;e3e, Vp6TFYW3 / TI TLE OF THE | NVENTI ON | MAGE QUALTTY CORRECTI ON Cl RCU T
BACKGROUND OF THE | NVENTION Field of the Invention The present i nvér,it/i on
relates to an image quality correction circuit for correcting the quality

of the i roduced by video equi pnment) such as tel evision receivers)
vi deo ca;amﬁﬂlmmmmm |ike. Description of Related Art In the NTSC, PAL)
and SECAM ignal trans m ssion systens, w de-band three primary

col or signal s*1sRs*G, and B, are first sullj ected to gamma correction) which

is necessary to conpensate for the equi pnent characteristic at the

recei vi nglmmm ‘Mmm@"ri@re then converted into a |um nance signal Y and

col or - di nals, RY - -C ] signals, | and Q for

t ransm ssi onrGoondae bandwi dt hs bZ?%EjEI ?%1?&5 '?o a ou{&%g.S to 1.5 MHz for the

color-difference signals %éggr @giA i@ﬁecﬁi}ﬁ@%ﬁ?oﬂ@gﬂ%ﬁa correction and
g pe

color-difference signal bandwdth [imtin rformed at the transmtting
end, however, result in the introduction of nonlinearity in the transmtted

signal, and in the case of gabk8RoORDOOFS&U avenTROE, hi gh-frequency
conponent s contai ned therein cannot be reproduced satisfactorily which
nornal |y Field of the Invention
The present invention relates to an image quality
correction circuit for correcting the quality of the images

produced by video equipment, such as television receivers,

video cameras, and the like.

Description of Related Art

In the NTSC, PAL, and SECAM television signal trans-
mission systems, wide-band three primary color signals, R,
G, and B, are first subjected to gamma correction, 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



2 shoul d be reproduced conpletely by the |um nance signal alone. In other
wor ds, the high-frequency conponent |evel of the |um nance signal degrades
in the high color saturation areas of the imge, and fine details of the
original scene cannot be displayed sufficiently. It is also known that

bl ack | evel variations and saturation drops occur in the high-frequency
conponent areas of a high color saturation inage. Image quality correction
circuits designed to prevent such image quality degradations include one
such as disclosed in Japanese Patent 2Application Laid-Open No. 64-32588
(1989). Fig. 1 shows a block diagramfor the inmage quality correction
circuit disclosed therein. The um nance signal Y is inputted to a

hi gh- pass didul B3 wesradsoed ocamplbetylei beuthe 6bumThenbé ghifnayuency
conmponent of the |lum nance signal passed through the high-pass filter 63 is
fed to a wrdrebl e Daiotleeplwdrds, 6dhehbsghofit patesc gnabmpsnsnppleedlt o an
adder 66. Also inputted to the adder 66 is the | um nance signal Y del ayed
t hrough t hef ddleylwiinance 65igMhk deigerdes addthe oyeghecolbe bayhrfrequency
conponent of the |um nance signal fed fromthe variable gain anplifier 64
and the | wtivaretymd thelelrgge, tardufhne hdetiel by efrthetosbginal
outputs a corrected |lum nance signal Y . On the other hand, the
coIor-dlff%ﬁ%ﬁﬂx?%ﬁ@ﬁ%]b¢%44$%1?ﬁ$%t%%ﬁf%ﬁléthY}-mé@elﬁeeiﬁ?lEFOHO) and
the full-wave 3 rectified color difference signal R Y is inputted to an
adder 13. ek |Rkagk %?ﬁf%xﬁ%ﬁlﬁﬁ¥?%?eﬁ%% §?§H5?tEPW’?§°Pﬁpﬂ??%H iB a
full-wave rect.ifier g and the full-wave rectified,color-difference signal
B-Y is i ngt S48 Tt ey ﬁﬂﬂpﬁﬁﬁﬁgﬁ?ﬁﬁaﬁo? r@deﬁgrEﬂﬁgrs?bﬁéf R-Y and
t he col or- q;fferen%g S|gnal B-Y are added together. The col or density thus
detected i3 as a color density detection signal mhich is applied

to a control tefn(gﬁﬁa&&m&f G480k PogaL 1 aUPLL T heLs heq ThE BRELELLON of

t he above i mage q y cor |on Circul cri bed befow  “The

| um nance §ignalned S ﬁQPJfJ{%e&e%?&&@@lghgh19@§§dfe'&Lgrsgg’h &@eas? Lhe

hi ghf r equency conponent 0 um nance si gnal I'S separated and i nputted

to the vard pid&d oph Ny apanddé Pabédnt mﬁpgﬁwt%ntbglaaobahl RoYasn-9pBRef I er
64 is controlled in accordance with the color density detection signal

outputted frgegfhe poderi 1Shdys deteTééROdL Agran! P65 rdeREi tdagbbafality
specifically, in high color-density areas, the anplitude of the color
density det@ateoticn ghbtcubt | dALsehseed sbetrdah.t hEhgalumihbhcehsdpnkd
anplify the high-frequency conponent of the |um nance signal is increased,
conversel Yy is irgmtoddruensibighrpass {hbéterpbBtadeé alsbvheocal deldgnsity
detection signal is reduced, so that the gain with which to anplify the

hi gh- frequenmyubbn®%neﬁfh¢shxeuutEGQU€heYdebayooenbupf gbedéhmybanhe

| um nance signal Y
signal passed through the high-pass filter 63 is fed to a

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



4 before inputting to the adder 66) so that the phase of the | um nance
signal Y to be Corrected coincides with the phase of an image quality
correction signal, that is, the output of the variable gain anplifier 64)
representing the highfrequency conponent of the |um nance signal. The adder
66 adds together the |um nance signal fed fromthe delay circuit 65 and the
image quality correction signal fed fromthe variable gain anplifier 64)
and outputs the corrected |um nance signal Y' . Thus, the |um nance signal,
outputted as the lum nance signal Y, 3is so corrected that the gain of the
hi gh-frequency conponent of the |um nance signal is increased in the high
color-density areas. The color-difference signal RY is full-wave rectified
by the ful lreghid ireskbtaolian &fjffqanance);s igeml - ¥ohsi Bepubte@ctoranf the
color-difference signal, R-Y, the anplitude of the rectifier_ output

repr esent s adfen drigt h o il Iy thectcrLombl thgprner rsbgenateBsYghdl B-Y is
full-wave rectified by the full-wave rectjf t 12, and the

ief, circui
anpl i tude dPputdeshtslie ddprlednis ReRtd fi%ﬁ ?Wé;E%ﬁoﬁﬂ}¥T%?%ﬁce si gna
B-Y vector. The ful]-wave rectified color-difference, si | .R-Y outputted
fromthe fd9% \}54 ec\g‘l[a]i%ri edrel ftclJierrceurfc[e ﬁ)lgarh%i t%e fﬁl%%'ggg?%&?f?%ﬂ
col ordi fference signal, B-Y qutputted fr e full-waye,rectifi circuit
12 are addeaéi eggzltg?fe%’hler?et htgl%acf:c?elrogéj.lé;ﬁ%ou% ?h%n%%f%uf %‘ll%ng ©of the
adder 13 d ot QE £ayal the I ng% es n t he
col or-di ff%%gr?cr}e dsllqg(r:?al eﬂ(q%r?d;a%l \?{ecat%? s% t &; g%%%)ﬁl?e;si gz{é#'gc%?l%g
regarded, fQn,SitPlRUL r&sentd &8 £9! QT SENST Yy
coIordiffefgﬁfé'g?éﬁg{s_%§E§€y argerzﬁ%ﬁ%tudegi% ?ﬁegﬁi% n%%?%r-density
areas and YevRlti®n AMYddUdidh the d i £l Of6 deNSé A ¥r &L e8SrmIRg1 98N Of
the variable gain anplifier 64 is controlled in accordance with the col or
density dett@et vyt isidrRAlg HiH pliig ik 14084 he adder 13 by detecting the col or
density. As described above, according to the prior art imge quality
correction circdihe opearativm anburhe dbawos rotdgeonquslitegreasedct dbont he
hi gh-frequency conponent of the |um nance signal, the anplitude of the
hi gh- f r equenayuddnpdidntbefdadmrihed fembev i Jhlz¢ luvmimanes shghhd Wi gh
color-density areas, but in areas where the high-frequency conponent of the
| umi nance dingwiditeids Yoartdee il ghimpagrssifilieeni @y wheranphethéghof the
| um nance sjgnal alone increases while the magnitude of the color signals
does not i ACERERSECYTIHAMRARIEs hilde ' UptRANCS c8i8R:hgYi ASi AEBargtati ty
degradation. That is, satyration drop is, exacerbated jn th ,
i gh- f r equéndy “BRsidest £6 Hiltgn A oro LS SR | OFP | FRber §ht s TBREALD PE
particul ar It¥x rvor},ciuarl}r}eed 'ani araemas]h. ere Eglyelrsshoortlg afﬂ 1Qr eshoogs gggur.
Furt her nor €, i 0 thé HiE L6t sthenst 1§ ar eas” e P gnal - 18- AGFEE“FafFo
decreases sj:nge . the [ qﬁg | um c j [ S
anplified. %'ﬁga 'Fﬁ]ra%t cl%gl,osrgsacet e%en%co‘%ﬂg%r#e '?iggn&llgb‘!gﬁg%%agg lni ar?l_htehe
hi gh col or qspfdir aty @y %ree@éotﬂgﬁhupé Qbl £5F &Sn P00y . defighl 5@959_@'%5&99,61“
bl ack l'evel variation can be alleviated correspondingly, but this in turn
causes t he jpr ohlg@Mf1 d I aRsRgly Satdd s | Oe diRpl abdd S/ df degeadatben, which
places a limt to the anbunt of correction that can be achieved. Therefore,
the i mage qualditty idevaneimmtsidiadl cid hecpessedyedo byhhbetRgeghaa wathbeen
satisfactory. Furthernore, in the case of the color density detection
si gnal prodded ito tdre Jprfyortler thigegbregaénty compeséhndno€i theit, the
anount of correction is not distributed appropriately between vari ous
col ors. As lyméviagusd \sirtaeld, 1§ nindreeNTSL Fvenndl BECAM Lelevpdpaon si gna
systens, the high-frequency conponent of the video signal is transmtted by
t he | uni nafi@@sditghdregtonetharmmrl heede hef abpei codlerraenrsisy dréerdirRance
signal contained in each color is different, the, amount of high-fnegyency
conponent @R drF iRCAHGRS i T it thRag2iR WikR WhdGht ter amplit

hi gh- f requency Qoqfo ent reduction is snall in argas of a col or containing

a large andift NN URSEHAC Y SHPREHTRE whf | B2WEeSnount of hi gh-frequency
conponent reductjon js large in argas.of a cplor.containing.a s | anount
of | uni nance co#ﬁ%éﬁiaW n %‘ble%i(fe?cd%i%ﬁf)l g#efﬁ?méﬁaf’ﬁﬁgglgf‘a@k’
nmonochromati ¢ bl ue consisting of 100% B signal) the anplitude of the

| um nance signal can be calculated as Y = 0.11 fromthe equation Y =



7 0.30R + 0.59G + 0.11 Bsince R=G=0 and B = 1. The value is the
smal | est of all the,colors in the color bars. It is proven that, in this
case, the 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 high-frequency conponent drops down to the anplitude ratio of the

| um nance signal. If high frequency conponents are contained in the colors
of the color bars, the highfrequency cofrponent in each col or drops down to
the ratio shown in Table 1 below TABLE 1 Red G een Bl ue Magenta Cyan

