJ .and [err] for its conponents.
Her ei naf t"@?{ﬂ}%g%?%m%ip\%%#&%@&écted. The saturation detector
out pud signal is appl iRigl § shows aw fistrd-frameaveragingdeirduitpn filter .control
signal generator 5. Preferably, the cross-J.um nance reduction filter
control signal generatfd$- 8 %f‘g?‘fiaﬂﬁ Hergrce ﬁ?@ﬁ'&%ﬁ%ﬂlﬁm nance

attenuation factor in paecpLalaRcs bulit bictk didgahP6Ps kRfonihirce aROGh-izpRYE ai N

t hreshol d val ue as denohstrated, for exanp e, by the curves [err] shown in
Fig. 2. lumiRange filtertihactordancerwith asecond embadimest ofrthe pnesent inyentéonanpl i t ude,

while the vertical axis iadjcates the hi.gh:frequency,l wi nance.at yation
factor. 30 Fig. § Stk & ik Rodiealicy] St Hidex AAbART SEER 15 A
lunmingnce filter. Thi Figl9 shows a second hodifiegtion ofithe Dléok! disgraimosf Figstzem f or

attenuating the high-frequency part of the lum nance signal in dependence-
on notion determned in the chrom nance conponents. Wth a | arge anmount of

fromtne Tumnance’ s gdre B SR Aaerl g T, 34 AN oo Fighel o 87,

Wi |1 be applied to a high-frequency luminance reduction filter 1 which produces an output luminance
signal Y, Intra-frame éveraged chrominance signals Uy, and V;, are applied to a saturation
20 ietector 3. In one embodiment, the saturation detector 3 determines an amplitude of a
*hrominance vector having ihe intra-frame averaged chrominance signals 0.71*Uy, and Vi,
for its compdnents. Hereinafter, the factor 0.71 will be neglected. The saturation detector
sutput signal is applied to a cross-luminance reduction filter qoilttol signal generator 5.
' Preferably, the cross-luminance reduction filter control signal generator 5 generates a high-
25 requency luminance attenuation factor in accordance with a 1/x characteristic above a certain
‘hreshold value as demonstrated, for example, by the c_ufve_s C1, C2 shown in _Fig. 2. In Fig.
), the horizontal axis indicates the chrominance amplitude, while the vertical axis indicates
‘he high-frequency luminance attenuation factor. |

30 'Fig.' 3 shows a prior art motion-adéptive luminance filter. This filter is
used in the PALpllis télevision system for attenuating the high-frequency part of the
luminance signal in dependence on motion determined in the chrominance components. With
a large amount of chrominance motion, no high-frequenéy luminance signals will be left and

from the luminance signal only a low-frequency. luminance part (ﬁp to 3 MHz) will be

(
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out put. | nyHogsepner, it is ensured that also when notion p&yhie8p %

the chroni nance conponents, a cross-luninance free |um nance si gnalﬁ? e it

| ow-pass filtered) is produced. The remainder of the spectrum (above 3 M—Iz)
I's used entirely for nodul ated chrom nande (w thout tenporal averaging),
wher eby visible chrom nance judder for noying satyrated 5 coI ored obj ect s
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‘cal culation Cl’rcult opetrates I n accor ean pat ent
appl i catarxﬂqthﬁﬂo@%qtﬁﬁcy?lmmmmwecmgmnm i:ombmed,&lytgn adiiet:laﬂtto fprbdute a266)
t oget her. WI t h an |Jgrres d| ng applications incorporated herein by

r ef erenc @F‘S M produced by the length calculation circuit

45 is appl l ed to a Ch@&ﬂlﬁl%ﬂ%ﬂﬂfﬁﬁ&ﬁ@h@lﬁ%tﬁ% o@tdlMaswaW)s Biteh-frime
series connection of an upsan&.'er 47 and a conversion circuit 49 to obtain

t he contaveraged mmoemsnai and Vi 3's applied tporespective dntee-frameqdifferenpey e
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incorporated herein by reference. The motion sxgnal M produced by the length calculation

circuit 45 is applied to a chrominance processing section C (not shown) and to a series
connection of an upsampler 47 and a conversion circuit 49 to obtain the control signal for the
“attenuator 35. As the chrominance signals have been sampled at a sampling rate which is
25 lower than the sampling rate used for the luminance signal, the upsampler 47 is required to -
produce a luminance processing control signal on the basis of chrominance signals. The
conversjon circuit 49 calculates a attenuation control signal having, for example, five-levels,

on the basis of the upsam_pied motion signal.

