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| NVENTI ON Field of the Invention The present invention relatés to M%ﬂz
qual ity correction circuit for correcting the quality of the ifmges
produced by video equi pnent, such as television receivers, video caneras,
and the like. Descri,ption of Related Art In the NTSC, PAL, an

tel evision signal transm ssion systens, w de-band three pri nmmﬂmm”"mlm
signals, R G and B, are first subjected to gamm correction, Wwhigf.is
necessary to conmpensate for the equi pmentt characteristic at the recelving
end, and are then converted into a | um nance signal Y and col jmmmﬂlmmmmm
signals) R Y and B-Y) or chrom nance signals, | and Q for tr

the bandwi dths being linmted torappuprOrhEt @nbeRTVHR for the *G00002*
color-difference signals or chromnance signals. The gama correction and
color-difference signal bpygfutdhpal. vt cogrpenionmedraiyirthe transmtting
end, however, result in the introduction of nonlinearity in the transmtted
signal, and in the case of a high color saturation i mge, high-frequency
conponent s cont ai ned t her ei BACRGROUNDeOFepHEdus®ENFabinsf act ori |y which
normal |y 2 6 JUN 2002 z should be reproduced conpletely by the | um nance
signal al orEield oof highie wbndentide hi gh-frequency conponent |evel of the

| um nance signal degrades in the high color saturation areas of the imge,
and fine detail sThof piheseont gimaénstenerchnhos be dnsphmaged qsuaflfiitgi ently. |t
is also known that black |evel variations and saturation drops occur in the
hi gh- f r equerroyrecniponedirev ebisfof aohrghtévBothsaguedtiitoncifmipe. immggs
quality correction circuits designed to prevent such i mage quality

degr adat i orrrddidadtie vneideeheasliBnget ossuchn agapaievd skaneaechgpleirsat i on
Lai d- Open No. 64-32588 (1989). Fig..1l shows a block diagramfor the inmage
qual ity corfél@d GPRs ¥t t2f sthosed®Eherein. The |uninance signal Y is
inputted to a high-pass filter 63 and also to a delay circuit 65. The

hi gh-frequency. conponent he Lupipance signal passed through the

hi gh- pass ﬁ%%&§lp 98 ?23&?%a§¢%a$%§b|e gain anplifier 64 whose output
signal is suppli de 6., AL S@rniRRPU .Q:the I i S._the

| um nance signaﬁ§€1§§T§€g%9th%%gbhdﬁﬁegggﬁgy%%?ggagﬁEQS?qggglagggP%GG adds
toget her thg hiidh fSAAUERCY &PAPOBERE QBrEerlrﬁ!%Q?nE@l%'rngl nb8d ,f iRgM the
vari able gain anplifier 64 and the |um nance signal Y delayed through the
delay circu,t 6R) mntheatPutst aseRléect@dtbUgbARACBoSrERAi oK, which is

necessary to compensate for the equipment characteristic at
the receiving end, and are then converted into a luminance
signal Y and color-difference signals, R-Y and B-Y, or
chrominance signals, I and Q, for transmission, the
bandwidths being limited to about 0.5 to 1.5 MHz for the
color-difference signals or chrominance signals.

The gamma correction and color-difference signal
bandwidth limiting performed at the transmitting end,
however, result in the introduction of nonlinearity in the
transmitted signal, and in the case of a high color
saturation image, high-frequency components contained

therein cannot be reproduced satisfactorily which normally



On the other hand, the color-difference signal R Yis inputted to!ﬁi

full -wave rectifier 10, and the full-wave ~ 6 ,~u~ ~~~~ 3 recti d‘m&IZBBZ
difference signal RY is inputted to an adder i.3. Simlarly, the
color-difference signal B-Y is inputted to a full-wave rectifier 12, and
the full-wave rectified color-difference signal B-~Y is inputted to the
adder i3, where the color~difference signal R Y and the color-difference
signal B~Y are added together. The solar density thus detected is outputted
as a color density detection signal which is applied to a control term na
of the variable gain amplifier 64. THe operation of the above imge quality
correction circuit will be described below The |um nance signal Y is
inputted to the high-pass filter 63) where the highfrequency conponent of

t he | um nasbeuld gpal rabpreduepdr acedlahelynput thd domihenvar saphelgain
anplifier 64 The gain of the variable gain anplifier 64 is controlled in
accor dancealgré t hEn cotberdepsdsy tbeckigbnfspguancsucpurerentr davehe adder
13 by detecting the color densiti, Mare specifically, in high color-density
areas, thechnph¢tlieintnenesignrat dedspregsdérethfohlghgnalorssphereased, so
that the gaip with which to anBIify thg hlgh-frequency conponent of _the

| uni nance &t HMAI2T825 net ehRBdiMedRve?Rel §inendpbad d5| Bfdehei epidirad, the

litude of the color density.detectiop, si ' duced that th
Garn wi th SHEED S0 Pyt RELATER. P EQBRHE] CbBmpoRbnt sl S1F8akEsn The

del [ it del t | um ' l,Y .2 6 JUN 2002 4 bef

mpt 11 g AT - Ehr Sk, CB TRAEOGR <" BnaREUBR EERS FERPRANEENEI GRal Y Lo
] B HE Hghet °86, ¥ . e i

o gnal | traee i RSy PEpRORSE: PapPls BEDE HiBh: HEHSRLEEUE ocenti ng

t he highfrfgﬂﬁp YmgPoperent of the lumi nance signal. The adder 66 adds
t oget her the uﬁ%ﬁé%ce signal fed fromthe delay circuit 65 and the inage

qual ity correctj éiwgiiéﬁdcsfpgeib@ﬂ@ii»é@h@sgaiegigﬂphi fbeprf4lnand
outputs the corrected | um nance signal Y . Thus, the Tum nance signal,

out put t ed @sch Nignd guTi QECEL $i goakadatibhis SOnEVLASCLHRE thah Lbeggain of the
hi gh- frequency conponent of the | um nance signal is increased in the high

col or - denstlgseat eias.Jdpen€ot OPatiehit eApptiecst joal LRiY-0sehuld: waxe3peesi fi ed
by the full-wave rectifier circuit 10; when we consider a vector of the

col or - di f fer¥le sikial R-showdheadnpdck udeapfamh@orethefivageugpality
represents the length of the R Y vector. The color-difference signal B-Y is
full -wave geredieh byindiei t ufisobesedrtereinr cTheultmipangadstigpal
anplitude of its output represents the |length of the colordifference signal
B-Y vector! IhelfRHtLefhvieo rechighereed| bt lHerf@Bennd algpatoreydedeputted
fromthe full-wave rectifier circuit 10 and the full-wave rectified

col or di f f &r8ife Sipral By blghuireauenem ¢pRPPaentnatethectvpiBRRERT cui t

12 are avded (quether, |, he. adder 13, A1 LhouoD, e, oyhput sLgngl, of the

variable gain amplifier 64 whose output signal is supplied
to an adder 66. Also inputted to the adder 66 is the
luminance signal Y delayed through the delay circuit 65.
The adder 66 adds together the high-frequency component of
the luminance signal fed from the variable gain amplifier 64
and the luminance signal Y delayed through the delay circuit
65, and outputs a corrected luminance signal Y’.

On the other hand, the color-difference signal R~Y is

inputted to a full-wave rectifier 10, and the full-wave
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2 6 JUN 2pp2 5 length of the resultant of the color- é‘?ference signal RY
and B-Y vectors, the output signal can be regarded, for sinplicity, as
representing the col or density; the colordifference signals have a |arger
anplitude in the high color-density areas and a snaller anplitude in the

| ow col or-density areas. The gain of the variable gain anplifier 64 is
controlled in accordance with the color density detection signal outputted
fromthe adder 13 by detecting the color density. As described above,
according to the prior art imge quality correction circuit) when the
amount of correction is increased for the high-frequency conponent of the
| um nance signal, the anplitu of the high-frequencygomponent of the

| umi nance signal increases in the high col or-dgnsi areas) but in areas
where the hi gh-frequency conponent of g+ tum nance ilgﬁﬁll?s | arge in the
positive side, the anplitu gcef5¥ﬁ% Iunlnanc ssgﬁﬁ al one increases while
t he magni t ude of thdcéﬁSF S|gnals ngsfﬁéﬁ |ncreas§ ﬂlw&ﬂ@:auses col or

dr opout ,égy& pP&g in |nage* degr adat nchdhiat a_saturation drop
IS emaﬁéﬁbated in, & gafﬂbh requen Ye ar tas Bf a hi gpkor 8%t urati on

i mge. Thlslgendﬁhcy IS pargleabéﬁ y pron q&ednﬂ? lt%6as where overshoots
and pmééﬁSots occur.pfkaﬁbrnDre %bgimﬁfﬁl colordenghﬁytgﬁeas t he
S|gnal-to iSetdatio dec%eggﬁses? e the nqiy ea&oﬁponent of(}hﬁ-lunlnance
si gnal 1pEYal so anplb&kéd 6 JUN 20QRDCE That is, as e &fount  of
correctlo q&adne eased in $¥bﬂﬂ color tgégﬁi%ﬁ areas, such probl ens
as poorr&fetai | reg gdect®®n and blaggeleéé? varlatlondgamlﬁg aIIeV|ated
correspo % LRgh§,y DUt this.i anuﬁnYcauses t he Fu(ﬂﬂXQﬁ of |ncre?

sat ur at i drop %g éﬂd¢cﬁ%ﬁadah<nkpyWNQﬁl?ﬁaces a Igntefﬂb he anount of
correctlon be achi gyetls et ef ore, t@ecpﬁﬁ e quality inprovenent
t hat canC%e percgg&gddb}e he eye hq¥ a@ éen satisfactory. Furthernore, in
t he case fxgﬂuy or dens& ybmkﬁﬁa Ion signal produced in tgelpnlor art

i mge qua |ty correggg0ﬁ1C|rCU|t %QeeAnDunt of corrqg;mﬁﬁ i°s not
dlstrlbut%%tappPB riately, bekwéeﬁlvarlous<¥£é359“%% preV|oughy1ﬁ%ted in
the NTSC, "PAL, and giimmﬂ%eleV|S|on §$@W%I systens Q@ch|§ -frequency
conponent gﬁetT%Fbldeo S|g Ioﬁst ransnlttedqby tHg Iunln nq9T8|gnaI al one,
and since the anpl] o4t o of t he dekfi‘tiance S|gn fl coht ihed in ggch
color is differ : the annyaéctﬁ i gh- fr equeacy“tBnponent, reﬁm@ﬂ?&

al so different. Tha{ily, ®The anou gsoﬁlﬁFa frequengyymdhﬁbnent redygtabn
is small |ncamé&§ of ac Iéﬂhuﬂ@ntalnlng a 1&@@F?aﬁﬂﬁhnt of | unhangd
conponent, whi | e { e emount  of hlghtﬁeeﬁﬁ%ncy conRg@eeK éductlon‘%eﬁkﬁrge
in areas of @BV or contabghagta Smal | ng#gkxdﬂ‘ unlnané . Ina
speci fic exanpl e) Jn@ry &R I mage ofv tic blg@otbﬁ i sting of 1Q9% B
signal, the d&H/ATtude of ,tpe Yo nance S|g@aﬁscaﬂ e calcukgk@d £y = 0. 11

T -~ el 19
from t he equaghgn Xpe© ted & 6 JIIN: IR ?eclfxcal



0.30R + 0.59G + 0.11 Bsince R=G- 0 and B = 1. The value is the I
of all the colors in the color bars. It is proven that, in this caégsaJ“Eﬁﬂmz
gain of the high-frequency conponent is reduced to 11% of the gain before
transm ssion at the transmtting end, supposing that y characteristic of
the television picture tube is 2.0. Accordingly, the gain of the

hi gh- frequency conponent drops down to the anplitude ratio of the | um nance
signal. If high frequency conponents are contained in the colors of the

col or bars, the highfrequency conponent in each color drops down to the
ratio shown in Table 1 bel ow. TABLE 1 fked Green Bl ue Magenta Cyan Yel | ow
VWhite 30% 59% 11% 41% 70% 89% 100% Each of the values shown in Table 1
coincides with the LLUde r bk 0, 88etkhe6l ugbnanae shgnghacenbdi née in
each. coIo??£??eth%gg?gaggrgaugﬁéyaggnponent is to be corrected for each
col or, thel@£PAg+g€eS§aLLQ,Ylggbbgfcéb@ghuaﬁnaaﬁﬁcsﬁgﬁahitmrtmhepbbue
color, for~exanple) refuires that the high-frequency conmponent should be
corrected (o the;rakiboqRh1149. ddrrkbtiba phigamlar thexarsle theo output
consideration is given to the anplitude ratio of the |um nance signa

contai ned ip gaehvsphablel fathi ampacforri §4t0 represesitdagedhe héedsl or 2
s JUN 2pp2 a density signal obtained in the prior art exanple needs, to be
di vi ded byrtbgubHpinasapoaegnabf Ther dumsndinsel sd&padnot Ade HAGGT &% which
proposes an exanpl e involving division by the |um nance _signal, but one
short comi ngaeé thietheanphe lsnmihancehesicosd e from dhecdhdy iGidieases
because of the inclusion of a dividing circuit in the el cuﬁ%g irCLgﬁé

Anot her pr eblensbsante tbef émpgef awediddt COT oM iy thfi%lt ™ the
boundari es between colors. Fig. 2 shows how a pringr coloré%éﬁmguéﬁ_

af f ect ed wheniabdel epdinf papdiddedi fal a¢ FEREF 1 BmIHe TUM nance si gnal

and when the high-frequency conponent aof the |um C sigm% iSe&N@nced,
by taking aanam ex&npl eYé'pafrthé‘rsn c?(g’ﬁsﬂ‘é’t"llr{lgarbcfe sslr}L eagls’l ve co‘11 ore bar s,

i.e., gray, red, white, red, and.,black arr ddy thise arplerg{1omateft to
right on tﬁbes&P@éH?ngﬁlngﬁaﬁeqi?olfnéicates the dﬂ%nance s%gnal; dotted

| ines show the contaqurs of the port;j herge i ghi gk eeneyg eahanscenent are
made; 171, % ?Shﬁﬁgi2§F§ufﬁgybfégﬁn+%8gf; 172 is the R Y col or-difference

signal; 1'73 is 0G0| qh J gMel; SAlddddmes 7 areps esents the R primary
col or signéP?rSﬁ e@oﬁ%é% 5 neglshOM/the portions where the highfrequency

correction is e 1R tdie diidance gl l 1707 thefublevaneerstyhliisdA B
C, and Dfromleft to right indicating the waveforns at the respective

col or boun@grk%%-ﬁ%irﬂwthBﬁéﬁﬁﬁﬁiﬁﬁnéﬁgpuﬂt o ghwheequeneynedeEction is
2 6 JUN 2002 9 effective in achieving uniforminmage quality only in the
case of D, vhuttom dfhea nasesl af-dy, f B rande Gighelh gﬁfréhﬁeﬁ&‘?lc’%ﬂjﬁcf" on of
the | um nance signal causes unnatural contours._ A, B, and C are_where the
sl ope is rewer yet thdtivee ottt urd prseen & ghle i?Bgéth?hEhSOFG?difference

signal 172. In A high-frequency correction results in an,unn ral step
fornmed in WbGUdnnru?hﬁwQQkﬂrrﬁ1fﬁ%r%P?ﬁaF§g88?ob'§iéﬁa??l#nw%bgnd C, the

boundary contours which initially were not.present L heoreyense yemage
side are foered Heshlee the Tubt waite HRa &gPSF- ff%gﬁgngg’s¥§galseare

transmtted separately in separate freguen b S. &5 cFORHRUICS 116
further emsasiiZatfH Pt nkthi %??%ﬁuﬁ%gge§8§¥gc??gnlgggtheoluninance si gnal .

As a result, overcorrection tends cur i g 1Ca8& eOfrelcha B eaind
Cpatterns,qﬁiﬁﬂﬁqqﬁfi?ﬂ%ﬁ%}eﬁgﬂagéggggcongggrg. e

color-difference signal R-Y outputted from the full-wave
rectifier circuit 10 and the full-wave rectified color-
difference signal B-Y outputted from the full-wave rectifier
circuit 12 are added together in the adder 13. Although the

output signal of the adder 13 does not become equal to the



There are other problens: in the case of an inage whose overall S/yéﬁhi’o
is low if correctionis nmade neticulously on |ight color portions Nymmz
ratio will further degrade, and furthernore, while the appearance of

wrinkles in the human skin, a light color area, should be reduced to obtain
a pleasing image, if correction is nmade to such light color areas, the

image wi |l appear nore real) making the winkles further noticeable. A
further problemis that, aperture correction is perforned using a separate
circuit, requiring the provision of g Z 6 JUN 2002 to a separate aperture
correction circuit and thus increasing the size of the circuitry,required

to achi eve image inprovenents. SUMVARY OF THE | NVENTI ON An object of the
present iheesthonfisheorpeyitaatanfi trhge cqdari-dyi fdemeasts origaialcR+Y that is
capabl e of mnim zing col or dropout {saturation drop) and S/ N degradation
due to th@n%o%TYi\’?@CgpﬁﬁafFéauéﬁéyuéoﬁﬁéﬁéﬁt cof tige Ne@fnefoe firgnal even
when the apount of correction is increased for the high-frequency conponent
of the | u¥ihRhtelt¥gnaf. rAREEREPLIBEetPeorotng Predseity i fentGdPhs to
provi de an, i page qual it orfection. circuit cgpable aqf drastically
ot ovi ngi HES TRR0E QUERPLS DoV Eofr SGFERG S b i He Biidk | evel

vari ations and poor.detail reprqduction.in hi .Gol or-.density areas. A
Vot per oo Bar- B85 £5 RieakCRAATHCLNA 163 Hirdd (AL 3P e % J

W .
nv S to provide quality

correct | O@oféfga’éﬁsE@?aQLgagf.. 0'%?} pLAg %fprt%%er\)a)fi%%g.%gé%gqx | mge free

from excessive correction or insurfrcient correction ing on colors,

by det eCtérﬁ'ﬂlf‘ffé’l“oétld?ESEEYxtQSEQEHi gporaicgra%ainraewwm the rc%tlicﬂ' of the

I um nance signal contained in each ¢ is considered. A still further
obj ect ofy4hg; by eg€BLLAYRNLE RRANS oL@ pRERVIAIT 13 itFROG A i1ty wyor rection

circuit capable of preventing unnecessary contour enhancenent, and the
resul ti ngdépegeifgathtycdegradahis@my.at the boundary between non
As described above, according to the prior art image

quality correction circuit, when the amount of correction is
increased for the high-frequency component of the luminance
signal, the amplitude of the high-frequency component of the
luminance signal increases in the high color~density areas,
but in areas where the high-frequency component of the
luminance signal is large in the positive side, the ampli-
tude of the luminance signal alone increases while the
magnitude of the color signals does not increase. This
causes color dropout, resulting in image quality degrada-
tion. That is, a saturation drop is exacerbated in the
high-frequency areas of a high color saturation image. This
tendency is particularly pronounced in areas where over-
shoots and preshoots occur. Furthermore, in the high color-

density areas, the signal-to-noise ratio decreases since the

noise component of the luminance signal is also amplified.



2 6 JUN 200Z mcol or and color areas or at the boundary between different

colors, A yet further object of the present invention is to provi c&ﬁaﬂ"ﬁ 2002

image quality correction circuit capable of inproving the SINratio, an

al so capabl e of preventing the i mage appearance degradati on due to

enphasi zed roughness of the human skin, by deliberately reducing the effect

of correction on |low color-density areas. Yet another object of the present

invention is to provide an image quality correction circuit capable of -

acconplishing aperture correction, by executing a certain degree of inmage

quality inprovenent in no-color areas. According to the present invention

there is provided an inmage quality correction circuit which conprises color

density detectindPidad® f &S ddredmaw tcAforcdaing tipn hi yhifrexpasrd in

conmponent extracting ans for extracting a highfrequency conmponent of a

| um nance sitgﬁa#*,lgée \‘Fg’r%ioarbls@'tj’éiaﬁlé’r?plqrfqae?’ RN FaHY ahePesd ract ed

hi gh- freque cy Qqnponent of the |um e skg al in such a manner that the
-84 of

an

gai n t her eof*Si nEFPISSY A ¢ asct & PRSI G580 fgyh) and is

reduced when.the.detected color density.is |lqw and slice circuit for
REvaaT HFRHY 2 1<

sl'ici ng out *HEVSAEST ORI TRARE Y % Yhi M Hhiat st He a
rescri bed val . _The. arder of the  ,vari,able gain anplifier and,the slice
(I?i rcuit nayptgéjléﬁee@‘ero ed‘.ncrefsf)edf SGapretion enaqncgeéé\;(t‘{eeﬁ:‘fae tion,
hi gh-f reque 0 t of . lLum.Ran i lo i s l.nput. intg the var,i able
ga?n arrplqi f iug%i)&la %c%%%t raollllqs}q"péclréf otrq‘ ?reegd%soijﬁ%f t%oerrgé;?%nl o tﬁ'hsét Vit abl e

gai n anpl i f i@k jie$ elgnCr m%fm?,i }t."%dqﬁ.*ﬁéf L0 OF AGNSI S ndrt Wl?{}e My 1S

reduced when it is |low, the anp requency conponent of

| uni nance sib@ngle rWelilv IS & HY @AlLmaARJ ¢ Wik RS 44 £ Qi rfensity
i ncreases. Wien the anplified high-frequency conponent of the |um nance
signal is fed inFarthe sdres din Ald cdde qOIHd oo o tdesi Of dd¥ection
hi gh-frequency conponent of the |um nance signal and the ripple conponent
such as noi ségand pewoheed Aff arhe her ircamaet | indype negalite quoFtd diisowf t he
hi gh-frequency conponent of the |um nance signal are conbined wth the
| um nance sikcgrahiittq dhec@momotted f tdeuseadtcionpliishiaty 4 et cidsutond | appod-t he
| umi nance signal. In high color-density areas, since the |um nance signa
i's correct edrdmity livn betferegin et iomvs ieodivingh t Hes coteoridenky tnotedtr elises, no
col or dropout occurs at the boundaries between colors. Furthernore, renoval
of the ripptéecdFiFbneMALnirsl SEGHE leviricer isndl Is¥skamer Yee not ed
t hat since %he correction is nade using the negative portjons of the
hi gh- f r equeRSFPEOMEERERNCY (INPRIH e G BAE] R Bt § RSB 2t ai |
degradation,are.al l.evi.ated. As. described, since the highfrequency conponent
of theiluniﬁ ncéemﬁi%ﬂnﬁﬂfﬁxfﬁﬁﬂ? oo Sor 8 i P Y %é%a?Tﬁ#%ﬁﬁ%% 5t ghal
IS Str'ppedo?ft%%sluﬁgézﬁggué%g%%ft%ontained in each color is differ-
ent, the amount of high-frequency component reduction is
also different. That is, the amount of high-frequency
component reduction is small in areas of a color containing
a large amount of luminance component, while the amount of
high-frequency component reduction is large in areas of a
color containing a small amount of luminance component. In
a specific example, for an image of monochromatic blue
consisting of 100% B signal, the amplitude of the luminance

signal can be calculated as Y = 0.11 from the equation Y =



positive portions, as well as its ripple conponent such as noise,5§ t he
slice circuit, the anount of correction applied to the | um nance ihdﬂ"quz
be increased wi thout causing S/ N degradation. This further prevents col or
dropout and ot her defects due to overshoots and preshoots on the positive
side of the lum nance signal, and thus mnimzes inmage quality degradation
According to the present invention, there is also provided an imge quality
correction circuit which, in order to obtain a color density detection
signal in which the anplitude ratio of the |lum nance signal contained in
each color is considered, enploys ong of the follow ng three configurations
for the color density detecting neans: the first configuration wherein the
color density detecting nmeans includes _ a nultiplier for performng a

nul tipli cat?éﬁ byQan®FntvePt &l PuRiRSARCE §i §nal O amd B IFow-paddef ivalere the
second configuration wher ei n &Ee color _density detecting neans includes a
maxi mum vif ubb@efBeligatcPicailt £BF QBLELSi G tagi FehoFalbdes f ol tediSr

vect ors where the apount .hi gh-freguency .conponent reduction is |arge;
and the tﬁf?&eﬁoﬁPPgEréPighlﬁhg?EFm gﬁ& 5éﬁ8r%geﬁ et?%§_7§ﬁﬁ9ﬁfqﬁ%ﬂs
i ncludes a blnarXFCLrCU|t ford¥gnY %tkggtkge ggglg%qce s%gnalnynta a binary

form OneBFPPRE Fi #8t ToS8EERAT of TRNPF d ESnERglr &EIFSF S & For the

col or dengjt e i S t ol.or .density ¢ et ected by
26 JUN 20b 201 LR e PRREs B8 b phEEnE R o ¢ R e ot
contai nedyhn £2£0y €0k 8h) ol cBureaByBBL LIUA. 601 O AERY LY 148! &4d Gh 3] onal

for image quality correcFlon can Be obtained. In the first configuration,

by mul tipbyipgeanshADak-6REREFPEPALBHH® 1REpeolhndenrsithe ngiha Jdwert ed
signal, the color density detection signal is corrected to a relatively | ow
|l evel forrgoi@rsrhaMbnguaihanger skdahnance rCHIRONERHe)g e vt @ ohpRlatdyel y

hi gh I evel for colors having a smaller | um nance conponent) thus realizing
t he produeté ovonftainedl on tdhastbyodet o€t the eiodwal blagis ,opthembmgiont r ol  of
the image quality correction. In the second configuration) for a nunber of
vect or s wheegu¢hey appupnbnenthighebcbqoehoy dawpsndetwnr adudtheoratsid ar ge,
signal waveforns are synthesized by taking points where the colors al ong

t he desi gheer yectablei lebelons are at their respective maxi num val ues,

and then, maxi num val ues anong the signal waveforns are detected to obtain
the color density signal for optinmmcontrol of the imge quality
correction. In the third configurat?éﬁ?Etﬂe | um nance signal is converted
into a binary formwith a | ow voltage for image areas of high lumnosity

and a hi gh vol 1ROS fe{»efnagglaa_eaﬁiggxﬂtgw CHENOS yLih QN i INa
correspondi ng [ of the

| um nance signagohas yei toibpe refl getzed, | Fomul tiplgiced by dde pinary

| um nance 7 S—=uH Zoogs—d5—sigral—as—afestt—the—color—density

detection signal is corrected to a relatively~low |level for relatively

| ight colors containing a | arger |um nance conponent) and,to_ a rel atively

high | evel forEaehaefvehy watkesobbeyncant diawilieg la coraidisted o thartdee

conponent) thus realizing the production of a cqlor density detection

si gnal f o#™®btFnden E%h%9o1>fthtﬂhéuiﬂﬂrﬁ@écauali%fvlc&romé@twﬂy istardt- i mage

quality coryection_cjrcujt, according to the inventiqgn) includes a boundary
IS (1f obh? chbhRE PRRE A FPDRETSAt RE 061 GF R ot ect | on

reduction”¢
signal at.the bounda be en_colors. The.col qgr,,density detection signal
detoct ed T tHRCRoT or SHenel by mEaEbRR, RS AIEORY it T ER et ndar y
reduction_cirecyip wh e of e_si |, ar t ect e
anplitudés% n #e%%fgﬁé? %gs?e ggéﬁ’iﬁ%grgzg% ggﬁ fﬁéﬁgﬁgggqﬁgﬁ?ggﬁge t he
effect ofy CORILLL] BfioBRUAEALY o REHVBEN R +et¥a & Gl A, A &asy OF  at
t he boun afr;%?Ji bgltc%l\%lg%ng%f%e_rgnt col org. When tche resulting tg{lggnaa[@{s used as
a new col pro densi tyndehechir98rshgbakxbaplieNBgrR edldilde G TACti SrEitde
effect of image quality correction can be reduced at the boundary between
colors, it& dh@tahpeiedge paLiboss @het hamioladlcedayisgal daireedisd signal
detected by the color density detecting nmeans. This is effective in

al | I evi atédgh t&el ®f obl eMm dhignhatubal ieonboles .considered, the color



Anot her image quality correction circuit, according to 2 6 JUN 2002 16
the invention, includes a small-anplitude renoval circuit for rem@ighgyN
smal | -anplitude portions of the color density detection signal to suppresglmz
the effect of inmage correction in |low color-density areas. In

smal | -anplitude portions of the color density detection signal, its
reference voltage is raised to a | evel higher than the no-col or vol tage

| evel , and the signal portions bel ow t§1e ref erence voltage are renoved. By
perform ng conversion with the reference voltage | evel as the m ni num

val ue, the small anplitude portions are renoved, which has the effect of
prevent i ng dele iayersalgnad Neriornt iion e sitstamt i atdnyp i o dy i e | ow
S/'N i mage, and al so preventing the winkles, stains, etc. on the human skin
from bei ngdeémikiasi bod tared lainfiectnaeg dilgnalnage appearance. Anot her i nage
quality correction circuit, according to the invention, includes an offset
addi ti on neans fIdve raddisngl iz O scohporedrite t et her cotorvidiertsidinp metectamn
signal so that a certain degree of high-frequency correction can be nmade in
no- col or ae&aaPlBy igeialydma aliy igddimet HhOd wifmance csidreaelollort demsi ty
detection signal, a certain degree of highfrequency correction effect can
be obt ai neghiortsemdmigoe fartdels adaRP leeris rigrathet Horranplewitare fipertur e
correction circuit. As described above, since the color density detection
signal is EM&ATId B Neagafy Yanadsofdi ddratitmlihien A @ gfividing it ~N
2002 mthe l,um nance signal contained in each color) no such phe nonena as
excessi ve CarrEdi gﬁ‘ S Fl Tt Tt Tt ect i on - occur depending on

colors, and a pk%%%ﬂé% %8&&525?%4'¥%¥3é¥¥2$¥3é¥“éﬂ£¥¥%tion appearing
unnatural at the boundaries between colors. Fig. 2 shows
how a primary color signal is affected when a color-
difference signal is created from the luminance signal and
when the high-frequency component of the luminance signal is
enhanced, by taking as an example a pattern consisting of
successive color bars, i.e., gray, red, white, red, and
black arranged in this order from left to right on the
screen. Solid line 170 indicates the luminance signal;
dotted lines show the contours of the portions where high-
frequency enhancement are made; 171, 175 indicate the black
level; 172 is the R-Y color-difference signal; 173 is a no-
color level; solid line 174 represents the R primary color
signal; and dotted lines show the portions where the high-
frequency correction is made to the luminance signal 170,
the reference signals A, B, C, and D from left to right
indicating the waveforms at the respective color boundaries.