Yel | ow White 30% 59% 119% 41% 70% 89% OO%QEaCh of. the_val ues shown in Table

1 coi nci deP8HYE R ng ffe ¥t | Ty ’I?ﬁﬁ?ﬁﬁket%?gﬁ%?s%o%fafh%d in
h | or., If, the high-f t istpo b { f h
ol or -t he TineTse TEiAL L b SHE G harer el vFER e Brese
| or, f l. i t hi gh-J t should b
corrected £5 b Flade P iy A {0 i dEEL T EOLPINERL Seple Pe

consi der at QN ¢ QB 116 AT I 1%L 4 0 Alpd D U papee i gRal
I [f this

contai ned in each col or. actor is to be considered, the col or 8

density si gnalgueiai NehddheMte d¥ ite aliin AXADE e NESA5, t orhe ghyigegsby the

| um nance signal. There is disclosed another prior art which proposes an
exanpl e i ny@lldy NG gditHer Whd) dnlithddbE NG Bi gdl £ r bt tppegshoy t pping of
this exanple is that the conplexity of circuitry increases because of the

i ncl usi on @fuia @isviahid Gy rigitide idqud et l @t Feé €t Lo Coli gna Anpédef rohobhem i s
the effect of correction appearing unnatural at the boundaries between

col ors. Fi gard adlews aiow sangdri fisrry 6] aandigneputs €lié eco eteabed humi-
colordifference signal is created fromthe |um nance signal and when the

hi gh- f r equevagyz ec sriggoreantY 'of tHed unianoensnapee $ s8eabhancetipubyed aksng as
an exanple a pattern consisting of successive color bars, i.e., gray) red,
white, redthenduizencs rsdrgged i + His 97 derreobed ethat othe ghirinnothe
screen. Solid |ine 170 indicates the | um nance signal; dotted |ines show

t he cont ourtdieofh ighe IFOIUBY \WRIRS YN T oot clubhpanecenehEnal eismde; 171,
175 indi cate the bl ack |evel;, %{2 is the RY color-difference signal; 173

i s a nocol dPOF&RSEd J3) ithe iHEM AP YUt W (4% primary col or si gnal

and dotted |ines,show the pgrdions wherg d ety ahirsquency corcggtpondis

made to the | um ce ‘signa erence sighals A a

eft to 1 gt dpdicating phe aavef s, alot e TESRORLL VE. cobRE: hapngari es.

As can be s€en fromFig. 2, high-frequency correction is
vector of the color-difference signal R-Y, the amplitude of
the rectifier output represents the length of the R-Y
vector. The color-difference signal B-Y is full-wave
rectified by the full-wave rectifier circuit 12, and the
amplitude of its output represents the length of the color-
difference signal B-Y vector. The full-wave rectified
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



9 effective in achieving uniformimge quality only in the case of D, but
in the cases of A) B, acid C, the highfrequency correction of the | um nance
signal causes unnatural contours. A B, and C are where the slope is
reversed between the | um nance signal 170 and the col ordifference signal
172. In A, high-frequency correction results in an unnatural step forned in
the rising portion of the primary color signal. In B and C, the boundary
contours which initially were not present on the reverse inage side are
f ormed because the |um nance and col &r-difference signals are transmitted
separately in separate frequency bands. These contours are further
enphasi zego Ryt hhe rhi§Bf +RIUERGW tCQIF @Hd A 1Qfr G # MENANGE FANgl-y A a
result, overcorrection tends to occur in the case of the B and Cpatterns,
resul tingahl pveregphasiszedneodu@pid, siel8 Jah Y edd UL o N the case
of an image whose overall S/Nratiois low) if correction is nade
meti cul oushmpdichitght agolrepreerhitdng, thie c/INY aldrksMiy; Hhe tdelodegr ade,
and furthernore, while the appearance of winkles in the human skin, a
| i ght col atféeeancehsigdalle hedeced liaogebht aimp ld tpideasimg Heragiagh i f
correction is nmade to such light color areas, the image will appear nore
real, makcngorhdensitlkl esekrusr thgdr ancmaddah] empA iftwrdeheim priebllemm i s t hat
aperture correction is performed using a separate circuit) requiring the
provi si oncelor-dengisgparaes -apdheure igororfedihieory agirahuliet gmich t hus
increasing the size of the circuitry,required to achieve inmage
i nproveneAPRliSiRwARY @F FARtOVENH dy AfcsHdaceoWittHe Yresenton nvent i on
is to provide, an inage quality cqorrection circuit that |s capahl e of
mi ni m zi n§eBBEEY GREFGEE OPs Sigrat SntandPeadd ol thfegrddes i 'oh Rile to the
positive Qigh-ftegu&gcy cgnpogfnt.qj t he | um nance signal even when the
amount of “€5FFP&EPEON s CPACFe8S8F 13 the hi gh-frequency conponent of the
| um nance signgl. ;Anat her .object of the nresent .J.nvention is t.o ovi de an
gnay Ped®y d%ﬁ£§¥h %?

i mge quality corfigcstcir&n Ci r(}::’t?ivte ’caa‘ﬁé:l?lre stthlecﬁlilyoli' napIPtov"i“h S he i mage

qual i1y bYuERnEGOLage sl LI, A%l Yhd Qiffuerd AL AR A pop

detail re ction in high color-density areas. urt of 1 he

present iQyeRtLABal FolrO RO -3} JTRGR WA i dohdr TEE AN Rl G fcLapabl e
of obtaining a properly corrected i mage free from excessive correction or

i nsuffici gagneQrr ekl @mpdapeiad RE AWheC M YIS £ G BEtddibeh&Ol Qi f demsi ty
detection signal in which the ratio of the | um nance signal contained in
each col olums$ naarei ddged]l Ansiridadsefsurirhetheolljiont «fldhaelgiesientareawent i on
is to provide an inmage quality correction circuit capable of preventing
unnecessabytcont edreagnwlecerdite) hdmgh-tthe quesndit iqrgnporeget il they
degradation, at the boundary between non

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.



Z1 color and color areas or at the boundary between different colors. A yet
further object of the present invention is to provide an inmage quality
correction circuit capable of inmproving the S/Nratio, and al so capabl e of
preventing the i nage appearance degradati on due to enphasi zed roughness of
t he human skin, by deliberately reducing the effect of correction on | ow
color-density areas. Yet another object of the present invention is to
provi de an imge quality correction ci r%:ui t capabl e of acconplishing
aperture correction, by executing a certain degree of inmage quality

i nprovenent in no-color areas. According to the present invention, there is
provi ded an i magd hgualiist,y acortrhectampundi rocfuicto mete adthi axonipy | isesrecxdent density
detecting neans for detecting color density, highfrequency conponent
extracting ridendifgdy codtoracia vy adt iving lefresgrue reose e apedrlesits fs apdaui nance
signal, a variable gain anplifier for anplifying the extracted

hi gh- f r eque @t addnFERIAAUSTE e anthitdarde evmlalvamiatictn scamrrer that the
gain thereof is increased when the detected col or, density is high, and is
reduced wher? 1t I@HEE: COF TEARI UESiTry QUL 1T0% Sanid Wit «dusedihe for

slicing out the _out .anmplitude of the variable gajn lifier at a
prescrigbed el el.e"*l'%:f-}'t ea5Fed RS AN cﬁéﬂ% |§/1?meéjre%‘fﬂf1%°rﬁe°%1 i ce

circuit may he reversed. 12 \\hen the extracted, hi gh-frequen conponent
ot "Che 1 um el BIgERS & TR oS RAGER & Eer G ey e e
control is penrf.or sqQ, ! hat. t he in.of the variabl.e gain anplifier is

i ncreased \/\/f‘i’lecﬁ1 1tet¥éen%get e(%“teerae fcooxie"o’r %gleensl%}aﬁﬁ sql}'ﬁal t,y 1 S P et ¢
is low, the I fJad y r.equ QU i e signal wll
have a gr eatb%?mfrgﬁleﬁtu qus the co _oh% de%%e%c%%sée@%%‘ the anplified
hi gh-frequency companitnde t he l4HE e of M dadehiddd o e sld €fon
circuit, the positive portions of the high-frequency conponent of the

| um nance sisgalapdddiedd BRI &HO AN ta By Clindife NI SE BF € d 2PV ELon Af t er
t he renoval, the negative portions of the high-frequency conponent of the

| umi nance sicgn@uiar,e thRinmact Wdh ddierdditi dnGe rd gt s i thet SOrd st ed,

t hus acconplishing the correction of the | um nance signal. In high

col or - densi tpriantedy, bsitweerd hadisdnadess gnals imreordesietheotdd, i int he
direction in which the color density increases, no col or dropout occurs at
t he boundar itde BDESUaePAdol sl FHOTAM draniorel s ienmmeidnaf $hetenppl €heonponent
inproves the SINratio. It will further be noted that since the correction

is made usi g gthird neaysriose qeavrdnmt off tihe W igled reigrank yi < okhpomeni t tede
probl enms of black | evel variations and detail degradation are alleviated.
As descri be®Y dibfcd WHaAHIGGh Fiddide rfyP onptferitingge tte | ame hiblede sTahde to

be used for correctiion of the |l um_nance sjgnal. is stri ed of its
of the ludlnance signal contaié%éiin each éﬁﬁor 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. 1In
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 =