30 . Fig. 4 shows an embodiment of a chrominance-ﬁotioh—adaptive luminance
filter in accordance with the present invention. In this embodiment, many elements of the
circuit of Fig. 3 are used so that only little additional hardware is required to implement the
present invention. It appeared to be necessary to augment the circuit of Fig. 3, which was

* already supposed to produce a cross-luminance-free luminance signal both in the presence



al ready supposed to produce’a cross-|uninance-free”lun nance signal, both in
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PCT/ 1 B95/ 00353 4 and in the absence of notion in chrom nance conponents, by

addi tional elenents to reduce cross-lunijpance in view of the follow ng
observations. In the PALplus system notion-adaptive chrom nance and
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-accordancgﬂvx)n gn aspect, of the present  invention, resjdual: cross- 25
| um nan®& the duminagee sigaal resuit Fha singsignal E&@“&ﬁntaﬁ@hﬂlﬁﬁg‘é ich dgpends on
sat ur at gd 'mGdifatdd appear,
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20 u:ed in current televxsxon receivers are insufficiently precise, so that a cross-luminance __
re sidue mlght be visible in areas with saturawd colors. It appeared that in view of the smallei' |
bi ndwidth of the chrominance signals, no disturbing cross-color resldue was caused by the -
ir ;perfectness of nowadays clock / synchronization concepts

In accordance with an aspect of the present mvenuon, residual cross-
25 luninance components are reduced in those areas of the image in which saturated colors
o« cur and where thus cross-luminance is likely to appear, without affecting the remainder of |
th 2 image. In a chronﬁnaﬁce—moﬁon;adapﬁve luin_inance filter of the type shown in Fig. 3,
th s can be achieved with very little addiﬁonal hardware as is de_monstrated. in Fig. 4. In |
a¢ dition to the elements shown in Fig. 3, multiplexers 51, 53 ate inéerted before th'e length
30 ¢ lculation circuit 45 so as to allow the length calculation circuit 45 to determine a saturétion_
sijnal S, i.e. the "length” of an intra-frame avexjagéd chroniinanc_e component vector in the
sz me way as and in addition to the way in which it determines the "length” of an inter-frame
di ferenced intra-frame averaged chrominance component vector as shown in Fig. 3. A

Cd multiplexer 55 is inserted at thie output of the length calculation circuit 45 S0 as to produce

(



addition to the elenents shdwn in Fig. 3, multiplexers 51, 53 are ipserted
before the ImMsﬁﬂ cal culation ciircuit 45 so as to all ow tiernposgd3ss
cal culation circuit 45 to determne a saturation signal S, i.e. the

"l ength" of an intra-frane averaged chr orTBnance conponent vector in the
same way as and in addition to the way in"which it determ nes :the "l ength"
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in the chfo aaiecrede yency Auminanee signal dboth, whes mptionroccyrsdin the

conver si "51133 ontrol signal gener ator 5
of Fig. %ﬂfﬂﬁcoli‘?c%%@é{sﬁ%ﬁy | nc#al CF)HI' sé%ﬁt able filled with one of
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for use as_high-frequency |lum nance jntra-frame_ average filter 33 in Figs
3 color saturation may be before a reduction of the high-frequency luminance components

20 occurs.

Fig. 5 shows an intra-frame averaging circuit to obtain intra-frame
averaged chrominance components Uy and V,, from the chrominance components U and V,
'respectively, and for use as high-frequency luminance intra-frame average filter 33 in Figs. 3
25 and 4. The circuit input signal is applied to an averager 65 both directly and thru a field (20
ms in PAL) delay 63. An output signal of the averager 65 is applied to one switching contact
~ of a switch 69, while the other switching contact of the switch 69 is coupled to the averager
output thru a field delay 67. The switch 69 is operated at the field rate and furnishes an
intra-frame averaged (IFA) output signal. '
30 ' o
- Fig. 6 shows an mter-frame difference calculatmg circuit for use in
Fxgs 3 and 4 (circuits 41, 43). The mput sxgnal is delayed by a frame (40 ms in PAL) delay
71. A inter-frame difference (IFD) between the input sxgnal and the frame delay output signal
is produced by a subtracter 73.



25 and 4. The circuit input signal is applied to an averager 65 both _
directly amdosbrszra field (20 nms in PAL) delay 63. An out pui»cg/'(mnfh:,gf t he
averager 65 is applied to one sw tching contact of a switch 69, while the
ot her switching contact of the switch 6%is coupled to the averager output
thru a field delay 67. The switch 69 is operated at the field rate and

furnishes an intra- frF"i g,flggqgﬂ@tﬁ@k ofﬁ%%mg%&gﬁ%ﬂoﬁg&}ﬁ% an

inter-franme difference calc ing cilrcul or use
(ci r cui tmihdnceifilter ifilaecondante withacdecond embadimgnbof thefprmt inention.iIn thiSL)
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PCT/ | BODirgHa3 dehton theSIdWiErequendy heminafce<sighal O, 2 Ty m%dxﬁcatxon is based on
chrom nance not i on- adagtlve |l um nance filter in accordance wth a second

enbodi nbiet follpwingeregpgnitions. i nvention. In thi s enbodiient, the-

cross-lum nance reduction filter control signal generator 5' has been made
further dependent on the | owfrequency |um nance signal [err]. This.