As can be seen from Fig. 2, high-frequency correction is



The above and further objects and features of the invention wll nore flﬁ| ﬁ/
be apparent fromthe follow ng detail ed description with accorrpanyzﬁgJU 2002
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram
showi ng the configuration of a prior art image quality correction circuit;
Fig. 2 is a waveformdi agram for expl aining problens of the prior art. Fig.
3 is a block diagram showi ng the configuration of an image quality
correction circuit ( a first enbodi ggnt) according to the present
invention; Fig. 4 is a block diagranfshowi ng the configuration of an inage
quality correction signal generator; Figs. 5A - F are waveform di agrans of
si gnal vokfégesivEi da. acBievEngr anwdvemorimadiecagraris tof «silgnaln wald ages when
circuit constants are changed; Figs. 7D - F are waveform di agrans of signal
vol t ages case of D, but in the cases of A, B, and C, the high-

frequency correction of the luminance signal causes

unnatural contours. A, B, and C are where the slope is

reversed between the luminance signal 170 and the color-

difference signal 172. In A, high-frequency correction

results in an unnatural step formed in the rising portion of

the primary color signal. In B and C, the boundary contours

which initially were not present on the reverse image side

are formed because the luminance and color-difference

signals are transmitted separately in separate frequency

bands. These contours are further emphasized by the high-

frequency correction of the luminance signal. As a result,

overcorrection tends to occur in the case of the B and C -

patterns, resulting in overemphasized contours.

There are other problems: in the case of an image whose

overall S/N ratio is low, i1f correction is made meticulously

on light color portions, the S/N ratio will further degrade,

and furthermore, while the appearance of wrinkles in the

human skin, a light color area, should be reduced to obtain

a pleasing image, if correction is made to such light color

areas, the image will appear more real, making the wrinkles

further noticeable.

A further problem is thal aperture correction is per-

formed using a separate circuit, requiring the provision of



when circuit constants are changed; Fig. 8 is a block diagranlshowggp#ymf 0
configuration of an image quality correction circuit (a second enbOdi 2!&
2 6 .1 UN 2002 18 according to the present invention; Fig. 9 is a bl ock
di agram showi ng the configuration of an imge quality correction circuit (a
third enbodi nent) according to the present invention; Fig. 10 is a bl ock
di agram showi ng the configuration of a contour detector; Fig. 11 is a block
di agram showi ng the configuration of an imge quality correction circuit (a
fourth enbodi nent) according to the pnesent invention; Fig. 12 is a bl ock
di agram showi ng the configuration of

a separate aperture correction circuit and thus increasing

the size of the circuitry .required to achieve image im-

provements.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
image quality correction circuit that is capable of mini-
mizing color dropout (saturation drop) ana S/N degradation
due to the positive high~frequency component of the lumi-
nance signal even when the amount of correction is increased
for the high-frequency component of the luminance signal.

Another object of the present invention is to provide
an image quality correction circuit capable of drastically
improving the image quality by correcting such problems as
black level variations and poor detail reproduction in high
color-density areas.

A further object of the present invention is to provide
an image quality correction circuit capable of obtaining a
properly corrected image free from excessive correction or
insufficient correction depending on colors, by detecting a
color density detection signal in which the ratio of the
luminance signal contained in each color is considered.

A still further object of the present invention is to
provide an image quality correction circuit capable of
preventing unnecessary contour enhancement, and the result-

ing image quality degradation, at the boundary between non-



an image quality correction circuit (a fifth enbodi ment) according g@gmmuz
present invention; Fig. 13 is a block diagram show ng the configuration o

an imge quality correction circuit (a sixth enbodi nent) according to the
present invention; Figs. 14A - H are output waveform diagrans for various
parts of a color density detector in the sixth enbodi nent when col or bars

are inputted; Fig. 15 is a block diagram show ng the configuration of a
nodi fi ed exanple of the sixth enbodinment. Fig. 16 is a block diagram

showi ng an alternative con figuration for a high-frequency conponent

detector in the sixth enbodi ment; Fig1117 is a block diagram show ng the
configuration of a color density detector in an inmage quality correction

color and color areas or qt the boundary between different
colors,

A yet further object of the present invention is to
provide an image guality correction circuit capable of
improving the S/N ratio, and also capable of preventing the
image appearance degradation due to emphasized roughness of
the human skin, by deliberately reducing the effect of
correction on low color-density areas.

Yet another object of the present invention is to
provide an image quality correction circuit capable of
accomplishing aperture correction, by executing a certain
degree of image quality improvement in no~color areas.

According to the present invention, there is provided
an image quality correction circuit which comprises color
density detecting means for detecting color density, high-
frequency component extracting means for extracting a high-
frequency component of a luminance signal, a variable gain
amplifier for amplifying the extracted high-~frequency com-
ponent of the luminance signal in such a manner that the
gain thereof is increased when the detected color density is
high, and is reduced when the detected color density is low
and a slice circuit for slicing out the ocutput amplitude of
the variable gain amplifier at a prescribed value. The
order of the variable gain amplifier and the slice circuit

may be reversed.



~ 6 JUN 2pp~ 19 circuit (a seventh enbodi nent) according to the preszent
i nvention; , Fig. 18 is a bl ock diagram showi ng the configuration of a Jlm 200
color density detector in an imge quality correction circuit (an eighth 2
enbodi ment) according to the present invention; Fig. 19 is a diagram
showi ng vector orientations where conponent signals in the color density
detector of the eighth enbodi nent are at their maxi num val ues; Figs. 20A -
D are out put waveform diagrans for various parts of the color density
detector in the eighth enbodi nent when color bars are inputted; Fig. 21 is
a circuit diagramshow ng the confi ggr ation of a maxi mum val ue detection
circuit; Fig. 22 is a block diagram I%ovm' ng the configuration of
When the extracted high-frequency component of the

Iuminance signal is input into the variable gain amplifier,

and control is performed so that the gain of the variable

gain amplifier is increased when the detected color density

is high, and is reduced when it is low, the amplified high-

frequency component of the luminance signal will have a

greater amplitude as the color density increases. When the

amplified high-frequency component of the luminance signal

is fed into the slice circuit, the positive portions of the

high-frequency component of the luminance signal and the

ripple component such as noise are removed. After the

removal, the negative portions of the high-frequency

component of the luminance signal are combined with the

luminance signal to be corrected, thus accomplishing the

correction of the luminance signal. In high color-density

areas, since the luminance signal is corrected only in the

direction in which the color density increases, no color

dropout occurs at the boundaries between colors. Further-

more, removal of the ripple component improves the S/N

ratio. It will further be noted that since the correction

is made using the negative portions of the high-frequency

component, the problems of black level variations and detail

degradation are alleviated. As described, since the high-

frequency component of the luminance signal to be used for

correction of the luminance signal is stripped of its



a color density detector in an imge quality correction circuit (a ninth
enbodi nent) according to the present in vention; Fig. 23 is a di a&rgrqqu 2002
showi ng vector orientations where conponent signals in the color sity
detector of the ninth enbodi ment are at their maxi numval ues; Figs. 24A - E
are output waveform di agrans for various parts of the color density

detector in the ninth enbodi nent when color bars are inputted; Fig. 25 is a
bl ock di agram showi ng the configuration of 2 6 JUN ~p~ 20 a color density
detector in an inage quality correctiﬁp circuit (a 10th enbodi nent)
according to the present inven tion;

positive portions, as well‘as its ripple component such as
noise, by the slice circuit, the amount of correction
applied to the luminance signal can be increased without
causing S/N degradation. This further prevents color
dropout and other defects due to overshoots and preshoots on
the positive side of the luminance signal, and thus
minimizes image quality degradation.

According to the present invention, there is also
provided an image quality correction circuit which, in order
to obtain a color density detection signal in which the
amplitude ratio of the luminance signal contained in each
color is considered, employs one of the following three
configurations for the color density detecting means: the
first configuration wherein the color density detecting
means includes a multiplier for performing a multiplication
by an inverted luminance signal, and a low-pass filter; the
second configuration wherein the color density detecting
means includes a maximum value detection circuit for detect-
ing maximum values for color vectors where the amount of
high~frequency component reduction is large; and the third
configuration wherein the color density detecting means
includes a binary circuit for converting the luminance
signal into a binary form. One of the first, second, or
third configuration is employed for the color density

detecting means so that the color density can be detected by



Fig. 26 is a diagramshow ng vector orientations where conponent signals in
the color density detector of the 10th enbodi ment are at their maZﬁrrJHN 2002
val ues; Figs. 27A - E are output waveform di agrans for various parts of the
color density detector in the 10th enbodi nent when col or bars are inputted;
Fig. 28 is a block diagram show ng the configuration of a color density
detector in an image quality correction cir cuit (an 11th enbodi ment)
according to the present inven tion; Figs. 29A - D are output waveform
di agrans for various parts of the col 3f density detector in the 11lth
enbodi nent when color bars are input; Fig. 30 is a block diagram show ng
the configuration of a color density detector in an inage qualit

r

correcti orf§i¢eq1ng athot amehbbdfeertf1acebr BPRgltBiprace éééﬁﬁ{i nventi on;

Fig. 31 is a block. djagram show n he configuration of
g contained {ngeach co or? g.e., an gpt?mum color density

detection signal for image quality correction can be
obtained.

In the first configuration, by multiplying a signal
corresponding to the color density by the inverted signal,
the color density detection signal is corrected to a
relatively low level for colors having a larger luminance
component, and to a relatively high level for colors having
a smaller luminance component, thus realizing the production
of a color density detection signal for optimum control of
the image quality correction. In the second configuration,
for a number of vectors where the amount of high-frequency
component reduction is large, signal waveforms are synthe-
sized by taking points where the colors along the designated
vector directions are at their respective maximum values,
and then, maximum values among the signal waveforms are
detected to obtain the color density signal for optimum
control of the image quality correction. 1In the third
configuration, the luminance signal is converted into a
binary form with a low voltage for image areas of high
luminosity and a high voltage for image areas of low
luminosity, and a signal corresponding to the color density,
in which the amplitude ratio of the luminance signal has yet

to be reflected, is multiplied by the binary luminance



an image quality correction circuit (a 13th enbodi nent) according ¢ W]ZUUZ
present invention; Fig. 32 is a block diagram show ng the configuration o
a nodified exanple of a color density detector of the 13th enbodi nent; 2
6 JUN 2002 21 Fig. 33 is a block diagram show ng the configuration of
anot her nodified exanple of the color density detector of the 13th
enbodi nent; Fig. 34 is a block diagram show ng the configuration of a
nodi fied exanple of the first enbodinment; Fig. 35 is a block diagram
showi ng the configuration of a nodifie@lexanple of the sixth enbodi nent;
Fig. 36 is a block diagram showi ng the configuration of an image quality
correction circuit (a 14th enbodi nent)
signal; as a result, the color density detection signal is
corrected to a relatively low level for relatively light
colors containing a larger luminance component, and.tq a
relatively high level for relatively dark colors containing
2 smaller luminance component, thus realizing the production
of a color density detection signal for optimum control of
the image quality correction.

Another image quality correction circuit, according to
the invention, includes a boundary reduction circuit for
reducing the amplitude of the color density detection signal
at the boundary between colors. The color density detection
signal detected by the color density detecting means is
supplied to the boundary reduction circuit where the edges
of the signal are detected and the amplitude of the signal
is reduced in areas near the edges to reduce the effect of
correction at the boundary between no-color and color areas
or at the boundary between different colors. When the
resulting signal is used as a new color density detection
signal for image quality correction, the effect of image
guality correction can be reduced at the boundary between
colors, i.e., at the edge portions of the color density
detection signal detected by the color density detecting
means. This is effective in alleviating the problem of

unnatural contours.

Another image guality correction circuit, according to



according to the present invention; Fig. 37 is a block diagram sw ng the
configuration of a nodified exanple of the 14th enbodi nent; Fig. J&‘?ﬂﬂz
wavef or m di agram showi ng si gnal waveforns at various portions of the
circuit shown in Fig. 3 7; Fig. 39 is a block diagram show ng the
configuration of an inmage quality correction circuit (a 15th enbodi nent)
according to the present invention; Fig. 40 is a waveform di agram show ng
si gnal waveforns at various portions I the circuit shown in Fig. 39; Fig.
41 is a block diagram showi ng the configuration of an imge quality
correction circuit (a 16th enbodi nent) according to the present invention;
Fig. 42 is a circuit diagramshow ng the configuration of a small-anplitude
renoval circuit; Fig. 43 is a signal waveform di agramfor explaining the
the invention, includes a small-amplitude removal circuit

for removing small—amplituée portions of the color density
detection signal to suppress the effect of image correction
in low color-density areas. In small-amplitude portions of
the color density detection signal, its reference voltage is
raised to a level higher than the no-color voltage level,
and the signal portions below the reference voltage are
removed. By performing conversion with the reference
voltage level as the minimum value, the small amplitude
portions are removed, which has the effect of preventing the
overall S/N perception from substantially dropping in a low
S/N image, and also preventing the wrinkles, stains, etc. on
the human skin from being emphasized and affecting the image
appearance.

Another image quality correction circuit, according to
the invention, includes an offset addition means for adding
a DC component to the color density detection signal so that
a certain degree of high~frequency correction can be made in
no-color areas. By deliberately adding the DC offset to the
color density detection signal, a certain degree of high-
frequency correction effect can be obtained in no-color
areas, thus serving the function of an aperture correction
circuit.

As described above, since the color density detection

signal is created by taking into consideration the ratio of



2 6 JUN Zpp~ 22 operation of the small-anplitude renoval circuit '
Fig. 42; Fig. 44 is a block diagramshow ng the configuration of zsmﬂmﬂz

quality correction circuit (a 17th enbodi nent) according to the present
invention; and Fig. 45 is a signal waveform diagramfor explaining the
operation of an offset addition circuit shown in Fig. 44. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The present invention will be described in detai
bel ow with reference to the drawings illustrating the preferred

enbodi nents. (Enbodiment 1) Fig. 3 ist’a bl ock di agram showi ng the
configuration of an inmage quality correction circuit according to one
enbodi nent (a first enbodi nent) of the present invention. A |lum nance
signal Y is applied to a negative termnal - of a subtractor 4 through a

| ow-frequency pass filter 2 (hereinafter called the |owpass filter). The
| um nancetlé¢ ghahiXanseaksgnehpobhedinedaidekayhcicodwirt, 3ot BuehgphsH ch t he
signal is supplied to an adder 7 as well as to the subtractor 4. An out put
signal froome¢ehe ssbexaeseivéd ceorsepplicedoas iasuiffigtiteed tcoraecarioabl € gain
anplifier 5 whose output signal is fed to a slice circuit 6. An output

si gnal fronewhedspbéneinireni cofloriss sngphki edope rillye cadderc tzd Thesadder 7
outputs a corrected | um nance signal Y'. 2 6 JUN 2p0 23 On the other
hand, a chrbaapeeasngdal | is inputted to an

The above and further objects and features of the
invention will more fully be apparent from the following

detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration of
a prior art image quality correction circuit; .

Fig. 2 is a waveform diagram for explaining problems of
the prior art.

Fig. 3 is a block diagram showing the configuration of
an image gquality correction circuit ( a first embodiment)
according to the present invention;

Fig. 4 is a block diagram showing the configuration of
an image quality correction signal generator;

Figs. BA - F are waveform diagrams of signal voltages;

Figs. 6D - F are waveform diagrams of signal voltages
when circuit constants are changed;

Figs. 7D - F are waveform diagrams of signal voltages
when circuit constants are changed;

Fig. 8 is a block diagram showing the configuration of

an image quality correction circuit (a second embodiment)



adder 13 through a full-wave rectifier 10, while a chrom nance signal Qis
inputted to the adder 13 through a fullwave rectifier 12. An Othaﬁ suuhgnn
fromthe adder 13 is applied to a control term nal of the variable gain
anplifier 5. Nere, the chrom nance signals, | and Q are inputted after a
delay of a predetermned tinme so that they are in phase with the out put
signal fromthe subtractor 4 when fed into the variable gain anplifier 5.
The subtractor 4, the variable gain anplifier 5 the slice circuit 6, and
the adder 7 together constitute an inmage quality correction signal

generator 14 for generating the corregged |um nance signal Y . The
operation of the above-configured inmage quality correction circuit wll be

descri bed helowidfhers thee | prddance; st&mgdon; is inputted to the | ow pass
filter 2 and the delay circuit 3, the lowpass filter 2 with a prescribed

hi gh frequency wig ofd thad asi@iit SdiLgtLRNSHBY Sn@Nt e acb ELBAYEBEY of
conponent 16 of the |lum nance signal. The delay circuit 3 outputs a

| um nance i gnlgel mudl it pusdrve del @y ¢ hvtuit s(phesergoenbbdesenwtdh the
phase of the | owfrequency conponent of the |um nance signal passed through
t he | ow passsdnditry th tHempresenteisvditactipr 4, the | owf requency
conponent 16 of the |lum nance signal fed fromthe |owpass filter 2 is
subtracted fromighe 1UnimandelasiigndlagdBam Shew it Zhe2c@dfwbuchtienfed from
the delay circuit 3 and contains the high frequency conponent; as a,result,
only the R glerftraagquetetectorponent of the | umi nance signal is output from
the subtractor 4. The variable gain anplifier 5 as wll be described in
detail later, & filesiame hiaghk f¢ieagesr yskonposichbe otonfiégshoathancef
signal in accordance with the anpljtude of a color density detection signal
26 out put B&d iMAGR 192 kiddercomX e gl festiTHel spkri feenthyembadipeptis
performed for anplification so that, the gain is increased in high

col or- den?ict";?rgirléiﬁs thdhs IRERRAEY }l'hv*f’b’g\}%”l or-density areas. The

hi gh-f requency ain. _correl.ated

t of .t-he.lum i | ith its.
to the col or dgﬁg?;./lnzg;}lﬁ (r)\ae ti)e?re(il%g lean Igﬁlc“g sal nf'f$ e%%,cil”§§?gﬂﬁ?fé8nt 8%t he

slice cirguit. t.hqse i of ; . hi gh- e nt of the
| um nance%gll glr?galé@mh ‘%hhg%f:ece%éép?%b:%r%)b%%?bgl g% g§§9§u5ﬁ§9§9mgﬁg§ renovi ng
the positigke RAHONS B Waldsast thgrddPpdg; conponent such as noise, from
t he hi gh-frequency conponent, and the inage quality correction signal
results. The image qualid Ya BIdAEtd g Sdgethowih PUEhedcbhomylibatsbhcer
circuit 6 is added in the adder 7 to the |lum nance signal to be corrected)
i.e., theahnhurimaarce wilgratl canted thidg dhecld ght 4 retehcymboapasan) and

del ayed through the delay circuit 3. The adder 7 outputs the result as the
corr ect ed acgmwinddmee tai gried Pfesent? BiJdIN 2OO2 25 On the other hand, the
chrom nance signal | is fullwave rectified by the full-wave rectifier 10
and inputted tdigfe ddder 1B amshidutRtle wivonenandkbagrgnal fori sarabuswave
rectified by the full-wave rectifier 12 and inputted to the adder 13. The
ful | - wavePRads Pifed® QR loH miansd o7 giptectoantr G e es bbb derbgdimeptin t he
adder 13, ich then outsputs t he COle(I)EL' density detection signal 26

cor r espondPfig €8 1e Péd0r TerddiRYL i s col or density detection signal,

whose anplitude.increases as .the cplor_density.increases and decreases as
the density de?rléa'selgsjle % auzbeld’ctq{o cloar‘érf%"ll ?S}h%‘yb%$ n{}(’)‘? ?ﬂ@%é‘r"?%gﬁgnggi n

anplifier a5inotd*1§*ﬁeid3’e>{anbn§>1%”pdé tﬁqlcge é){xgmee%wielﬁé@gyency conmponent of the

| um nance si gnal "that variabl'e gain anp outputs is increased in
high color-densi;ty ar€as anq, i GAUGEDH NSAOM £9! 04 - 480SHhY 80838 on-
Col or-di ffer enceltgsi gnals R Y and B-Y may be usedgi nst ead of t%e cthn‘i nance
signals | rapd @k ilo®SRESt iVelideh-frequency component detector in the

sixth embodiment;

Fig. 17 is a block diagram showing the configuration of

a color density detector in an image quality correction



Fig. 4 is a circuit diagramshow ng the configuration of one examgppe
image quality correction signal generator 14. Power supply Vis Q?Gu4@8dﬂﬁ?

through a series circuit consisting of a resistor 33, a transistor 32) a
transistor 23, a transistor 17, and a constant current source 19, and is

al so grounded through a series circuit consisting of a resistor 29, a
transistor 28) a transistor 24, a transistor 18) and a constant current
source 20. The ~ 6 JUH 200Z 26 base and collector of the transistor 32
are connected together, and the base d®d collector of the transistor 28 are
al so connected together. The collector of the transistor 23 is connected to
the CO"ee&gEu% (38 slehANRIS et ZAme Y ) eact&?r Fg @EL sistor 25
is connected to the emtter of a tran3|stor urt her, t e co ector of
the transigl,@ht24ni;s connected to the collector of a transistor 22 whose
emitter is in turn connected to the emitter of the transistor 23. The bases
of the transistges 23 ard 24 1ack @AWYtk NESING G cannealad fa, tde
positive term nal of a constant voltage source 27 whose negative ternina

i's groundgdcolbe Bameiafy ideelcrtansiist @n Amdde cMECEddrddEidase of the
transi stor 22. The emtter of the transistor 17 is connected to the emtter
of the transcatiar (28 ¢izghth esiteidimebhd ) Buusord g ttandistmrest and 23
forma differential anplifier) and the transistors 24 and 25 also forma

di fferent habeatpbnf;ier. Further, the transistors 17 and 18 forma
differential anplifier. The power supply V is grounded through a series
circuit consisfFigg AP dsresiditagradb sh@wiransiesttorr 3 ientatanmstwhe36, and
a resistor 37, and is also grounded through a series circuit consisting of
a const antopgerpent ségmed s4Gn dher mediont clergitarde tegtext sabrtizs. A
transistor 34 is connected in parallel to the 2 6 JUN 2002 27 transistor
30 whose Bagbthseabrddmead g 19 Bded oMmaHid4n afal W@ or 28 and is grounded

via a capacitor 31. The base ) .
Figs. 20A - D are output waveform diagrams for various

parts of the color density detector in the eighth embodiment
when color bars are inputted;

Fig. 21 is a circuit diagram showing the configuration
of a maximum value detection circuit;

Fig. 22 is a block diagram showing the configuration of
a color density detector in an image quality correction
circuit (a ninth embodiment) according to the present in-
vention;

Fig. 23 is a diagram showing vector orientations where
component signals in the color density detector of the ninth
embodiment are at their maximum values;

Figs. 24A - E are output waveform diagrams for various
parts of the color density detector in the ninth embodiment
when color bars are inputted;

Fig. 25 is a block diagram showing the configuration of



of the transistor 34 is connected to the base of the transistor 32, so that
the transistors 32 and 34 forma mrror circuit. Simlarly, the ba %oﬂ[mhmm
transi stor 36, which is connected to its collector, is connected to the
base of the transistor 38, also formng a mrror circuit. A node between
the constant current source 40 and the transistor 38 is connected to the
base of the transistor 17 via a resistor 41 which acts as the load for the
transi stor 38. The color density detection signal 26 outputted fromthe
adder 13 (Fig. 3) is applied to the bases of the transistors 22 and 25. The
transistor 17 is supplied at its base2Bith a voltage V.1, that represents
the Ium nance signal 15 containing the high-frequency conponent outputted
fromthe del.ayo& 'eWdi 3 ({[{d1@ctdr & d rasd St ' OS]!JX%)% at its
base wit hqacvolot age Vl,t:lfy that repr elseﬁat{: %%uﬁ%%ﬁ%%sgi gha Jé%gn consi sting
of the | owifrc@queney 10 A iR tad SrPimd heo | Ove Passsdhd tBiven{ Fi 9.
3). The image quality correction signal, which is outputted fromthe node
bet ween t hdo@mgnst ant current source 40 and the transistor 38, and the

| um nance signal 15 containing the high-frequency conmponent, which is

out put through Rilge r2ésiist e dilsg e steringeds ¢ oget her i ¢t Pt Dehue ewlidiee
corrected | um nance signal Y'. 2 6 JUH 2p02 Za The transistor 28, the
resi stor 29ompohentr arigrstley 30, thehe dapacidaroyi @, dettectomns stloe B2tht he
resistor 33, the transistor 34, and the resistor 35 together constitute the
slice ciremboddmefite aresiagt driee 120 marxd 881 arael wdosen to have the sane

resi stance value, and the resistance value of the resistor 33 is chosen to
be slightly snélilgsr t2adn t e ansdiostaue] wess farmhodi agiramrs ofox hea¥ 88Ut or s
29 and 35. Further, the resistors 39 and 37 are chosen to have_ the sane

resi st anc®@aF&Suel the ot deeivial e et He Yesthe olOt smbedheeel by R2.

The oper at E}on of .t he babove i mage utal jty correction signal generator 14
wi Il be d¥8ER 584 °BelPRES (Bde it pé%? nt a differential current

proportional tq.a vgltage di.fferential, VY.- V~rl, ,such that i -.(VY
VYL)/ R1, wher e%ﬁ%'i 28t hlgs raesblls Cakn(:dtelaL aIiaume ot°Tht rfé}é? S %r%p]zéiljr%lﬁg% ?ﬁe

vol tage of, L9 lgganas Siediale ks GONhAI I Wk PGP fEsaeney, copponent

and being applied to the base of the transistor e

| owfrequengy l(WH NaRGe HyBineft )Staréd%%ﬁrﬁg dd1e i g%r—ég@rqyeme&orrponent
and being applied to the base of the transistor 18 w suppose that the

differenticabngurrent i is flowing fromthe emtter of the transistor 17
toward the emtter of the transistor 18 in the differential anplifier
fornmed from t heilgean®idst or © hrandithhit Iwavdicrsidiwd s fdr weacbDossder
that the collecfor current of the transistor 17 is approximately equal to
2 6 JUN 2082t290f the color density detector in the 11th embodiment
when color bars are input;
Fig. 30 is a block diagram showing the configuration of
a color density detector in an image quality correction cir-
cuit (a 12th embodiment) according to the present invention;
Fig. 31 is a block diagram showing the configuration of
an image quality correction circuit (a 13th embodiment)
according to the present invention;
Fig. 32 is a block diagram showing the configuration of

a modified example of a color density detector of the 13th

embodiment;



the emtter current, the collector current can be considered to begsqggu 2002
lo + i which is the sumof the current o that the constant current supply
19 flows to ground and the differential current i. Simlarly, if we
consider that the collector current of the transistor 18 is approxi mately
equal to the emtter current, the collector current can be considered to be
equal to lo - i which is the difference between the current lo that the
constant current source 20 flows to ground and the differential current i.
Therefore) the differential current i Zorresponds to the high-frequency
conponent of the |lum nance signal. Further, in connection with the voltage
differential V¥R .bétdvden & hel adf eliermmv gliageng higte tden Lonstantovob £ age
source 27 applies to the bases of the transistors 23 and 24 and the voltage
(i ncl udi ngnolidelri as)d idfi achexooimdre dghdittey alelartdars siyndd t @6t enreBspondi ng
to the color density and applied to'the bases of the transistors 22 and 25,
a vol t agether 18dbt eoiboidignemie gain in accordance with the density of a
specific color is applied to the differential anplifier formed fromthe
transi stors 22Fdfd 23 drid i@ ato dip@ Th™ rturingl thmptenf Bsurat hew ¢fom
the transistors 24 and 25.  First, we will descrjbe the operation of the

di f f er ent PaPoSddied &xamdrifed rdid dhd st aer@?%c[Jd?esmzﬁ and 25. It is assuned
here that the cgapacitor, 31 is not ..t 8 JUH 20eZ 3Q connegied in,the
circuit. Wen WeEconsi dér & r?i“’sﬁ?& G R HHe ‘?f%‘?’é‘ﬁﬁ‘é’fa%h‘b’l‘i?fer

formed fromthe_transistors 2 nd 25 _J.,s in.a perfect equilibrium

condi ti on? f“.og.l,fl\e/ I?zx-amé’,lel tol%cgr?ebe'slé{(}ﬁlsie ebroe%'?%tt’ the base-emtter
vol t age VBE24 qf _t hg.tr.ansi st.qr N t ase- epj vol t age
VBE25 of the trgg Si ?’teorl%Zf. %ng)tc%ﬁ&llsasgsr%tq{ﬂa qoo‘ﬁi "E)é;ete}{)zeprce(?sréfeqdé %%%%4@

VBE25 - VBE imag(ellquﬁliﬂl?.%s%otx%ktlti%% UALE L QU redp C@mﬁc%lﬁirﬁéﬂ‘?i stor 24

is approximately equal to the collector current, and |et I's current be

denoted byckE2dingl $8 THRPYSR hal ithendder current of the transistor 25
is approximately equal to the collector current, and let this current be

denoted by | C2B'igl n3trthe sequidliolkikd Wagand tdhywild@d he |SAPr 1gl £t flod B
(2) where ICA and IEA are the collector current and emtter current,
respecti vel sodii fii ke eegumipllieboifuraheonditth embdaimeditf f erenti al vol t age VCLR
if the change is such that VBE24 - VBE - p VBE and VBE25 - VBE + 0 VBE, the
foll owi ng equafisn R8l ds. av@eRefoyBEZS ag BEXRhovw 2@ \\BEEnal @yeftmst he
vol tage differential VCLR, the collector currents of the transistors 24 and
25 change2hsVesliPofis PPC4 ons| @4 thy |c@grcuif phown in Fig. 37;
Fig. 39 is a block diagram showing the configuration of
an image quality correction circuit (a 15th embodiment)
according to the present invention;
Fig. 40 is a waveform diagram showing signal waveforms
at various portiohs of the circuit shown in Fig. 39;
Fig. 41 is a block diagram showing the configuration of
an image quality correction circuit (a 16th embodiment)
according to the present invention;
Fig. 42 is a circuit diagram showing the configuration

of a small-amplitude removal circuit;

Fig. 43 is a signal waveform diagram for explaining the



IC25 - ICA+ OIC... (5 2 6 JUN 2002 31 where DICis the ano Jﬁ“
change of the collector current. On the other hand, the rel ations 2002

between I CA and VBE is expressed as ICA - IEA - IS exp[VBEfh] ... (6) h =
kT/q where IS ... Saturation current = 1 x 10 11A (Approx.) q ... Electron
charge - 1.6 x 10 19C (Approx.) k ... Boltzmann constant = 1.38 x 10 23J/K
(Approx.) T ... Absolute tenperature If the change due to the voltage
differential VCLR is considered, the fspl | ow ng equation is given 1C25 ' |ICA
+ DIC- 1S exp[VBE25/h] ' IS exp[VBE+D VBE/ h] - IS exp[ VBE/ h] exp[ D VBE/ h]

- ICA exp[OVBE/h] ... (7) Considering that D VBEfh < 1, if the above is

approxi mated by the Tayl or expansi on, we have |1 C25 ' | CA expL~ VBE/h] = I CA
[1 + D VBEPSFation gf Fliss S@&ﬁ%@%’lﬁmwdﬁ SERRY D 1 oY ida Thaynve h]
(9) SimJarly 1C4 - ICA- OIC~=1CA[1 - DVBEZh] ... (10) In the
different?&ﬁ'aﬁﬁvifier formed fromthe transistors 24 and 25, the sum of

the emtter current ,[.C24 of ,the.transistor .24 and the emtter current, | C25
of the transis &ﬁ'2§4bé€bﬁb§%&ﬁﬁﬂJi%§ﬁﬁﬂa%ﬂﬁﬂ%ﬂﬁ(ﬁh?nﬁ?Qgﬁg%ﬁaﬁ%ﬁp of

trans'Sto%nlﬁmag%n%%ality correction circuit (a 17th embodiment)
according to the present invention; and
Fig. 45 is a signal waveform diagram for explaining the

operation of an offset addition circuit shown in Fig. 44.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described in detail below
with reference to the drawings illustrating the preferred
embodiments.