13 positive portions, as well as its ripple conponent such as noise, by the
slice circuit, the anount of correction applied to the | um nance signal can
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 inmge 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 anplitude ratio of the |lum nance signal contained in
each color is considered, enploys one of the follow ng three configurations
for the color density detecting neans: the first configuration wherein the
col or dengi.Byrdet @ctiony Hr@and iaindes Ra =md t2 @ i@aid f®r= pesrf orke nga bue

mul tiplication by an inverted | um nance signal, and a | ow pass filter; the
second conki ghreatsinerl lwtsdr @ifn atlle thad aro ldarssiiyy et ecdiowg aens ingl lsles a
maxi mum val ue detection circuit for detecting maxi num val ues for color

vect ors weereenhdbartpuriin dhils geser,eduen@e iconpbnend hisghuef rexquérscy ar ge;
and the third configuration wherein the color density detecting neans

i ncl udes aopipeaentcilscuieduced donvdit iafg tthee daim feicersi gretsnissien bi nary
form One of the first, second, or third configuration is enployed for the
col or denéitt $ bget@enisig tidags el it IFRPRAT NohI i tdelisi tlyavamt el sfet @ce £d by
14 considerin% Hhe,anplitude ratio of the | um nance sjgnal contained in
each col ofhej Y&1pvdsigs Phshuds dibfens t3r Gret AATUA G ¥of $9bRe
quality correction can be obtained. In the first configuration, Db

multi plyi RS £061 SAsR-daeAuERsT I RT A He GRART RIS THE (B HhYE ed
signal, the,cal or nsi;ty .detectian signal, is cqrrected to a relatively | ow
level for "E&M8r é’fhg\?”leng‘} InaRSE S EHHance flc}nﬁfg’ne TEYRHE Y U R Y Vel y
hi gh | evel, Lot 60l.3h3 1AV el HRLo 4 WHIASE, £RODENE R sy, L €al i 2i ng
the production of a color density detection signal for optinmumtontrol of

the i mage rgughiehkyCRompohle®t il daftth IROYW LUK WAL T 0D, tF O ry {Wber  of
vectors where the anount of high-frequency conponent reduction is |arge,

si gnal wavkgbonhms namapientihesiized by taking points where the col ors al ong

t he designated vector directions 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 optinmumaBLR riol of the imge quality
correction. In the third configuration, the |um nance signal is converted
into a binary formw-th—a—towvottage—for—rrage—areas—of—high—+tni nosity
and a high vol t B§€ f Greemag® dreeadlasientow |WAhosi¥gA leamd Bhstgnal
correspondi ng he or NSity, 40 1 )
| um nance signaﬁoﬁas %&ﬁ to ﬁégreflg éﬂi i Ul ti pl TE€H by e binary

| um nance 15 signal; as a result, the color density detection signal is
corrected to a relatively low level for relatively Iight colors containing

a larger |um ngpeg %Q”R@x%e@tal)lle}'}dlélfbu% rigl afded vi Rbgnd eyet dpenrehatively

dark colors containing a sm um nance conponent, thus realizing the
producti oamgfl idude! @atdengft tHECtlRGiiihed Hidnd DIc OPt & el CONt athof the
i mage quality correction. Another image quality correction circuit,

accordi ngebdor. If the high-frequency component is to be corrected

for each color, the amplitude ratio, 11%, of the luminance
signal for the blue color, for example, requires that the
high-frequency component should be corrected to the ratio of
1/0.11. in the prior art example, no consideration is given
to the amplitude ratio of the luminance signal contained in

each color., 1If this factor is to be considered, the color



the invention, includes a boundary reduction circuit for reducing the
anplitude of the color density detection signal at the boundary between
colors. The color density detection signal detected by the color density
detecting neans is supplied to the boundary reduction circuit where the
edges of the signal are detected and the anplitude of the signal is reduced
in areas near the edges to reduce the effect of correction at the boundary
bet ween no-col or and col or areas or atf the boundary between different
colors. Wien the resulting signal is used as a new col or density detection
signal forgbABgeyOqyakhhy 6DEheREHOANn the phfieet adk kwBE@1QUAkEHY €Qr pgction
can be reduced at the boundary between colors) i.e., at the edge portions
of the col givdessgi by thtettinpnagsbgnaligdatected by the col or density
detecting neans. This is effective in alleviating the problem of unnatural
contours. Anot hthereufe dqilaklbgedornetheonpeibeuibtrt shdehdippgpbges 46 the

i nvention, includes a small-anplitude renoval circuit for renoving

smal | - anpl exadpleoinvohsing theisdbor bdehbet Yudénecrcieosigngdal bud suppress
the effect of inmage correction in |low color-density areas. In

smal | - anpl phadécppingons dhishexeobde denshey dbeccompdexiigyabf ictis-
reference voltage is raised to a | evel higher than the no-color voltage

| evel , andcuh&rgi §narepsesi basaperorft hber dnglagdenyoift agdizdidipgnoved. By
perform ng conversion with the reference voltage |evel as the m ni num

val ue, thecéranitahpl thadelpetrieénsiiFeitenoved, which has the effect of
preventing the overall S/ N perception fr%nlsubstantially dropping.in a | ow
S/N i mage) and éPQBhEFePEHPEﬁB tRethri REFESE &facRerestd onoAPPRETAR®an skin

f bei hasi zed f i he i . AnqQt h i
qual i Uy COPPBRERERLCRF CUPe. PREBBRATRG B8 PREN A9aReioan. Tidel ddBE°HR offset
addi tion nﬁﬁgsafSgi%ggngagaggéggggﬁ?gﬁfF&quQ%dcg%%B Qgg%u%¥_detect|on

signal so at "a cer requency correctron can be made in

no-col or aa%%r@xcgekkgﬁa@t g'syc%gqitga &%{n%%f fl%%nta%cteh%_ig%'aqr Ta%nsi ty

detection signal, a certarn degree of hightrequency correction effect can

be obtainegniLh PRaCRYPH-2LE8BRentPUSoRBENERE bIE thieNatindh a0k 2R i3RGN! WS
correction circult. As described above) since the color density detection

signal is ghgahedahypviakhRdnknhe aanskdapdlel @ bt ordl iconfistihg WFe
| um nance signal contained in each color) no such phenonena as excessive

corrections@eckBsui ki 6b@Br BarkgChi.en,ogeuly ,dependivid t&) Geldyr sndand a
properly corrected i nage can be obtained. The above and further objects and
features oblabk kpvengedniw kthisooedewl Ifyrome lagpartentr ifghamotrhe Heol | owi ng
detail ed description with acconpanyi ng draw ngs.
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



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block di agram show ng the
configuration of a prior art imge quality correction circuit; Fig. 2is a
wavef orm di agram for expl ai ni ng problens of the prior art. Fig. 3 is a

bl ock di agram showi ng the configuration of an inmage quality correction
circuit ( a first enbodinent) according to the present invention;, Fig. 4 is
a bl ock di agram showi ng the configuration of an inmage quality correction
signal generator; Figs. 5A - F are waveform di agrans of signal voltages;
Figs. 6D - F are waveform di agrans of signal voltages when circuit

ConStantseQFQCGb@Qgﬁg aEh@8vidP unkraka %@&%EOQGbQH%QY%@&#ﬁlﬁ“éHgﬂ

vol tages when circuit constants are changed, 8 is a block diagram

showi ng tHgse0pti gyUr sik0AnOthe cases of A, B, and C, the high-
frequency correction of thé Juminance 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, if 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 that aperture correction is per-

formed using a separate circuit, requiring the provision of



an imge quality correction circuit (a second enbodi nent) 18 according to
the present invention; Fig. 9 is a block diagramshow ng the configuration

circuit (a
is a bl ock
s a bl ock
circuit (a

of an image quality correction
t he present invention; Fig. 10
of a contour detector; Fig. 11
of an inmage quality correction
the present invention; Fig. 12
of an image quality correction
the present invention;

isab
circui

t18

ck
(a

third enbodi nent) according to
di agram showi ng the configuration
di agram show ng the configuration
fourth enbodi nent) according to
di agram showi ng the configuration
fifth enbodi nent) according to

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) and 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-



Fig. 13 is a block diagram showi ng the configuration of an image quality
correction circuit (a sixth enbodi nent) according to the present invention;
Figs. 14A - H are output waveform diagrans for various parts of a col or
density detector in the sixth enbodi nent when color bars are inputted; Fig.
15 is a bl ock diagram show ng the configuration of a nodified exanple of
the sixth enbodinent. Fig. 16 is a block diagram show ng an alternative con
figuration for a high-frequency conponent detector in the sixth enbodi nent;
Fig. 17 is a block diagram show ng the configuration of a color density
detector in an image quality correcti&h 19
color and color areas or at the boundary between different
colors.,
A yet further object of the present invention is to
provide an image quality 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.



circuit (a seventh enbodi nent) according to the present invention; Fig.