nodi fication i s basedt has dppearedfthit residog oreﬁdgmmameis mioke bisibleppandel t hat -

resi dua Ss-| um nance nore vjsihle o a,rk back ound than on _a
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(D) v nbrudagent, beidetberg Topf; 13 teiionsliB.ces berdpsibRd diing e OIBEGE: ¢ ne
| owest k%dﬁmce | evel Lo, and cl is a constant. In equation (1), we do not

yet have the rel ationship between the |uninance voltage |evel Y _and t he
bri ght ness H Thdi-#orech® IhdVBo} 0 cover the transfer function of the (1)

tel evi Siv n_tube and sone |um nance rel ated si gnal processi ng in the
tel evisi Fecei ver |ike blackstretch. 20
15 - : Ho is the subjectively sensed brightness at the lowest lummance level Lo and
. ‘cl is a constant.

I equatxon (1), we do not yet have the relationship between the lummance voltage level Y
a id the brightness H. Therefore we have to cover the transfer function of the television tube
a d some luminance related signal processing in the television receiver like blackstretch,
20 | o o
The transf_er function of input voltage to luminance of a television tube is
g ven by the following formula:

L=c2*E - - - | ' @
~ waere o - |
25 - - . Lis the h.uhinance,

e c2 is a constant,
. ' E is the mput voltage, and
. ~ represents the gamma-factor of a television tube. This gamma-factor v
ty sically has a value between 2.2 and 3.

30
For the sake of sxmphcxty, let’s assume that blackstretch can be modelled
by the following equation: | . - X
Em =.C3 * Ehbg - : : _ ' _ - . (3)

w i€re



The transfer function of | nput voltage to |um nance of a television,tube is

given by thedesshigm ng fornula: L = c2 *[err] PCT/IB95/00353

() where 25 * _ Lis the |um nance, * c2 is a constant,

E is the input voltage, and * [erg] represents the gamma-factor of
a television tube. Th| s gamma-f act or [err?7 typically has a val ue between

can be model eq byER 15*?%??@3&2@@&&% Terr1 2503 gore] oeerreten
(3) where- WO 95¢3Bis5a donstant,

PCT/ | B95/ 00353 7. [EuéJ IS the oqut put voltage | evel, ¢c3 is a constant, *
[err] is the input thegapytxaltage lavel, maddet er ni nes the anount of

-blackstretch. Notepd §dbet | o &ﬁk ﬁﬁtféﬂ&fj

The foll ow ng expression bgsrchitehe su Jecgakve y sensegh% lﬁeogl versus {he

| umi nahce vol tage bewell.results fromthe cascading of bI ackst retch (formula

3), the TV tube (formula 2) and the Wber-Fechner law (fornula 1). 10

H-Ho: c4 * I n(Y/ Yo) (4) where
c4 = bs * [Thé Fllowing expression forhifie issbj éétﬁlew.@rﬂtfd bi-igﬁt)ies%%iﬁﬂ the

br| ghtness at the | owest |um nance vol t age Ievel

i s the i Apminanceveliagedevel results fram dhe caseading nﬁblacksmlb(faunghr%: te TY tube
i nstall e(tfdrﬂmtﬂ@) 4 ﬁﬁ%ﬁc&lﬂéﬂhﬁﬁéﬁuﬁﬁ)?“ |1 valid although

10 H-Ho = c4 *In(Y/Yo) - @
where | | -
. o c4d =bs*y*cl, _ _
. Ho is the subjectively sensed brightness at the lowest luminance vbltage'level
Yo, and | |
15 - Y is the input luminance voltage level.

Note that if no blackstretch is installed in the TV recexver, formula (4) is still vahd although
its obv:ous that c4 has to be changed.

The slope of the curve H versus Y in formula (4) can be interpreted as a
20 measure of amplification of small signal luminance to brightness; This measure of smalil
signal amplification is inversely proportional to the luminance voltage level Y: .'
. dH/Y = oAfY G

The brightness of cross-luminance can be derived using the following
25 reasoning. Let us assume the presence of residual cross-luminance. This can be modelled by
a sine wave with a frequency of about 4.43 MHz and a relatively small amplitude which is
superimposed on the background luminance and some color signal. The subjectively sensed
brightness of the residual cross-luminance is proportional to the measure of color saturation
and inversely propomonal to the luminance voltage level. The brightness of cross-lummance
30 (XL)is given by the followmg equation: : ,
| Byt —c4*Ac/Y*s1n(1*f *t,,,) o (6
where ' |
. " hy is the amplitude of the subjectively sensed brightness of residual cross-
luminance XL, | |



its obvious that c4 has to be changed. The sl ope of the curve H Ver sus Yin
formula (4Weas3i18e7 i nterpreted as a 20 neasure of .anpl ificati,‘_oﬁ[qg; II

signal |um nance to brightness. This nmeasure of small signal anp |IP| Cation
is inversely proportional to the |um nange voltage |level Y. dH dY = c4/Y
(5) The brightness of cross-Ilumi nance can be derived using the follow ng 25

reasoni ng. Let usAgssyAgya r Rfudé can
be nodell ed by a sA?ne vvaveh\?\nv? lgﬁﬁgguencsfg@&ggﬁégﬁaﬂgg%%% é&mﬁ?
relatively small &Tﬁlmeuchfﬂ@cglapgubmw'e@ 43 MHz), bad kgr ound