(Embodiment 1)

Fig. 3 is a block diagram showing the configuration of
an image quality correction circuit according to one embodi-
ment (a first embodiment) of the present invention. A
luminance signal Y is applied to a negative terminal - of a
subtractor 4 through a low-frequency pass filter 2 (here-
‘inafter called the low-pass filter). The luminance signal Y
is also inputted to a delay circuit 3 through which the
signal is supplied to an adder 7 as well as to the subtrac-
tor 4. An output signal from the subtractor 4 is supplied
as an inputted to a variable gain amplifier 5 whose output
signal is fed to a slice circuit 6. An output signal from
the slice circuit 6 is supplied to the adder 7.

The adder 7 outputs a corrected luminance signal Y’.



z s JUN 2002 32 ICA=1/2 (lo - i) .,. (11) Rearranging for |1C24 116 Iﬁ?m
we have 1C24 - 1/2 (lo - i} [1 - DVBEEh] ... (12) IC25 - 1/2 (lo*®™ i'} i

O VBE/h] ... (13) The differential anplifier formed fromthe transistors 22
and 23 is considered in |like manner, and rearranging for the collector
current 1C22 of the transistor 22 and the collector current |1C23 of the
transi stor 23, we have 1C22 - 1/2 (lo +i) [1 + DVBE/h] ... (14) IC23 -
1/2 (lo+i) [1 - OVBE/h] ... (15) The collector current 1C32 of the
transistor 32 is equal to the sumof 1423 and | C25, and using Equation (3),
Is e:rcpressed as 1C32 - 1C23 +1C25 - 1/2 (lo +i) [1 - D VHE h]

On the other hand, a chrominance signal I is inputted to an
adder 13 through a full~wave rectifier 10, while a chromi-
nance signal Q@ is inputted to the adder 13 through a full-
wave rectifier 12. An output signal from the adder 13 is
applied to a control terminal of the variable gain amplifier
5. Here, the chrominance signals, I and @, are inputted
after a delay of a predetermined time so that they are in
rhase with the output signal from the subtractor 4 when fed
into the variable gain amplifier 5. The subtractor 4, the
variable gain amplifier 5, the slice circuit 6, and the
adder 7 together constitute an image quality correction
signal generator 14 for generating the corrected luminance
signal Y’.

The operation of the above-configured image quality
correction circuit will be described below.

When the luminance signal Y is inputted to the low-pass
filter 2 and the delay circuit 3, the low-pass filter 2 with
a prescribed high frequency cutoff characteristic transmits
only a low-frequency component 16 of the luminance signal.
The delay circuit 3 outputs a luminance signal 15 with such
a delay that its phase coincides with the phase of the low-
frequency component of the luminance signal passed through
the low-pass filter 2. Then, in the subtractor 4, the low-
frequency component 16 of the luminance signal fed from the

low-pass filter 2 is subtracted from the luminance signal 15



+1/2 (lo- i) [1 +p VBEH - 10- DWBEhi - lo- VLR 2h i ... 16
Likewise, if it is assuned that the capacitor 31 is not connected EN 2002
circuit, the collector current 1C28 of the transistor 28 is equal to t

sum of 1C22 and 1C24. Hence 1C23 - 1C22 + 1C24 - 1/2 (lo + i) [1 + p VBE h]
+1/2 (lo- i) [1- DVBEZh] - lo + p VBEEh i - lo + VCLR'2h i ... (17) As
it is, since the capacitor 31 is connected in the circuit 2'6 JUN 2002 33
of Fig. 4, the AC conmponent (VCLR~2h) i in Equation (17) is absorbed into
the ground potential side via the capae#tor 31, and therefore, the
col l ector current of the transistor 28 becones equal to lo. The
transistors, 28 and 30, and the transistors, 32 and 34, are respectively
paired to forma mrror circuit, but since the resistance value of the

resistor 3§h&§h8£gg%hy hQWeR: hehaR ahat; 1chut1bce ¥ el Untddhind hevalitage
applied to the base of the transistor 30 is lower than the bias applied to

the base ofrthgehb@nsbmbenedd; Wben trheuiel,t g8 yarNd ed dio- trheassy of the
transi stor 34 is higher than the vol t age applled to the base of the

transi st or c3flpohbatt ba@Nghst Alamd4aing e0fsfi gnafli chs nrasItt Hatowhdre tdheb-base
voltage of the transistor 34 is approximtely equal to the bias voltage,
the transi stact3d4 #Us | Thieheaofifhbdteatge,insamtpiatf isd mdst =l W itlHe urr ent
flowi ng through the resistor 35 flows into the emtter of the transistor
30. described in detail later, amplifies the high-frequency
component of the luminance signal in accordance with the
amplitude of a color density detection signal 26 outputted
from the adder 13. To describe specifically, control is
performed for amplification so that the gain is increased in
high color-density areas and is reduced in low color-density
areas.
The high-frequency component of the luminance signal,
with its gain correlated to the color density by the vari-
able gain amplifier 5, is inputted to the slice circuit 6
where those portions of the high-frequency component of the
luminance signal which exceed a prescribed value are cut
off, thus removing the positive portions, as well as the
ripple component such as noise, from the high-frequency
component, and the image quality correction signal results.
The image quality correction signal outputted from the slice
circuit 6 is added in the adder 7 to the luminance signal to
be corrected, i.e., the luminance signal containing the
high-frequency component and delayed through the delay

circuit 3. The adder 7 outputs the result as the corrected

luminance signal Y'.



The only tinme that the transistor 34 is turned on is when the vol t a@d JUN 2002
applied to the base of the transistor 34 falls below the voltage applied to
t he base of the transistor 30 because of the AC conponent. If the current
flow ng through the resistor 35 is approximately equal to the current
flowing fromthe interconnected collectors of the transistors 30 and 34
into the collector of the transistor 36, the DC conponent of the current
has precedence 2 6 JUN 2pp~ 34 sinceg as described above,, the voltage
applied to the base of the transistor 50 is lower than the bias applied to
t he base of the transistor 34, and because the resistors 29 and 35 have the
sane resistance val ue, the DC conponent flow ng through the resistor 35 is
equal to lo, so that the DC conponent flowing into the collector of the
transi stor 36 P8 theabther| baniheth€ cbmpanaanckl ewigng li At d st Herldol | ect or
of the transistor 36 is given as -(VCLR~2h)i', which corresponds to the

di f f er enceapet neehifhedDeycbhpohtht ~Wevandeche fdgrr 4t amisati npludte < rtom t he
power supply V.to the emtter of the transistor 34 via the resistor 35 when
the vol t ageeappfredlte VhélBasbeofhrRBiPAARSI $A8n234 Chds falilewagqual to or

bel ow t he vol tage applied to.the base of .the transistqr 30 because of the
AC conpon%ﬁ??l$ﬂF§ Eg EEﬁp%Héi{W?FVCERQQHfFeﬁ &ﬁtﬁ€ds&ﬁ€“§§eﬁhé9Aéhe

t_of the, col]ect t _of .the t istor 32, -(VCLR-2h)i,
cxoopt RGOS pbP ¢ | oRRG 11 L HAF: £ R84S oL B P RABRED S ol i
t the t i st 6.is g | 0 VCLR=2h)i' . The t i St
36 and 38310 T A0AFBr P SEFREE £ kNE PRESFedPer SPGB iR SOTRNIE MIF same
resistancg, 9‘1‘ugengpﬁge{jg{:gct}lch%g%lﬁg&t 9% %%%%{%%o%fdi% € o AR %o‘?%:?gh' >

approxi matel'y equa € CO current’ o e transistor 3

given by 4o sp-R-2h)1s 1he,60LLASE @Y efetteaeai%aazig%taqr, 3Bdss ~ S ~UuN

zooz 35 connected to the constant cufrent source which flows the DC

component o Gyl { €lde | OnE-EALEBCAROVRE SURBY A¥niksQWa' d niche a6Rld @Glor of the
transi stor 38; therefore, the current flowng fromthe collector of the

transi st ddeSBeiovardst bRer @6hsti @ décireagie¥gn iy ug¥aLRo2klontrodi Rk
(VCLR~2h)i' is the current portion of the inmage quality correction signal,
the vol t ageiwfof heheovaethbile! grinanaelsifgeal 5Y thatolitsgi ndek by addi ng t he
correction voltage (VCLR~2h)i'R2, where R2 is the resistance value of the
resi stor amplibtuddeofubhaahtéhsfynahensyt goppovgntectfedhe Ahindmagm#t ai ns
the hi gh-frequency conponent. Fromthe expression (VCLR-2h)i'R2, it can be
seen thats%ﬁéa%:oFg%'étF f veriabéei 248t amRdd IB¢rsPi eutgwse ivol t age
differentjal between the voltage VY of the |um nance signal and the voltage
VYL of t hJen%%??%qh%nm/géoﬁﬁigéﬁﬁeaﬁlttﬁeaffﬁﬁisn&ﬁée 1$i gredaedand thgh

P ARDSLHLL, Rhoderl 9SS ISRRSRRy SRR Tl B Y L0
i||UStraI$gp Mgvgég&HEnggéad of the chrominance signals I and Q,
respectively.
Fig. 4 is a circuit diagram showing the configuration
of one example of the image quality correction signal
generator 14. Power supply V is grounded through a series
circuit consisting of a resistor 33, a transistor 32, a
transistor 23, a transistor 17, and a constant current
source 19, and is also grounded through a series circuit

consisting of a resistor 29, a transistor 28, a transistor

24, a transistor 18, and a constant current source 20. The



various signal voltages, we will describe the operation of the co C
signal generator 14 where the color density detection signal, theer& Jun)%az
hi gh-frequency conponent of the |um nance signal, and the |um nance signal
cont ai ni ng the high-frequency conponent are inputted. rn Fig. 5 the tine
is plotted along the abscissa and the voltage along the ordinate. Fig. 5A
shows the voltage variation of the col or 2 6 JUN Zp~ 36 density detection
signal 26 in the direction of decreasi$ density, with the nunmeral ' 42
indicating the level of the reference voltage of the constant voltage
source 27. Fig'.' 5B shows the voltage variation of the |um nance signal 15
containing the r~igr.-frequency conponent, while Fig. 5C shows the voltage
vari ation &fasgeherndowdleqianc)o L aponeinsls 0ér tIE 4 xd1i damcec sé@nal
stripped of its high-frequency conponent. Further) Fig. 5D shows signal

vol t age vartiogteitdres ,atartchecases ofarndedilbnsi st 58 e atwaddistde hainer al
43 indicating the base voltage variation for the transistor 34 and 44 for

t he transi strer a3Goc Pennaaterdlt e il catBwe thel regppde ednploment, such as
noi se, appearing near the bias areas of the high-frequency conmponent of the
| um nance girgmsliseimdaps ichneas tdae fmstthofcahkeetansitobe 34. Fig. 5E
shows a signal voltage variation at the emtter of the transistor 34; this
AC wavef or mried stiisd oFol4%ag e hidhre fidyam L { iR cof ridet i bvens io¢r #% gis5F shows
the voltage variation of the corrected | um nance signal Y produced by
combi ni ng FRENESEEC ot he Gt tedd dhe IRt 4hal Bonthehi ngbehe

hi ghf r equency conponent. The signal voltage 43 shown in Fig. 5D s produced
by subtracppﬁg}em@Ihiogfh-trhee&dérw-wfpo%fen%%t?wﬁdt%rﬁ%a @ P hhafter
Fig. 5C fromthe highfrequency-containing |umnance signal of Fig. 5B and
then contr 8F ianéréﬁ%lasﬁgﬂq‘l fz% A% ed“a“ltﬁgeo? Y hett SR | TRPREGHRE Lo othe —yN
zoo2 37 in acggrdan e ﬁﬁt t he .c Ioré%fnsity represented by the col or
density dePBtit6R Sitgtde %ﬁsﬁéifr '* The portions where the voltage

| evel of the si | yvaQl ta i §.higher, t h age | evel,of the

si gnal voltage g?l'%sﬁg\%ﬁsl %%Fi‘%,.e é‘lﬁar%ﬁeg.t,o{]%?%o%ﬁl%% %%?t?%‘(‘ri%l,e%re cut

of f in accepdanse Malnll [RAHNUERIA it e I8 {{ ARST SL M Fn 3P §Pd 34

illustrated 'n Fig. 4, as a result of whi'ch the inage quality correction

signal is gbhathed Wei1ahgeorTusice AV Wifsd heeogptd ite PRI A4 PNSs Of the
hi gh-frequency conponent of the |um nance signal, as shown in Fig. 5E The

ri pples, sgebuadedoi S@heaREA idTY v1RArt #dres D 66r P28 ti HNSoBfie & H&d St Nehe
voltage 43 are also cut off. The inmage quality correction signal shown in
Fi g. 5E isbeerbofiedhw tthranfsd sitwm r2encellsd gemad t ishwovef | théi grabfistor ptdduce
the corrected |um nance signal Y shown in Fig. 5F. In the corrected
| um nance sbsgnahn¥cteldowe itheFiegnitBEr tdfe YPositrans porer oh® viathe
hi gh-frequency conponent of the |um nance signal are not anplified, but
only the negaibberpdfti ofbust, tthe Hingrisiesfuare 2 Zonpbrithtfare anplified,
with the ripples such_as noise renoved. Furthernpre, the negative portions
of the |unfhéheEesitdadl 2awd idderoctaed jtheaaccir i ns t 34 t #ed geb ezt dd col or
density. In this enhadi nent, the slice circuit is so constructed as to cut
of f the ri g‘ﬁf‘@sasdeﬁf&§eﬁ&i1§é &SRS t PRI 1 Vi ot TRBRSS BRI hT
hi gh_frequgrqulgo%ggegt dcifffteq'eential amplifier. The power supply V is
grounded through a series circuit consisting of a resistor
35, a transistor 30, a transistor 36, and a resistor 37, and
is also grouﬁded through a series circuit consisting of a
constant current source 40, a transistor 38, and a resistor

39.

A transistor 34 is connected in parallel to the



2 6 JUN 2002 38 luminance signal, but it will be noted that by c@&aJUN 2002
resistance ratio of the resistors 33) 29) and 35) it is possible to change
t he vol tage val ue over which the highfrequency conponent of the |um nance
signal is cut off. Also, if it is desired to cut off only the positive
portions of the high-frequency conponent of the | um nance signal and
correct for the ripples such as noise, the resistors 33) 29) and 35, for
exanpl e, should only be chosen to haveh he sane resistance value. In that
case) the variations of the signal voltages will be as shown in Fig. 6.
Figs. 6D, E and F show the signal voltage variations corresponding to those

shown in RiGssaok£ andifos@nshidie otdinsé 08l tyothagsayaréatiggs are not
shown since they are the sane as those shown in Figs. 5A, B and O

respectivelpandisti9.26Qnd S @dunddd agea 44 Esphbetbaselvol tRgepgtet he
transistor 30 shown in Fig. 4; as shown here, the level of this voltage is
equal to tdre dhias Hrdietht B4 his hasenadtédetbrensi bhos 34. tifke correction
signal shown in Fig. 6E is the sanme as the negative portions extracted from
t he hi ghf raginat conopess tHat hthd wiaeacet s gnad sHOW4 i flofhga 6D.
Furthernore, as can be seen fromFig. 6F, the anount of correction applied
to the | uniinange signalti n soedlakehee Whd hbave 6Dl bhedenshsystan Be, made

| arger than that shown in Fig. 5F) also for the ripple conponents such as
noi se contwdiindd iisn ddrendi gdd freguisn oo Lhapbeent i sf coheet e nbacthe 2 6 JUN
20Q2 39 signal. Fig. 7 shows the waveforns of the various signal voltages
for a casdadse wifi dthe teransistor 383 akeb 3bonmenghaswirrorhavecuht. safe

resi stance value while the resist ante value of the resistor 29 is nade
slightly sisld detviran thhe ioanstantal cyrrert apeerval 4@ srdt kker b5p8rors 33
and 35. Simlarly to the foregoing exanple, Figs. 7D, E and F, correspond
to Figs. SDStommB Bs Grrmesed 6f) tharkete phsphet tvangistes & gharp

vol tage 46 shown in Fig. 7D .indicates the flas ol tage of the trangistor
30, which2 F&sFdhaD 4@@&0%9%‘0%&@%6?? \ ﬁe¥°¥e§gf’ tRanRstRECHi §§-of t he

[ I I 3 lied to the b f th | st 4. Th It i

The waver OFR GRUT 9P Gt OIF VHET Lo L BORT { PUCORBPLEbRG BFoRnEhe
hi gh- f t 1h ' j . b
Ceon i omiChEfoar SACAT 1 Dh +ire T GRS PhEEhalh o B BRECRREH 1 C5ERT, OO

correcti ogappld ot 1o e Lumaancs. Signal cappbeegde LecoBhlel fith a

accordance wt e c Ity, for the negative portions of

hi gh- f req%ﬁ%g%orvgfr@mt Of e \es d A n@s@emﬁlgﬂ@hcangiﬁhw fgr those
portions of the positive portions thereof nearer to the negative portions.

(Enbodi merord)a ifiithg & HS 1 dh OFke i Y AN SPYLEGLT BELHABEEGUEAbMOBKET an
image quality correction circuit according to another enbodi nent (a second
enbodi nentde lefy tdierdquasent(Fiwend ) on.
The transistor 18 is supplied at its base with a

voltage Vy; that represents the luminance signal 16

consisting of the low-frequency component outputted from the

low-pass filter 2 (Fig. 3). The image quality correction

signal, which is outputted from the node between the

constant current source 40 and the transistor 38, and the

luminance signal 15 containing the high-frequency component,

which is output through the resistor 41, are combined

together to produce the corrected luminance signal Y'.



2 6 JUN ~ 40 The lum nance signal Y is inputted to a subtractor 4_through a
| ow-pass filter 2 and also through a series circuit consisting ﬁﬂz
| ow-pass filter-48 and a delay circuit 49. Furthernore, the |um nance
signal Y is inputted to an adder 7 through a delay circuit 3. Tlie | ow pass
filter 48 is chosen to have a higher cut-off frequency than that of the

| ow-pass filter 2. The delay circuit 49 del ays the | um nance signal
inputted to it so that the phase of the | um nance signal passed through the
| ow- pass filter 48 coincides with theghase of the | um nance signal passed
through the Iowpass filter 2. In other respects, the configuration of this
enbodi nent is the sane as that shown in Fig. 3, and the sane conponents are
designated by the same reference nunerals as those Se(kif i n F.isq.orS.aol n the

i mage qual ity ¢Rer eehhenstbrc@Bt ohet mesiskeddiientt et i dFhi"ance <i gnal
supplied through the | owpass filter 2 is s;% tracted in the subtractor 4
fromthe tusi aapaeisbgnal ,t hhe it3apsdsd@rt HroudhSt B 6w pass filter 48

havi ng a hi gher cut-off frequency than the .l qw s fi %A dfat is
del ayed t branghsthe @dlagpnei Lo tre@QrStt(S’ra?lﬁ &?g%gthaeslre Asoi/r%'rc%lrztom zation to

the | um nance signal inputted through the Jow flld &l Sser OES4wd
hi ghf r equeddygeconpondit bof {THE ITFRITLTEE sélggr?a'{%??? t‘#ués obiaihed. This

makes it possible to anplify a designat a qnponent, of u & her | g nance
si gnal i nthecepdgnae Sisttignce- V@C&J@\I f~n‘§f%]{)ﬁ1§d€c&gﬁ or dens‘i/tyu det ecti on
signal. By limting the band in thg high- ety BE Lachdn tthé nanner,
when a careiséstery o ddn& °§eg’h£1° :Dned %hegrftﬁ%lynance signal are separated

fromthe conposite videa signal, C ldapce; stibear 29 esandr 2fuency
conponent ¢ nddieidhiay xier?lt%teaq}cuemvnagir}}éee cgjixgtﬂigfl can be renpved before creating
the correcti signal . Furt r id hont atdechd gbnf teqhaneythangame
limting) FﬂYgﬂ’fﬁdu&%eofret%rgr%{:%oﬁg aép{)vpl)(?i ed to the | um nance si gnal woul d
becore eXCGeSSithearIcOé’ Borld onsrydieresideahecwi nahgce sfghbe thamg gradlupt |y,
and the ré&siits ng 1 mage woul d appear rather unnatural. Limting the

hi gh-freq fandy phe effect of appropriately limting the amount of
correcti olriles’gg%ﬁ I ed tr)@fhe | um nance signal. (Enbodinent 3) Fi g 9 is a

bl ock di agr am spawi gige #4ei 60né £ guhat bbavef imazenaye Lkl FOFTESM EC i on,
circuit according to another enbodinment (a third enbodi nent) of the present
i nvention.gilheal Wénanseosi phaki¥li bej dpaeréBefoPslO¥nt our detector 50. A
contour signal 56 outputted fromthe contour detector S50 is suyppljieddo a
variabl e gain ametifieepbesantiepagédfRaRPHdAce CHTIFRT 57 °P0 so out putt ed
fromthe contour detector 50 but del aye§ to asc%,e\é%al%haiﬁe- s(wnch.r oni zati on
to the comowlsigeafifferpppitted o arl Yadd&M 7. “Th other Teéspects, the

The Lgﬁ;azﬁgbgﬁéh: hils Smbgdi Tent, S LA RAMM AT Y e iedigros, and

21, Vy is the voltage of the luminance signal 15 containing
b

the high-frequency component and being applied to the base

of the transistor 17, and Vyp, is the low-freguency luminance

signal 16 stripped of the high-frequency component and being

applied to the base of the transistor 18. Now suppose that

the differential current 1 is flowing from the emitter of

the transistor 17 toward the emitter of the transistor 18 in

the differential amplifier formed from the transistors 17

and 18. 1In this situation, if we consider that the collec-

tor current of the transistor 17 is approximately equal to



2 6 JUN 72082 42 designated by the sane reference nuneral's as those used in
Fig. 3. Fig. ZOis a block diagram show ng the configuration of 12!'5 th
detector 50. The lum nance signal Y is inputted to a subtractor 53 and al so
to a delay circuit 51 which introduces a delay of a very small anount of
time, for exanple, of the order of 100 ns. The del ayed | um nance signal 57
outputted fromthe delay circuit 51 is outputted fromthe contour detector,
whil e the same del ayed | um nance signal is inputted to subtractors 53 and
54 and also to a delay circuit 52 thda® has a simlar delay characteristic
to that of the delay circuit 51. The |um nance signal del ayed through the
delay circuit 52 is inputted to the subtractor 54. Qutput signals fromthe
subtractors 53 and 54 are supplied to an adder 55, from which the contour

si gnal 5@&hes eonittpheit edurtent hetlvot @lleciedectorr&dt thr bapobheddkuailnance
signal Y is passed through the delay circuits 51 and 52) while the

subt ract dro 38 samiglacts et |uriinbglt el si gvel symde f ekheycunpantedoto it from
the | um nance signal passed through the delay circuit 51. The output signal
of the suthatacihst BHgieprlestitrent eshity Wi Ehoas etouepaunddand pbsiti ve
at the right edge of an inmage and as negative at the |left edge of the

i mage. iififee mitHere haitk ' the subtractor 54, the |um nance signal passed
t hrough t he del ay. 2 6 JUN 2002 43.circuit 52 is f btracted fromthe

| umi nance si g™ AT ¥¥ ond t HEE (RIS 45T cth2t 5he 19 g‘ﬁ?bﬁf SPgRSPtoPTt he
subtract qr, 54 represent vershoots which. are out pytt as itive at the
ort odod 5 AR b o s Ty afe ReSa Lk HaBhe SFneRE Frmge. 1 n

t he adder_ 55, the presh S _,out pu r t u ct.or, nd
overshoof?ﬁﬁﬁ?ﬁﬂtexff?é## ?ﬁfgu %%éﬁk%rggh g%eégﬁ%%éﬁ,e?o§§b Siﬁgpﬁé
contour si 56. e r,Si cojncides-with the
phase oquﬁgﬁ%un?hgﬁgéﬁgP%%gﬂgéﬁ%Pﬁﬂgigﬁ?%dbgﬁgﬁgéhgﬁﬁe 339%9?c5?1 51. Wth

this i mggqualid Yo HUTAM | A CdECWEuAE SO0t PEk BEE gHBLLAY aRANLRE
corrected, as with the inmage quality correction circuits of the foregoing

enbodi mertis.fdredtis erthodinent. arkors poFe fletpetd onrarbhedausedrirendn
aperture correction circuit is used to detect the highfrequency conponent

of the | umdeaneswirmiglto Allerniadhvetequan€y reampoh®nit obfathenguinbe second
derivative of the lum nance signal and extracting the resulting val ues may
be used asncle sCi@medlur dbtmidiar, showenmedi gonOwith tkeabsdtpegssi ble to use
a circuit in which the high frequencies of the |um nance signal are

di r ect | y déxitfregraretd ads i g, . U tgtgpais st | xeferempgode hbage4phptgthel is a

bl ock di agram showi ng the configuration of an inmage quality correction
circuit ECOGHEINTg MO st FURSHod! ndR L 1S f bar ke chdsarneht Fhef the

resent invent,iaon.
P transistors 23 and 24 and the voltage (including the bias)

of the color density detection signal 26 corresponding to
the color density and applied to the bases of the tran-
sistors 22 and 25, a voltage for controlling the gain in
accordance with the density of a specific color is applied
to the differential amplifier formed from the transistors 22
and 23 and also to the differential amplifier formed from
the transistors 24 and 25. First, we will describe the
operation of the differential amplifier formed from the
transistors 24 and 25.