Is a bl ock diagram showi ng the configuration of a color density detector

18
in

an imge quality correction circuit (an eighth enbodi ment) according to the

pr esent

invention; Fig. 19 is a diagram show 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 output waveform di agrans for

various parts of the color density detector

color bars are inputted; Fig. 21 is a circuit diagram show ng the
configuration of a maxi num val ue detédétion circuit; Fig. 22 is a block

di agram showi ng the configuration of a color density detector

quality correcWwhen the extracted high-frequency component of the

luminance 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

in the eighth enbodi nent when

I n an i mge



circuit (a ninth enbodi nent) according to the present in vention; Fig. 23

I s a diagram showi ng vector orientations where conponent signals in the

col or density detector of the ninth enbodi nent are at their maxi mum val ues;
Figs. 24A - E are output waveform di agrans for various parts of the col or
density detector in the ninth enbodi nent when color bars are inputted; Fig.
25 is a block diagram show ng the configuration of 20 a col or density
detector in an inmage quality correction circuit (a 10th enbodi nent)
according to the present inven tion; 9. 26 is a diagram show ng vect or
orientations where

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



conponent signals in the color density detector of the 10th enbodi ment are
at their maxi num values; Figs. 27A - E are output waveform di agrans for
various parts of the color density detector in the 10th enbodi ment when
color bars are inputted; Fig. 28 is a block diagram show ng the
configuration of a color density detector in an inmage quality correction
cir cuit (an 11th enbodi nent) according to the present inven tion; Figs.
29A - D are output waveform di agrans figr various parts of the color density
detector in the 11th enbodi nrent when color bars are input; Fig. 30 is a
bl ock di agram showi ng the configuration of a color density detector in an
i mage qual bbisC@EF@AkI 8ReCampllitudeardlib efbadie-mauinlinaGeer diiggallo the
present invention; Fig. 31 is a bl ock diagram showi ng the configuration of

contained in each color, i.e., an optimum 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. 1In 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. In 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 to the
present invention; Fig. 32 is a block diagram show ng the configuration of
a nodified exanple of a color density detector of the 13th enbodi nent; 21
Fig. 33 is a block diagram show ng the configuration of another nodified
exanple of the color density detector of the 13th enbodinent; Fig. 34 is a
bl ock di agram showi ng the configuration of a nodified exanple of the first
enbodi ment; Fig. 35 is a block diagram showi ng the configuration of a

nmodi fi ed exanple of the sixth enbodlnekﬁ Fig. 36 is a block diagram
showi ng the configuration of

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 to a
relatively high level for relatively dark colors containing
a 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
quality 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 alieviating the problem of
unnatural contours.

Another image quality correction circuit, according to



an image quality correction circuit (a 14th enbodi nent) according to the
present invention; Fig. 37 is a block diagram show ng the configuration of
a nodified exanple of the 14th enbodinment; Fig. 38 is a waveform di agram
show ng signal waveforns at various portions of the circuit shown in Fig.
37; Fig. 39 is a block diagramshow ng the configuration of an inmage
quality correction circuit (a 15th enpgdi ment) according to the present

i nvention; Fig. 40 is a waveform di agram showi ng signal waveforns at
various portions of the circuit shown in Fig. 39; Fig. 41 is a block

di agram show ng the configuration of an imge quality correction circuit (a
16t h enbodi nent) according to the present invention; Fig. 42 is a circuit

di-agram show ng, JN& N QWAL Of 2 1B APLEL V9SS mPVal L ShEul U
for removing small—amplituae 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



Fig. 43 is a signal waveform diagram for explaining the 22 operation of
the small -anplitude renoval circuit shown in Fig. 42; Fig. 44 is a block

di agram showi ng the configuration of an imge quality correction circuit (a
17t h enbodi nent) according to the present invention; and Fig. 45 is a

si gnal waveform di agram for explaining the operation of an offset addition
circuit shown in Fig. 44. DESCRI PTION OF THE PREFERRED EMBODI MENTS The
present invention will be described iy detail below with reference to the
drawings illustrating the preferred enbodi ments. (Enbodinent 1) Fig. 3 is a
bl ock di agram showi ng the configuration of an inmage quality correction
circuit according to one enbodinent (a first enbodinent) of the present
invention. A lumnance signal Y is applied to a negative termnal - of a

subtract ot IhAé tlbl%ﬁ'f%c% lsq.\g'rjarle%%%r{;aynia %ﬁslg iéa}cei{ c20 l(ohrer gn::f)n?s;t}cg}( Oékraela—;ed the

| ow pass £ I"t ér € 1 uni~nance si i's al'so inputt

circuit 3n§)?\%r ﬁggs\'&@ix%%stsq%es!cgaquecitsiﬁygﬁleii?ﬁgbéﬁi%earggeéogréaétJ}’@A | as to

t he subtrac . An output signal from tractor 4 1s supplied as an

i nputted LQcarYdehdbldd ngaidh ¥ldd lam WG RURHIc i aled SidHek to a
slice circuit 6. An output signal fromthe slice circuit 6 1s supplied to
t he adder cé4n TReodddamed.outputs a corrected | um nance signal Y' . 23

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 quality 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)



On the other hand, a chrom nance signal | is inputted to an 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 output signal fromthe
adder 13 is applied to a control termnal of the variable gain anplifier 5.
Here, the chrom nance signals, | and Q are inputted after a delay of a
predeterm ned tine so that they are in phase with the output signal from
the subtractor 4 when fed into the variable gain anplifier 5. The
subtractor 4, the variable gain anpliﬁéer 5, the slice circuit 6, and the
adder 7 together constitute an inmage quality correction signal generator 14
for generatin he cprrecte 1 ha | . Y. The operation of the
above-conf?%ﬁﬁ%éﬂ?%ngé gﬁal?f%gg%?rggﬁfgkggﬁfcuit wi |l be described bel ow
Wien the lumn ségnal .Y 4s.i.n t Loy pass . fi r n he
delay circuit ??ﬁfheé|gﬁf%a2£§?$|?gééggﬁﬁ?Rgg?ﬂfeg%?i%éﬁfﬁkéﬁafgégugﬁiy

cut of f Chaéﬁcfﬁﬁéét%&aif@@sg$£§eeﬂi8nach?@hﬁieQHe@ﬁXrQOQRQBQQhe%Q)Of t he
| um nance signal. The delay circuit 3 outputs a |um nance signal 15 with

such a del gycd h@ingt 6o PPRSEpEOLBRLEAVBhthohhe phase of the | owfrequency
conponent of the |um nance signal passed through the | ow pass filter 2.
Then) in the subigaciorid, at bBeotRWiigguancyheaipgnehle tondfigulra tliwn rance
signal fed fromthe | owpass filter 2 is subtracted fromthe | um nance
signal 15 a Zdnwbhiehdésetedriromthe delay circuit 3 and contains the high
frequency conponent; as a,result, only the high-frequency conponent of the
| um nance signaFigs blt pstafbboackhdéisgbtmashowisg The wamfdlgueragdion of
anplifier 5, as will be described in detail later, anplifies the

hi gh- f r equemcimapeponahi tof coheettibnandecuigndle ifruaddorddoedd menth t he
anplitude of a color density detection signal 26 outputted fromthe adder
13. To desz¢s¢pedimactei the| pregentr dnvestpepfiorned for anplification so
that the gain is increased in hi%h#color-density areas and .is reduced jn

| ow col or - densi ¥§2 ar basisTRebhrgR- i agtaRcFhoyipgndhe sontHEUraH1RMh
signal, with jts gain correlated to the col or densi.ty. by the wvariable gain
anplifier & +%a$ﬁp%??gHtYoc?ﬁEe§ teB Eireuit g éféhtﬁﬁg?ﬁﬁﬂﬁqéhm of the
high-frequenqy $on20ﬂen£ of the | ningnc%.%kgnal whi ch exceed a prescri bed
val ue are 2WEOBF1"Et ks PENBEFRG Fh&™SSE PR portions, as well as the

[ PpL e CoMPonents $uChaats Q! B pok! BThERn AL EEUEACK o ik the
i mage quality corTectron S|gnaF resUlts. "The | nmage qual ity correction
signal outputied fromiheyStbeReEbioH £ifcld tadded it Réwddelent f O the

| um nance signal to be corrected) 1.e., the lum nance signal containing the
hi gh-f r equgecyr&ORPOPENthangdrdekayedntrBheugh;t he delay circuit 3. The adder
7 outputs the result as the corrected |um nance signal Y. 25 On the

ot her hand, therggsonminanceHsagbabukpus Walvlefare decigrddmd fyr tver fald - wave
rectifier 10 and inputted to the adder 13, while the chrom nance signal Q
is full-wayertecdéffaedobyrt Henklikly- datectect i ehel 2 iartch iemphddienknto t he
adder 13. The full-wave rectified chrom nance signals | and Q are added

t oget her iwhé¢hecatiderba8y whechnphébedut puts the col or density detection
signal 26 corresponding to the color density. This color density detection
signal, whose aFpgit 4Beibner bdses ddagmemcsihowidendihe qanehistiveat kg of
decreases as the density decreases, is used to control the gain of the

vari abl e gaiRedkpirdiexagplengd the sastinsmbodddedt « he hi gh-frequency
conponent of th ri.abl e lifier 5

.lum pance signal that the ya ain a _
outputs is i ncrgé@e?lgnlﬁi th’gBF r dAEREAN, Si‘r"é"é‘é’ga iasﬂreer S n°? Bw
col or-densjty areas. | or -di.ff er.ence signals R-Y and, B-Y d
i nst ead of%f%%rﬁﬁ?8ﬂ?%§ﬁcg ?5%5f§eﬁu§ﬁ %Qcﬁﬂﬁ?ﬂﬁﬁl0gﬁv*:glg.gﬁ ?@ga
circuit d'g?&@ﬂ‘éﬂB%ﬁQ%ekQ? configuration