~ lum nance and so r b ensed bright ness - th
resi dual cross- |ﬂ§7§s§r‘{§glﬁ?§g§§0%%r?%0 §éffe8& gdkigm%“(ﬁ‘m |on

a][ld i nversely promhglsamelfm:m ,tand meugbmtaﬁm?mle:dfmnkevelt The [b“ g]ht nesz

of cr is given e faollow ng equation: [err] = c4 *

Al er rf / i!étg %ﬁ? ﬁr-l%-y f\;' tw?: ive fields is a stochgstrcqvanable The effectiés

viher e [ qrelaly mﬂslstdmmnaﬁm bfméem%foﬁ e :ﬁg&?)ﬁ@@@ﬂ%&@?&ﬂ dRidwh'caasH ©f

resi dual cross- |um nance XL,

PCT/ | |B95/“09¥35‘3 whigls is-determined by ithe irhperfecy smt?ﬂ}am)hseau The fefftet:ﬁwh aéllé)ors
si gna on err i S requency .o e col or
subcarri & ﬁﬁ%%?ﬂ%k&orﬁﬁi# hejrr"%l' W?’e?ﬁﬂ@é‘%@c'ﬂéﬁﬂg pfectiof crossv e
del ay bétmhkmncé.Wwo consecutive fields in the same frane, and the noni nal

vaIu of 20 ms. 5 J[err]Jote that the delay t betweéen two consecutive fields
s a®&tochastic variable. The effective del ay [err] is a function of the -

rms of the noise alth ow.a cerfain I,mum which is
determ ned by the mp‘g)??’g M%ﬁé&y&qh&ﬁng?ﬁag@ C“T’ﬁé’ ?F‘FQCEF’S@“%F@I% yhe 5
not necemmlummapwpﬂepemﬂoﬁMebhacgmmmmCMﬂr aftdié?tﬂ%%raf‘s maski ng {
ef f ect ?f rcross- l.un nance, éo An optinmal strategy in ITB.kI ng t

subj ect brighingss| Q‘HP ¢ ngyer gxgeed om@mma&mmwmeow he
background Ium nFpeeg T Si npgybto I%&F\&/ﬁ x +J 4] e&.ﬁrlght nessm_

anpl i tude never excéed a certain thresho I s s
15 Thae threshold Th should be determined subjectively (once). Equatron (7) can be srmplrﬁed by

u iing the following approximation: o _ .
sin(r *f, *tg) < v *f, *ty : R ()

Using formula (8) in formula (7) leads, with some further srmphﬁcatron, to the followmg
e pression: : 5 o

20 S *Acttg/Y <1 - )
W 1ere

. S=x*f *bs*y/Th

| Optimal control of residual cross-luminance can be achieved by
25 o ntrolling the amplification of high-frequency lurmnance YH Lookmg at formula (9), Y,,
st buld be controlled as follows: . _
Y =Yy * mm(lY/(cs*Ac W) o
E: wation (10) shows how much Y, has to be reduced in order to control the subjectrvely
se 1sed brightness of the cross-luminance XL. _
30 ~Based on the above considerations, those skilled in the art can easrly
- de sign the cross-lummance reduction filter control signal generator 5’ of Fig. 7. The number
A is furnished by the saturation detector 3. The blackstretch control bs and the value of te
~ar: also applied to the cross-luminance reduction filter control signal generator 5°. In one

p1 actical embodiment, a choice is made between four tables, in dependence on two inputs,



¥

[err] <Th => c4 * Alerr]/Y * sin([err]* [err] * [err]). < Th
(7) 15 ' Thewdwsmigml d Th shoul d be determ ned subjectively (GaaRossg3sati on
(7) can be sinplified by using the follow ng approximtion: sin([err] *
flerr] * [err]) < [err] * [err] *[err]

(8) Using fornula (8) in fornula (7) |eads, wi th some further

[S'em:’i } ‘;' © onk liffut tethg! e UA hﬁiﬁhﬁﬂe-‘?élﬂfeﬁi%hﬂﬂty @AY, and the other mptﬁ?)ﬁﬂ%@]g?xese-c .
= [err] relptedrfigurb{tlerr] /Th Opti mal control of residual cross-|uninance
can be achieved by 25 controlling the anplification of hi gh-frequency

| um nance [err] Looking at formula (9), [err] should be controlled as
follows: [err]= [ erFig* 8 shows (! first'modifcation of ke bibek di of Fig. 7. In this
(10) Equatlon 0) shows_how rruch Jerr] has to be reduced in order to
contr @ @Saoecmevbw frequesey| lwningnee eompaonent X has ngbmnn@lhw Kparaty)