It is assumed here that the capacitor 31 is not



z s JUN 2002 44 A carrier chrom nance signal C, which is del ayed éﬂat
its phase coincides with the phase of the high-frequency conponedfgo heB2
| um nance signal outputted fromthe subtractor 4, is inputted to a

full -wave rectifier circuit 59. The carrier chrom nance signal C outputted
fromthe full-wave rectifier circuit 59 is passed through a | owpass filter
69 where the chrom nance subcarrier frequency conponents are renoved before
it is supplied to the variable gain anplifier 5. In other respects) the
configuration of this enbodinment is t3he same as that shown in Fig. 3, and

t he sane conponents are designated by the sane reference nunerals as those
used in Fig. 3. According to this imge quality correction circuit, after
full -wave rectification through the full-wave rectifier circuit 59, the

carrier chygidiance shopge Ciksust!i PPEInofet BERSYRERN LHEN sWRYE tGemponent s

by the lowpass filter 69, and a color density detection signal _
proportiongletd the &of PEr&LNSAL Yahpl 0Pt arnedrmEeRromn tAeCRFAARGE tWirsh the
colprbﬁen3|;y deteQE!on glgnai ffd Igon1the Ipﬁgpgﬁg %lLter GEzfthe
variable g mpdpdsfieri® gopérobsttbguegdibBriuhhcvhiel iba,anpll.fy

hi gh-frequency conmponent of the |um nance signal. This opération ygﬁghe
sanme as thato ofit hean nBgecehed déyedothiect the bhkedehiitkkwsvbattagei n Fig. 3.
Extraction, of the_hjgh-frequency c pnent o he | um nance signal and
correctiCJ&RE24rﬁfltﬁ?ngﬁﬁﬁsé?b%ﬁlQ%Pbsaﬁgﬁaéo%8 tL? 825BRC23&2 45 in the
For ~det ecti HLAFe Tores Honerty ibi thatcaP er chrom hance signal C s
used in conb?m%é Ny & e he g% Sp& 0L Sggggggigg t he high-frquency
conponent of the ur nance s?gna %s used in the i mge quality correction
circuit shown iy Fig.-3y Atfernatively, the nmeans for detecting the color
density fronltheB%%?rierBE%éonin%ﬂce sfg&a? C may be used in conbination
with the maisodOregxt racti 8gitverhtghré Requene)eCerpaRertoef 24ha sl um nance
signal as used in the inage quality correction circuit shown in either Fig.
8 or Fig. &ppiosiietel n dahdl wevethectéblileeteor eurremty hBaduged itmstsead of
the full-wave rectifier circuit 59. (Enbodinent 5) Fig. 12 is a bl ock
diagram:ﬂundﬂgptrMEo@@ﬁ6gudab?ohCQ§.anAlﬁag3quabhtyhamrmﬁetb@ﬁt&h&cuit
according to another enbodinent (a tfifth enbodinent) of the present

i nvent i on.cubheerchrofii Plascergnghator 28 iaparpredxtivasevar eabkd dai rihe
anplifier 60) whose output signal _is fed to a full-wave rectifier 10. The
ch{om't nanc¥® lxm%s]grg%r%?ult?@@ %%tatbflf} _ELBFéig&i iea_ﬁﬁppﬁeér btel,lomo& se
output signal is fed to a full-wave rectifier : m croconput er

suppl i es atdms ot9%i hariv® ?%xﬁbhf?Bl the gain of the variable gain
anplifiers 60 d 61, in otbei regpeft, t he cgaﬁiguration of this

enbodi nent is tH&24ane @85t hatCahown EA Fi'g' 37’and 2 6 JUN 2002

where ICA and IEA are the collector curreni and emitter
current, respectively, in the equilibrium condition. For
differential voltage VCLR’ if the change is such that VBE24
= Vgg - AVpg and VBE25 = Vpg + A Vg the following
equation holds.

Veur * VBe2s ~ VBg24 = 24 Ve --- (3)

With the voltage differential VCLR’ the collector
currents of the transistors 24 and 25 change as follows

Icz4 = ICA = AIC v .. (4)



46 the sanme conponents are designated by the same reference nuneral s as
those used in Fig. 3. A signal representing the value of an out put2\8)l.mw%02
of a digital/analog converter or a signal representing the value of a

vol tage created by snoothing a pul se width nodul ati on output is used as the
control signal 70 supplied to the variable gain anplifiers 60 and 61. In
the inmage quality correction circuit of this enbodi nent, the variable gain
anplifier 60, whose gain for anplification is controlled in accordance with
the voltage value of the control signal 70 supplied fromthe m croconputer
62, anplifies the chroninance signal 3} and supplies the anplified signal to
the full-wave rectifier 10. The variable gain anplifier 61, whose gain for
anplification is controlled in Iike manner, anplifies the chrom nance

signal Q and,unpli es d e, anpldfded sianalgd 0 f hend ukdr Waves £ echifdRE . 12.
The full-wave rectifiers 10, 12 and:the adgder 13 operate in the sane manner
as in the i myenquald tot HedF NRGId ONnLifd Ml dt SERami b Dbé;tvgee@-l(!f,g .k sv

enbodi ment al so, the adder 13 outputs a color density detection si gnBollF
correspondigh@xipeddeacalsdpr density. This col or density detection signal
corresponds to the sum of the absolute value of the chrom nance signal |

and the absol utig yvakud f % hey chwmwigiafice signal6) therefore, by
controlling the anplitude of the chrom nance signals | and Q by the 2 6
JUN 2002 47 microcoripw &ATAL, the anplitude of the color density detection
signal can also be controlled at the sane tine. This rre_aff that the gain of
t he hi gh-fr equemheyrec diponentSadfurtatei drumiuanoet s+ ghat BOpl 141 etpbyox he

vari able gain anplifier 5is controlled by the m'c_rP onputer 62, which
further neans thata t-he dtmatiraf dwngectd oh 6 txeld %9 pRIPX hk corrected
| um nance signal Y is produced, is controlled Ql% the mgroconputer 62.
Wth this configuati-onBalHemariumonsttany rectidh aph? i ed? /b tHePTeHi hance
signal can be changed using the m croconputer, according to the kind of the
pi cture signal or foqd 't'hé‘bp"'?"e]f“etreentceé’épeo‘fa He® viewer. It will also be noted
that the circuit section, consistin f. the variable gajn,anpljfier 60 and
full -Wave(irfeg i iSSP RS éiﬁ‘cf Bhoestc}ier g’uol tas%ct‘%/%#%%en%?g %nnv Wt the variable
gai n anpl i f.ier. nd .ful | ve rectjfier. can onstructed easily by
using a f&?lb-%&&% re?rit t&%rigvﬁe&gle{]% éa%ﬁq{lf%rléli%{r)‘t?%rgr, i nstead of using

t he m croconputer .63, the t rol siegﬂﬁl 70 torco j f the
vari abl e gaimr%cé Iif%icé\rg 6/(§),C)In%1 r%a?y be cvrPéEa?t%ﬁ}?ﬁsi nI a%%ﬁ%%ﬂgs 2}6 e by

a variabl e resi st qr. elxrp[t\jEEs/}p]aﬁ@ [aAang/tlh]e AMpUNteh [ govlgﬁepmj on. appbkihed to
the | um nance signal can be changed according to the preferences of the

vi ever. (Echedidesiitngb)thatg. AL dAh x Ml ock dilegralboedoins ngphiex toatedur ati on
of ~ s JUN 20'1

by the Taylor expansion, we have

This can be simplified as

Similarly

In the differential amplifier formed from the transistors 24

and 25, the sum of the emitter current Ipgy of the

transistor 24 and the emitter current Isgp of the transistor

25 becomes equal to the collector current of the transistor

18. Hence



48 an image quality correction circuit according to another enbodizrgnt &a
si xth enbodi nent) of the present invention. In the figure, the ref eﬁw 2002
nuneral 1 designates a color density detector, and ?8 indicates a

hi gh-frequency conponent detector for detecting the high-frequency
conmponent of the |um nance signal. The |um nance signal Y is inputted to an
inversion circuit 11 as well as to the lowpass filter 2 and the del ay
circuit 3. The output signal ?9 of the subtractor 4 represents the

hi gh-frequency conponent of the |um ng:}ce signal and is inputted to the
variable gain anplifier 5. On the oth hand, the output signal of the
adder 13 is supplied as an input to a nultiplier 9. The output signal of
the inversion circuit 11 also is supplied to the multiplier 9, whose output
is then fed to @, anvpegs(feltef) 8., The(pujput signal of the | ow pass
filter 8 is applied to the control termnal of the variable gain anplifier
5. In ot heredesgiaging ther CD(F]'ﬂg*m@ti@é‘s pfwé hhavenbodi ment is the same as
that shown in Fig. 3) and the sane conponents are designated by the sane
reference nunmeriyds as YThdselasediinl Fig. A3Vgprhihi s.enbodiiment, a signal
corresponding to the color density is outputted fromthe adder 13, but this
out put signal dicghe adder (1S tah%oflb'e saV gz {lol be. opt (k@ as the col or
density detection signal contenplated under the present invention. This is
because tHheardlfitarkntial crmplifPers JomnedoPrag the tuapmamtersoBBonent is
not reflected in the output signal, as described above. To address this, in
t he presergn®eiodisernnshierrd pik Ligmarapher heanddeearzangingspondithg to
the color density and the inverted | um nance _signal outputted fromthe

i nver si on YWr@antencureetiul topei et thgetrersintene2duprpfptber 9. The
output of the multiplier 9 is supgl ied as a col or dggsi ty detection signal

26 to the SRS GHEFeMplic2ares he PRansosEpEsedsi FEeP28® The col or
density detection sig 26_is created b orrecting th ut put signal of

t he adder 13 coﬁ?@sp’oﬂ%g&% Thb?ct)fo’F éeﬁ&E{]S’/?to'a'réiéSi vely |l ow | evel
for a color of -high lumpnosity, an a relatiyvely high vel for a color
of | ow | um nosi (35?.93 'I;h(';lmlé(;vf}p%g% *FI tgr— SA?%B%{% i ééd'?&llrsZm)ve t he

hi gh-freq cy, t t nver ] ign ntaj.ned.i.n the
ourput o oy %P R oy ¢ LESFIAEChTIERRERLELENG, TLALRT

hi gh'freqL@fEYSxﬁPrHPrheni f o 10N ﬂéggpimd%sﬂﬁgt%&wﬂoﬁr@m)behgg caused as a
result of the gain cot4dbl of t variable gain anplifier 5. "Fig. 14 shows
t he wavef aipredfsddaasvari ous signals for explaining the operation of the
col orI dentsi t%/t dg}tsfect orIt 1. In Fig. 14, 14A fh(ﬁs me [ _nve%rgtze_d L_um’ tnance

si gnal outputt e Gm ) on circui : erein i ndicates a
reference voltagezf'or the in%%sed | um nance signal to be inputted to the
multiplier 9, i.e., ahe/differenctk betwednVghéhinverted | unmi nance signal
vol t age and 2 6 JUN 200/5235(19 t he rgf[erence VOl:ﬁll? e 82 is used in the

mul tiplication operatitonl/ferfbemedi bylthe AuVgipphier 9; 14B shows the
chrom nance signal |, wherein 83 indicates a reference voltage for the
chromi nance signal = tle be dnpgtfledi to Ihe fUGLrMRBReirectif(&6)10; 14C
shows the chromi nance signal Q wherein 84 indicates a reference voltage
for the cHridifidifoe if gitali 295 Heed nblatt ebh e oc2PRCELPF- RAvésreetifier 12;
14D shows the wavefaorm aof the fu]l-wave ref i fjed chrom nance signal |

out put t ed FFFRTHRE 4 It \Fe"?"e‘éﬁf;l\@?e 19° t\ﬁ‘é{‘%f'ncgﬁrleﬁai dap8s®d F8ference
vol t age fc{%atéxgells}gr! - v.eSt Legqc‘éél iﬁi) h%osrrliflﬂag?e sizglgglgdl éto be 'hggtétet ed to
t he adder "1.73; S efor f e turf reCerfie

chrom nance signal Q qut ut+te_p fromthe full-wave rectifier 12, wherein 86
i ndi cates a refédnce 4 age 9t the full-wave rectified chroninance
signal Qto be inputted 4o 1he ey 13; A14F ws the output signal of the
adder 13, i.e., the siel n%l(fr%pﬁgggn{} n'g ?h&@%ﬁgr density given as the sum
of the fullwave rectifjed £hrpm napger pignale | ,gpd Q wherein 87 indicates
a reference voltage for the signal correspondpﬁg o the color density to be
o wherei n 88 1 ndi cat 65 & raf Ferse vol 1 age {OFELRE baver ormiide, the o
ref erence awlitrage; | avglcd Ndicat i pie { ter aPsepsec ofingeten; iandhddbishous the
col or density detection signal 26 outputted fromthe | ow pass filter $,
wherein 89 indicates a reference



2 6 JUN 2002 51 voltage for the color density detection signal gejﬁ
inputted to the variable gain anplifier 5, the reference voltage | N 2002
i ndi cating the absence of color. The operation of the color density

detector 1 will be described belowwith reference to Fig. 14. Fig. 14 shows
t he wavef orns obtai ned when a color bar signal is processed in the col or
density detector 1 in the image quality correction circuit of the present
enbodi ment. \Wen the chrom nance signal | of 14B is full-wave rectified by
the fullwave rectifier 10 with refere %e to the reference voltage 83, the
wavef orm of 14D results. Likew se, wh the chrom nance signal Q of 14C is
full-wave rectified by the full-wave rectifier 12 with reference to the
reference voltage 84, the waveform of 14E results. The waveform 14D of the

full -wave r fle chraom e SN an e wavef 4,
full -wave rgctl &' eg c&rhc?mAgnce sf%na %Cdﬂgzthz’dedl torbq{%ua]t onnt%ei]):dldser

13, and the,r |t 1, th S ASH e that I e, vol t age
| evel repr%‘ge%?:ﬁﬁéd tlﬁletor e]‘h\e@?31 (?glrn\rlgo te{:geen 81731| saiou g’ﬁ{ ar'Paf%e Yol tage

| evel s of the re ert%%cf%f%qiet,a%% %% gr&t%ﬂr acnmmtéfedcﬁeo gxhﬁ%%%e%rz -

When t he |nverte | 'um nance ‘signal of 14A as the reference vo

the signal owayelbendofeql/dh MY tiplied together in the multiplier 9, the
wavef orm 14G resul ts. '?he reference voltage 82 is the zero |evel of the

inverted | um nange tir@hadli sk s, orgmind Ao, ard &xuelwa?ﬂsprst‘iﬁr&atszorhnaﬂhl le
the reference voltage 87 is the zero level of the si gnal 14F for

mul ti pli cagiyQnarkh@elsple@taReq Y Pdiagal & iforiha 2€10-d eVl rde | sut esul t
of the multiplication and represents the voltage | evel when no color is

present. TkenweVveher Pekdd tagzw tva lwhken ft Rthenawaef iryB 43 iss SYighpery of its
hi gh-frequency conponent through the |ow pass filter 8. The reference

vol t age 891lpepresdains thiat wdl tthge demiaeltoarhdd® ndloolorl tsg raggehted Rrom t he
observation of the waveform 14H, in conjunction with the previously given
Tabl e 1, itheahabe oderhehdiranisd sty id0ude iloviarridwsedtia hiws dprkiedn of
decrea5|ng hi gh-frequency conponent and is reduced in the direction of

i ncr easi ngthi hef beggerndy theniawamistmin 345 s tthero ¥t age el d of
the sixth enbodi nment. In Fig. 13, the lum nance signal Y is inputted
directly t&ot kbei ﬁ\?'élespcfn thier dgiamsistamidde is }Hgd“ellﬁih%fheth%vvq#fe%ﬁl%ncy
conponent 16 of the |umn qnece passed through t | ow ass, filfer

i s inputte8PPditfe tiond s OrIQJE’[ T 2SS qf 5’1% °F h

mul tiplier,9 arit(i_lgthg c%rlm%t%{]e q@;r{mgllfler > are C11Qc5aoée[ ht:r via the
att i A helow-p

Iowpassflfter econlguralono S Filter

8 is elim Q?E%gr she 1%°pr'p%%&%trdact%1c&f g1 13 ﬁ&fﬁﬁé |V ED, T, cut - of f

frequency of the | ow pass Iter 2 1's sufficie 'ow to enstre that the
hi ghfrequegeyncQareRenty qfs tihe tindvesired dayd nasaﬁeuﬁatgr@maé@tapﬁw@versel y

affect the processing for variable gain
current flowing through the resistor 35 flows into the
emitter of the transistor 30.

The only time that the transistor 34 is turned on is

when the voltage applied to the base of the transistor 34
falls below the voltage applied to the base of the tran-
sistor 30 because of the AC component. If the current
flowing through the resistor 35 is approximately equal to
the current flowing from the interconnected collectors of

the transistors 30 and 34 into the collector of the tran-

sistor 36, the DC component of the current has precedence



~ 6 JUN 20Q2 53 anplification, as previously nentioned, does not main in,
the color density detection signal 26 outputted fromthe nultiMiia dUNﬂHﬂZ
resultant col or density detection signal 26 is substantially the sanme as
that shown in Fig. 14H 1In the configurations of Figs. 13 and 15, the
chrom nance signals | and Q may be replaced by the color-difference signals
R-Y and B-Y; in that case also) substantially the sane effect can be
obtained. Fig. 16 shows a nodified exanple of the high-frequency conponent
detector 78 shown in Fig. 13. The lum nance signal Y is inputted to a delay
circuit 81, and also to a high-pass fB4ter 80 which outputs a

hi gh-frequency signal 79. The delay circuit 81 outputs a | um nance si gnal
75 containing the high-frequency conponent. The hi gh-pass filter 80
extracts only the high-frequency conponent fromthe | um nance signal Y, and
out put s i Siasetbh@shidgedridgrb o v gridie 7o bikegh applihpdit tedthe base
variable gain anplifier 5 showmn in Fig. 13. On the other hand) the
uncorrect &4 It ddfce i8tghal3q sl deloipd thapulie tihi2derpBl E¢d ctitttBeso as
to achievg phase, synchroni zation to the high-frequency signal 79 del ayed
due to t h&35Foldsdinfy WIATTEASHPR i hidghaREC31F% et PBOT e Shat 2% t AR PRput t ed
to the adder .7 of .Fig. 13 as the | um nance signal_15 contai njng.the

i gh T eqdend BorfiSnaAne (EAMIAR TALuey GGG 0RPeiH 6P 1995 o

bl ock di agram show,ng the confi.guration a cplor _density detector i~n an
i mage qualqihtrf/’u%]r\ro%'ce?irc?n“cﬁtrocrui alcscoer%f%‘%%.g‘?\bt?\%r&é%oﬁ}?%eﬁ{’: (a seventh
enbodi nent) of th esent_ i.nvention. T unmer 0_designates_a,full-wave
Fecti {1 er CRREPRel e R A R (T e e T HER S oo e L FET T2t
rectifiedehgaﬁrqug%.a signal corresponding to the color density. This
signal is inputted to the multiplier 9. The configuration other than the

col or _density @eleeqloolc dnfhdiih S g Morathd Mt ShONE ¢ FBrodos I pnki g, 17,

the carrier chrom nance signal Cis inputted to the full-wave rectifier 90

whi ch therrauspets ra 39 gnalg iG@m eﬁoer(di&gl/tzmha Goh DEh dedsié ¥porddE St &1 gnal
corresponds to the output of the adder 13 in the exanple of Fig. 13; when
t he col or ther dlifgrealenicse ibetindead, tHehDT esanpomenOU PUAnGi ¢in@l ciBrent
essentially the sanme as the signal of Fig. 14F but contains harnonics of

t he chr onthatcd loasr iferonf ndguancier Fwpmlygnal toutlputerniopet hef f thé - wave
rectifier 90 is fed to the nultiplier 9. Subsequent processing is the sane
as that iktrassigted i3t Fig the nesigtdr g nohenl, thovevkrage happ hbedonl vy

t he hi gh-frequency conponent of the inverted |um nance signal but also the

har moni cs t8f thRe Pemeomiinddice tCansigtan ety Bkl eempvedl byotae action of

e Low PaesoLiler B o Rt e Sjonal, by isd Lrombe, Lo pags

OUtpUttedbLEQHEe QfGE%JVA%p%%mponent. This AC component —(VCLR/2h)i’
is the same as the AC component of the collector current of
the transistor 32, —(VCLR/Zh)i, except that a portion of its
amplitude is cut off.

Hence, the collector current of the transistor 36 is

given by Io —(VCLR/Zh)i’. The transistors 36 and 38 form a
mirror circuit, and the resistors 37 and 39 have the same
resistance value. Therefore, the collector current of the
transistor 38 is approximately equal to the collector
current of the transistor 36, which is given by Io -

(VCLR/Zh)i’. The collector of the transistor 38 is



55 the color density detector 1 in Fig. 13. (Enbodinment 8) Fig. rég iﬁ a

di agram showi ng the configuration of a color density detector | nJ NBZMZ
quality correction circuit according to another enbodi nent (an ei ghth
enbodi ment) of the present invention. Tn Fig. 18, the color-difference
signal R Y is inputted to a maxi num val ue detection circuit 97 and also to
a nultiplier 91. The color-difference signal B-Y also is inputted to the
maxi mum val ue detection circuit 97 and the nmultiplier 91. The output of the
multiplier 91 is fed to a coefficient3ultiplier 92 acting as an anplifier
circuit, where it is nultiplied by a coefficient k to produce a signal 98
expressed as k(R Y)(B-Y). This signal is inputted to the maxi num val ue
detection circuit 97. The maxi mum val ue detection circuit 97 outputs a

col or denspppedéedctticooths geaist2at Tve reovif ispurzae o0 otihierh thkows heheol or
density detector is the sanme as that shown in Fig. 13. In the operation of
Fig. 18, PRecrmepemend coirgrendi fificedfawde tdiggmave R-summky B Loward i tlse

mul tiplied together in the multiplier 91, and then nmultiplied by the

coef fi ci efPlRerchorhe foddyer itdiaayil shot i385 drhexefomre ridsulquirerited to the
maxi mum val ue detection circuit 97 to which the colordifference signals RY
and B-Y aféoqisg et ttd¢ Forld@atpr e thexithAR Vit HhoRyank theee are
t hen detected, ,and 2 6 SUN 2002 56 thg.resulting output is the col or
density dEE8ESESR &ilgAd 4 emRr yer(S’iCrigt/ St o Fisgl.ncleg,(‘(mqu}r)’des’c?i be why
the three signals) R -Y, a R-. B- are needed., Fig. 19 shows

col or vectt§F 885f8inﬁap3§§\h°t’h otqﬂé"li‘%hé?@(g@f Q%ehbtd’r s'ioré;‘l’egﬁnt:aﬂlmgtS]lngl’a.L In the
figure, t nuneral, 118 i.ndi cates th ect.or _directjo , the B- Y axis, 119
i ndi cat es@ﬁﬁev\ggé‘fagre E?r éc@% gg‘ﬂ%&cﬁeﬁg tuhelnfémpeoiSn]téno"’\’ri %e 6] S?Bt(i:]th%lfn?% t he
213 poi nt ,of (T8l (L1 RA s the v 9 h 1 i }0ini.ng the
55.8 poi n%’go?ﬁ??&gwth%o%?%]gezc%tégél gglqé%% 1(2\}%311'51@%%:2{ efés:E t ﬁg%évlgé;t%ér) fs
directionthei pieRY stBRcRO0vAIRQR Rf AheMB@RNtsd d10 41N 2A0:He PAIREnH O €CN,
123 indicates the vector direction joining the 103.5 point of red to the
283.5 of gygnalang 124 biendicGaters eldhe whaethore ddiviaid othd A igHor 2dvu diddy poi nt
of the +I signal to the 303 point of the -1 signal. Further, the nuneral
126 i ndi cabmpohlketveciFaomotihenteatpres s\iloer %A2h Fi'R2,18 4 scat @e maxi mum
Which is close to the orientation of the red vector. The nuneral 127

i ndi cat essehe tbetorther icontratcitdreniverld ageY iiss cdtt el mekibwurg Ll ihiedh tlse cl ose
to the orientation of the blue vector. The nuneral 128 indicates the vector
ori ent at i BAlkAEBredifReYrnBinl hetFegn e g oditagerdhy mimtihe thamfnange
guadrant, which is close tqQ the orientation of the vector of magenta-hued
col ors, whtBB2128nAndihcared e Vaar Of dhicedtoatidie WY IqaPAtet)of s at

IS 50 ehet, AR I0 AR, e S R L g g0 the
voltage whose gain is controlled by the voltage differential
Vepr relating to the color density.

Referring now to Fig. 5 illustrating waveforms for

various signal voltages, we will describe the operation of
the correction signal generator 14 where the color density
detection signal, the high-frequency component of the
luminance signal, and the luminance signal containing the
high-frequency component are inputted. In Fig. 5, the time

is plotted along the abscissa and the voltage along the

ordinate, Fig. 5A shows the voltage variation of the color



The vector orientations, 126, 127) 128, and 129, in Fig. 19 appétﬁi‘m el
mat ch the vector directions of the colors having a Large drop i Zmﬁ
hi gh-frequency areas. These represents the directions in which the three
signals, RY) BY, and It(RY)(B-Y)) in Fig. 18 are at their respective
maxi mum val ues. Therefore, when the maxi nrum val ue of each of these three
signals is detected, the detected anount of color density is larger for
colors having a larger drop in the hi gg frequency areas. Fig. 20 shows the
results of color density detection performed on a col or bar signal by using
the configuration shown in Fig. 18. Fig. 20A shows the waveformof the RY
signal, 20B the waveformof the B-Y signal) and 20C t he wavef orm of

K(R-Y) (B-Qeh®{t k=debecthEndiagham 26D0; 5hons HREEQLQL g?nﬁ E¥e9§&ﬁ§tlon

signal 26 obtained as a result of detecting the maxi mum valuesS tTrom 20A
20B and 20fens Nt Niwithouhe, nhierpunher snattachad %@n%'v@q U?et'EQSDECt' ve
wavefornms indicate the anplitude ratios when the 100% anplitude 1s
expressed pefdréncNuviel 8hgd63fi pHeCcabgstanteienenge wehirage27Qr gagh signal
of Figs. 20A, 20B, 20C and 20D. The respective reference voltages tor each
si gnal of FBgsho2dAh@0B)1RAgeandr28Dibavert baesammiviahue. sGgnanvasi on of
the waveform of the color density detection signal $ 6 JUN 2D02 58 26
shown in Rent208% ngvelé shipht frbguanpli tudpoatnthewtoller Fdgnsisty sdewact i on
signal 26 is relatively small for colors containing a |larger |um nance
conponent , tiseicho Bsagel Vani attlonyan) thbi Lewt heeanphiciyudempsneakatigvelfy | ar ge
for darker colors containing a snaller |um nance conponent, such as bl ue
and red. lthealunimardoreibpateshribpedt b€ atpl hiigde frekuenel tba-l um nance
signal is considered in the detection of the color density. Strictly
speaki ng, RIRERGti oFyrikari sFhot PResbpvsnaigvalu¥obéedesearastprevi etsly
ment i oned, division by the | um nance signal would be necessary to give the
accurate vEIRI2$%S rebl the, tﬁ%ﬂ%%§F°r§h29eaP§ Ade #hennydedado4di ve the

accuratelwﬂéé%%k}%%t 1 shoms a ﬁF?CIfIC exg;gle of the configuratign of

the maxi miR 'the. Yeut#E97vaBhtiuhOPniPRe thFotkEnEIZ 013824 and
136 in qui(;l ffgﬁe ent ci CUI . First, the internal configuration
of the bl ok 13 T 5%%??5 b input col or-di fference signal R-Y
is applied to t azkr 1 emtter is, cou dto
power supply Vfgfaqgiﬁ%gégt%é %éP%%I?% Bp%ﬁecﬁag ngpta Fgﬁ 28t or

133. The cgligact ogpgéalt{wgtﬁégéléﬂgrbiéé w?ggos@d%ﬂe I@gf%%% the

transistors 133 i's coupled to a constant voltage source aia redistor
137) and isompstepongected 1@mmgn@énugﬁ§10£e§9gr 8pp2RduNgot tABShLakArs in
t he bl ocks 135 and 136, the result being outputted as the voltage of the
col or densit ytieterdnois sbenad . 26ridhesE 2néwd D 2DPRa29veQkagedi f ference
signal RY inputted to the block 134 corresponds to the color-difference

si gnal B- Ydmidthieobl eckt H35emhtité heo K (The) (BaX}yistgpab4i;nthhe Rbock 136.

The constant voltage outputted fromthe constant voltage source 27 serves
as the refverenfoerwvol 4 agiee fooltége coboefadensofyttet eotrrentibgnakgdal .and
represents the voltage | evel when no color is present. The constant voltage
out put t ed Fromiheshonsttime vol tage vouiabiond afsthsecoeseasetihe reference
voltage for each of the R Y, B-Y, and k(R Y)(B-Y) signals, so that the
vol t age | M ingnge roigmbrY| sopedeeed by egqubiningt hber ebereatéownol t age.
The reference voltage for_ the constant voltage source 27 corresponds to the
ref erence %ﬂ(ﬁ’taa]ge"“i‘glﬂ?% Fipingpce | pigngl oantphpipg| spedhiBbrence signal

RYis ap%&equency component. The signal voltage 43 shown in Fig. 5D
is produced by subtracting the high-frequency-component-
stripped luminance signal of Fig. 5C from the high-
frequency-containing luminance signal of Fig. 5B and then

controlling and amplifying the gain of the resulting signal



to the base of the transistor 131, but since the transistor 131 f(z)ps}‘ﬁn 2002
emtter follower together with the resistor 132, the AC anplitude e

vol tage changes very little, while the DC conponent is increased by the
base-em tter voltage of the transistor 131 and is outputted fromthe
emtter and applied to the base of the transistor 133. The transistor 133
also forns an emtter follower togetgzr with the resistor 137, but because
the emtters of the output transisto in the blocks 135 and 136 are al so
connected to the common line) formng an emtter follower with the resistor
137, current flows into the resistor 137 fromthe 2 6 JUN 2002 60

transi st of ;WhesgrhaseeVlitagehks cbhe r["ﬁi@%%%tty()fretﬂ}%stewt%%’ b%ndcr%ehehe

remai ning two transistors are put in e off state. As a result, t

greatest yghys auRBYLR YetboYioand ikaRY) GB- ¥ irs Lutsput ted from the common
emtter as the color density detection signal 26. Further, since the

transi stor 133rher peranoadi wherel ahkowrrlt dgte 1AGaaMRIf ttide digmat
anplified, but only the DC conponent decreases relative to the base by the

base-enityeltxgkt ageigniigheputpuht etlel MOMtidze amiviellernf ther efigrmul for
no-col or portions, the input voltage is equal to the output voltage. That
i's, sincevbheagaput whbivagenf ignos0ql dr. epgr ttienpdadadves pequtdlonsg t he

ref erence voltage which is the voltage of the constant voltage source 27,

t he out puargotthgeffoinneccolrdanper wiiths tdles ® dreednien edualhet & rame- vol t age
of the constant voltage source 27. In this enbodinment, only (RY)(BY) is
assi gned aiskeoght 30bandR3¥ adduBiyamey dinsd ige Vvei gist ed negsydctdfvel y, after
whi ch nmaxi mum val ues anong the three signals may be detected. (Enbodi nent
9) Fig. 2?hidlbwshehémegnf ayatatiososregtdonors idgdedi tis @dtedinmd iwhimb | mage
quality correction circuit according to another enbodinment (a ninth

enbodi ment9ndiStReCplEseht thavBRERSAY el Pomitd ons oft Hdec highfaRaaiedigghal |

is inputted to a subtractor 99 and a nmaxi mum val ue detection circuit 2 6
JUN 200Z %amponent of the luminance signal, as shown in Fig. 5E. The

ripples, such as noise, appearing near the bias portions of
the signal voltage 43 are also cut off. The image quality
correction signal shown in Fig. 5E 1is combined with the
luminance signal shown in Fig. 5B, to produce the corrected
luminance signal Y’ shown in Fig. 5F. 1In the corrected
luminance signal Y’ shown in Fig. 5F, the positive portions
of the high-frequency component of the luminance signal are
not amplified, but only the negative portions of the high-
frequency component are amplified, with the ripples such as
noise removed. Furthermore, the negative portions of the
luminance signal are corrected in accordance with the
detected color density.