Fig. 17 is a block diagram showing the configuration of

a color density detector in an image quality correction



of one exanple of the inmage 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 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 26 base and col |l ector of the transistor
32 are connected together) and the basgegand coll ector of the transistor 28
are al so connected together. The collector of the transistor 23 is
connected to the cpllector, of t edtranELstor 2§, whi | e Ehe emtter of the
transi st orS B Ykt chhndeY et oo Phed tnept Lr2Geo R PANLPSEBF BECSEBEt her, the
col l ector of the transistor 24 is connected to the collector of a
transistor'PFRht¥d enitter is in turn connected to the enitter of the
transi stor 23. Jhe bases_o r I r .apd, 24 are.cqupled together
and connect ed t%} heﬁ%og?t%véb?%%n?g%%§%¥ ghéghg aﬁ eVSPPgéguggﬁ%Sg g?
whose negaf i rfu S d; T, o] r i i 25 1S
connecteda%dyt(%F5§%€§%¥&t%g£€€gﬁ§i§?0$§223§§ﬁe53%P?Fgrgg?%ghgg?ﬁansistor
17 is connectegi O(dhee phthetnBbdifént | aRsbs+QIndBYi @nd beskeher 18.
Thus, the transistors 22 and 23 forma differential anplifier) and the
transi storg,Zén@d¥h 25 also forma differential anplifier. Further, the
transistors 17 and 18 forma differential anplifier. The power supply Vis
grounded thr OUQIhi% SEYi £ &1 ACHktamOSRONLhAIveELEr 831 8heht 38nsawhbaBSI St Or
30, a transistor 36, and a resistor 37, and is also grounded through a
series CirgsthpokOnsi S1gngl1of iR £RASEBDSr CHEASHtySAULEBLEP) o thansi stor 38)
and a resistor 39. Atransistor 34 is connected in parallel to the 27

t ransi st ore Bghvihosebbdbeehs apanettthein mArilamevallukBe transi stor 28 and
is grounded via a capacitor 31. The base of the transistor 34 is connected
to the base of Figstr2a®si stBrase, ogbpuhavavhéormadsrgrems 32ramdriduborm a
mrror circuit. Simlarly, the base of the transistor 36, which is

connect ed parts sototheceotori depshhecdetiecborhénpibe efighhh emhndigeot 38)
also formng a myrror_circuit. A node between the constant current source
40 and t hevhemrcalar obany pxechbnpettedito the base of the transistor 17 via
a resistor 41 whjch acts as the |pad for the fransistor 38. The col or
density detecti’dot8sighals28 suFputtcdireban ABOWAREr the cppfigyratdogpplied
to the bases of the transistors 22 and 25. The transistor 17 is supplied at
its base w?frPeP%%ﬁT%ﬁev ?hgft?%b?ggeﬁfECFﬁg'luninance signal 15

containina e pLt 45 oquel SEERRRLBLURYL L B LATE ARG iRkeLit g o
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



vol tage VYL that represents the |um nance signal 16 consisting of the

| ow-frequency conponent outputted fromthe |lowpass filter 2 (Fig. 3). The
image quality correction signal) which is outputted fromthe node between
t he constant current source 40 and the transistor 38, and the | um nance
signal 15 containing the high-frequency conponent, which is output through
the resistor 41, are conbined together to produce the corrected | um nance
signal Y. 28 The transistor 28, the resistor 29, the transistor 30, the
capacitor 31, the transistor 32, the rmgsistor 33) the transistor 34, and
the resistor 35 together constitute the slice circuit 6. The resistors 29
and 35 are CQH%Sﬂ tQ. h ve(&ﬂgcﬁﬁnp resistanc vahgg and the resistance

val ue of th&rédi % i%s Ciiosen 1o Be €19 ?ﬂ?@ %%Hl%ﬁr¥%% e%he

i ndi vi dual_.resj.st anc I fis es] : . r
resistors Cs}é%glnl} 3% gro\ét%c lr{fgnsbcezjrﬁj %qht;)veéﬁsﬁog{dsslagn% %S%@%a%ggg %/g uier.“%?'ﬁe
resistaanjxghue of the resistor 41 is denoted by R2. The operation of the
above inmage quality correction signal generator 14 will be described bel ow.
Let i representpig didfef arsent I@agﬁwﬂr e Ho Wi POFdd Rl o De RL ¥ QL ER8CUhere
differential, VY - V~rL, such that i - (VY VYL)/Rl) where Rl is the

resi stanceowmpoendf dima1esiidt he2ko Mot idendietydd e@et ©F éhethamoppce
signal 15 containing the high-freqgquency conponent and being applied to the
base of t leaboddnzintt @rel 4t ank My lmd:sinde vo0badds pquency | um nance signal 16
stripped of the high-frequency conponent and being applied to the base of
the transi stor Figs .N@NASupieerd attddte whvd Bomntd bdg cams efidri vasidlisw ng
fromthe emtter of the transistor 17 toward the emtter of the transistor
18 i n t he pairftfseroenttihal cartly fdegrs iftor nbek dotorm tire thanb?th oesbddiment 18. | n
this situation, if we consider that the collecfor current of the transistor
17 is appmdenrgiodior dgural ane irguttedienitter current) the collector
current can be considered to be equal to lo + i which is the sumof the
current |o thatfithe 2Borist #ntPlQrk shira&iam| shaoing obke t eopf benbahiheant
differential current i. Sim hat the collector

.o Simlarly, if we consider
current of* CRdof &fnsditer 4&??%?%%nﬁQDﬁ9nﬁ%ﬂ%eéﬁﬁ%ilY% CRBCRGFEPRr CLETrent ,

the coll ectar, current ,can.be, .considered to. be equal to 1o - i which is the
differenc@uﬁétaé%hqt é’éﬂm?ﬁﬂhmqq}%Pﬁﬁc??éé%%n%?aﬁ?ecﬁF?%ﬁ?tsbﬁng-Zo f1 ows
to ground,gnd.the differential current i. Therefore, the differential

current i corresponds to the high-frequency conponent of the |um nance

signal . Furt herpﬁgtg;gmeﬂﬂ QLM b e Wl d AR d&iég{&@% i @Lrlv_‘vl?i@egween

the reference vo at the constant voltage source applies to the

bases of tdag s’ dSitHeOlcD12T aAlh2k Ak tderyol fagend i neLudeAgodhgehtas) of
the color density detection signal 26 corresponding to the color density

and appl i ethetno ddl@ hasass afrd hemgutansi stors 22 and 25, a voltage for
controlling the gain in accordance with the density of a specific color is
applied to theFdigf.f 0ernitd al gk fd et g fon nettbd 10an the toafsgaratsor2o0énd 23
and also to the differential anplifier formed fromthe transistors 24 and
25. First a welwd ldetesidry e ttdret aapermtamnindg ¢ heudl i terearrabtanpl cfirer
formed fromthe transistors 24 and 25. It is assuned here that the
capaci tor c®iti dandt2th 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;



30 connected in the circuit. Wen we consider the situation where the
differential anplifier fornmed fromthe transistors 24 and 25 is in a
perfect equilibriumcondition, i.e.) VCLft - 0, it can be considered that

t he base-em tter voltage VBE24 of the transistor 24 is equal to the
base-em tter voltage VBE25 of the transistor 25. Let this situation be
expressed as uBeE24 ' VBE25 ' VBE .. {1) Suppose that the emtter current of

the transistor 24 is approximately eqyﬁl to the collector current, and | et
this current be denoted by 1C24" Al so“suppose that the emtter current of

the transistor 25 is approxj nately. equal the.c Ie d et
this current b%lﬁen%%eggb§ pEasgk ¥hagh3m aﬁov,ﬁﬁ.3&1C§%§?g§§%5%%%£ ?@ICQS -

ICAr |EA 2) where. | acid.| EA_.a t he I c tt
current . aeatet NRRyTIFS PREMEAE PFor Bt B30l EEon L For e rorential

vol tage VCLR, if the ca?n e, s such that VBE24 - VBE - D VBE and VBE25 -
VBE + ~ VBre 1akbiePPg ﬂg Léuation holds. VCLR ' VBE25 - VBE24 ' 2~ VBE

(3) Wth the vgltage,differ Ll tgg gtheQ%gr %%mr nitrs tQfont e
transistors 24géﬁd gé anggﬂésﬁfgygggam i g c 1?.. {4) 1C25 -

ICA+ OIC 45 r ¢ eDehC ieS nge@m@uaher change of the collector
current. fhm?ﬂé%é%ﬁe?ﬁéaﬁgg t he relatfonshlp bet ween | CA and VBE is

expressed as lgég? hEA;5 LSpexRlk-BEaRIram sho9)ing THel/pnfiguration of
a modified example of the sixth embodiment;

Fig. 36 is a block diagram showing the configuration of
an image quality correction circuit (a 14th embodiment)
according to the present invention;

Fig. 37 is a block diagram showing the configuration of
a modified example of the 14th embodiment;

Fig. 38 is a waveform diagram showing signal waveforms
at various portions of the circuit shown 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 portions 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



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 follow ng equation is given IC25 - |CA
+ DIC- 1S exp[VBE25/h] - IS exp[VBE+O VBE/h] - | S exp [ VBEEh ] exp [ D
VBE'h ] - ICAexp [ DVBEEh ] . . . {557 ) Considering that D VBE/h < 1) if
t he above is approxi mated by the Taylor expansi on, we have IC25 ' | CA exp[~
VBE/h] = 1CA[1 + DVBE/h] ... (8) This can be sinplified as OIC=1CA[ O
VBE/ h] 9 ) Simlarly 1C24 "' ICA- DIC- ICA[1 - OVBE/h] . (10)

In the di PPerestoal ofmbihier ise llmeamed iftusta temavadnst staist 2hawnl 218,

sum of the.enltter current 1C24 of the transistor 24 and the emtter
current | &8 off2tihe transi stor 25 becones equal to the collector current of

the transistor 18. Hence 32 ICA= 1/2 (lo -

| C24 and
1/2 (lo -

|cz5 R -h&de LiScss blogk diggran )S*{Olwlng:‘vm?ﬂn igupaion ®

the

Rearranglng for

1 + E/ 3) The diff t f df
the {1 Snsiel amess, udd sy cornseting b fayit L i combgdd nang Pomct oo 5 or

the coll ector curre

| 23 of t RECPFIALEst

’ Rﬁfﬁ? ntion;

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 1s 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’.