Based onj Fbhh mﬁwﬂ? Ig#__éq} I

desi gn théé‘b ros ?Qn nanggrggucé Ion §F§l‘§ir(lyld‘on rol’’signa &8@%&&@&‘3 té
"Fig. 7. wecmmrtw-off ﬂreqxfen?oﬁﬂmdob'ypa‘shﬁlteﬁutdiﬁ'émnﬂfrdﬂi thetsplit frequeney of the
bl ackstretch control ain the value of [err] are also applied to the

cross-lu filter control signal generator 5. In one
practi cal errbodl rrent a choice is made between four tables, in dependence
on two inputs, - -V\D 95/ 31877

PCT/ | 895/ 00353 9 one iFigu® sheivs@ sebend inedification ofl ther klbek digramof Fig. 7.An)this
dth t t b ] ated f h

et modieitcatin i CrOREIiRAS qrdssBiom fer A5 gtepts'oniy afgriallcsoiasl JOSSAIR e

the |ow fafcﬁﬂid%&léoidﬂhﬂ%ﬁ& FEGRABETL. Yhe FaRaiR®e bIRRE ﬁigheﬁeéﬁénéy S6Mpoing

| ow-pass filter 4 fromthe input l'unt nance signal [err]. Hefeby, it has
becone pdasebihe luminasre signalh¥ is thusgrot disterbed hyyh@crossr@mmnqgavdumm ﬁltenng

Fl g o oo bRl Bond il SHULEA%s Sonbediod o BkHLES ety bishipBncs "oy, |
modi fi&athmsphttm&rmos'sﬁmrmqmuoe tltwstuoﬁd splitffilter 32 fanislidsathé Smaﬂlspecm'aft mal |

spectral donmip Y.
P domgtan Y,. around the color subcarrier frequency f,, to the cross-luminance reduction filter

35. A second output of the second split filter 32 furnishes the remainder Y,-Y,. of the high-
- frequency part Y, of the luminance signal Y. An adder 39’ sums the signals. from the cross-
' ldminanc_e reduction filter 35, the_'secoﬁd output of the second split filter 32, and the low-
20 frequency Iuminance component Y;, to furnish the output luminance signal Y,,. A
combinati?n of the implementations of Figs. 8 and 9 is also possible but will not be shown
- here. '

It should be noted that the above-mentioned embodiments illustrate rather
25 than limit the invention, and that those skilled in the art will be able to design many
alternative efnbodiments without departing from the scope of the appended claims. For
example, it is alternatively possible to use a notch filter in the high-frequency luminance path
which is controlled by the control signal from the filter control signal generator 5 of Fig. 1
in a manner corresponding to that shown in Fig. 2 of DE-C-1,908,897 but in dependence on
30 intra-frame averaged chrominance sighal_s in accordance with the teachings of the present
invention.
~ As shown in our previous patent application EP 92.203.451.7 filed on
11.11.92 (Atty. docket PHN 14.266), together with any corresponding applications
incorporated herein by reference, the length calcula_tion_circuit 45 approximates an el}ipse _



around the col or subcarrief frequency [err]. The remmi nder of the .

hi gh- f r eqWe®853188hponent [err] of the lum nance signal Y i sp¢cTBos0e3s3 3
di sturbed by the cross-|unm nance reduction filtering. To this end, a secon

-split filter 32 is connected.to the higtQfrequency |um nance output of 15.

the split filter 31. Afirst. output of the second split filter 32 furnishes

t he sme( adicatingtthe lengdrof the|iaterframieodifféréneed onttframe avaraged chiontifamecy [err]
to the gcross: | unm nance educti:on filter 35 "A second output, of the second
split fileE®OF )ﬁmmﬁé@ﬂﬁe PE Hhiei PIROse| of crossuminance reguctionedflency part
YH of t ) ' dﬁggﬁg atutatich. G | ) 0SS-
| um nanﬁ“&g%@ﬁgﬁuﬁ ﬂigire (\}égﬁ?he secg{r‘? out put’ 1%]{? %gﬂggﬁ?fn‘&gg}ﬁ It Tilter

32, and eraged shromigande; ‘gcton\by & meatangle: wouldoalse:do; fhersaturation signaliSsvoulde

. . : ) . ber i m _ ; ;
i g o 8P 30keaChR Hrw e Aoy B9, P Stk e, G b 2 9804 .

not ed tdwnjtahtmuhiplied byethé absobste valuecdNMEQS In that base] aisteadBfItwo mbltiplexers | i it
t he |nve2% on, .and that those skilled in the art will be able to design . -
many alX iéﬂm pulation cirgyit f2 and ademultiplexer 3ntwadseparaicpaths wauld be -