In this embodiment, the slice circuit is so constructed
as to cut off the ripples such as noise as well as the

positive portions of the high-frequency component of the



103, while the chrom nance signal Qis inputted to an inversion circuit 101
as well as to the subtractor 99. The output of the subtractor 99 i

multiplied by a coefficient nin a coefficient multiplier 100 actizg JUNaBBUZ
anplifier circuit, and the result is fed into the maxi mum val ue detection
circuit 103. On the other hand, the output of the inversion circuit 101 is
multiplied by a coefficient min a coefficient multiplier 102 acting as an
attenuation circuit, and the result is fed into the maxi mum val ue detection
circuit 103. The maxi num val ue detectjion circuit 103 outputs a col or

density detection signal 26. , The pﬁécessing in Fig. 22 will now be

descri bed. The chrom nance signals | and Qinputted to the subtractor 99

are subtracted one fromthe other to produce the result QI, which is
multiplie . nin the fficie il i 0] e Lt he
maxi mum vgl‘%glrgae%%%tgl]lo%&%?’r c%ﬂ %3»5‘%151 alp(lf i I?é%g(?n%ﬁggsg’gn‘gﬁlgg%ﬁhghgh%t her
hand, the Qe nane 1 1 v o4lgh e Lpyegsi onycigcuit 101
is multi plrﬁgf{)@y m i ﬁr?%gyg%fe%}?%l%é?gnﬁﬁ p?lig’erﬁﬁibzég%dﬁ?hegtf 'ké% into the

maxi mum valdig A8t £Gtd U Ll Uite W3] B8 @ $LLQAU I 8PUGh SEYNBhe HDER-
chrom nance signal | is also inputted directly to the maxi num val ue

detection ﬁiéd@wﬁcﬂ%lﬁﬁoﬁeﬂ@idﬂ tHPULu®igdte JDEngr o8l papcersgignal Qis
al so inputted directly to the maxi num val ue detection circuit 103 as a
fourth i npUtscs] ginAlit The desd yedn val siet def £CdhDR the Positdi200BobRichkCUI t
103 detects maxi mum val ues anong the first) second, third and fourth
signal s, afd tout puitghtfheeqesuty asnpdreecol of teasltyideteet sbgnglgaad 26. A
circuit configuration equivalent to that showm in Fig. 21 nay be used as a
speci fi c exanmset ofort heheraxd pribe s/ ad weh des exe i 90, ctheures19BorFi §3,239%s a
di agram showi ng the vector orientations indicated by the maxi num val ues of
the first anseddnd, fathigxkrng § ctrahld nput vy shgnahesenntFgavesthenheapgner al
138 indicates the vector orientation when the first input signal is at its
maxi mum valeasd Strendfe Webdeum lal thetdetatt i ohhei Yenietioss @hokkeorientation
coincides with the vector orjientation of blue._The nuneral 139 indicates
the vect o ighaht@litdEsheh thePs &P vH ut? DhbsePorientation is of

or een. The numsral_ 140, when, { he. clyari nance; sigpal ot ) Ls, maximumyal ue,

1
whose vector ori I nput “Stghaf 1S at™ | maxi

the vect ol Qri QA Q) 118 GAISS JNGYCR) OF s L1 epbatpomy A5 Lh8 LHET d

i nput signal is orientation’is close to the e nuher ndi cates the

vector orignal ion Wen,d g LOramNance, s1 gpal nQ asnbfe § PHEENLhBRUL eI gnal
is at its maxi numval ue, ose orientation is close to the vector

orientati AheOfsRINY A hldWISsh@dsn | ih tpgexasp| epoinki @, A9sptbeicehern

density detected is higher for colors containing a snmaller highfrequency

conponent In Fig. 6D, a signal voltage 47 is the base voltage of the
transistor 30 shown in Fig. 4; as shown here, the level of
this voltage is equal to the bias applied to the base of the
transistor 34. The correction signal shown in Fig. 6E is
the same as the negative portions extracted from the high-
frequency component of the luminance signal shown in Fig.
6D. Furthermore, as can be seen from Fig. 6F, the amount of
correction applied to the luminance signal in accordance
with the color density can be made larger than that shown in

Fig. 5F, also for the ripple components such as noise con-

tained in the high-frequency component of the luminance



Fig. 24 shows the results of color density detection 2 6 JUN 28%2 3
performed on a color bar signal by using the configuration of th JUN 2002
enbodi ment. Fig. 24A shows the chrom nance signal |, 24B the chrom nance
signal Q and 24C the output when the coefficient n in the coefficient
multiplier 100 in Fig. 22 is set to 1.0, which produces the result 1.0
(Q1). Fig. 24D shows the output when the coefficient min the coefficient
multiplier 102 is set to 0.8, which prgs?iuces the result -0.8Q while 24E
shows the col or density detection sign t he out put of the maxi nmum

val ue detection circuit 103 that has detected the maxi num val ues from 24A,
Cand D. Inthis case also, it can be seen that the anplitude ratio of the
| um nance Ssi rrllgl# is considered in the creation of the color density
detection S|§na "26. In this enbodi nent, only QI and -Q are assigned

wei ghts, but thg,sigpa n SO be hted af ter, whi_ch maxi num
val ue anong theﬁ%%urgs%glﬁa sg}ﬁgywﬁeeggﬂg(?t &d. :RI sd’arslﬁé‘(ﬁ fg’lled‘a& ur al

si gnal sy, be. gl efL eda ! 60Ty (b [RuEnkLds of input, Signals i3 s "M@

-mQ and Q and the maxi num val ue anong € Seléect si“gn

det ect ed. &ﬁ@@@ﬁ'ﬂ@nﬁa&g)tﬁégsaﬁé $80Y5 t b8 CORRLAULALHQAN (f ae%%g

denS|ty detector in an I mage qua |ty correction circult according to

anot her enqsl memuéaofcmeeﬂpgﬂwsptbso thgdgr?ﬁ%@htll@'v%@téllqu L 9

25) four kinds of signals are inputted to a maxi mum-val Ue tectlon Circuit

110. Firstthd hendi?iSud UNr@902t BAceht M Bapge tfkdRals 1 Qtopkenled Hishrgugh an
inversion circuit 105 is inputted (the first input signal). Second, the

chrom nanckinsi el y Qo stlder e6téyoinpuékesip{thersgeQndpl, nputangi gnal ) Third,

t he chrom nance signal | is directly inputted (the third i nput S|gnal)
Fourth) thextrsmemdnte Bigsal 50) i BpahdeH,t and Mikki.peDer E1LQAdi &,mul ti plied
by the chrom nance signal | passed through an inversion circuit 106 and a

hal f - wave I}GEFCHQ'ﬂJére]J}BO) The sigsnil vblthgenubt sphbiveatinoRiigs ffort her

mul tiplied a coefficient b in a coefficient multiplier 108, and the
resul ting %%Hfaﬁt"-ﬁ)gtl?% ‘i’ﬁﬁlt‘f‘éblt’{%ﬁecfobhe htrapatsspgndPl). whliehgaeismum
val ue detection circuit 110 detects maxi num val ues anong the four kinds of
i nputted SHEDs 1Sarﬁ:Ft0LﬂtpLﬁ sSthehvbxsubighert hevedl bhadehbet pidet edti on

si gnal 26 A circuit c AE%I on qUévaI ent to that shown in Fig. 21 may
be consi der ed asgnalspec the HR%i haffvafuéhgeteappditers cuit

110. Fig. J}sq]‘lveci or, or| enta ions when the_fi rs Econd third,
and fourth |nput SI gnals are atc thars respe}&?ﬂ}elﬁaWﬁUm Farheze the

nuner al li,%SIIQQIv%a.tIQJSI,gl Vﬁgg&{}qhgrﬁfﬁ af%%%‘é gl %hepl}lﬁr s% ﬂgpgfl signal -

is at its maxi num val ue, gr een- €142

i ndi cat es 1A NAEIeOTs i LNtatd WU ddie. Segondaf NPyt ¢ sl Qng%o Eﬁ at its
maxi num val ue, which is a nmagenta-hued col or. The numnera I'ndl cates the

mct (r)]r or cemtraiciten \inemni ddied Highdhput sh@nal ih Fsgat 7F{ StABXLAYOhYal ue,
‘e of correction applied to the luminance signal can be made
larger, in accordance with the color density, for the
negative portions of the high-~frequency component of the
luminance signal and also for those portions of the positive
portions thereof nearer to the negative portions.
(Embodiment 2)
Fig. 8 is a block diagram showing the configuration of

an image quality correction circuit according to another

embodiment (a second embodiment) of the present invention.



2 6 JUN 200Z 65 is a red-hued color. The nuneral 144 indicates the vector .
orientation when the fourth input signal 109 (-1 Q is at its maqgu‘rnm

val ue, which orientation substantially coincides with the vector 2002
orientation of blue. It can be seen that al nost all col ors having smaller

hi gh-frequency conponents can be covered by the maxi mnum val ues of the four
signals. Fig. 27 shows the waveforns representing the results of color
density detection performed on a col kg bar signal by using the
configuration of this enbodiment. Fig.” 27A shows the third input signal,
i.e., the chrom nance signal I, 27B the chrom nance signal |, designed by
-1) inverted through the inversion circuit 106, 27C the second i nput
signal) i. . L ' Fonal ; 2 h L.NpuUt . Si | 109
ahan the. o £ R A O L O Y b o RERE ok ol SRR e
di agram 27F 1shows, d ey £ol oF éjeéﬁdté’lg&t‘@}%b@%bséggéfi_@@ obtajnedchy-
detecting the maxi num val ues anong the four kinds of input signals, i.e.,
27A, C) Dok ide dt rst1dnppdssi gipder Qtheai avesisd sigpak+tohg27C. As can
be seen, the anplitude ratio of the |lum nance signal is reflected, except

t hat the magniddef, thee dairtiatc@ndlgtal oy Cyainpanttyel tewahsadaeert ed.
In this enbodinent, only -1Qis assigned a weight, but -Q Q and I may

al so be wei ghtwediglespeddiasel yiraiier3 whiThe t hewnpaxssufi vaénegsnay be
detected fromthe four kinds of signals. Furthernore, in this enbodi nent,

t he maxi mohoseh & SUNRDCR 166 vt upst a0 £f dEtregtedcf r bhmhheh&bupfkithds of
signals, but alternatively, the maxi num values may be detected fromthe ,
three ki ndevwfraigrblktgr @. | \ Thdlel®y cirevithédSfdebayst hhedlumnd fourth
signals, to obtain the color density detection signal. (Enbodinent 11) Fig.
28 shows tHaOcHrifignahtimmied ol by enkhey tlecebasei afahbenage quality
correction circuit according to another enbodi nent (an 11th enbodi nent) of
the presertUmiRAifg chigme RAiSEdi theousiethe ohP Y nR2ES| bi L8KSABy det ect or

1 of the sixth epbodinent (see Fig. 13). is , that the ipversion circuit 11 is
epl aced B HHGRR YT it S b THPCHBBUS rERE e ShBaBPRAry oi foul 1
111 outputs .a rel atively | ow voliage en the |um nance signal,Y is higher
than a thrtesrk?oﬁ% \?to}}et glgc}e/w ,asésnd:l%lf:t?ee \(gli ve{(rf/ ?nl'%%rvxé?? ﬁcélc'\%l’le!rrihfehe

lum ”ancec%ir&'laéur\ét}iso\;l QA’PrtH%_”exﬁli‘c?d#xﬁ‘éﬁéhPé deyol Lage & LRUE GRBYGETLINng

the | um nance signa into a binary formto produce a binary | um nance

signal 113., Hg binary,d Widahbke SEOnddnddes i Sré NPeti eateqt B ruktiplier
9, where it is multiplied by a signal, outputted fromthe adder 13,

correspondaig tr@ fldteefdd Humtersid Vas tihSse thee@uipurigl she adder 13 is
corrected to a relatively low | evel when the |um nance signal is at a
relatively highr ebdsd ,inegke tqual e atdved gyt hoghecievelt whénthhie | um nance
signal is at a relatively low | evel.
embodiment, the luminance signal supplied through the low-
pass filter 2 is subtracted in the subtractor 4 from the
Juminance signal that is passed through the low-pass filter
48 having a higher cut-off frequency than the low-pass
filter 2 and that is delayed through the delay circuit 49 to
achieve phase synchronization to the luminance signal
inputted through the low-pass filter 2. A desired high-
frequency component of the luminance signal is thus

obtained. This makes it possible to amplify a designated

band component of the luminance signal in accordance with



26 ,J U(V2QQ2 67 Fig. 29 shows the waveforns representing the results of
color density detection perfornmed on a color bar signal by using aﬂe
configuration of this enbodi ment. The di agram 29A shows the | um 2 oAIN 2002
signal Y) and 29B shows the binary |um nance signal 112. In the exanple
shown, the threshold voltage 114 is set at 50 IRE. The nuneral 115
indicates a reference voltage for the binary |um nance signal 112 to be
inputted to the adder 9, and the voltage differential between the binary

| um nance signal 112 and the reference voltage 115 is subjected to the

mul tiplication operation. The di agrdm 29C shows the signal outputted from
the adder 13, corresponding to the color density, and the nuneral 116

i ndicates a reference voltage for the signal corresponding to the col or

density, to be.inpuytted . to .the variable in anplifier 5, the voltage |evel
represenFFﬁchﬁ8rngP§déyWH§%eﬁ&188L5ﬁgW%%ﬁresent. The di agram 29D shows

the color density.detectiqn signal .26 _qbtai.ned mul tiplying 29B by 29C)
and the nuneral %i?l&ﬁﬁﬁcgp sb%n%eﬁgré féqVﬁﬁrggé?%ﬁnﬁ%)%%ﬁéh%ﬂn%g%%ts t he
vol tage | evel when no_cal or .i s %% sent .. ,Hhe c&%%§_q§Q§Hh¥3qFtection si gnal

26 in thi'é"B5%e 5§ s “@oF &St &8 8 A4 a1 %atSA 1DW 1evel - For" e drs for

b, Ung BB 48kt LUmANGS S Bl £UY YA WAL bl oner
ampl i t ude, abnt 16 UM 080661 1icdN 2l SQUANLARSISIN | otieind haD B | FE

Thus, the ~ ~ 68 anplitude ratio of m nance signal 1s
roughly [ghigehed kR ghRils ca@nibedWedicvar dmididmit il . c3Prsbows the
configuration of a color density detector iii an imge quality correction
circuit agenrdipgalleo amirhidée ramhedi Ao kA redipdireidn®f hived pr esent
invention. The only difference fromthe color density detector of the
sevent h gphodinent theeambugt bF) cios rickati drheappivierdsitan tdig cliiiddndes
replaced by the binary circuit 111. The signal corresponding to the col or
density, sbgbplit wvedlHr becohe exiceswdiwe rMeot ifdwrid(s whersd ndsd lguival ent to
the signal corresponding to the color density, outputted fromthe adder 13
in Fig. pancFheiehedechengespabauirdd yof amise e ttiesnltiididudimage heowldhary
circuit 111 and multiplier 113 is substantially the same as descri bed
above, e&BRprt KatbeKevesativgadat i érmdft imgy. thep higdin fraavenc privaddi on of a
| ow-pass filter 8 hecause the output Qf the multiplier 113 confains
harnnnicgaﬁftgﬁeeégFSﬁiHgnGEPKQPFF€F Pedddhidii g (thG 1A P Y it eci at ed t hat
t he detection pethod of, .the color density detection signal, as described in
the 6th ?8ri§Fﬁlgﬂb83P%éﬁ?sFocéﬁeaﬂgglﬂéﬁﬁﬁﬂﬁﬁé?%kfthe prior art imge

o ovi dodt P RBELRBRE BN 15 H g 31 Snos the configuration of an image.
quality Fig. 9 is a block diagram showing the configuration of
an image quality correction circuit according to another
embodiment (a third embodiment) of the present invention.
The luminance signal Y is inputted to a contour detector 50,
A contour signal 56 outputted from the contour detector 50
is supplied to a variable gain amplifier 5. A delayed
luminance signal 57, also outputted from the contour
detector 50 but delayed to achieve phase synchronization to
the contour signal, is inputted to an adder 7. 1In other

respects, the configuration of this embodiment is the same

as that shown in Fig. 3, and the same components are



2 6 JUN Z002 69 correction circuit according to another enbodi nent (a 13th
enbodi nent) of the present invention. In Fig. 31, the sane partsjrg 3nn%am2
shown in Fig. 13 are designated by the sane reference nunerals. 0,

bl ocks 153 and 154 in Fig. 31 may be constructed with the sane circuit
configuration of the inmage quality correction signal generator 14 shown in
Fig. 3 or 12. The configuration of Fig. 31 has the follow ng features: only
the positive half-cycles of the colordifference signal RY are separated by
a Hal f-wave rectifier 147 to produce4% col or density detection signal 151 °
associated only with the color-difference signal RY) and simlarly) only
the positive half-cycles of the colordifference signal B-Y are separated by
a half-wave rectifier 148 to produce a color density detection signal 152
associ at ededHER2 YF 4 hoY hkheof dpe dr¢ferenee BIGAERIB- &S hhesehwsed In

hi gh-frequency_ signal 79 detected in the |Ium nance signal by the
high-freaﬁﬁﬁt tonponent detector 78 and fed into a variable gain anplifier

155 i trolled i d Lbth the RY col densi det ect i i I
151 so that  tHeldgal 101 S51 ok BRCEA | REFFBNEP EOREr REnSPD] BB EFORS BF the

R-Y vect d | duced in | | of - densi t t f the RY
veotor,  ALrCUEH OOF o8 HET nagat i U3¢ ot B FABHHCRLS £ BnpoRsnt So4F Bed

ted b ¥ ircuit 156 _and fed t dder 159 ddition t
The-col ortahd raTekeac Erhrty #48 ABES: 651 ReTa TPy RAFOR ks Rbnka e gnal as i n

the conrl gt .28 JUN 2002, 700181 Lop, OLyEY 5 ahduaIge OLggl 193, vhere the

. t .
negat i ve hightreqguency” ¢o um nancé signal are superinposed

on the coleladidfeipneresigagt S 1108 f9u! vaheNkelBybuNEhhoRahget Ne bl ock

154 where t Y signal i's processed in'like nmanner. T varlaﬁle gain

anplifiers;dody gPoputp@ereli 6ok EREI 881456citeBitand theoadgaEsedd9, 160
are also functionally equivalent to each other. The sane effect as achieved

by the coffé@Uiid | @nObuFi GetdSt&AN whslebEnEXBEREECHel hOBUT MEmEaRhEGUr ati oN.
of Fig. 31. As a variant formof Fig. 31) the half-wave rectifier 148)

vari abl e gagmanpd i fneiit6d, tsl subteactors 838andand4addar alé0, twhach are
responsi ble for the processing of the color-difference signal B-Y, may be
el i m nat etelande processbhgthay bhasper §dmikdrodeyapnchedatharibascato
particularly significant effect on visual perceptions. In this case, the
slice cirtchat of aylse adelapocinpuitobt; sTheeluminhooe shensllideleveduit, a
change in hue, not a drop in saturation, would occur in portions where the
posi tive thptush chenéglednpobnenit dfelianpnPrtead Apt EpAasupéractor
configurations of color density detectors 145, 146 of Fig. 31 are shown in
Figs. 32 %hd 33tRyt signahawirem BRanpHBtRAEEBTEhA3cBRA| §br &FFon shown in

S 15, SRl B D00 b eag SShALhCL b FR0RIR, LRGBS sFP 20
color-difggggﬁgggéfgnal R-Y are sepa 2 6 JUN 2Q2
In the contour detector 50, the inputted luminance
signal Y is passed through the delay circuits 51 and 52,
while the subtractor 53 subtracts the luminance signal Y
directly inputted to it from the luminance signal passed
through the delay circuit 51. The output signal of the
subtractor 53 represents preshoots which are outputted as
positive at the right edge of an image and as negative at
the left edge of the image. On the other hand, in the

subtractor 54, the luminance signal passed through the delay



71 rated. In Fig. 31, the result is directly outputted as the coIQr ?ﬁ@flzhﬁé
detection signal 151. In Fig. 32, on the other hand, in order to (&I

the anplitude ratio of the | um nance signal contained in the previously
menti oned various colors in the color density to be detected, the |um nance
signal Y is inverted by the inversion circuit 11 and fed to a nultiplier
149 where the output of the halfwave rectifier 147 is nmultiplied by the
inverted | um nance signal, so that the color density detection signal 151
is corrected to a relatively low |evepgwhen the luminance is high and to a
relatively high | evel when the lumnance is |ON Fig. 33 shows an exanple
in which the inversion circuit 11 in Fig. 32 is replaced by a binary
circuit 111. This is an application of the configuration shown in Fig. 28.
Wen the anpichti4des20fi & RYIWESHC & id e Vi wibidaH @€, s 1d1ea i f@d Yf b cui t
111 outputs a low voltage so that the color density detection signal is
correctedthe @el1QW lcaweuify stithe mHd iqltrart I ndonversad ysubtede t e
anplitude of the lum nance signal Y is small, the binary circuit 111

out put s ashi glepreldeags v drtdiodthr woldr densiutpuletiettanpss ghavei gt
corrected to a high level by the multiplier 149. After that, the result is
passed t htbeghed tdeldme cifr cui tinkfe tandHineddiel vol o densrightet@gei on
circuit 151. In the above enbodi nent, the output signal of the 2 6 JUN
2p~ 72 subtfr &dteorim@iglve hilgh-three pesiesy Tonpdremreofhadies |t plabiced sfgeml ) is
first anplified, by the variable gain amplifier and then sliced at a
prescri be¢hgmsiubityde doav &3 mnd Hérss|9vear Aot topet v eebef Hemf et o t he
adder, but it will be recognized that the order of the variable gain

anpl i fi er SH¥RE 1R o) e adie EHAM Ry YR TRAATS e SIRMC AT ohE R a? on will
be descri bed bel ow as di fied exanpl es of_the first and sixth enbodi nents.
Fig. 34 shBfs PRaFEdiH] %n&ﬂﬁﬁ%¥§#gaﬁﬂ?kxﬁéiiﬁﬂ?ﬁﬁ ?Fcﬁl??ggh%,PPﬁsﬁhich
the order qf .the . var.i able gain jfier an he slice,circuit 6 i

rever sed. °%i 6’5“33%‘%%6\%105 %d(ﬁqﬁalengaexoaurﬁﬁugtto? t%léonc‘:o% ?g%‘?%??o%lﬁ uh%g. 13)
in which e o Lo Qf. .the vari gal £ . 4t h i C ircuit 6
i's reverstér’g.' Inrwq‘li‘lhgg:.hlf4elé“ﬁ"l e3g%uafqhg?§a%pﬁ?éuéd§%§ ctSJhe olut% pﬁ%ééi g{r?]}zli of the

subt ract of ;4 J(t he Ni;d I AURNGY, CUBANeNt, Ofy 1 hie LT NAEe shanaty is
first sliced at ‘a prescribed value by the slice circuit 6, and then the

out put of cbhe ePtied FinGWiiltHb d5 Wl idiath inglegmcanifioltdy the col or
density detection signal 26 in such a manner that the gain is increased
when the det ectied t¢dlsoremtensinant s dhigintand dstadec: easect wbénusbeé dset ect ed
color density is low The result is fed to the adder 7 as the imge quality
correct i oansiagealturlen cotrhrerc triggpeacircu iy ~es opegditiondesechethankiab-t hat of
the first and sixth enbodi nents, and therefore, description thereof is not
repeat ed feegauency @orgrz02 qiEddwdi eminage signal. Alternatively,

a circuit for obtaining the second derivative of the lumi-
nance signal and extracting the resulting values may be used
as the contour detector shown in Fig. 9. It is also
possible to use a circuit in which the high frequencies of
the luminance signal are directly extracted using a high-
pass filter.
(Embodiment 4)

Fig. 11 is a block diagram showing the configuration of
an image quality correction circuit according to another

embodiment (a fourth embodiment) of the present invention.



Fig. 36 is a block diagram showi ng the configuration o~ an inmage qualit
correction circuit according to another enbodi nent (a 14th enbodi &9 JUéfZﬂ
the present invention. In Fig. 36, the color density detector 1 is supplle
with the chrom nance signal or with both the chrom nance and | um nance
signals, and outputs a color density detection signal 1?6. The col or
density detection signal 176 corresponds to the color density detection
signal outputted fromthe color density detector 1 in Enbodinments 1 - 13. A
boundary reduction circuit 177 accepts the color density detection signal
176 and outputs a corrected col or déasity detection signal 26. The
corrected color density detection signal 26 is applied to the control

term nal of the variable gain anplifier 5 (at mhich) in Enbodi nents 1 -

th I density d t I I t
et oot ort ST ORBH 260 EEPRESRBRRS L™ Ao CoolBREH V5l CR0ESFEr Tond o 11381 o
lif 5 t I ty detect
et oot s tREsEt) 87 -BERaREy T FBrtbRe PPRRG Fid CCkr SHHE %ZE‘%; i nance
signals. Jng Qggggaw SRAUSLhIRAGLEC kBT RIANNGRY iR, ahr densi ty

detecti on” SI its anp Pt ad8redy at t ge portions, which

signal isg é%fia{éeogoa”% aﬁsuhebcgta BeQU%%-%'a%alr QA iQfr Ig-o(ard abl e

gain anpll I er ince the anplitude of the color density detection signa

26 is 258, ‘]%goggrz4erx"egﬂ9@ﬁl1ﬂ%ntc@esti%lr'x@qarc' %%t?iut%%lcprﬁvoxd the at the
edge portlons the color density detection signal |76, the gain of the

variabl e gai n-RRPLi ket iPiks reduced 8 tike heuwrdarngeu@h GolIXWs-palie net
effect of this is to suppress the enhancenent of unnatural contours at the
col or boupdatkess9oFugerd7 thR0WA rbfie nainceuisiube@ifn g FtrieRiueaic yErdaati ment 14
in nore detail. In Fig. 37, a delay circuit 178 delays the input col or
density dpbeehtsnasegraholéd by farpr édetier suped iteidre cartdhes wppliiadsl & he
output to a mninumval ue detection circuit 179. The m ni mum val ue

det ecti onggincanpli¥9eirs5al sdnsoppleired ewipels tishe tdal erordarginat idat extt i on
signal 176 not passed through the delay circuit 1?8, and outputs the
correct edthbsoembdeddmeptddseshieosadiegnsl that ?W@“@bﬁﬂ\dhﬁ%ﬂl%ﬂ]%ﬁ tihe

m ni nrum val ue detection circuit |79, where m ni mumval ues at the sane

i nst ant o¥aPPn6°BEPﬁééﬁ5tﬁ§ecéﬁéﬂg@éﬁ§ﬁt§Wdé5€cﬁQﬂ?:?%ﬁﬁﬂeﬁﬂ% del ayed

t hrough the delg Clr |t 178 nd t?ﬁ color density detection signal 176
not passed“PhfFd éhaﬁh BéFaVSE r ¢t lf78 dre obtained to reduce the
anplitude of the ed ¢ %ort|%%§s c%g %?q% &pyéﬁgyﬁg fﬁg&ggqung t he

maxi mum val ue EFEC i O clrcurt con O\NI’I In

shows t he, payef (5 L@K@nr@tcteqﬂlwa%l@m ,Iua,ra,%hc i Euglﬁﬂa)v@ ong with a
col or density-controlled highfrequency signal 180 that the variable gain

anplifierprécwRehdroutipeliWhen t ke eCicaGiiite 10fc Hridhindbhdes LigHct®@did o t he

~ 6 JUN 200Z 75 image quality ‘correction circuit of Fig. 13, and a

correct edstufippance rsikgralsub@8hriYer wavet hampasmtd mwFithe IYwipass shown
that the signal c obtained by taking the m ni mum val ues between the signals
a and b hasltes aopl ahdde cedwveedeais ittlye dedges iafn tdieg redl qFraisonsi ignal
detection signal a. It can also be seen that in the corrected | um nance

si gnal 18iot hbeanolntr denisiigly- fiseglamrdyecor r ditdron lirs getuckahdn widlas near
t he boundaries of colors. However, the edges indicated at E and Hin the
corr ect edthanicaance dengraly 18tesdrioassdfdalo fafk framddis ekowmRaren
non-col or and col or areas, and _no correction is nade in thes ortlons
whil e on fhétsrhEP hdheE, Vﬁﬁéa@fﬁeéﬁ%ﬂ:%ﬁﬁﬁkﬁﬁ%ﬁIQSFQQ&ﬁ&%ﬂ éhf

boundari es .between_different, colors ar meen di fferent tonal nshi es, as
i ndi cat ed¥bY ngﬁHhG. ONG{MRi Hﬁﬁ Iﬁ}%ﬁ? %ﬂﬂﬁQ%%nﬁ?RPOQ?ﬂflﬁfht Fbodi ment

provi des an effective nmethod, phecause of its extrenel si npl constr t|on
The 14th Zﬂﬂéaﬁﬁﬁﬁtsa§n ! ébtﬁvg'ln éb&%(ﬁﬁlo o) g%'ﬁﬁage %ug Tty

correctlon CIrCUIt tQ@tcdqg%c ot u%gl%u\ﬁ;ﬂﬁfﬂgé;ggedgﬁgtyf?od 4 ment is

effective MGE® oﬁVy i'n vt 58 °¢ nflguratlon ere 1 nage qu correction is
i

appli ed 8,408l YThN3ACG 18! $ah- oty bl SATd U | D DhafiLs, S1

where image quality correction is appli to the rom nance signal, the
conf i gur aE'lggacif akidd ¢ o3 et {13 SRS NG W S d £ £1 T&Me Lal So N@bne
provi ded, t he conflguratlon where image quality correction is applied
to the primary



2 6 JUN 2002 76 color signal. (Enbodinent 15) Fig. 39 is a bl ockzosqwnrgﬂoz
showi ng the configuration of an image quality correction circuit according
t o anot her enbodi nent (a 15th enbodi nent) of the present invention. In Fig.
39, a delay circuit 182 delays the input color density detection signal 176
by a predetermned tinme, and supplies the output to a delay circuit 183 and
a nultiplier 189. The delay circuit 183 delays the input signal by a
predeterm ned tine, and supplies the output to subtractors 184 and 185. The
color density detection signal 176 is5also inputted directly to the
subtractors 184 and 185. The subtractor 184 subtracts the density detection
signal 176 fromthe output signal of the delay circuit 183, and outputs the
result as a first edge signal which is supplied to maxi num val ue

det ect i on i¢} G 5206 e &5 fst rpé‘cet"o‘r"“fégpéiﬁo?cr%lc}?%‘ft heI‘bH*Bb{ﬁ si gnal of
the delay circyit 183 fromthe cpolor, density detection signal 176, and

out put s t KEBCEIMERtys the NERE etg’g"e “{ﬁf i°s°]s‘hrpd$‘? 14% AFRM naxi num
val ue det%ltei on ci.rcuit 186. The nB.)%TgaHmé/a.l ue detection circuit 186

det ects t K Smetn bRy ST P 155 TR st 579 ¢ e TR Wk Phe 11 st

and second erige S10T9).)-ANA derE 0 ot 081 5 e, Apsel s AL e 51 opRl o

the first edge signal or second edge sig sol ute t hen

bei ng supglj Q@ GUMA" AL SR -1 nT NG &£ ORAY At }l§t7 COPALESion3 6 JUN
2002 the a sm_(eilﬁlt?teev;aslque ?’lgnalu vvithlna p_reglet er m:(ﬁfea volftage 18_1,0%nd
supplies a;hinary sticeelid &ithe sl tipldsla B 10, ageorpancse mwih the
result of the conparison. The output signal of the delay circuit 182 is

al so supplgeg@ ctQ nlshe HaUldd )Y &lenB%y oMW Hd Rd£Fi 8T HbhiPdh&s the two

i nput signals together, and outputs a corrected col or density detection

signal 26.siEh@1SeCnagn b2l 3 Rc!ias ebnityi rb thidr adi 41 Nen& ake HEs Comsi dered as a
circuit for obtaining the absolute value of the first edge signal. The

first edgextirgealingwitiheh Higlprfadupecthdy cuhidreait ngf tiiee cohmingtedsi ty
detection signal 1r6 directly fed to the subtractor 184 fromthe col or
density detigatalomssiugral ih/6& hdelimpart tdwadligly tdver med teorci ¢ tedw st | S20emd | 83
in series, and the second edge signal, an inverted version of the first
edge si gndin, eddtheat Fdd -f rforant Fd ssulftr adtusrthieds, arke klippm vedreot i ke raxi num
val ue detection circuit 186 where the nmaxi mum val ues between the first and
second ed§dr§udramayabe sresd dadtepsthofi the Hat bhnyite ofe ¢ bl ki num val ue
detection circyit 186 is the absolute value signal of the first edge

signal . WRdF SR A¥pl i tude of the absol ute val ue signal exceeds a certain

| evel , th3 (r:r%n%arat r 5(]3?87 outputs the result of the conparison between the
absol ute v&MPEd§RA °dnd the predeternined thresho7.d val ue vol tage 188,

oo, SR 1 3 P A S A nd BB ERL5H 6"
an image quality correction circuit according to another
embodiment (a fifth embodiment) of the present invention.