Qt .C22 of th tran5|stor %ﬁufnd the coll ector current



| C22 -
VBE/ h]

t he sum of

1/2 (lo +i) [1 + DVBE/h] ... (14) 1C23 - 1/2 (lo +i) [1- O

(15) The collector current 1C32 of the transistor 32 is equal

| C23 and | C25, and using Equation (3)) is expressed as |C32 -

I1C23 + 1C5 - 1/2 (lo+i) [1 - DVWVBEhHh] +1/2 (lo - i) [1 + p VBEZh] -
- DVBEhi - 1lo- VLR 2h i ... (16) Likewse, if it is assunmed that the

capacitor 31 is not connected in the circuit, the collector current |C28 of
the transistor 28 is equal to the sum%f | C22 and 1 C24. Hence 1C23 - 1C22 +

| C24 -
VBE/ h i

1/2 (lo+i) [1 + p VBEEh] + 1/

(lo-1i) [1- DVBE/h] - 1o + p
lo + VCLR/'2h i ... (17) As it is, since the capacitor 31 is

connected in the circuit

On the other hand, a chrominance signal 1 is inputted to an
adder 13 through a full-wave rectifier 10, while a chromi-
nance signal @ 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 Q, 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

to

o



33 of Fig. 4) the AC conponent (VCLR~2h) i in Equation (17) is absorbed
into the ground potential side via the capacitor 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 33 is slightly lower than that of the resistor 29, the voltage
applied to the base of the transistor 39 is |lower than the bias applied to
the base of the transistor 34. When the voltage applied to the base of the
transistor 34 is higher than the voltage applied to the base of the
transistor 30, the transistor 34 is off) which neans that when the base
vol tage of whhent §8N$Eat Prodd the ARALYXITRLEIIN AUl tQ4the f ahe dfage,
the transistor 34 is in the off state, so that alnost all the current

flowi ng threughehbe EBmbShent35akl awseisil@ ,t @ 18T tHee h iGfh i e duaaits} st or
30. The only tine that the transistor 34 is turned on is when the voltage
appl i ed toctheohase of the tluaisianicer s34nkdl lis keltpat Heromoltlegeswppl i ed to
the base of the transistor 30 because of the AC conponent. If the current
fl owi ng thtoaghothé.refhst var3zabile gppmoxmpdtidliyeredualast ovitlie wur r ent
flowwng fromthe interconnected collectors of the transistors 30 and 34
into the cdekectbedofint Heteidndiedtear, 38pltifd eBC tdenporgntf mfqudm:xcur r ent
has precedence 34 since, as described above,, the voltage applied to the
base of theompanshét of 3bei dumdmencehsd enigd Binapcmridante ¢vitte Wese of the
transistor 34, and because the resistors 29 and 35 have t he sanme resistance
val ue, theapelébupenedt af cokorgdemsdiigh defecrtdsinstsgrgmel |26 ajitdiutiteed o, so
that the DC conmponent. flowing into the collectaor of the transistor 36 is
equal to I6?°Tﬂghﬂcaé8ﬁﬁoﬁént frowies§ ritheo sPRe iddiaedddor M tiRt thansi st or
36 is given as -tV 2h)i ', .which .corresponds ,to the difference between
the DO COnBBRAENFS ARG PRELAAFEASTIE FERES FromiHb Hordt SAiAg W t o
the emtteyf, h ransistor 34 via the resistor n the voltage
applied togf%{é‘ gggggo?eg étt rg‘g‘éeias?t c?rndS Shg‘s?dslacﬁdeﬁl%e%oa orc:lool? ee’fa%lvxif‘lf he
vol t age apg#hgg.to the base of the transistor 30 because of the AC
conmponent . I's AC conponent -(VCLR/ 2h)i' is the sane as the AC conponent
of the collect 0%@%&@9%9@@@%&? 2 @ 3¢ 't(h\éu—l@n?ik})dncéeﬁﬁ};ai,hat a

portion of its anplitude is cut o nce, the collector cur of the
transi storw3eni $t@i ¥8AnbY ok@ e1@YERtéN)the cBN® it dHH i PNSy IhanchS-form a

mrror circuit) and the resistors 3r and 39 have the sane resistance val ue.
Ther ef ore, abbe galheanpl icdikerent, dfs tikguttrtaasitat Ahe3& 1 iScappima imt el y
equal to the collector curxent of the transistor 36) which is given by lo
~VCLR~2h) i WheThetbokkepbot iohst od tthandiighotf rI3Buesnicy 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'.



35 connected to the constant current source 40 which flows the DC conponent
current o fromthe power supply V toward the collector of the transistor
38; therefore) the current flowing fromthe collector of the transistor 38
toward the resistor 41 is given by (VCLR/ 2h)i'. Since (VCLR/ zZzh)i' is the
current portion of the inmage quality correction signal, the voltage of the
corrected | um nance signal Y is obtained by adding the correction voltage
(VCLR/ Zh)i' R2) where R2 is the resistatfice value of the resistor 41, to the
| um nance signal 15 to be corrected, which contains the high-frequency
conponent. Fromthe expression (VCLR/ Zh)i'R2, it can be seen that the
correction voltage is obtained by slicing the voltage differential between

e Y ennge Y Gl JUHLOANGE SN o Bk 0 LB oL BB

| ow-f r equency conponent um'nance signal and en mu

result by.,a%ol{208 Mhese0aiHL |6, canfdal | &d byride i’@!&@@eiﬁj;lbﬂi{@é@”{b al
VCLR relating to the color density. Referring nowto Fig. 5 1Tlustrating
wavef or s ther a4addous Siiiidle Hd adfSomardd | s 088£1 | hej s hey ppafaFds on of
the correction signal generator 14 where the col or density detection
signal , thechiigh<d eguanny fampanens wéctheidmn hang® shpneted atsl the

| um nance signal containing the high-frequency conponent are inputted. In
Fig. 5, thadenmd3.s [gih tfd ladweng the abiiod d sehedli hdecd 0d 1 gugel &l Dngnd he
ordinate. Fig. 5A shows the voltage variation of the color 36 density
det ecti on@siagrealadded rtddetidin eiot i tdre ddddacr Bhsi wigl clenshéry, owk pint § hehe
nuneral ' 42 indicating the I evel of the reference voltage of the constant
vol t age sowloe Zenshity. &B eatowsn tdignal tZecoaresponhing thethenemboce
signal 15 containing the high-frequency conponent, while Fig. 5C shows the
vol t age vaengtitgn ofThilfe qoherf deprsiiey dolpoihben $62etlt hehdsen nance signa
stripped of its high-frequency conponent. Further) Fig. 5D shows signal

vol t age v&MPAtitale dnaupesnisds dihe meleamdent bty Decreysss, akthe nuner al
43 indicating the base voltage variation for the transistor 34 d 44 for
the transiSFIea56s A SHﬁ?ié%ﬁ%ﬁﬂ%%ﬁth%ﬁr?iﬁ@et%o%%%ﬁ%%f,tgﬁch as

noi se, appearin ar the hias areas of. freguency, conponent of the
it £

hi gh-
| um nance B § AR H2 7 (RPRLEIST Thet R RS T St B0e 34, Fig. BE
h i . | t iati i t i 4: thi
A wevar e 1l 360 L WO Ao dif PRSI Ol LOP LESTPRLRLA L. (IS
the vol t agg gyani alieq e Wik GHTLG E0h | M NAALEr S§ U9@ piYe s Py @duced by

conbining the correction signal and the | um nance signal containing the

hi ghf r equeRey «eEAONENthi g & Sl Gl e v £ 2%Er deds SARAN; & Nr&dlGee@Diih S1H%0duced
by subtracting the high-frequency-conponentstripped | um nance signal of

Fig. 5C ficeMolrha esgffyr ety - Gyl -4 I  teh dane ey 54 D9 aR~Vf adrd gB-$¥B and
then controlling and anplifying the gain of the resulting signal 37 in
accor dancamaw ble useddlmytetensif heplasaniedndy ¢ henebs ol shedsQfy
detection signal 26 of Fig. 5A

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



The portions where the voltage | evel of the signal voltage 43 is higher

than the voltage | evel of the signal voltage 44 shown in Fig. 5D, i.e., the
positive portions, are cut off in accordance with the operation of the
transistors 30 and 34 illustrated in Fig. 4, as a result of which the inmage

quality correction signal is obtained which consists only of the negative
portions of the high-frequency conponepg of the [ um nance signal, as shown
in Fig. BE. The ripples, such as noise, appearing near the bias portions of
the signal voltage 43 are also cut off. The inage quality correction signa
shown in Fig. 5Eis conbined with the | um nance signal shown in Fig. 5B, to

d th ted,lum [ LY . in Fig. 5BF. | h
Correct ed PARPNARGESIGAANoF Sinoi [HeHds BF. Vhé oGRS 56t i ons of
the high-Treguency commoRgn! palel Gl UEhARNGS Signal, Are. 2ol ARl ifd ed) but
only the nég firve porfions o thie I'ghtréquency conponent are anplitied,

wth the rLRQl 89:8UEBnASCRALSRERIRLE. MY RANMIG,0. ey Nggal i ve porti ons

of the lumnance signal are corrected in accordance with the detected col or

density. |q tLhksseBROGMEAL ¢ohi@ctldCe oCithElido e O LYSIiHFt ed as to cut
off the ripples such as noise as wel| as the positive portions of the

hi gh-frequenaysGerBenest, @hillke the3@mittetanse tHIAandiWtdt 24 |15 be noted
that by changing tile resistance ratio of the resistors 33, 29) and 35, it

i s possibl gohfiechangeot Raeventidge rvalfua avensiytdt the higiyrauense
conponent of the |lum nance signal is cut off. Also, if it is desired to cut
off only tkelpesibirvefp@hki aianefisithe Ri4gh+ rammivyed apanicdflddor

| um nance signal and correct for the ripples such as noise, the resistors
33, 29, andf3h, transéxamp €2 sheosled eariltit ere ichdserntum hammmddtedaite the

resi stance value. In that case, the variations of the signal voltages wl|
be as showemiihtkeirgof6thei gsanBdsteradd®.F show t he signal voltage variations
corresponding to those shown in~ Figs. 5D, E and F, and the other signal

vol tage vari ati 8he besesor fshden toiamsd sitivgys &% ante Famreasaurised shown in
Figs. 5A, B and C, respectively. In Fig. 6D, a signal voltage 47 is the
base vol t ajegsethereandagongestedo tohdhe PesHitdves;temnigidwrthet e, the | evel
of this voltage is equal to the bias applied to the base of the transistor
34. The cofPBELPBE ¥PJhaEesFONTCien 2Hi yhosr inegafe ke Bl e dfegati ve
portions extracted from the highfrequency conpon of the |um pance, signal
shown in Figé'?“@B.egFur&H&r REE, %35 Y n%ﬂ‘éy"sse‘esn@%x'r glﬁ[ Fﬁﬁ.c%}f}e?‘rf’e“pa%ume of
correction,applied,to the | um,nan si-gnal__i.n .accor ce wth the color
Gensi 1y cakiB8 RS tGertmat Y R dhds T B SERNE Wi A
component s ;3UeR 48381 §CUNATE did 4 BT Rirh-drafiancy: commpnent. of (he

| um nance 39 signal. Fig. shows the waveforns of the various signha

vol tages faksds¢35¢ 1gn WanGlL ! Rfd 33iatldist ot Al sh 2 figpep to have the
sanme resistance value while the resist ance value of the resistor 29 is
made slighyliy rapRhkh 1t RaR1NE N diaiddudle eI ANCSry 4G e 1851 stors
33 and 35. Simlarly to the foregoing exanple, Figs. ?D, E and F,
correspond sb@mFhdai rFPreftand ANt ikids. RRtHe ANk tosPerddyet y17 The
signal voltage 46 shown in Fig. 7D indicates the base voltage of the

transi st or ad@, 18hifelkn as dSAWternitd aletanatl iff isd # ghtThe hh gher dwemely thapst he
bi as of the signal voltage 43 applied to the base of the transistor 34. The
result is gheundedf thmosighwa iserbieg cAlroahidr ecdrimel ploingd ik pores bsbonf t he
hi gh-frequency conponent of the |um nance signal are suppressed. As can be
seen from #fe eotreosdd tioumidfance tsiagrsdls tor showrend &ixes VFtor a7 andudt of
correction applied to the |um nance signal can be nade larger, in

accor dance i@ A spherosingledddigiough faorsartie hegimdwit prans baking ehea

hi gh-frequency conmponent of the |umi nance signal and also for those
portions ofoni§éapssicurrendordudine t4for dboft T 7LD e #RGaRi V2S5 PDFPFons.
(Enbodi nent. 2) Fig. 8 is a block di agram showi ng the configuration of an

i mge qual i’y correction circuit according to anot her enbodi nent (a second

enbodi ment) of the present invention.
) A trg.nsistor 34 is connected in parallel to the