; T ek - L \ h

T or 3 50RO fof B MEAGY spnpl M Aok Glo B EPsauRiG Wi 8 i B

cont r olo i tength édamﬂaﬂdl\eclfcr:ﬁﬁt. é)fhmme; mwlgsewgb ?mDsgogtl?r glguo{égfgngl ltrﬂ_aﬂtht.he _
man r rr ndai to shown I.Nn . (0] -1, k . bu N

dephaah SR S50 ras, AP e Oree 260 the st ARPROBGAAR L LIRSt o URdce

Wi th t e Raci Gk offthd SPabite DS, (he\caHi ' ifjtOUS |
pat ent aE)pI i’c_:atélhgn EP 927203 g%‘ﬁ ?i'l ed _Onp???ﬁﬁg%ﬂ(d&ﬁu%ﬂogﬁ \eﬁtt’ PHN (
14. 266)u] saropler and conversiom gircuit mayrheneplaged:pplai sesies connectiom of arsinglel Idokrup n
O e 3h 518 Sead-bil§ mémby (péffofiiing the urkibhs'of both E Tength bSE SRt 0353
10 (1 ndh¢ abhvedsibh @irb@ibCina £ upsamplést er -frame differenced intra-frame _
averaged chrom nance "vector") by two straight |ines. For the purpose of

crob%-| um nance redul thimapplication, the natien o lust) basbeanpased (to dodicateirBat i ng
t he satyratid t 'l = f LallE: . ' :
Voot orth ke Blevisif danfni 880 chufin Wi ahitrpPovet i BAEE SR RefiH.
. E hen] bdrffact;rﬂté known PALplusmgﬂ_smlazlko_ lptdvgdqgld wﬁy-lnybtrb.hsmm'l ni Iastﬂ:lﬁiamec?i'atia of
err .Us_a. second constant nultiplie f, abs te valug,o rel. In
et | o i 1ok (EHATGR 10RBaY A 45 19 A5Rlave campabialiey i b, Gurrentf-3 deeer opho
Ci rcui tp/AP t€18¢isidn disinissioh SyStem? This Wite S8HRECHOhE BAEPINE tysteri s completely
20 ir:levant to the present invention. If, as a kind of spin-off of the PALplus developments, the
- P4 Lplus luminance-chrominance separaﬁon techniques (sometimes designated by "motion
ad iptive colour-pius®) will be used to achieve an improved transmission of 4:3 aspect ratio -

P/ L signals, the present invention can be applied to reduce any residual cross-luminance
"co nponents occurring in that adapted 4:3 aspect ratio PAL system as well. The claims
25  shiuld thus not be construed as limited to a true PALplus system with a 16:9 aspect ratio,
bu cover at least any system using the PALplus luminance-chrominance separation
tec 1niques known as a "motion adaptive colour-plus”. |
 While an embodiment in distinct hardware components is shown in the
drz wings, it goes without saying that the invention may .altemét__ively be implemented by
30 me ins of a suitably programmed video si_gnal.proc'e_ssor. While an application of the
inv 2ntion in a PALplus receiver is véry advantageous because little additiona_l hardware is
rec lired, use of . the invlention. is n_ot._limitéd to that application. The claim language

enc ompasses at least all: the ahove-mentioned alternative embodiments.



present, one for the notion Signal Mand another for the saturation._signal
S, each haviwgoes/sgrown | ength calculation circuit. O course, péiiposapisat e
paths for the notion signal Mand the 10 saturation signal S nay al so be
present when the sane approximation of theyellipse is used. Further, in
each of the separate paths, the conmbi nation of a length calculatlon

circuit, uferr] sanple I

connection of a si ngl e T oo -up t’(;aflgrr“e re%gg%%&n‘%%g per orm ngqﬁﬁ’%
f unct i onscarfstrbed hs hhnuﬂgaﬂgtdimual'ﬂwlmwmncuancbm implemienitéd bpmnsnf)haxdwawl t)
and an upsa |l ication, theée., noti

" PAL ! us - CABBrISg VT fitict sgmentee anh bY sirdad of 8lsuiRly RO¢ainiisd SRmer
systemwi th an inproved | uninance-chromni nance separation. In fact, the
known PALplus system.also provides a way to transmt a 16:9 aspect ratio
picture in a letterbox format so as to achieve conpatibility with the
current 4:3 aspect ratio PAL television transm ssion system This latter
aspect of the PALplus systemis conpletely 20 irrelevant to the present
invention. If, as a kind of spin-off of the PALplus devel opnents, the
PALpl us | um nance-chrom nance separation techni ques (sonetines designated
by "motion adaptive col our-plus") wll be used to achi eve an inproved
transm ssion of 4:3 aspect ratio PAL signals, the present invention can be
applied to reduce any residual cross-lum nance co nponents occurring in
that adapted 4:3 aspect ratio PAL systemas well. The clains 25 should
thus not be construed as limted to a true PALplus systemw th a 16:9
aspect ratio, bu cover at |east. any system using the PALpl us

| um nance- chrom nance separation techni ques known as a "notion adaptlve
col our-plus". Wile an enbodi nent in distinct hardware conponents is shown
in the dramﬁngs, it goes without saying that the invention may
alternatively be inplemented by 30 means of a suitably programed video
signal processor. Wile an application of the invention in a PALplus
receiver is very advantageous because little additional hardware is
required, use of the invention is not limted to that .application. The

cl ai m | anguage enconpasses: at Ieast.all t he above-nentioned alternative
enbodi nents. = WD 95/ 31877