The chrominance signal I is inputted to a variable gain
amplifier 60, whose output signal is fed to a full-wave
rectifier 10. The chrominance signal @ is inputted to a
variable gain amplifier 61, whose output signal is fed to a
full-wave rectifier 12. A microcomputer 62 supplies a
control signal 70 to control the gain of the variable gain

amplifiers 60 and 61. 1In other respect, the configuration

of this embodiment is the same as that shown in Fig. 3, and



2 6 JUN 2002 ~s portions and goes |low for other portions. This edg2 2002
correction signal is nultiplied in the nmultiplier 189 by the outpu @i{”!u

of the delay circuit 182, thus producing the corrected col or density
detection signal 26. The color density detection signal 26 drops to the

sane voltage level as the no-color level for portions where the edge

absol ute val ue signal exceeds the threshold value voltage 188 in anplitude.
Fig. 40 shows the wavefornms taken at points a, d, e, f, g, h, i, andj in
Fig. 39, along with a color density-controlled high-frequency signal 193

that the variable gain anplifier 5 #buld output when the circuit of Fig. 39
is connected to the image quality correction circuit of Fig. 13, and a
corrected | um nance signal 194 (Y') in that case. The nuneral 190 i ndicates
the I evel of the threshold value voltage 188. The nuneral 191 indicates the

r ef er ence tdiggFAne GoMHRReddge a5t AR I TH GG Fhe (5 eF &F 2TRRCEI gna

being calculated as 0 in the muJtjplication operation performed by the

mul tipli ePulsFals asyihosssasf fﬁﬁ)%ﬂ%'é%ge correction signal i drops down
to the reference valtage 191 inlggqg qgmvg{gébo nggrégg 0 ggi ggé The
numeral 192 i ndifcat&R A hd TS hcd Roltage 1or The*'tort et ed ¢ol'sr density
detection signal. i.,. .tthe refere V, bei n ol or
portions. ° h% %olrérlet@tl@ncao océ C&%‘ﬁ\’s?&yélsgf%cfi%ﬁgi%gn}é‘%)ﬁj}é%%%{)gﬁ%oghmgt o the

ref erence |t a 92 1] ari es~of
colors. It gélr? %gf ;aeglr?llt aﬁ%ﬁ%ﬁ%&ﬁ%&%ﬁ%ﬁ% S%a u%%% ggﬁ?gol | ed by

t-he vari ghl® 198110 AR 2 e RLPTHRNCE N £ t HEg £81 070 deRFpI Yed
detection signal | i1s suppressed for portions corresponding to the col or

boundari ego Whel R&diWHIRANGS 51085 1 A% afd®randB@e. quahi tNe CORALELT ON, NO
i mge correction is applied in areas near the col or boundaries. This

el i m nat egulahd t3ossididdtiprofc iavar core £cth on afibediment , r ehersaphabiet he
boundaries of colors as was the case with the prior art previously

descri bedgalime asiff)fidfrierrc &6 (hetwimere tdwlcafdr gampl i bhsabiofi gs. 37 and 39 is
that the configuration of Fig. 39 achieves a much greater inprovenent not
only at thkensewidad 51 Betamgeirnoncool i el col brgareastupuef atBe at the
boundaries between different colors. The 15th enbodinent is also effective
in appl i caendralo sdfnadadd R IieEorTUettim RiFERFPMPREET dB8s not use a
slice circuit; the enbodinent, is effectiv thetgonfiguration

wher e ina@@?&&gﬂﬁfyqﬂ&wﬁﬁﬁQWﬁP%@?%uﬁﬂﬁ% t O%% h%%ﬁ#ﬂ%ﬁ%e SPgnal, but also
[0 he CoRRAUALLPD O S Shaher e LURRE Sl L FofE et 13 o) Lt
the SIice et ighH0tanfilia (e o AN LIS, COOLL OME BT LRD) YEELR:h BROE
quality corrections applied to the prinmary col or signal

controlled in like manner, amplifies the chrominance signal

Q and supplies the amplified signal to the full-wave

rectifier 12. The full-wave rectifiers 10, 12 and the adder

13 operate in the same manner as in the image quality

correction circuit shown in Fig. 3. In this embodiment

also, the adder 13 outputs a color density detection signal

corresponding to the color density. This color density

detection signal corresponds to the sum of the absolute

value of the chrominance signal I and the absolute value of

the chrominance signal Q; therefore, by controlling the

amplitude of the chrominance signals I and Q by the



~ 6 JUN 200 ao (Enbodi nent 16) Fig. 41 is a bl ock di agram show ”Qﬁh\‘ﬂm 2002
configuration of an image quality correction circuit according to another
enbodi mrent (a 16th enbodi nent) of the present invention. In Fig. 41, the
color density detector 1 corresponds to the color density detector in
Enbodi ments 1 - 13. The chrom nance and | um nance signals are inputted to
the color density detector 1 which then outputs a color density detection
signal 176 to a small-anplitude renoval circuit 195. The snall-anplitude
removal circuit 195 outputs a corregted color density detection signal 26
which is applied to the control termnal of the variable gain anplifier 5.
More specifically, the color density detection signal 176 synthesized from
t he chrom nance and | um nance signals is supplied to the small-anplitude

removal chi&pbtodPitubese, seRk! aapRhthudecporikors 10k Whe [alor density
detection signal are renoved in order to reduce the effect of image quality

correcti oNefO6t168n5i8RLON caheASs0apd EBRLEB3ULEI BY QUEPYame t8me.t hE
corrected color density detection signal 26, is applied to the control
termnal of thenvarimnabhe ¢Bad anpl ghigr o5 itheEnhgdi-meelgsichcy tomn-When
applying the configuration of Fig. 41 to Enbodi nents 14 and 15, the

smal | - anppohemie snbhal 1onicante 195ghslcanpédtféddablyethiehe abdundar y
reduction circuit 177 in Fig. 36. Fig. 42 shows the configuration of the
smal | - anpdaindempl 2f GedUN 2002onenovabdcbycthe 196 ropnonpueedettdi,l . The
nuneral 196 and 197 designate transistors having simlar characteristics;

t he col orvidealsi fyrtheecneansstiyabl thZcamguappbifedotroechd cpasd sefl fi;hdy
transi stor 196, while a reference voltage 200 is applied to the base of the
transi st othigly theecprrecbndelypinagee2002akrdoYeriw Rgodsicelde risf erence
voltage for the corrected color density detection signal 26. The collectors
of the tre?teebled 108 Lhe moyrasereBhfEcPéd t oget her and coupled to a

ower source 198.. The.emtters of . the transistors 196 and 197 are connect ed
Fogether and dgﬁh?dgglﬁi5°3?}%§f§P6Pn19 geTﬁ8°EﬁitP r °8F TESSF t he

ransi storgy 190y 197chs SORDEEhed LoaNe, DaRCLET ofohianshalgl 293 whose

e
col | ector grounded and €ri s connecte o) I source

198 Via dnigsdsbifbupl?; dDEoNhR0P,OMhOULLRE BEORLENS RHLLLLl ghaiNe

transistor 201 i1s tﬁe corrected ensity detection signal

transi st ogr 204 {pénfr@ﬁeﬁgﬁéégrofothemeﬁebuiterIéowamgtah@% v tRaedrop by
the base-emtter voltage of the transistors 196, 197 is cancelled as it is

rai sed bythdre tiasecepthiersyotiagecohsi Beihgansi sher va@lablke galimcuit
operation of Fig. 42 will be described. It is assuned that the reference
vol t age 20fpfofid he6Coanecfelll cwboe deosifyedetiochndntiiegrdlrc2@t S chosen
to be higher than the input color density detection signal 17G Wen the
col or dersdtyiceteerpbatsngnaf U6 wuppipbdet satheabaddfdfert 64 tarahnsi st or
196 is higher than the reference voltage ~00 2 6 JUN 200a s2 applied to
the base Oflitiaye apeekibienoy? eanrkatcppshsucted easily by using a

four~-quadrant variable gain amplifier.

Further, instead of using the microcomputer 62, the
control signal 70 used to control the gain of the variable
gain amplifiers 60, 61 may be created using a voltage
settable by a variable resistor. 1In this case also, the
amount of correction applied to the luminance signal can be
changed according to the preferences of the viewer.
(Embodiment 6)

Fig. 13 is a block diagram showing the configuration of



fromthe transistor 196 to,ground via the resistor 199, so that t
transistor 197 is off. Therefore, in this case, the color densitiﬁedgutm
signal 176 is outputted as the corrected color density detection signal 26
through the transistors 196 and 201. Conversely) when the color density
detection signal 176 applied to the base of the transistor 196 is | ower
than the reference voltage 200 applied to the base of the transistor 197,
the transistor 196 is off, and current flows fromthe emtter of the

transi stor 197 to ground via the resi s#®r 199. Therefore, in this case) the
reference voltage is outputted fromthe emtter of the transistor 201. Fig.
43 explains the circuit operation of Fig. 42 by using specific exanples of
signal wavefqrnms. The nL{:maraI 203 desi gnates an exanpl e of the col or
density défedtie&s SUHal Y AP t“%llfc%ltbaascec%’f MHe ¥ AT 196, and

a dotted line 204 indicates .the recL.ere c)e oviol t.age for tpe. color. density

det ect i on ZPGTaAMPFe, & et it SRE R Yadd bl RS tPYFRE M- col or

| t | .. T f th
Vo 00 oYl AT o 20, S1 . FAATH . [, 0611 05 sy o the
transi st o 197, The TR Al 206 i cales dhe, ol or_ dansidy. fet ecti on

signal 26 after correction, and 205 designates the reference voltage

appl i ed tgoﬁnfﬁ%nfé@&edéftet&%ﬁr%ﬁiﬁwctli%gfetthg_ﬁiglﬂﬂ\f A In Fig. 43, it

can be seen that when the color density ection signal 203 is higher than
the correeb@ghon@h@r @canwl laten 2% dithaol orrKiensid ndedecdi ®hasignal 203
is outputted as the corrected color density detection signal 206;

conversel ys Whentitha ntef enenas o icage iddits i ghervd hanad heo ceher density
detection signal 203, a voltage equal to the corrected reference voltage
205 i s oullput-tped sas itlte rc & raact ethecaledraydenistdwyi et ectTion cigmat 206. As a
result, the anount of image quality correction in light color areas is held
down. Thesiénka lefSodifirdrite isutdl oo tefif elctriarerd seappl tleath bhht Hrequémeye
quality correction circuit that does not use a slice circuit; the

enbodi neneomgosehdc ity d heotlwrinanas tHeE nonfarflirks i orruiies® torablee qual ity
correction is applied to the | um nance signal, but also in the

conf i gur at’PSr 28 eFigg 1 "3 12 e § Treye @j‘alth}e;/ ddhsedtattr ihamriRetio the
chrom nance signal, .the confi ation of, Fig. 31 in the case where.the
slice cir Eﬁiglnaiqs 0rfottth T oa\ffd;eerd?l%rfcf ﬁw“éjpclolnefqgg%sf A% o Eber ¥° i%’b‘é{hhél ity
correction,i:s.appli tq. t prd. C Si The bo y. e i on
circuit oplé%fgogi'neﬁﬁlse fﬁla%st rrga1 ‘a)e/l i(%lcg{hpeor{g{pg‘4 Slln{}b ?h%aga%vle{ §Ysh
confi gur ati;0n,, CFed i tnel fly Y 1 1t I, 3RO AN B Showh N d e,
configuration Of an inmage quality correction circuit according to another

enbodi nent (8wl palserhadidert) ofhd hRfesatglavest igie 1dw-p2s§ JUN 2002
84 Fig. 44, the color density detector 1 corresponds to the color density

detect or fAalkeRod Mentappl iedlIo M Gumyidiancerminthl wi neeev st Yol e are
inputted to the color density detector 1 which then outputs a color density
det ect i ongsiignamplif itear &n offfrsettladdindspect vy cthd QOB idlmeaidésedtfaddition
circuit 208 outputs a corrected color density detection signal 26. Mre
speci fi calthys emdoddimemtddrsitthe datmectdsortwtgraioy 6l myini hesd zeand nthee
color density detector 1 fromthe chrom nance and | um nance signals is

i nputt ed £8MEhECRPPISNtERIFARY SIFTigatiad J08 Wifereene D tonpoient is
added.to tree cqQlor density detection signal 176 so that a difference

vol t age WPPMErEnsi AWt P seditd i hife rference voltage even in no-col or

portions, thus._allow n certain degree aof inmage ua%jt‘y coryection in
no- col or porti &Hs.t?‘,&f %"@’ﬁéﬁ"ﬁ’bt 'efa%p‘lgé’,aolt hceorb‘?&ﬁlfqﬁn 4 ¢ ¥Bn %?r%ﬂp?rZOS
density is outputted from the adder 13, but this output
signal of the adder 13 cannot be said to be optimum as the
color density detection signal contemplated under the

present invention. This is because the amplitude ratio of



can be inplenented using the sanme configuration as the snmall -anplZﬁu%N/ 002
removal circuit shown in Fig. 42. However, in the small-anplitude Te ag
circuit, the reference voltage 200 after correction is made hi gher than the
nocol or I evel of the color density detection signal 176, while on the other
hand, in the case of the offset addition circuit 208) the reference voltage
200 after correction nust be nade | ower than the no-color |evel of the

col or density detection signal 176. Further, instead of using the circuit

2 6 JUN QO0'1 85 such as shown in Epg. 42) the reference voltage may sinply
be made | ower than the no-color |evel of the color density detection signal
176. Fig. 45 shows specific exanples of waveforns. The nuneral 209

desi gnates the voltage waveform of the color density detection signal 176;
210 is theheollage dreelcompmdit Gal alot Sqrlesetdd 211thés ddwepwol or density
detection signal after correction; and 212 is the reference voltage after
correcti og.ightalgamn sheleseari Hetaddie: si ghaladdilde st o OC mol tlageptosentbl e a
certain degree of correction even in no-color portions. This al so provides
t he ef f ectembioddpemtiturid ec @urtgatti anigriadr tdfertior eadddr pt dvé o oespandi m@de so
that the corrected reference voltage can be varied using a m croconputer or
the |ike, tan tdygercatlioon dequsiital emtd ttde riggee mhed | twynicomeol signapert ure
correction can be acconplished. The 17th enbodinent is also effective in
appl i cati eNtPetded fagm direl ity egoriractqigie Wit cul tatharu ol ivd use a
slice circuit'; the enbodinent is effective not only in the configurati on
wher e i mag@egiRert yi e dhreeduildd alsedp A i ed o THEY R hatkee B EWPIi®0t al so
in the configuratiqn of Fig. 31 where inmage quality correction is aﬁplied
to the chrofPn&h@@ldieghals 2 1§ Jgh A é%?qfoercfﬁ@r} SHERHL 14 tAskNGihere
the slice_circuit is,not praqvjded,. and the configuratjon where i e

qual ity c3PFeéPilén giasmap?ﬂ'lpllécfjlteor t%é’iﬁi‘ﬁherﬁocwo'l 4 S%i’l(:;’ng‘f?r'lélé bﬂkﬁ%dary
reduction_circuit of. 2 JUN 20Q 6. .E i 4 .

i ncor por atc(eé&O%nﬁgntsﬁéyaggggcg&ﬁﬂ gsﬁrggﬁlo%%ué:‘ta%eefan%?%,ﬂfhe sﬂ%‘? 18hplitude
renoval cigcul E [ 1e\A [ . Y,
Enbodi nen;tggloﬁlgg%'y %g%%ﬁgeggpljﬁ%ed nﬁ%nﬁ%%ﬁ%ﬁ%ﬁ%&%& utcggg to
digital syghemRy A3 Lhirg liaRveRtiyon By L erhndiedd o seyeril g of gmiwi t hout
departing fromthe spirit of essential characteristics thereof, the present
enbodi menhoks tyhandf awe al Irleusitriatd e ingh Nedvelestdd Cd i y€loBi i elddie scope
of the invention is defined by the appended clains rather than by the
descri pti énmpnesadiyng fiihemloandaskl foHdarge$ timtpfatided t te nremeees thd
bounds of the clains, or equival ence of such netes and bound thereof are

t her ef or ebiigheddedven ciye compoacad Hf tthe dirgigited luminance signal

" contained in the output signal of the multiplier 9, thereby
preventing the gain of the high-frequency component from
dropping or distortion from being caused as a result of the
gain control of the variable gain amplifier 5.

Fig. 14 shows the waveforms of the various signals for
explaining the operation of the color density detector 1.
In Fig. 14, 14A shows the inverted luminance signal
outputted from the inversion circuit 11, wherein 82
indicates a reference voltage for the inverted luminance
signal to be inputted to the multiplier 9, i.e., the

difference between the inverted luminance signal voltage and



2 6 JUN 20p2 s~ WHAT IS CLAIMED I'S: 1. An inmage quality correctigg Cj N:ﬂm
conprising: color density detecting neans for detecting col or de f@r

a signal relating to color; high-frequency conponent extracting nmeans for
extract ing a high-frequency conponent of a |um nance signal; a variable
gain anplifier for anplifying the extracted hi gh-frequency conponent of the
| um nance signal by performng control in such a manner that the gain
thereof is increased when the detected color density is high, and is
reduced when the detected color densit§lis low, a slice circuit for slicing
the outputted anplitude of said variable gain anplifier at a prescribed

val ue; and neans for conbining an inage quality correction signal outputted
fromsaid slice circuit with the |lum nance signal to be corrected and

t her eby otthputreif8geaceonmoddiad® B@riifaniEediighdihe multiplication

operation performed by theumultiplier 9; 14B shows the
chrominance signal I, wherein 83 indicates a reference
voltage for the chrominance signal I to be inputted to the
full-wave rectifier 10; 14C shows the chrominance signal Q,
wherein 84 indicates a reference voltage for the chrominance
signal @ to be inputted to the full-wave rectifier 12; 14D
shows the waveform of the full-wave rectified chrominance
signal I outputted from the full~wave rectifier 10, wherein
85 indicates a reference voltage for the full-wave rectified
chrominance signal I to be inputted to the adder 13; 1l4E
shows the waveform of the full-wave rectified chrominance
signal @ outputted from the full~wave rectifier 12, wherein
86 indicates a reference voltage for the full-wave rectified
chrominance signal Q to be inputted to the adder 13; 14F
shows the output signal of the adder 13, i.e., the signal
representing the color density given as the sum of the full-
wave rectified chrominance signals I and Q wherein 87
indicates a reference voltage for the signal corresponding
to the color density to be inputted to the multiplier 9; 14G
shows the output signal of the multiplier 8, wherein 88
indicates a reference voltage for the waveform 14G, the
reference voltage level indicating the absence of color; and
14H shows the color density detection signal 26 outputted

from the low-pass filter 8, wherein 89 indicates a reference



2. An image quality correction circuit according to claiml1, mheefkn aﬂid
hi gh- f requency conponent extracting neans com prises a | ow pass f td f 2002
extracting a | owfrequency conponent of the |um nance signal, and a
subtractor for obtaining the difference between the | owfrequency conponent
2 6 JUN 2002 as passed through said | owpass filter and the | um nance
signal. 3. An image quality correction circuit according to claima1,
wherein said high-freqgquency conponent extracting nmeans conprises a first
| ow-pass filter for extracting a bpbwfrequency conponent of the | um nance
signal, a second |lowpass filter, having a different cut-off frequency
characteristic fromthat of said first lowpass filter, for extracting a
| ow-f requency conponent of the | um nance signal, and a_subtractor for
obt ai ni ng’ A Heagk fFer chite peiqrefepnbly odeteqgtiénBysésnpondht or Bspecti vel y
passed through said first and said second | owpass filters. 4. An inmage
qual ity CotRECtedntei boti YarbaPtestay 2BPLET4BESPrythet BEEPR§ R&ans for
detectinq}color dﬁnsi roma_ sigpnal relating to color; contour detecting
r

y. f
means for’ YEt2%S i %V%icbﬂ@bﬁ?tépénﬁhef?Bﬁ?ﬁcﬁuﬂfnSHEErsignal;

The operation of the color density detector 1 will be
described below with reference to Fig. 14, Fig. 14 shows
the waveforms obtained when a color bar signal is processed
in the color density detector 1 in the image quality correc-
tion circuit of the present embodiment. When the chromi-
nance signal I of 14B is full-wave rectified by the full-
wave rectifier 10 with reference to the reference voltage
83, the waveform of 14D results. Likewise, when the
chrominance signal @ of 14C is full-wave rectified by the
full-wave rectifier 12 with reference to the reference
voltage 84, the waveform of 14E results. The waveform 14D
of the full-wave rectified chrominance signal I and the
waveform 14E of the full-wave rectified chrominance signal Q
are added together in the adder 13, and the result is the
waveform 14F. It is assumed here that the voltage level
representing the reference voltage 87 is outputted when the
voltage levels of the reference voltages 83 and 84 are
inputted to the adder 13. When the inverted luminance
signal of 14A as the reference voltage 82 and the signal
waveform of 14F multiplied together in the multiplier 9, the
waveform 14G results. The reference voltage 82 is the zero

level of the inverted luminance signal 14A for multipli-



a variable gain anplifier for anplifying the detected contour signal by
performng control in such a manner that the gain thereof is increaaz pﬂmpzmn
the detected color density is high, and is reduced when the detected col o
density is low, a slice circuit for slicing the outputted anplitude of 2
6 SUN 20Q 89 said variable gain anplifier at a prescribed val ue; and neans
for conmbining a~n image quality correction signal outputted fromsaid slice
circuit with the lum nance signal to be corrected and thereby outputting a
corrected lumnance s i gna.l . 5 An inmage quality correction circuit
according to claim1l1, wherein said col or density detecting nmeans detects
the color density by full-wave rectifying different color-difference
signals and then summing the results or by full-wave rectifying different
chrom nance signals and then summng the results. 6. An image quality
correcticnP%ﬁiQﬂMtW%k%%thﬁgT%ﬁerence voltage 87 is the zero level of

the signal 14F for multiplication. The reference voltage 88
is the zero level for the result of the multiplication and
represents the voltage level when no color is present. The
waveform 14H results when the waveform 14G is stripped of
its high-frequency component through the low-pass filter 8.
The reference voltage 89 represents the voltage level when
no color is present. From the observation of the waveform
14H, in conjunction with the previously given Table 1, it
can be seen that the amplitude is increased in the direction
of decreasing high-frequency component and is reduced in the
direction of increasing high-frequency component.

Fig. 15 shows a modified example of the sixth embodi-
ment. In Fig. 13, the luminance signal Y is inputted
directly to the inversion circuit 11, while in Fig. 15, the
low-frequency component 16 of the luminance signal passed
through the low-pass filter 2 is inputted to the inversion
circuit 11. Furthermore, in Fig. 13, the m;ltiplier 9 and
the variable gain amplifier 5 are coupled together via the
low-pass filter 8, but in the configuration of Fig. 15, the
low-pass filter 8 is eliminated. The configuration of Fig.
15 is effective when the cut-off frequency of the low-pass
filter 2 is sufficiently low to ensure that the high-
frequency component of the inverted luminance signal that

can adversely affect the processing for variable gain



claim1, wherein said color density detecting nmeans detects the color
density by rectifying a carrier chrom nance signal or by full-maﬂﬁﬁ JUN‘ZMQ
rectifying different chrom nance signals and then summing the results. 7.
An image quality correction circuit according to claim1, further
conprising: a variable gain anplifier for anplifying the anplitude of a
color density signal to be detected, by controlling the gain thereof on the
basis of a preset voltage value, whergisn the gain with which to amplify the
hi gh-f requency 2 6 JUN 2002 90 conponent of the |lum nance signal is
controlled in accord ance with an output signal fromsaid variable gain

anpl i

amplification, as previously mentioned, does not remain in
the color density detection signal 26 outputted from the
multiplier 9. The resultant color density detection signal
26 is substantially the same as that shown in Fig. 14H.

In the configurations of Figs. 13 and 15, the chromi-
nance signals I and Q may be replaced by the color-differ-
ence signals R-Y and B-Y; in that case also, substantially
the same effect can be obtained.

Fig. 16 shows a modified éxample of the high-frequency
component detector 78 shown in Fig. 13. The luminance
signal Y is inputted to a delay circuit 81, and also to a
high-pass filter 80 which outputs a high-frequency signal
79. The delay circuit 81 outputs a luminance signal 75
containing the high-frequency component. The high-pass
filter 80 extracts only the high-frequency component from
the luminance signal Y, and outputs it as the high-frequency
signal 79 which is inputted to the variable gain amplifier 5
shown in Fig. 13. On the other hand, the uncorrected
luminance signal is delayed through the delay circuit 3 so
as to achieve phase synchronization to the high-frequency
signal 79 delayed due to the processing through the high-
pass filter 80, and is then inputted to the adder 7 of Fig.
13 as the luminance signal 15 containing the high-frequency
component.

(Embodiment 7)



fier. 8 An image quality correction circuit conprising: color density
detecting neans for detecting color density froma signal relati ngs QIUN 2002
col or; high-frequency conponent extracting neans for extract ing
hi gh-frequency conponent of a |um nance signal; a slice circuit for slicing
the outputted anplitude of said high-frequency conponent extracting neans
at a prescribed value; a variable gain anplifier for anplifying the out put
of said slice circuit by performng control in such a nmanner that the gain
t hereof is increased when the detected colsar density is high, and is
reduced when the detected color density is |low, and means for conbining an
I mge quality correction signal outputted fromsaid variable gain anplifier
with the lum nance signal to be corrected and thereby outputting a
corrected | um fagce 19i grsala. bd.ochn dimggemydiawiyng drireectdrdhni piractuidn of
conprising: color density detecting. means for detecting col or

a color density detector in an image quality correction

circuit according‘fo‘another embodiment (a seventh embodi-

ment) of the present invention. The numeral 90 designates a

full-wave rectifier where the inputted carrier chrominance

signal C is full-wave rectified to produce a signal corre-

sponding to the color density. This signal is inputted to

the multiplier 9. The configuration other than the color

density detector is the same as that shown in Fig. 13.