40 The lum nance signal Y is inputted to a subtractor 4 through a | ow pass
filter 2 and al so through a series circuit consisting of a |owpass filter
48 and a delay circuit 49. Furthernore, the |lum nance signal Y is inputted
to an adder 7 through a delay circuit 3. The lowpass filter 48 is chosen
to have a higher cut-off frequency than that of the |owpass filter 2. The
delay circuit 49 delays the |um nance gygnal inputted to it so that the
phase of the |um nance signal passed through the | ow pass filter 48
coincides with the phase of the |um nance signal passed through the
lowpass filter 2. In other respects, the conflguratlon of this enbodi ment

i s the sankragsipherspburih PﬁeFP@se31Saﬁ8npﬁ§t§éné°céﬁﬁb odr &hgesi gnat ed
by the sane reference gunerals as thaﬁg used in Fig . In the inmge
qual i ty coFf@Reishoti #EufPdofSt AFSUBABEAI ﬁén?)cPW€°PGﬁVh§ﬁce §h§n§ﬁse

| dth he | filt 2 bt th bt t 4
rom the | Ok FARCEFEPRAFOERAE 1§ FRECEAEHr d0giF e owaadh®r | | tor 45
h hj gh t f h th I fi It d that i
hol by o ERsh Sher Sé%ayrﬁﬁ BARY the P ehRgisTirt RR, o ﬁch% A& i on to
the |um napee. §1~99§3‘l~ch?9“ ggm&pm h £he LAW.PaSS ¢hid tterr 3 neg lgr ed

hlghfrequency conponen énce signal s thus 5Bt Hi s

makes it pogsip! &@ﬂﬁ@htw §od§%ggea&§q§%r}d GRS Al e iy nance

signal in accordance wt e col of densi'ty detection signal.

limting tQQsQa&S‘?‘ H&‘et ‘&Faﬂ‘s@@t%e%enﬁisér €3 ] nighlaS TP ’Cl%%ﬁ.ta cgy rier

chrom nance signal and [um nanceé signal are separated fromt

conmposi te ¥bde0net@Bah. tﬁeycshse%@aeg@ra%ca;rour%re f4l0e QRN Ph L AIFRGREN S
remai ning in the |Ium nance signal can be renoved before creating the

correctionsssgpal 3gFust BehABERdWtbhaue baeehiogh-thieealien@i fid 17 Riftd ng,
the anobunt of correction applied to the | um nance signal woul d becone

excessive Aorepbstoongilwhhieht hetkuaisnahee 1viaghdlorc hangas antyigiidry ,38nd t he
resulting image woul d appear rather unnatural. Limting the high-frequency
band has tTbkeetbiot dénappyofdeitaceélipnl isiighiaig 26heugpoutrite doff rear rtdat | on
applied to the lum nance signal. (Enbodinent 3) Fig. 9 is a block diagram
showi ng t haddenf 1gufBigen3df ianappddedqaal ithe bersesctaforthe rtowins imdeorsdi ng
to anot her enbodi nent (a third enbodi nent) of the present invention. The

| umi nance 8#gnaafl ¥5is Thputredsistarcdrt der sy@pddest @80 1% dwrmeonti tdi gnal
56 outputted fromthe contour detector 50 _is supplied to a variable gain
anplifier %° P?ﬁ%lXyeHhP&nFﬁaﬁéée§¢§néPGS?“m&N§9Qﬁuﬁﬂ&QQki#@on1the cont our
detector 50 but delayeg g g i eve phase s nchronlzatlon to, t he contour

si gnal , |scPﬂbﬁfPéagtB gnhigast reaupRCgt REPPEAGHET PN L RYTE &S rfHogurtdts on of
this enbodl is the,s as that shown in Flg 3, and the sane

conponent s g?%y cjppeult IMede. 19

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’,



designated by the sane reference nunerals as those used in Fig. 3. Fig. 10
is a block diagram show ng the configuration of the contour detector 50.
The lum nance signal Y is inputted to a subtractor 53 and also to a del ay
circuit 51 which introduces a delay of a very small amount 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, while the
sanme del ayed | um nance signal is inputted to subtractors 53 and 54 and al so
to a delay circuit 52 that has a sinil28 delay characteristic to that of
the delay circuit 51. The |um nance signal del ayed through the del ay
circuit 52 is inputted to the subtractor 54. Qutput signals fromthe

subtractors 53 gnd 54 are sqﬁgééed to an adder 55, from which the contour
signal 56 is outHuttERPSIHLY ontBrTeRt8EeHr 280, thRetrapatetar: dfv nance

i | Y i dih t del ay ci [ 5 d 52, whi th
Subt r act ort iS5 SRR LTS The 1o PESRELSFhed 2y HPF oCEFY*FABLY e hS it from
the |um ' | d,t h the d ' it 51. Th t put si I
of the suntiat et e PhorBe il Peetete e uhy Rk abhe b Ppnet LR BE BBk i Ve

t th i ght. : } td f
iamagefa &Q{theceegt JéI?éLﬁ%dé ,@gﬂ%%%gﬁ??ﬁggﬁygiﬁ&t%}26?%%_ %gﬁgggs?éné 9'f)assed

through thgdlel aye ré&&e{&&tvérﬁué;s éH@tmgtﬁgsigggﬁbevgg%na?%h i49na'

fed fromthe delay circuit 51. The output signal o e subtractor

represent S QM0 Wi Gl e LYtpaItE BOs 61 Poshii veratnbhetheft edge of
an i mage and as negative at the right edge of the image. In the adder 55)

the preshoais iyl tedk fspanddiev subt raet ohe SBe andebhe pyeashogss outputted
fromthe subtractor 54 are summed, to obtain the contour signal 56. The

phase of tHua tdEY ,0Uhes i K s Odr € 03 NCAEERS3 M 4 he t Eifo plASEo OhatBethynsamece
signal 57 outputted fromthe delay circuit 51. Wth this image quality
correcti orresirsthancalwolud he Thegeeglat ange caalbe cbritbetedsiatow #h the
image quality correction circuits of the foregoing enbodiments. In this
enmbodi mentis denmiieshirbXdidcti on nmet hod used in an aperture correction
circuit is used to detect the highfrequency conponent of the |um nance
signal . Al terndthseBeration cf ttherabpyai ipage t aealbtpnecteervienve of the
| um nance signal and extracting the resulting values may be used as the
contour détiéRedr &SRBt Hy. voll 1heideseuibPpdskebPe-to use a circuit in
whi ch the high frequencies of the,|um nance signal are directly extracted
using a hi ghpad€¥i t%ﬁ?riﬁﬁﬂbd?ﬁ5$¥gﬁe TbﬁflgufgeﬁﬁbPBER°HFééP§ﬁ1§ﬂomﬁng
t he confiqurati.on, of .an. image qualdty cerrection circuit_aggording to

anot her e 3@%%§ﬁe(%§ LR Hhbod! Yent Y Yt ?%%hpgéggnf Tnggﬁtion

VYL)/Rl, where R1 is the resistance value of the resistor
21, Vy is the voltage of the luminance signal 15 containing
the high-frequency component and being applied to the base
of the transistor 17, and Vyi, is the low-frequency 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 i 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. In this situation, if we consider that the collec-

tor current of the transistor 17 is approximately equal to



44 A carrier chrom nance signal C, which is delayed so that its phase
coincides with the phase of the high-frequency conponent of the | 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 | ow pass filter 69 where
the chrom nance subcarrier frequency conponents are renoved before it is
supplied to the variable gain anplifi 5. In other respects, the
configuration of this enbodinment is thHe sanme as that showmn 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 -vaverheckhtt€ak! 0rkHORNENR NUlde e G U I&ln GUd Wts S pd
carrier chrom nance signal Cis strlppeg of the subcarrier wave conponents

by the | owopBsSe§ihliekob90 aNd @heehon sdens ty el € HL L Sl oAl 10
proportional to the color density is obtained. Then) in accordance with the

col or denshhy @réeebhemasitgralrread uePlynad a¥Rassd iddRindDnd Nehe
variable gain anplifier 5 controls the gain with which to anplify the

hi gh-f reqgdéfifyrennpaierurekntha.l um nance signal. This operation is the
sane as that of the image quality correction circuit illustrated in Fig. 3.
Extraction of Sheihaghyfir éduercygoasiderentthanf tihee dalliddinae &igratt ant
correction of the lum nance signal are al so done 45 in the sane manner as
previ ousl yhelettanbédtornlBhiis epbodxiwate lvheguedns o dirededreictttieny t he col or
density fromthe carrier chrom nance signal Cis used in conbination with

t he neanscgbrenks r hbei aglikethirghurreatesey donpomsritdesfed hte |hai eranck
signal as used in the image quality correction circuit shown in Fig. 3.