PCT/ 1 B95/ 00353 11 In the clains, any reference signs placed betmeen

par ent heses shall not be construed as limting the claim The invention can
be i npl emented by means of hardware conprising several distinct elenents,
and by means of a suitably programed conputer.
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reducti on apparatus, conprising: neans (63-69) coupled to receive

chrom nance signal conponents (U, V) fcyxg furnishing intra-frane averaged.
chrom nance signal conponents [err]; neans (3, 5; 45, 57-61) coupled to
receiv E%fl Intra-frane averaged 5 chrom nance sig err]).
for fugn Ing a cross-|uninance reduction fil ter CH“'IEmMEMﬂHWd means
(1; 31, 35, 39) for filtering a Iuninance signal ([efr]j in depéndénce oi
said cross-lum nance reduction filter control si gnal to produce an out put.
| um nance signal 10 2. : An apparatus as clainmed in claiml,
wherein said cross-lum nance reduction filter control signal furnishing
means (45, 57-61) include neans (45) for calculating a first nunber (S)
indicative of a length of an intra-franme averaged chroni nance vector, and
neans (157-61) for obpaaolérodepead Fis-ta %%f ntrol
signal in 15 de endence on salédﬁtfel rst ﬂ&%%?f&(aﬂcﬁ&ﬂ do‘n{;ﬁ-fsxrfgo
appar atus as cl ai rredmmsCGGaréﬂ)zoumnt@recem@mmce ﬂgnaleuompmeutlcﬂfl,éh

{an! 5 €O Blehhigk' B8 vl Rheld FARIah S el lasbid e VaOE v 30 0f o

l'ength of a chroni namsiastsgeusnsm-a\lpeémed foeRsoBive Bdid inth-flade svidragddat i ng
sai d_cross-|unmi nance. reduction filter cantrol signal in dependence on said

first hFRyeinanes) sigeal components 4., Vo for fumishinga Ceoss-iumainancenreduction filter
nDtlon f er control signal in dependence on said second nunber
c?ﬂé@fhﬁﬁal H!& means (61) for conbining said cross-| uni nance‘

r educt ion filter conmems @t gmaas,am) f@ﬁlﬂlteﬁhgﬁrmmee sighalo(¥ Jdn [epartiehed t er
control Ssa? obt ai n cont 8‘0? for said lumnance filtering.
means (@818 cggrosg unan ‘]?:ll?ef control signal to produce an oytpyt PMS@*‘I

(Y -

10
2. An. apparatus as claimed in claim 1, wherein said cross-luminance
re: .uction filter control signal furnishing means (45, 57-61) include means (45) for calculating
a 1 irst number (S) indicative of a length of an intra-frame averaged chrominance vector, and
© K ans (57-61) for obtaining said cross-luminance reduction filter control signal in |
15 de rendence on said first number (S).

3. ' An apparatus as claimed in claim 2, wherein said cross-luminance
rex uction filter control signal obtaining means (45, 57-61) further include
' " means (41, 43, 51, 53, 45) for calculating a second number (M) indicative
20 of 1lengthofa chrommance-dxfference vector;
" means (57, 59) for calculatmg said cross-luminance reduction ﬁlter
cor trol signal in dependence on said first number (S);
means (47, 49) for calculating a chrominance motion-adaptive filter
cor trol signal.in dependence on said second number (M); and
25 means (61) for combining said cross-luminance reduction filter conti'ol |
sig: al and said chrominance motion-adaptive filter control signal to obtain a control sxgnal
for said luminance ﬁltenng means (31, 35, 39)



13 4. imed in claim1, wherein said.

| um nance fyblgsisHd m#ai ﬂam ﬂl m conpri se neans (31). fPgr ,’N’,ﬁ?l ng
sai d | um nance si gnal * ovv-f requency | um nance signal ([err])
and a high-frequency | unt nance si gnal i?nr means -
(35) .for filteri ng sai d high-frequency I nance signal ([err]) in
dependence on said cross | um nance reduction filter control signal to

obtain afil tered h| g ﬂmwdﬁmﬁr@@nﬂgw&mwmd deminan¢esfiitering

conbi ni ng,%é rf {T'um nance signal ([err]) and said filtered

hi gh-frequenc Fun1 nance 'signal to produce an output |um nance signal
([err]). 10 5. - - means (31)rfor separating saidsluminance gignal (Yg)i intola lowdreguency -
sai d hi gh-f.requency. | nc nal fi nea ((35)- conprise neans |
(35) forp inaks 8 (g’?*ﬁ‘% Sﬁﬁ J&‘&‘f‘ %ﬂ?ﬁ éﬁ?@‘g?gﬁ)gnal ([err]) in .