In Fig. 17, the carrier chrominance signal C is

inputted to the full-wave rectifier 90 which then outputs a

signal corresponding to the color density. This signal

corresponds to the output of the adder 13 in the example of

Fig. 13; when the color bar signal is inputted, the

resulting output signal is essentially the same as the

signal of Fig. 14F but contains harmonics of the chrominance

carrier frequency. The signal output from the full-wave

rectifier 90 is fed to the multiplier 9. Subsequent

processing is the same as that illustrated in Fig. 13. It

will be noted, however, that not only the high-frequency

component of the inverted luminance signal but also the

harmonics of the chrominance carrier frequency are removed

by the action of the low-pass filter 8, so that the signal

outputted from the low-pass filter 8 in Fig. 17 is essen-

tially the same as the color density signal outputted from



density froma |um nance signal and a signal relating to color; 2 6 JUN
2(1D2 91 high-frequency conponent extracting neans for extracti ngZ? JUNf 2002
hi gh-frequency conponent of the |um nance signal; a variable gain anplifier
for amplifying the extracted high-frequency conponent of the | um nance
signal by performng control in such a manner that the gain thereof is

i ncreased when the detected color density is high, and is reduced when the
detected col or density is low, a slice circuit for slicing the outputted
anplitude of said variable gain anpli¥3er at a prescribed val ue; and neans
for conmbining an image quality correction signal outputted fromsaid slice
circuit with the lum nance signal to be corrected and thereby outputting a
corrected |lum nance signal. 10. An inage quality correction circuit

accordi ngtheo o lbdm densheyedetsatdrcbl on Héasi fiy.det ecting neans conpri ses
rectifiers for full-wave rectifying different color-difference signals or
two ki nds{ Bfbadiesithahte signals, respectively, an adder for summing the
two signals after rectification, and a nultiplier for nultiplying an output
signal of sai &f s8ide}® b{S ah @h%%?%%dS@%VﬁPéntgF fREIEEHRAACE SfgRal , and

t he col or densg%g is detected fromthe output of ;said multiplier. 11. An

i mge quat9tlr PR e b LRT t 1ACRBr HPAGS L BUBLALH SOTRAEEEPR  ~ s JuN

2002 92 circuit according to another embodiment (an eighth
embodiment) of the present invention. In Fig. 18, the
color-difference signal R~Y is inputted to a maximum value
detection circuit 97 and also to a multiplier 91. The
color-difference signal B-Y also is inputted to the maximum
value detection circuit 97 and the multiplier 891. The
output of the multiplier 91 is fed to a coefficient
multiplier 92 acting as an amplifier circuit, where it is
multiplied by a coefficient k to produce a signal 98
expressed as k(R-Y)(B-Y). This signal is inputted to the
maximum value detection circuit 97. The maximum value
detection circuit 97 outputs a color density detection
signal 26. The configuration other than the color density
detector is the same as that shown in Fig. 13.

In the operation of Fig. 18, the incoming color-
difference signals R-Y and B-Y are first multiplied together
in the multiplier 91, and then multiplied by the coefficient
k in the coefficient multiplier 92. The result is fed to
the maximum value detection circuit 97 to which the color-
difference signals R-Y and B-Y are also inputted directly.

The maximum values among the three are then detected, and



said color density detecting nmeans conprises a rectifier for rect'zz%im 2002
carrier chrom nance signal, a nmultiplier for rmultiplying an inver

| um nance signal and an out put signal of said rectifier, and a | ow pass
filter for extracting a | owfrequency conpone~it from an output signal of
said multiplier, and the color density is detected fromthe output of said

| ow-pass filter. 12. An image quality correction circuit according to claim
9, wherein said color density detectingsgeans'conprises a multiplier for
multiplying different color-difference signals, a weighting circuit for
assigning a weight to an output signal of said nultiplier, and a maxi num
val ue detection circuit for detecting a maxi mum value anbng an out put

signal of said wejghting circuit n | or-di fferenc naI qQr_a_wei ght ed
version off ?rﬁf%ﬁéﬁhﬁ$o HP?Fe?EnEg sF@ﬁBF dﬁﬁﬁlgﬁe SEﬁ 1081 5881t er ence
signal or wei ghted version of the'other color-difference signal, and the
col or ded% ty is detected fromthe output of said maxi num val ue detection

circuit. 13. gugé&tyocpgéecibonwglQgghtdggggrgln%h Gleai m9,

wherein said co or den defect'ng neans comprises a subt or for

subtract i1 sefgmlghn@mnaﬁce shegak ( ﬁt@mﬁa &I)rssr@hm@d@@nce raiggnal ,
and a naxi num val ue detection cifcuit ~ 93 for detecting a

maxi mim vied Uh &n®neo B8 OUE UL rSEEPak i RA £ 881 ¢iSHDLhaChahs@l oF Waeght ed
version of the output signal, an inverted signal of the first chrom nance

si gnal om@y\engig@dlvetsmor of thethaveigadesi gRal nuaregalha 1g3econd
chrom nance signal or a weighted version of the second chrom nance si gnal

and the coldicslensitheiveclebeciedett 08t B¢ eHkpBtyohxsai,d 1m@xiim+m val ue
detection circuit. 14. An inmage quality correction circuit according to
claim9, dihesteis slae dveotor dinsctyodefedching wkeans3toppihindes fa thal fwave
rectifier for half-wave rectifying an inverted signal of a first

chrom narcegmsd ried , thee nail 39 ppeentfof hbkt Rl pidgadn d@Opdnddicgitals dhesai d
hal f-wave rectifier circuit by a second chrom nance signal, and a maxi mum
val ue det&thioh ¢irestionoicdeiegt thy asmlxi RadPFaPhe - gﬁnﬁ@ ftier éé‘ekl nds of
signal s haV|Qg an outgut signal ~of said nultiplier or a weighted version of

the out pa3%ignat Gme: 11¢stieRi6AtRANERSSVER ProF“é.'e\Réllé’l’i‘t 8@ W on of

the f t..ch d t f t

chr o nartde S rb B SJCQH?Q‘%%?ggn%gPE%’%ErSf 2ha 7P npeiBda ol SIHED or Zhong

four kinds, of 5 ”aiﬁeh\‘?é’é@g Q rEDE 86K} ”gﬁ ﬁ% %%”iig% Bl us Jihg gqcond
or

chronlnance Si gha Vérsron’o second “chr om nance ‘si gnal )

and the gglor aﬂemétyeassede&ecwgnfrgﬂat h8404hRYL a0k sS3NY RREYTYM value 2

6 JUN 2002 94 detection circuit
direction Jjoining the 123° point of the +I signal to the
303° point of the -I signal. Further, the numeral 126
indicates the vector orientation where R-Y in Fig. 18 is at
a maximum, which is close to the orientation of the red
vector. The numeral 127 indicates the vector orientation
where B-Y is at a maximum, which is close to the orientation
of the blue vector. The numeral 128 indicates the vector
orientation where k(R-Y)(B-Y) in Fig. 18 is at a maximum in
the first quadrant, which is close to the orientation of the

vector of magenta-hued colors, while 129 indicates the

vector orientation where k(R-Y)(B-Y) is at a maximum in the



15. An image quality correction circuit according to claim9,
col or density detecting neans conprises an adder for summ ng m?ﬁé’w%&

color-difference signals or two kinds of chrom nance signals after

full -wave rectification, and a nmultiplier for multiplying an output signal
of said adder by a binary version of the |um nance signal, and the col or
density is detected fromthe output of said nmultiplier. 16. An inage
quality correction circuit according to claim9, wherein said color density
detecting neans conprises a rectiPier for gectifying a carrier chrom nance
signal, a multiplier for nultiplying an output signal of said rectifier by
a binary version of the lum nance signal, and a | ow pass filter for
extracting a | owfrequency conponent from an out put signal of said

mul tiplieryhapd ghedeahe; densht ¥Ysi sldeteebedhbr emitheadibpub fokheai d

| ow-pass filter. 17. An image quality correction circuit conprising: color
density detectongoneansehohudeat e6lbng.col or density froma | um nance signal
and a signal relating to color; high-frequency conponent extracting means
for extracting Bhai gacfoequeneptebiporent26f (IRE&,| uBBnanod di2gnain ' ~G
JUN 2aa2 95 a slice circuit for slicing the outputted anplitude of said

hi gh-frequéhgy tonpppeetiextedrtpagchedhs deciopr édeerchadanvabdetbs variabl e
gain anplifier for anplifying the output of said slice circuit by

per f or m ngce bk ohay knguehlarganfeept hat thRehgahnfrreresryi sreasreased when
t he detected color density is high, and is reduced when the detected col or
density is!Mod¢ ’éﬁar?r%%%sfB’Pec%h’BFﬁFh@“énlf’nﬁbécauéthV‘ESFr &d€ran Ssi gnal

out putted d vari nplifier with the luninance signal to be
correct ed ﬁg §a¥eb?“%u E%TY?ﬂB"X?COFPe {84 I IEnFﬁSn@é §ﬁ§lref§% An |nage
quality correction C|rcu$t conpf55|ngﬂ£colo etectin

a

det ecti ng tol of*Geheft Y2 +Y 6 &' s] ﬁﬁl 3 sMYRal 3Faflng to

col or; each of these three signals is detected, the detected amount
of color density is larger for colors having a larger drop
in the high-frequency areas.

Fig. 20 shows the results of color density detection
performed on a color bar signal by using the configuration
shown in Fig. 18. Fig. 20A shows the waveform of the R-Y
signal, 20B the waveform of the B-Y signal, and 20C the
waveform of k(R-Y)(B-Y) for k=1.5. The diagram 20D shows
the color density detection signal 26 obtained as a result
of detecting the maximum values from 20A, 20B and 20C. 1In
this figure, the numbers attached alongside the respective
waveforms indicate the amplitude ratios when the 100%
amplitude is expressed as 1.0. Numeral 161 indicates a
reference voltage for each signal of Figs. 20A, 20B, 20C and
20D. The respective reference voltages for each signal of
Figs. 20A, 20B, 20C and 20D have the same value., Observa-

tion of the waveform of the color density detection signal



hi gh-frequency conponent extracting neans for extracting a hi gh-fi@gudiNy2002
conponent of the |um nance signal; variable gain anplifiers, corresponding
to respective color-difference signals, for anplifying the extracted

hi ghf requency conponent of the |um nance signal by perform ng control in
such a manner that the gain thereof is increased when the detected col or
density is high, and is reduced when the detected color density is |ow, 2
6 JUN 2Q02 96 slice circuits, corresponding to the respective
colordifference signals, for slicing the it putted anplitude of said
variable gain anplifiers at a prescribed value; and neans for conbining an
image quality correction signal outputted from said associated slice
circuit with the associ ated chrom nance signal to be corrected and thereby
out put t i n§ 6a sbemnedined ighr abhharvealigridiat 1tthe mpmp hatjedeyuaf i tlye copterti on
circuit according to claim 18, wherein said color_density detecting neans
conpri sesdgnpddyi dedrecitdrony edigmad 7 tife ze kel Vel atrdbl tEerototory

mul tiplier for_nultipléjng an out put signal of said rectifier_by an

i nverted $8PSRIRIGE PhedATEHTNANTE "ENFRICORRP Y ovB PR s2F i YR £+ OF opPd
t ti | f, t, f . out i | id
exTacng 2| oveanen smoneo, rom an oo ctone ol s d

| ow pass L%H%%E'c%ot An .i ma egﬂuﬂfJQIf&g{ﬁ&%ééﬂkéﬁréﬁgﬁtacgorQing to claim
18, wher efR 8&Fd CCHILEr PdEFs %t FIER St i g R SR n FEH i #Ter for
rectifyin e_shignal: rel-ati | Qr d | 430l i f LRl yi ng
an out put g%%gngﬁdo?%géi d I?ecc'%?‘f ittglreg‘%yi%febﬁgr%ar%é\%r%l}%% ﬁe t%@p%ﬁ%gnce

signal . andi§Reagolfle eASandeS Agheal ok AR {dE- QU Nl $8Ldotion

mul tiplier. 2 6 JUN 2Q02 97 21. An 1mage quality correction circult

accordi ngotrotgba®ndyr Qentshely . COMUAIYHNY speaking, the ratio given is
not the optimum value because, as previously mentioned,
division by the luminance signal would be necessary to give
the accurate value. In reality, however, there is not muqh
need to give the accurate ratio.

Fig. 21 shows a specific example of the configuration
of the maximum value detection circuit 97. Shown in the
blocks 134, 135, and 136 in Fig. 21 are equivalent circuits.
First, the internal configuration of the block 134 will be
described. The input color-difference signal R-Y is applied
to the base of a transistor 131 whose emitter is coupled to
power supply V via a resistor 132 as well as to the base of
a transistor 133. The collector of the transistor 131 is
grounded. The emitter of the transistors 133 is coupled to
a constant voltage source 27 via a resistor 137, and is also
connected to the emitters of corresponding transistors in

the blocks 135 and 136, the result being outputted as the

voltage of the color density detection signal 26. The



a boundary reduction circuit for accepting a color density signal
representing the color density detected by said color density de eacwppzﬂuz
means, and for reducing the anplitude of the color density signal "at
portions near the boundary between no-col or and col or areas or near the
boundary between different colors, wherein an output signal fromsaid
boundary reduction circuit is taken as a new color density signal for imge
quality correction. 22. An image quality correction circuit according to
claim9, further conprising: a bounda?% reduction circuit for accepting a
color density signal representing the color density detected by said col or
density detecting neans, and for reducing the anplitude of the color
density signal at portions near the boundary between no-col or and col or
areas or wredo it ffeurdarey digveele R0 ffrgrette ¢ ol or she whksek nl 34 out put
signal from said boundary reduction:circuit is taken as a new color density
si gnal forconregeopsdd ity gy reactdnmiffenpsie zsligmol  Ball~isnthe ~bloekej 0
of f, ~utp,zooo~ ~.zno.zro uoz~.oa, zxoo ~~tT~nb a~~wt uy ~Z sgaxe

~~. t suap- 138TeadvBjheofl (Rpak Fide) atignal uptthedsleool b3GuciThe ~. sc~~ os
uoi ~. oa. z. xo0 | C~. zT~nb a~euy ,zoo Tgu~is ~C%.isuag xoToo  Mau g se uax~~ st

~i no, zro FERGHIRNE HLasriutrhteh@d pread (the Lan b svahtrgfoSeer & a. zaqM

~ srteaw ~ui ~. oa~ap ~c~i.suap (zoToo pi ~Cg pa~oa~ap ~C~tsuap ,zoToo aq-.
$ur ~uasa. §3a1ssrf§§~ta§ the .re,rkcoel'o"ooe"ata%e s{)fb‘l” ~&>‘<"oo°%1]p‘?11t‘]l‘a’\')\%1'2”rs~us

~uznouca. %le{%’c‘ii‘anl r.l.:ci’gznzaci E'é ,O%Xd a enp~fetszedr\1,¥?s_ Tt:r}?eacx%ftage level when

no color is present. The constant voltage outputted from
the constant voltage source 27 also serves as the reference
voltage for each of the R-Y, B-Y, and k(R-Y)(B-Y) signals,
so that the voltage level when no color is present is equal
to the reference voltage. The reference voltage for the
constant voltage source 27 corresponds to the reference
voltage 161 in Fig. 20.

In Fig. 21, the color-difference signal R-Y is applied
to the base of the transistor 131, but since the transistor
131 forms an emitter follower together with the resistor
132, the AC amplitude of the voltage changes very little,
while the DC component is increased by the base-emitter
voltage of the transistor 131 and is outputted from the
emitter and applied to the base of the transistor 133. The
transistor 133 also forms an emitter follower together with
the resistor 137, but because the emitters of the output
transistors in the blocks 135 and 136 are also connected to
the common line, forming an emitter follower with the

resistor 137, current flows into the resistor 137 from the
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transistor whose base voltage is the highest of the three,
and the remaining two transistors are put in the off state.
As a result, the greatest value among R-Y, B-Y, and k(R-
Y){(B~-Y) is outputted from the common emitter as the color
density detection signal 26.

Further, since the transistor 133 forms an emitter
follower, the AC amplitude is not amplified, but only the DC
component decreases relative to the base by the base-emitter
voltage and is outputted from the emitter. Therefore, for
no-color portions, the input voltage is equal to the output
voltage. That is, since the input voltage for no-color
portions becomes equal to the reference voltage which is the
voltage of the constant voltage source 27, the output
voltage for no-color portions also becomes equal to the
voltage of the constant voltage source 27.

In this embodiment, only (R-Y)(B-Y) is assigned a
weight, but R-Y and B-Y may also be weighted respectively,
after which maximum values among the three signals may be
detected.

(Embodiment 9)

Fig. 22 shows the configuration of a color density
detector in an image quality correction circuit according to
another embodiment (a ninth embodiment) of the present
invention. In Fig. 22, the chrominance signal I is inputted

to a subtractor 99 and a maximum value detection circuit



99 a small-anmplitude renoval circuit for renoving small anplitude_p hh&&&i
of a color density signal representing the color density detectéﬁﬁba

col or density detecting neans) wherein an output signal fromsaid

smal | -anmplitude renoval circuit is taken as a new col or density signal for
| mage quality correction so that no image correction nmay be applied to | ow
color-density areas. 26. An image quality correction circuit according to
claim18, further conprising: a small-anplitude renoval circuit for
removing smal | anplitude portions of 6d col or density signal representing
the color density detected by said color density detecting neans, wherein
an output signal fromsaid snmall-anplitude renoval circuit is taken as a
new col or density signal for image quality correction so that no inage
correcti o Imywlel apph¢ echroninencel piguehsht ysaipretted to an

inversion circuit 101 as wéll as to the subtractor 99. The
output of the subtractor 99 is multiplied by a coefficient n
in a coefficient multiplier 100 acting as an amplifier
circuit, and the result is fed into the maximum value
detection circuit 103. On the other hand, the output of the
inversion circuit 101 is multiplied by a coefficient m in a
coefficient multiplier 102 acting as an attenuation circuit,
and the result is fed into the maximum value detection
circuit 103. The maximum value detection circuit 103
outputs a color density detection signal 26.

The processing in Fig. 22 will now be described. The
chrominance signals I and Q@ inputted to the subtractor 99
are subtracted one from the other to produce the result @ -
I, which is multiplied by n in the coefficient multiplier
100 and then fed into the maximum value detection circuit
103 as a first input signal. On the other hand, the
chrominance signal Q inverted through the inversion circuit
101 is multiplied by m in the coefficient multiplier 102 and
then fed into the maximum value detection circuit 103 as a
second input signal. The chrominance signal I is also
inputted directly to the maximum value detection circuit 103
as a third input signal. The chrominance signal @ is also
inputted directly to the maximum value detection circuit 103

as a fourth input signal. The maximum value detection



~7. An image quality correction circuit according to claima1,

conprising: offset addition neans for adding a DC conponent to 2

further

density signal representing the color density detected by said col or

density detecting neans, wherein 2 6 JUN 2~ 100 an output signal

said offset addition nmeans is taken as a new col or density signal for
quality correction so that a certain degree of image quality correction

effect can be obtained for no-color areas. 28. An inmage quality correction
circuit according to claim9, further cofgrising: offset addition neans for

addi ng a DC conponent to a color density signal representing the col or

density detected by said color density detecting neans, wherein

circuit 103 detects maximum values among the first,

second,

third and fourth signals, and outputs the result as the

color density detection signal 26, A circuit configuration

equivalent to that shown in Fig. 21 may be used as a

specific example of the maximum value detection circuit 103.

Fig. 23 is a diagram showing the vector orientations

indicated by the maximum values of the first, second,

third

and fourth input signals. In Fig. 23, the numeral 138

indicates the vector orientation when the first input signal

is at its maximum value in the maximum value detection

circuit 103, whose orientation coincides with the vector

orientation of blue. The numeral 139 indicates the vector

orientation when the second input signal is at its maximum

value, whose orientation is close to the vector orientation

of green. The numeral 140 indicates the vector orientation

when the chrominance signal I as the third input signal is

at its maximum value, whose orientation is close to the

vector orientation of red. The numeral 162 indicates the

vector orientation when the chrominance signal @ as the

fourth input signal is at its maximum value, whose

orientation is close to the vector orientation of magenta.

Thus, as in the example of Fig. 19, the color density

detected is higher for colors containing a smaller high-

frequency component.

Fig. 24 shows the results of color density detection
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an out put signal fromsaid offset addition neans is taken as a new col or
density signal for inmage quality correction so that a certain dzseg gfz
imge quality correction effect can be obtained for no-col or g fm
image quality correction circuit according to claim 18, further conpri sing:
of fset addition nmeans for adding a DC conponent to a color density signal
representing the color density detected by said color density detecting
means, wherein an output signal fromsaid offset addition neans is taken as
a new col or density signal for inmage qugBity correction so that a certain
degree of image quality correction effect can be obtained for no-col or
areas. .AYhe. Ah. Af. A

>e. As. A Ay. A3_. A A3F. AY | . A'5. A9h, . AL AY?. Al . A9. Y. Ae. AF. Ae. A AU3. AAYE. A3.|. A
9. A3U, . ApArfAkmAdAcA2 aAlcolArAlpak A3 giNalAbyAYus i AhAldorS Hrurdt fon
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coefficient n in the coefficient multiplier 100 in Fig. 22
is set to 1.0, which produces the result 1.0 (Q-1). Fig.
24D shows the output when the coefficient m in the coef-
ficient multiplier 102 is set to 0.8, which produces the
result -0.8Q, while 24E shows the color density detection
signal 26, the output of the maximum value detection circuit
103 that has detected the maximum values from 24A, C and D.
In this case also, it can be seen that the amplitude ratio
of the luminance signal is considered in the creation of the
color density detection signal 26.

In this embodiment, only Q-1 and -Q are assigned
weights, but.the signal I and Q may also be weighted, after
which maximum value among the four signals may be detected.
Also, specified plural signals may be selected from the four
kinds of input signals of I, n(Q-I), -mQ and Q, and the
maximum value among the selected signals may be detected.
(Embodiment 10)

Fig. 25 shows the configuration of a color density
detector in an image quality correction circuit according to
another embodiment (a 10th embodiment) of the present

invention. In Fig. 25, four kinds of signals are inputted

to a maximum value detection circuit 110. First, the
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is a red-hued color. The numeral 144 indicates the vector
orientation when the fourgh input signal 109 (-I - Q) is at
its maximum value, which orientation substantially coincides
with the vector orientation of blue. It can be seen that
almost all colors having smaller high-frequency components
can be covered by the maximum values of the four signals.

Fig. 27 shows the waveforms representing the results of
color density detection performed on a color bar signal by
using the configuration of this embodiment. Fig. 27A shows
the third input signal, i.e., the chrominance signal I, 27B
the chrominance signal I, designed by -I, inverted through
the inversion circuit 106, 27C the second input signal,
i.e., the chrominance signal Q, and 27D the fourth input
signal 109 when the coefficient b in the coefficient
multiplier 108 is set to 10. The diagram 27E shows the
color density detection signal 26 obtained by detecting the
maximum values among the four kinds of input signals, i.e.,
27A, C, D and the first input signal -Q (the inverted signal
of 27C. As can be seen, the amplitude ratio of the
luminance signal is reflected, except that the magnitude of
the detected amount for cyan and yellow is inverted.

In this embodiment, only -1IQ is assigned a weight, but
-Q, Q, and I may also be weighted respectively, after which
the maximum values may be detected from the four kinds of

signals. Furthermore, in this embodiment, the maximum
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values are detected from the four kinds of signals, but
alternatively, the maximum values may be detected from the .
three kinds of signals (-Q, I, and -1Q), i.e. the first,
third, and fourth signals, to obtain the color density
detection signal.

(Embodiment 11)

Fig. 28 shows the configuration of a color density
detector in an image quality correction circuit according to
another embodiment (an 11th embodiment) of the present
invention. The only difference from the color density
detector 1 of the sixth embodiment (see Fig. 13) is that the
inversion circuit 11 is replaced by a binary circuit 111 in
the 11th embodiment. The binary circuit 111 outputs a
relatively low voltage when the luminance signal Y is higher
than a threshold voltage e, and a relatively high voltage
when the luminance signal Y is lower than the threshold
voltage e, thus converting the luminance signal Y into a
binary form to produce a binary luminance signal 112. The
binary luminance signal 112 is inputted to the multiplier 9,
where it is multiplied by a signal, outputted from the adder
13, corresponding to the color density; thus, the output of
the adder 13 is corrected to a relatively low level when the
luminance signal is at a relatively high level, and to a
relatively high level when the luminance signal is at a

relatively low level.
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Fig. 29 shows the waveforms representing the results of
color density detection pe?formed on a color bar signal by
using the configuration of this embodiment. The diagram 29A
shows the luminance signal Y, and 29B shows the binary
luminance signal 112. In the example shown, the threshold
voltage 114 is set at 50 IRE. The numeral 115 indicates a
reference voltage for the binary luminance signal 112 to be
inputted to the adder 9, and the voltage differential
between the binary luminance signal 112 and the reference
voltage 115 is subjected to the multiplication operation.
The diagram 29C shows the signal outputted from the adder
13, corresponding to the color density, and the numeral 116
indicates a reference voltage for the signal corresponding
to the color density, to be inputted to the variable gain
amplifier 5, the voltage level representing the voltage when
no color is present. The diagram 29D shows the color
density detection signal 26 obtained by multiplying 29B by
29C, and the numeral 117 indicates a reference voltage for
it and represents the voltage level when no color is
present. The color density detection signal 28 in this case
also is corrected to a relatively low level for colors for
which the amplitude of the luminance signal contained
therein is higher than 50 IRE, and to a relatively high
level for colors for which the amplitude of the luminance

signal contained therein is lower than 50 IRE. Thus, the
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amplitude ratio of the luminance signal is roughly reflected
in this configuration.
(Embodiment 12)

Fig. 30 shows the configuration of a color denéity
detector in an image quality correction circuit according to
another embodiment {(a 12th embodiment) of the present
invention. The only difference from the color density
detector of the seventh embodiment (see Fig. 17) is that the
inversion circuit 11 is replaced by the binary circuit 111.
The signal corresponding to the color density, outputted
from the full-wave rectifier 90, is almost equivalent to the
signal corresponding to the color density, outputted from
the adder 13 in Fig. 28. Therefore, the operation of the
section including the binary circuit 111 and multiplier 113
is substantially the same as described above, except that
the configuration of Fig. 30 requires the provision of a
low-pass filter 8 because the output of the multiplier 113
contains harmonics of the chrominance carrier fregquency.

It will be appreciated that the detection method of the
color density detection signal, as described in the 6th to
12th embodiments, can also be applied to the prior art image
quality correction circuit (Fig. 1) in which the slice
circuit 6 is not provided.

(Embodiment 13)

Fig. 31 shows the configuration of an image quality
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correction circuit according to another embodiment (a 13th
embodiment) of the present invention. In Fig. 31, the same
parts as those shown in Fig. 13 are designated by the same
reference numerals. Also, blocks 153 and 154 in Fig. 31 may
be constructed with the same circuit configuration of the
image quality correction signal generator 14 shown in Fig. 3
or 12, The configuration of Fig. 31 has the following
features: only the positive half-cycles of the color-
difference signal R-Y are separated by a half-wave rectifier
147 to produce a color density detection signal 151
associated only with the color-difference signal R-Y, and
similarly, only the positive half-cycles of the color-
difference signal B-Y are separated by a half-wave rectifier
148 to produce a color density detection signal 152 associ-
ated only with the color-difference signal B-Y; and the
high-frequency signal 79 detected in the luminance signal by
the high-frequency component detector 78 and fed into a
variable gain amplifier 155 is controlled in accordance with
the R-Y color density detection signal 151 so that the gain
is increased in higher color-density portions of the R-Y
vector and is reduced in lower color-density portions of the
R-Y vector, after which only the negative high-frequency
components are separated by a slice circuit 156 and fed to
an adder 159 for addition to the color-difference signal R-

Y, not to the original luminance signal as in the configu-
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functionally equivalent to each other,

The same effect as achieved by the configuration of
Fig. 13 can also be expected from the configuration of Fig.
31. As a variant form of Fig. 31, the half-wave rectifier
148, variable gain amplifier 157, slice circuit 158, and
adder 160, which are responsible for the processing of the
color~difference signal B-Y, may be eliminated, and pro-
cessing may be performed only on red that has a particularly
significant effect on visual perceptions. In this case, the
slice circuit plays an important role, since, without the
slice circuit, a change in hue, not a drop in saturation,
would occur in portions where the positive high-frequency
components are amplified.

Alternative configurations of color density detectors
145, 146 of Fig. 31 are shown in Figs. 32 and 33. Fig. 32
shows an example where the configuration shown in Fig. 13 is
applied. In the half-wave rectifier 147 shown in Fig. 32,
as in the half-wave rectifier 147 of Fig. 31, the positive

half-cycles of the color-difference signal R-Y are sepa-
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various colors in the color density to be detected, the
luminance signal Y is inverted by the inversion circuit 11
and fed to a multiplier 149 where the output of the half-
wave rectifier 147 is multiplied by the inverted luminance
signal, so that the color density detection signal 151 is
corrected to a relatively low level when the luminance is
high and to a relatively high level when the luminance is
low.

Fig. 33 shows an example in whicH the inversion circuit
11 in Fig. 32 is replaced by a binary circuit 111. This is
an application of the configuration shown in Fig. 28. When
the amplitude of the luminance signal Y is large, the binary
circuit 111 outputs a low voltage so that the color density
detection signal is corrected to a low level by the multi-
plier 149. Conversely, when the amplitude of the luminance
signal Y is small, the binary circuit 111 outputs a high
voltage so that the color density detection signal is
corrected to a high level by the multiplier 149. After
that, the result is passed through a delay circuit 150 to

obtain the color density detection circuit 151.