depengence on sai d CI @fen$ ms)rtaflﬁﬁeﬁ sﬁalmgh fregﬁeae Q&ﬁﬁﬁﬁée SigAdlaly,) ib 6.
“An apparat us as clainmed in claim1 erei n sai cross-|l um nance reduction

filter c W%l%ﬁ‘él F@F&‘h@ﬂ@@ﬁé’ﬁ@%‘m@ﬁ fijter spntroksigeal 49 obtaim 8/ meq B%&hr of

sai d '“%&ﬂ% An apparatus as.clained. in -
~claim1 ereln sal cr%‘gag’- dm nance reduction filter control si gnal '
further depends on a mmans(a%lfatednbmmgtsaid/ldﬁ-&eqiténcyﬂummance signal (Y,) and
appar at us, claijted . in claim]l, wherein said cross-I|un nance - red C
PP ter o Byered Hafifreus dimianén 36ne) to HORRS Ak OUPU LG SEDA (el
appl jgd to 25 the [um nance signal. 9. An appar at us as
claimed in claim1, wherein said cross-lunmnance reduction filter 35 only

affects & smal | frequéﬂcgppamgum Gla;mdrmmlainmcwhemlmsm&lgh-ﬁ‘eqlieney]uency
[err]. &;5? endent rre reducin

cross- | ﬁﬁ’ﬂﬂ% signgh il tF’gﬁ‘% pBFC "Fﬂ?-‘n ?%P?%“ Fagﬁlﬂ?’gi\?er aged
chrom nafigquenty Wﬁﬂlﬁl t(Y,J {rﬁﬂéﬂehdéﬂ%e Qﬁ%@&%@ﬁlﬁﬁnﬁi&%ﬁb@i&%&rg nal

_ conponents” (U,

control mgnal

15 .
6. ~ An apparatus as claimed in claim 1, wherein said cross-luminance
reduction filter control sxgnal further dépehds on a loW—freqnency component Y, of said
luminance signal Y.

20 7. o An apparatus as claimed in claim 1, wherein said cross-luminance

reduction filter control signal further depends on a noise related quantity (t;ﬁ).

8. An apparatus as claimed in claim 1, whérein said cross-luminance
" reduction filter control signal further depends on an amount of blackstretch (bs) applied to
25 the luminance signal.

9. _ An apparatus as claimed in claim 1, wherein said cross-luminance
reduction filter 35 only affects a small frequency region Y, around a color subcarrier
frequency f,..

30 _ _ . _
10. | A color-dependent method of reducing cross-luminance, comprising the
steps of: _ - |
| fumishing ‘intra-frame averaged chrominance signal components (Uy, Vi)
. in dependence on chrominance signal cpmponents U, V);



WO 95/ 31877 : - PCT/ | B35/ 00353
14 furni shmwm9ss1e770ss- | um nance reduction filter control si gralnBo%003s3
dependence [err] u ver aged chrom nance signal conponents
([err]); and f||ter|t lml umumum 4y ([err]) in dependence on said
cross- | um nance reductiioh ffl t'er control 5| gnal to produce an out put-

| um nance signal ([er - 1.Sion. recej

conpri sing a decoder ii'](.)'}rl hdée% ng hém}neag%e \5@3"%@:%&%@&'@0@3}%‘?&? é%ﬂdoﬁncfo
pr oduce cdasaiddinttalframer averaged chrominante signal congonemts (Upd Vj)srhdy means for

di spl aying a col or i e in oonse to’ |d d coded | um nance and
chronmi nance signal s, %"8 f E efice. gn SRid rpssHiymigance

Cr 0SS- | YRR GIEFEIY n%PW ‘ﬁmnﬁ%ﬁ ans (63-69)
coupled to recglve chromance” si gna onents g@?WB'?Efur ni shi ng

intrdframe averaged chrom nance si gnal corrponents ([err]) means (3, 5;
45, 57- ﬁi) coupl ed t ceive sai.d intra-fra averﬁ% C rom na ce, Si gnal

conponents ([err]) f EYIMHF%%?W %4

cont r ol esdoiiea liélevision td proddde dédoded fimingficef drld: élfrbﬁihaﬁcé anﬁm &
([err]) in dependence err]  said cross-lum nance reduction l'ter con

~signal ~ neaps fndisplaying arqelar image i mesponsedoamid decofled luminance and chrommance
s gnals, wherein said decoder includes a color-dependent cross-luminance reduction apparatus

10 v hich comprises:
. means (63-69) coupled to receive chrominance s1gnal components U, V)
fir funushmg intra-frame averaged chrominance slgnal components (U, Via);
means (3, 5; 45, 57-61) coupled to receive said intra-frame averaged

c rrominance signal compenents (Ui, Vi) for furnishing a cross-luminance reduction filter
15 cntrol signal; and - . | _
means (1; 31, 35, 39) for filtering a luminance signal (Y;,) in dependence '
01 said cross-lummance reducnon filter control signal to produce an output Juminance s1gna1

(Lo