In the above embodiment, the output signal of the
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subtractor (the high—freduency component of the luminance
signal) is first amplified\by the variable gain amplifier
and then sliced at a prescribed amplitude level by the slice
circuit before being fed to the adder, but it will be
recognized that the order of the variable gain amplifier and
the slice circuit may be reversed. Such a configuration
will be described below as modified examples of the first
and sixth embodiments.

Fig. 34 shows a modified example of the configuration
of Fig. 3, in which the order of the variable gain amplifier
5 and the slice circuit 6 is reversed. Fig. 35 shows a
modified example of the configuration of Fig. 13, in which
the order of the variable gain amplifier 5 and the slice
circuit 6 is reversed. In Figs. 34 and 35, the amplitude of
the output signal of the subtractor 4 (the high-frequency
component of the luminance signal) is first sliced at a
prescribed value by the slice circuit 6, and then the output
of the slice circuit 6 is amplified under control by the
color density detection signal 26 in such a manner that the
gain is increased when the detected color density is high,
and is decreased when the detected color density is low.

The result is fed to the adder 7 as the image quality
correction signal. In other respects, the operation is the
same as that of the first and sixth embodiments, and

therefore, description thereof is not repeated here.
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(Embodiment 14)

Fig. 36 is a block diagram showing the configuration of
an image quality correction circuit according to another
embodiment (a 14th embodiment) of the present invention. In
Fig. 36, the color density detector 1 is supplied with the
chrominance signal or with both the chrominance and lumi-
nance signals, and outputs a color density detection signal
176. The color density detection signal 176 corresponds to
the color density detection signal outputted from the color
density detector 1 in Embodiments 1 - 13. A boundary re-
duction circuit 177 accepts the color density detection
signal 176 and outputs a corrected color density detection
signal 26. The corrected color density detection signal 26
is applied to the control terminal of the variable gain
amplifier 5 (at which, in Embodiments 1 - 13, the color
density detection signal 26 is applied). This color density
detection signal 26 corresponds to the control voltage for
the variable gain amplifier 5 in Embodiments 1 - 13.

The color density detector 1 detects the color density
from the inputted chrominance and luminance signals. The
boundary reduction circuit 177 produces the color density
detection signal 26, with its amplitude reduced at the edge
portions, which signal is used to control the high-frequency
signal gain of the variable gain amplifier 5. Since the

amplitude of the color density detection signal 26 is
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reduced at the boundaries of colors, i.e., at the edge
portions of the color density detection signal 176, the gain
of the variable gain amplifier 5 is reduced at the bound-
aries of colors. The net effect of this is to suppress the
enhancement of unnatural contours at the color boundaries.

Fig. 37 shows the circuit configuration of Embodiment
14 in more detail. In Fig. 37, a delay circuit 178 delays
the input color density detection signal 176 by a predeter-
mined time and supplies the output to a minimum value de-
tection circuit 179. The minimum value detection circuit
179 is also supplied with the color density detection signal
176 not passed through the delay circuit 178, and outputs
the corrected color density detection signal 26. The
configuration of the minimum value detection circuit 179,
where minimum values at the same instant of time between the
color density detection signal 176 delayed through the delay
circuit 178 and the color density detection signal 176 not
rassed through the delay circuit 178 are obtained to reduce
the amplitude of the edge portions, can be readily imple-
mented by applying the maximum value detection circuit
configuration shown in Fig. 21.

Fig. 38 shows the waveforms taken at points a, b, and ¢
in Fig. 37, along with a color density-controlled high-
frequency signal 180 that the variable gain amplifier 5§

would ocutput when the circuit of Fig. 37 is connected to the
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image quality correction circuit of Fig. 13, and a corrected

luminance signal 181 (Y’) in that case. 1In Fig. 38, it is

shown that the signal ¢ obtained by taking the minimum

values between the signals a and b has its amplitude reduced

at the edges of the color density detection signal a. It

can also be seen that in the corrected luminance signal 181

the amount of high-frequency correction is reduced in areas

near the boundaries of colors. However, the edges indicated

at E and H in the corrected luminance signal 181 correspond

to the boundaries between non-color and color areas, and no

correction is made in these portions, while on the other

hand, the effect of reduction is reduced at the boundaries

between different colors or between different tonal den-

sities, as indicated by F and G. Notwithstanding this

shortcoming, the 14th embodiment provides an effective

method because of its extremely simple construction.

The 14th embodiment is also effective in application to

an image quality correction circuit that does not use a

slice circuit; the embodiment is effective not only in the

configuration where image quality correction is applied to

the luminance signal, but also in the configuration of Fig.

31 where image quality correction is applied to the chromi-

nance signal, the configuration of Fig. 31 in the case where

the slice circuit is not provided, and the configuration

where image quality correction is applied to the primary
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color signal.
(Embodiment 15)

Fig. 39 is a block diagram showing the configuration of
an image quality correction circuit according to another
embodiment (a 15th embodiment) of the present invention. In
Fig. 39, a delay circuit 182 delays the input color density
detection signal 176 by a predetermined time, and supplies
the output to a delay circuit 183 and a multiplier 189. The
delay circuit 183 delays the input signal by a predetermined
time, and supplies the output to subtractors 184 and 185.
The color density detection signal 176 is also inputted
directly to the subtractors 184 and 185. The subtractor 184
subtracts the density detection signal 176 from the output
signal of the delay circuit 183, and outputs the result as a
first edge signal which is supplied to a maximum value
detection circuit 186. The subtractor 185 subtracts the
output signal of the delay circuit 183 from the color
density detection signal 176, and outputs the result as a
second edge signal which is supplied to the maximum value
detection circuit 186. The maximum value detection circuit
186 detects the maximum values at the same instant of time
between the first and second edge signals, and thereby
detects the absolute value signal of the first edge signal
or second edge signal, the absolute value signal then being

supplied to a comparator 187. The comparator 187 compares
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the absolute value signal with a predetermined voltage 188,
and supplies a binary signél to the multiplier 189 in
accordance with the result of the comparison. The output
signal of the delay circuit 182 is also supplied to the
multiplier 189. The multiplier 189 multiplies the two input
signals together, and outputs a corrected color density
detection signal 26. The section 213 enclosed by a dotted
line can' be considered as a circuit for obtaining the
absolute value of the first edge signal.

The first edge signal, which is produced by subtracting
the color density detection signal 176 directly fed to the
subtractor 184 from the color density detection signal 176
delayed through the delay circuits 182 and 183 in series,
and the second edge signal, an inverted version of the first
edge signal, outputted from the subtractor 185, are supplied
to the maximum value detection circuit 186 where the maximum
values between the first and second edge signals are ob-
tained. That is, the output of the maximum value detection
circuit 186 is the absolute value signal of the first edge
signal. When the amplitude of the absolute value signal
exceeds a certain level, the comparator 187 outputs the
result of the comparison between the absolute value signal
and the predetermined threshold value voltage 188, as a
binary signal, i.e., an edge correction signal for edge

correction. The edge correction signal goes high for edge
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portions and goes low for other portions. This edge correc-
tion signal is multiplied in the multiplier 189 by the
output signal of the delay circuit 182, thus producing the
corrected color density detection signal 26. The color
density detection signal 26 drops to the same voltage level
as the no-color level for portions where the edge absolute
value siénal exceeds the threshold value voltage 188 in
amplitude,

Fig. 40 shows the waveforms taken at points a, d, e, f,
g, h, i, and j in Fig. 39, along with a color density-con-
trolled high-frequency signal 193 that the variable gain
amplifier 5 would output when the circuit of Fig. 39 is
connected to the image quality correction circuit of Fig.
13, and a corrected luminance signal 194 (Y’') in that case.
The numeral 190 indicates the level of the threshold value
voltage 188. The numeral 191 indicates the reference signal
for the edge correction signal i, the reference signal being
calculated as 0 in the multiplication operation performed by
the multiplier 189. It can be seen that the edge correction
signal i1 drops down to the reference voltage 191 in areas
near the boundaries of colors. The numeral 192 indicates
the reference voltage for the corrected color density de-
tection signal j, the reference voltage being the voltage
for no-color pertions. The corrected color density detec-

tion signal j drops down to the reference voltage 192 in
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areas near the boundaries'of colors. It can be seen that
the high-frequency signal 193 controlled by the variable
gain amplifier 5 in accordance with the color density
detection signal j is suppressed for portions corresponding
to the color boundaries. In the luminance signal 194 after
image quality correction, no image correction is applied in
areas near the color boundaries. This eliminates the
possibility of overcorrection or contour reversion at the
boundaries of colors as was the case with the prior art
previously described.

The difference between the configurations of Figs. 37
and 39 is that the configuration of Fig. 39 achieves a much
greater improvement not only at the boundaries between non-
color and color areas but also at the boundaries between
different colors.

The 15th embodiment is also effective in application to
an image quality correction circuit that does not use a
slice circuit:; the embodiment is effective not only in the
configuration where image quality correction is applied to
the luminance signal, but also in the configuration of Fig.
31 where image quality correction is applied to the chromi-
nance signal, the configuration of Fig. 31 in the case where
the slice circuit is not provided, and the configuration
where image quality correction is applied to the primary

color signal.
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(Embodiment 16)

Fig. 41 is a block di;gram showing the configuration of
an image quality correctioﬁ circuit according to another
embodiment (a 16th embodiment) of the present invention. In
Fig. 41, the color density detector 1 corresponds to the
color density detector in Embodiments 1 - 13. The chromi-
nance ané luminance signals are inputted to the color
density detector 1 which then outputs a color density
detection signal 176 to a small-amplitude removal circuit
195. The small-amplitude removal circuit 195 outputs a
corrected color density detection signal 26 which is applied
to the control terminal of the variable gain amplifier 5.
More specifically, the color density detection signal 176
synthesized from the chrominance and luminance signals is
supplied to the small-amplitude removal circuit 195 where
small-amplitude portions of the color density detection
signal are removed in order to reduce £he effect of image
quality correction for light color areas, and the resulting
output, i.e., the corrected color density detection signal
26, is applied to the control terminal of the variable gain
amplifier 5 in Embodiments 1 - 15. When applying the
configuration of Fig. 41 to Embodiments 14 and 15, the
small-amplitude removal circuit 195 is connected after the
boundary reduction circuit 177 in Fig. 36.

Fig. 42 shows the configuration of the small-amplitude
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removal circuit 195 in more detail. The numeral 196 and 197
designate transistors having similar characteristics; the
color density detection signal 176 is applied to the base of
the transistor 196, while a reference voltage 200 is applied
to the base of the transistor 197, the reference voltage 200
also serving as the reference voltage for the corrected
color density detection signal 26. The collectors of the
transistors 196 and 197 are connected together and coupled
to a power source 198. The emitters of the transistors 196
and 197 are connected together and grounded via a resistor
199. The emitter of each of the transistors 196, 197 is
connected to the base of a transistor 201 whose collector is
grounded and whose emitter is connected to the power source
198 via a resistor 202. The voltage outputted from the
emitter of the transistor 201 is the corrected color density
detection signal 26. The transistor 201 forms an emitter
follower buffer so that the voltage drop by the base-emitter
voltage of the transistors 196, 197 is cancelled as it is
raised by the base-emitter voltage of the transistor 201.
The circuit operation of Fig. 42 will be described. It
is assumed that the reference voltage 200 for the corrected
color density detection signal 26 is chosen to be higher
than the input color density detection signal 176. When the
color density detection signal 176 applied to the base of

the transistor 196 is higher than the reference voltage 200
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applied to the base of the transistor 197, current flows
from the transistor 196 to‘ground via the resistor 199, so
that the transistor 197 is off. Therefore, in this case,
the color density detection signal 176 is outputted as the
corrected color density detection signal 26 through the
transistors 196 and 201. Conversely, when the colo?r density
detection signal 176 applied to the base of the transistor
196 is lower than the reference voltage 200 applied to the
base of the transistor 197, the transistor 196 is off, and
current flows from the emitter of the transistor 197 to
ground via the resistor 199. Therefore, in this case, the
reference voltage 1s outputted from the emitter of the
transistor 201.

Fig. 43 explains the circuit operation of Fig. 42 by
using specific examples of signal waveforms. The numeral
203 designates an example of the color density detection
signal 176 applied to the base of the transistor 196, and a
dotted line 204 indicates the reference voltage for the
color density detection signal 176, the reference voltage
being equal to the no-color voltage level. The numeral 205
shows an example of the voltage value of the reference
voltage 200, after correction, applied to the base of the
transistor 197. The numeral 206 indicates the color density
detection signal 26 after correction, and 205 designates the

reference voltage applied to the base of the transistor 197.
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In Fig. 43, it can be seen that when the color density
detection signal 203 is higher than the corrected reference
voltage 205, the color density detection signal 203 is
outputted as the corrected color density detection signal
206; conversely, when the reference voltage 205 is higher
than the color density detection signal 203, a voltage equal
to the corrected reference voltage 205 is outputted as the
corrected color density detection signal 206. As a result,
the amount of image quality correction in light color areas
is held down.

The 16th embodiment is also effective in application to
an image quality correction circuit that does not use a
slice circuit; the embodiment is effective not only in the
configuration where image quality correction is applied to
the luminance signal, but also in the configuration of Fig.
31 where image quality correction is applied to the chromi-
nance signal, the configuration of Fig. 31 in the case where
the slice circuit is not provided, and the configuration
where image quality correction is applied to the primary
color signal. The boundary reduction circuit of Emboediments
14, 15 may be incorporated into the above configuration.
(Embodiment 17)

Fig. 44 is a block diagram showing the configuration of
an image quality correction circuit according to another

embodiment (a 17th embodiment) of the present invention. In



“FU109& ()- !s!109& ()-F s!109& ()-F LMVWMWNNPUV75 18 "109& () -V
109& ()-9% 109& ()-F 10 10 10'9-!109%& ()-:9-!10%& ()-: PY% RRGST ssbibsdUN, 2802
1° Y9409 ()-3 10 10 10L3G' 109%& ()- 91109%& ()-Lf &G 109& ()-F

9$MLOYR () - SSHWVRY' Y(Y) Y6Yuj @ 1& 109& ()-F 10 10

84

Fig. 44, the color density detector 1 corresponds to the
color density detector in Embodiments 1 - 13. The chromi-
nance and luminance signals are inputted to the color
density detector 1 which then outputs a color density
detection signal 176 to an offset addition circuit 208. The
offset addition circuit 208 outputs a corrected color
density detection signal 26. More specifically, the color
density detection signal 176 synthesized in the color
density detector 1 from the chrominance and luminance
signals is inputted to the offset addition circuit 208 where
a DC component is added to the color density detection
signal 176 so that a difference voltage will remain with
respect to the reference voltage even in no-color portions,
thus allowing a certain degree of image quality correction

in no-color portions.

As a specific example, the offset addition circuit 208
can be implemented using the same configuration as the
small-amplitude removal circuit shown in Fig. 42. However,
in the small-amplitude removal circuit, the reference
voltage 200 after correction is made higher than the no-
color level of the color density detection signal 176, while
on the other hand, in the case of the offset addition cir-
cuit 208, the reference voltage 200 after correction must be
made lower than the no-color level of the color density

detection signal 176. Further, instead of using the circuit
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such as shown in Fig. 42, the reference voltage may simply

be made lower than the no-éolor level of the color density

detection signal 176. Fig. 45 shows specific examples of

waveforms. The numeral 209 designates the voltage waveform

of the color density detection signal 176; 210 is the

voltage level when no color is present; 211 is the color

density detection signal after correction; and 212 is the

reference voltage after correction. It can be seen that the

signal 211 has a DC voltage to enable a certain degree of

correction even in no-color portions. This also provides

the effect of aperture correction. Furthermore, if pro-

visions are made so that the corrected reference voltage can

be varied using a microcomputer or the like, an operation

equivalent to image quality control by aperture correction

can be accomplished.

The 17th embodiment is also effective in application to

an image quality correction circuit that does not use a

slice circuity the embodiment is effective not only in the

configuration where image guality correction is applied to

the luminance signal, but also in the configuration of Fig.

31 where image quality correction is applied to the chro-

minance signal, the configuration of Fig. 31 in the case

where the slice circuit is not provided, and the configu-

ration where image quality correction is applied to the

primary color signal. The boundary reduction circuit of
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Embodiments 14, 15 may be incorporated into the above
configuration. Furthermore, the small-amplitude removal
circuit of Embodiment 16‘may be incorporated as well.

Any of Embodiments 1 to 17 can be applied not only to
analog systems but also to digital systems.

As this invention may be embodied in several forms
without departing from the spirit of essential character-
istics thereof, the present embodiment is therefore
illustrative and not restrictive, since the scope of the
invention is defined by the appended claims rather than by
the description preceding them, and all changes that fall
within metes and bounds of the claims, or equivalence of
such metes and bound thereof are therefore intended to be

embraced by the claims.
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WHAT IS CLAIMED IS:

1. An image quality correction circuit comprising:

color density detecting means for detecting color
density from a signal relating to color;

high-frequency component extracting means for extract-
ing a high-frequency component of a luminance signal;

a variable gain amplifier for amplifying the extracted
high-frequency component of the luminance signal by perform-
ing control in such a manner that the gain thereof is
increased when the detected color density is high, and is
reduced when the detected color density is low;

a slice circuit for slicing the outputted amplitude of
said variable gain amplifier at a prescribed value; and

means for combining an image quality correction signal
outputted from said slice circuit with the luminance signal
to be corrected and thereby outputting a corrected luminance

signal.

2. An image quality correction circuit according to
claim 1, wherein

said high-frequency component extracting means com-
prises a low-pass filter for extracting a low~frequency
component of the luminance signal, and a subtractor for

obtaining the difference between the low-frequency component
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passed through said low-pass filter and the luminance

signal.

3., An image quality correction circuit according to
claim 1, wherein

said high-frequency component extracting means
comprises a first low-pass filter for extracting a low-
frequency component of the luminance signal, a second low-
pass filter, having a different cut-off frequency character-
istic from that of said first low-pass filter, for extract-
ing a low-frequency component of the luminance signal, and a
subtractor for obtaining the difference between the low-
frequency components respectively passed through said first

and said second low-pass filters.

4. An image quality correction circuit comprising:

color density detecting means for detecting color
density from a signal relating to color;

contour detecting means for detecting a contour signal
from a luminance signal;

a variable gain amplifier for amplifying the detected
contour signal by performing control in such a manner that
the gain thereof is increased when the detected color
density is high, and is reduced when the detected color
density is low;

a slice circuit for slicing the outputted amplitude of



10z 10z#' (~ @ 10L)!10%& ()- L G 10%& ()-!L4"10%& () - L4" 109& ()-$zct0/eﬁjd“ &
10 10 10()*7:1j K @ 10Lss! 109& ()- !!10%f& ()-!109%& ()- YL0%& () - 2002
109 ()-F 10 101 bC5 10 "109TH& ()- &LO9%A& ()- 3% 10947& ()-4 10 10

10sy2! 109& ()-s9' 3"109& ()- {\=5 109109%& ()- 9BLO%& ()-Y

89

said variable gain amplifier at a prescribed value; and
means for combining an image quality correction signal

outputted from said slice circuit with the luminance signal

to be corrected and thereby outputting a corrected luminance

signal.

5. An image quality correction circuit according to
claim }, wherein

said color density detecting means detects the color
density by full-wave rectifying different color-~difference
signals and then summing the results or by full-wave
rectifying different chrominance signals and then summing

the results.

6. An image quality correction circuit according to

claim 1, wherein

said color density detecting means detects the color
density by rectifying a carrier chrominance signal or by
full-wave rectifying different chrominance signals and then

summing the results.

7. An image quality correction circuit according to
claim 1, further comprising:

a variable gain amplifier for amplifying the amplitude
of a color density signal to be detected, by controlling the
gain thereof on the basis of a preset voltage value, wherein

the gain with which to amplify the high-frequency
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component of the luminance signal is controlled in accord-
ance with an output signal from said variable gain ampli-

fier.

8. An image quality correction circuit comprising:

color density detecting means for detecting color
density from a signal relating to color;

high-frequency component extracting means for extract-
ing a high-frequency component of a luminance signal;

a slice circuit for slicing the outputted amplitude of
said high-frequency component extracting means at a
prescribed value;

a variable gain amplifier for amplifying the output of
said slice circuit by performing control in such a manner
that the gain thereof is increased when the detected color
density is high, and is reduced when the detected color
density is low; and

means for combining an image quality correction signal
outputted from said variable gain amplifier with the lumi-
nance signal to be corrected and thereby outputting a

corrected luminance signal.

9. An image quality correction circuit comprising:
color density detecting means for detecting color
density from a luminance signal and a signal relating to

color;
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high-frequency component extracting means for extract-
ing a high-frequency compoﬁent of the luminance signal;

a variable gain amplifier for amplifying the extracted
high-frequency component of the luminance signal by perform-
ing control in such a manner that the gain thereof is
increased when the detected color density is high, and is
reduced when the detected color density is low;

a slice circuit for slicing the outputted amplitude of
said variable gain amplifier at a prescribed value; and

means for combining an image quality correction signal
ocutputted from said slice circuit with the luminance signal

to be corrected and thereby outputting a corrected luminance

signal.

10. An image quality correction circuit according to

claim 9, wherein

said color density detecting means comprises rectifiers
for full-wave rectifying different color-difference signals
or two kinds of chrominance signals, respectively, an adder
for summing the two signals after rectification, and a
multiplier for multiplying an output signal of said adder by
an inverted version of the luminance signal, and the color

density is detected from the output of said multiplier.

11. An image quality correction circuit according to

claim 9, wherein
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said color density detecting means comprises a recti-

fier for rectifying a carrier chrominance signal, a multi-

plier for multiplying an inverted luminance signal and an

output signal of said rectifier, and a low-pass filter for

extracting a low-frequency component from an output signal

of said multiplier, and the color density is detected from

the output of said low-pass filter.

12. An image quality correction circuit according to
claim 9, wherein

said color density detecting means comprises a multi-
plier for multiplying different color-difference signals, a
weighting circuit for assigning a weight to an output signal
of said multiplier, and a maximum value detection circuit
for detecting a maximum value among an output signal of said
weighting circuit, one color-difference signal or a weighted
version of the one color-difference signal, and the other
color-difference signal or a weighted version of the other
color-difference signal, and the color density is detected

from the output of said maximum value detection circuit.

13. An image quality correction circuit according to
claim 9, wherein

said color density detecting means comprises a subtrac-
tor for subtracting a second chrominance signal from a first

chrominance signal, and a maximum value detection circuit



109%g9& () - 10%9& ()-K;, <=>}[ M?1 10bb 10bb 2£§ JUN m
10bb! 90" 10%b&' ()-2z90"10%y[ & ()-z! %1 10% MM () -4 ! % 10%g9& () -

% 10%9& ()-4 >IM6dEM?1 10bb 10 "10% u& ()- @"10% u& ()- L410% u&' ()-3Y
10% u& ()-110% u& ()-f&10% u& () - Y6BvsdEM?1 10bb

10"10% u& ()-y!10% u& ()-M 10% u& ()-:10% u& ()- z10% u& ()-

10% u&' () - &bwdEM?1 10bb 10/ 10% u& ()- @ 830% u& () -L*nm"10% u& () -1 (

10% u& () - &ML0% u& () -9$: 10% u& () - <ydYNC

for detecting a maximum value among an output signal of said
subtractor or a weighted vérsion of the output signal, an
inverted signal of the first chrominance signal or a
weighted version of the inverted signal, and the second
chrominance signal or a weighted version of the second
chrominance signal, and the color density is detected from

the output of said maximum value detection circuit.

14. An image quality correction circuit according to
claim 9, wherein

said color density detecting means comprises a half-
wave rectifier for half-wave rectifying an inverted signal
of a first chrominance signal, a multiplier for multiplying
an output signal of said half-wave rectifier circuit by a
second chrominance signal, and a maximum value detection
circuit for detecting a maximum value among three kinds of
signals having an output signal of said multiplier or a
weighted version of the output signal, the first chrominance
signal or a weighted version of the first chrominance
signal, and an inverted signal of the second chrominance
signal or a weighted version of the inverted signal, or
among four kinds of signals having the three kinds of
signals plus the second chrominance signal or a weighted
version of the second chrominance signal, and the color

density is detected from the output of said maximum value
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detection circuit.

15. An image quality éorrection circuit according to
claim 9, wherein

said color density detecting means comprises an adder
for summing different color-difference signals or two kinds
of chrominance signals after full-wave rectification, and a
multiplier for multiplying an output signal of said adder by
a binary version of the luminance signal, and the color

density is detected from the cutput of said multiplier.

16. An image quality correction circuit according to
claim 9, wherein

said color density detecting means comprises a recti-
fier for rectifying a carrier chrominance signal, a multi-
plier for multiplying an output signal of said rectifier by
a binary version of the luminance signal, and a low-pass
filter for extracting a low~-frequency component from an
output signal of said multiplier, and the color density is

detected from the output of said low-pass filter.

17. An image quality correction circuit comprising:

color density detecting means for detecting color
density from a luminance signal and a signal relating to
color;

high-frequency component extracting means for extract-

ing a high-frequency component of the luminance signal;
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a slice circuit for slicing the outputted amplitude of
said high-frequency compogent extracting means at a pre-
scribed value;

a variable gain amplifier for amplifying the output of
said slice circuit by performing control in such a manner
that the gain thereof is increased when the detected color
density is high, and is reduced when the detected color
density is low; and

means for combining an image quality correction signal
outputted from said variable gain amplifier with the lumi-
nance signal to be corrected and thereby outputting a

corrected luminance signal.

18. An image quality correction circuit comprising:

color density detecting means for detecting color
density from a luminance signal and a signal relating to
color;

high-frequency component extracting means for extract-
ing a high-frequency component of the luminance signal;

variable gain amplifiers, corresponding to respective
color-difference signals, for amplifying the extracted high-
frequency component of the luminance signal by performing
control in such a manner that the gain thereof is increased

when the detected color density is high, and is reduced when

the detected color density is low;
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slice circuits, corresponding to the respective color-
difference signals, for slicing the outputted amplitude of
said variable gain amplifiers at a prescribed value; and
means for combining an image quality correction signal
outputted from said associated slice circuit with the

associated chrominance signal to be corrected and thereby

outputting a corrected chrominance signal.

19. An image quality correction circuit according to
claim 18, wherein

said color density detecting means comprises a recti-
fier for rectifying the signal relating to color, a multi-
plier for multiplying an output signal of said rectifier by
an inverted version of the luminance signal, and a low-pass
filter for extracting a low-frequency component from an
output signal of said multiplier, and the color density 1is

detected from the output of said low-pass filter.

20. An image quality correction circuit according to
claim 18, wherein

said color density detecting means comprises a recti-
fier for rectifying the signal relating to color, and a
multiplier for multiplying an output signal of said recti-
fier by a binary version of the luminance signal, and the
color density is detected from the output of said multi-

plier.
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claim 1, further comprising:

a boundary reduction circuit for accepting a color
density signal representing the color density detected by
said color density detecting means, and for reducing the
amplitude of the color density signal at portions near the
boundary between no-coclor and color areas or near the
boundary between different colors, wherein

an output signal from said boundary reduction circuit
is taken as a new color density signal for image quality

correction.

22. An image quality correction circuit according to
claim 9, further comprising:

a boundary reduction circuit for accepting a color
density signal representing the color density detected by
sald color density detecting means, and for reducing the
amplitude of the color density signal at portions near the
boundary between no-color and color areas or near the
boundary between different colors, wherein

an output signal from said boundary reduction circuit
is taken as a new color density signal for image quality

correction.
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zé An image quality correction circuit according to
claim 18, further comprising:

a boundary reduction circuit for accepting a color
density signal representing the color density detected by
said color density detecting means, and for reducing the
amplitude of the color density signal at portions near the
boundary between no-color and color areas or near the
boundary between different colors, wherein

an output signal from said boundary reduction circuit

is taken as a new color density signal for image quality

correction.

é4-.An image quality correction circuit according to
claim 1, further comprising:

a small-amplitude removal circuit for removing small
amplitude portions of a color density signal representing
the color density detected by said color density detecting
means, wherein

an output signal from said small-amplitude remocval
circuit 1is taken as a new color density signal for image
quality correction so that no image correction may be

apprlied to low color-density areas.

25. An image quality correction circuit according to

claim 9, further comprising:
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!"#$W&T()*+’-d% output signal from said small-amplitude removal

circuit is taken as a new color density signal for image
guality correction so that no image correction may be

applied to low color-density areas.,.

26. An image quality correction circuit according to
claim 18, further comprising:

a small-amplitude removal circuit for removing small
amplitude portions of a color density signal representing
the color density detected by said color density detecting
means, wherein

an output signal from said small-amplitude removal
circuit is taken as a new color density signal for image
quality correction so that no image correction may be

applied to low color-density areas.

27. An image quality correction circuit according to
claim 1, further comprising:

offset addition means for adding a DC component to a
color density signal representing the color density detected

by said color density detecting means, wherein
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an output signal from said offset addition means 1is
taken as a new color density signal for image quality
correction so that a certain degree of image quality

correction effect can be obtained for no-color areas.

28. An image quality correction circuit according to
claim 9, further comprising:

offset addition means for adding a DC component to a
color density signal representing the color density detected
by said color density detecting means, wherein

an output signal from said offset addition means is
taken as a new color density signal for image quality
correction so that a certain degree of image quality

correction effect can be obtained for no-color areas.

29. An image quality correction circuit according to
claim 18, further comprising:

offset addition means for adding a DC component to a
color density signal representing the coler density detected
by said color density detecting means, wherein

an output signal from said offset addition means is
taken as a new color density signal for image quality
correction so that a certain degree of image quality

correction effect can be obtained for no-color areas.