Al ternatit®l¥9 thé WBARE f&r thet diffrgerre bsitoecdertdier wunnsnt Heo carri er

chrom nan £ ig al C ge used in conbination with the nmeans for
extracting ?ﬁe H?gﬁgFggéB nEYTEEHboREHESET Ond Lavd feh & Wghandisthred in
t he i mage | i correction,ci.rcujt shown in either . Fig. 8 ar Fig. 9.
Further? %9ﬁg ¥%§%§§ir88 F?Pgrléir@hffeﬁﬁ§ebet§?e %ﬂ#%? Rsii tQﬂf%?ﬂ§-mave
rectifier;cj j ( iment., 5k Fig. 12 is a block diagram showi ng the
conf i _gura%i{:)Jr;lgg%g%ﬁgfirsragg_oggglwlgtl%hcéﬂegcteflgﬁ (g;lo_rm&)l?lnter%C ?rgiqﬁegrﬁ]tlﬁma__not her
embodi mengaf e fL{ £ha eTOOSLERAEL Of n! BBARLEIANL WIYFNHAN . TG, £hr om nance
signal | is inputted to a variable gain anplifier ) "whose output signal

is fed togarfetény@ye vgﬁhi beekell thBe ReQURANCS 1319081 Q4 su} putted to
a variable gain anplifi 61, whose output signal is fed to a full-wave

rectifiercdisténti ¢b60€agputeured 2UPAbbesed @ANWH bLai@dlo Qs control
the gain of the variable gain anplifiers 60 and 61. In other respect) the
configuratramsb$tohss2@nbodi gnandsthheveanmageas (tihatl ushewn the Bigs B, and
46 the sanme conponents are designated by the sanme reference nuneral s as

t hose usedfibh&igoldr desbdghal debprédent signhlie 26alawe refs mmdiligoto vol t age
of a digital/analog converter or a signal representing the value of a
vol t age ctateeloy densihingnd pobiéedi deh tinedblasteisow fodthputtian-used as t he
control signal ?0 supplied to the variable gain anplifiers 60 and 61. In
the i mageSHuaPTE y2eofPecEPonaclPétipgeof orheondmeddiimentthet e ivarimbl e gai n

anplifier 60 ose gaip for |ification is controlled in accordance with
the vol t aY C@%%%kf%f fﬁg Egﬁtaﬁ sit¥naf 20SE5PEILEd cPAGH tife aRRIIRD UL er

Che Tl - tevint oSt TEEFREERTTaB0AP gk E0GaRH"Ringm A, G SUIET S for
lifi I ' I bn L . | i i t h ]
onal O o Zbpf Rt Pho B er LR ERERT O M e BRANERAR o7 10

The Tull-vee,seRLitisrs 30 o3 209 1 Be-a9d°0 13 00 AR b d g oare manner

as in the rmage quality correction circuit shown’i

enbodi Medpdt 0104 Nor AUHET 412 £ QHERYE A13aGBNAT 14T Folthe WG Yhes! ghal
corresponding to the color density. This color density detection signal
correspongsan®i ¢ fersupyofnihesabsol ute val ue of the chrom nance signal |
and the absol ute value of the chrom nance signal Q therefore, by

control ling thet appl aéydneaf hbhe €REEMABNERPRICANAIS 3l1 ard Atby the



47 m croconputer 62) the anplitude of the color density detection signal
can al so be controlled at the sane tine. This neans that the gain of the

hi gh-frequency com ponent of the |um nance signal anplified by the variable
gain anplifier 5 is controlled by the mcroconputer 62, which further means
that the anobunt of correction itself) by which the corrected Lum nance
signal Y is produced, is controlled by the mcroconputer 62. Wth this
configuration, the amount of correcti applied to the | um nance signal can
be changed using the m croconputer, attording to the kind of the picture
signal or to the preferences of the viewer. It will also be noted that the
circuit section consisting of the variable gain anplifier 60 and full-wave
rectifier 10 and ,the.circuit section consisting of the variable gain

anplifier BPPRRGLEG I CedGiter Fheta e Ynideucial sesldyidy using
a four-quadrant riabhl ain.anplifier, Further, instead of using the
nicroconpufé?r§2¥%thlé%ﬁ%ﬁ@&lfggﬁ%p%ﬁfﬂﬁﬁufq§??ﬂnﬁ9Qﬂ thie (ransbftene
vari abl e gaiyn i=fi;ers . 6Q, 61 be cr.eated using,.a voltage settable by
a variable%#eS?ngP.1?nﬁphgépgggg%§l§&Vﬁ%§;§%ﬁﬂnﬁ°é§f%k9496&Vbh’éﬁﬁﬂied to
the [um nancg sijgnalcan rdi to the nreferences of the

vi ewer. (Embodi nent 8) Fi%@“%g%%g%g %ﬁ%%kqﬁ¥g§F§ﬁssﬂ% ﬁﬁftﬂé;Eﬁﬁﬁiguration
of 48 anVppmgeoduibet ¢ redwsiedoiroR 4ciisc widuadc dor dilrey e eattod inere ebodi nent
(a sixth enbodinent) of the present invention. In the figure, the reference
numeral 1 Yeitgest ¥grascofothgeriangigdoact2dr., and 78 indicates a

hi gh-frequency conponent detector for detecting the high-frequency
conponent of thEetulPhgnéd typgigm behexprsissafc@ssignal Y is inputted to an
inversion circuj,t 11 as well as to the Iowpass filter 2 and the del ay
circuit 3. The BEﬁﬂt‘sV@EaB 79VeE t he ‘siBtractor 4 represents the

hi gh-frequgnpgy _co nent,of the | um nance signal and is inputted to the
vari abl e gggﬁggﬁ%rgﬁfgrig? Eﬁlsﬁgrofﬁéfeﬁénﬂ% e el sdioghd4 dfs t he
adder 13 i HoRk | LAp a l,tiplier 9. The output signal of
t he invers?gg c?r%ggfgilggfgg ?é gﬁﬁp gg&efgofhgﬁﬁﬂﬁq IF%VPQFRMﬁh%§output

is then fedutpeat! gW Basstbil b6 18.. . The p ignal, ,of the | ow pass
filter 8 i suap;e)l ied to the confrof2ter mA;i%}O %%’p?)ﬁ%%vatrhlaé“bltehegaﬁnﬁ anpl i fier

5. In othesurpspechs the eenphikgukati 08 of E?b%oﬁm%@ewﬂeqiug%'{% WYE as

that shown in Fig. 3, and the sanme conponents are designate y the sane

reference cobkéatsrasukrhene,usad 18tFelis3culkelhitl HeCiditRN Yy & sisg_nal
corresponding to the col or c2

In the equilibrium condition

Icea = Iczs = Iga = Iga -+« (2)
where ICA and IEA are the collector current and emitter
current, respectively, in the equilibrium condition. For
differential voltage VCLR’ if the change is such that VBEZ4
= Vpgg - A‘VBE and VBE25 = Vg + A‘VBE, the following
equation holds.

VeLr * VBE25 T VBE24 T 24 Vg ... (3)

With the voltage differential VCLR’ the collector

currents of the transistors 24 and 25 change as follows

Icz4 = ICA- AIC oo (4)

Icgs = Igp + B Ig ... (5)



density is outputted fromthe adder 13, but this output signal of the adder
13 cannot be said to be optinmumas the col or density detection signal
contenpl at ed under the present invention. This is because the anplitude
rati o of 49 the | um nance conponent is not reflected in the output

signal, as described above. To address this) in the present enbodi ment the
out put signal of the adder 13 corresponding to the color density and the
inverted | um nance signal outputted fromthe inversion circuit 11 are

mul tiplied together in the nultiplieg;9. The output of the nultiplier 9 is
supplied as a color density detection signal 26 to the variable gain
anplifier 5 via the lowpass filter 8. The color density detection signal
26 is created by correcting the output signal of the adder 13 corresgonding
to the coFdergersilpy iso tder @mauntelaf e f idie £eblettor ¢grent.

lum nosity and to a relatively high level for a color of Iow |lumnosity.
The | ow pass f Pt dheg otdiegy Anded the rsniditel a1 1R rr¥reruchoy &¥fmpbeent of
the inverted | um nance signal contained in the output signal of the

mul tipli erS9e*PRESESY BiSeventing the gain of the high-frequency conponent
fromdropping qr distaqrtiaon . fromhejng used result of the gain
control of theq@ér i—abl"&Agai &Sar?dﬁpﬁf%@r/}gf Fig. r,iéisél)ashovvs t he waveforns of

t he various signals fgrﬁizg ai ning the operation of the color density
detector 1. In Fig. 14, shows the inverted | um nance signal outputted
fromthe inversgi cizrcuit , rej | i cat adefkere t age fox
the inverted | ?%gggnclé s'i'dngﬁjattu\gkgtel%lmnpcﬁt?ﬁﬂe tot (Sax o t i P |Q‘&F:x?’i5]}l(%|L g , the

difference bet Weer%t he iﬂ\é%r&tr%ql 'ﬁgﬁﬁapﬁ%@wm’d%g&mx pO the

reference voltage 82 i's used in t i cation operation performed by

the nul tiplier 9;  14B shows Add C WHEHC & sigmlxllov%mtn(%%wﬁi gates
a reference voltage for the chrom nance signal | to be inputted to the
full-wave rectifiar ,1Q; AbAG ISI®Vs drlie: i uard nance signal Q wherein 84
indicates a reference voltage for the chrom nance signal Qto be inputted
to the fulllf-whee chaeigief idere 12 thiD vadicegd hbi fbaned ot nabfvihe fal | -wave

rectified chrom nance signal | outputted fromthe full-wave rectifier 10,
wher ei n 85onsddeatees & hreefferldwod ngldaage for thesfwdnh -wave rectified
chrom nance signal | to be inputted to the adder 13; 14E shows the waveform

of the full-vwegs rFedicaf ited® dhy dmilmareee Sigred /19 cut heitexwll Yyttt Ygg/h ]
full-wave rectifier 12) wherein 86 indicates a referegce voltgge for7ihe
3

full -wave rectifi é¢ EHRd¥irElideR pABratb DelaemprArbd Yre{hE addef ;
14F shows _t he .out put_si gnal the adder, 13, i.e., the signal representing
the col or “QBFILEY 1§8y dfats 4 W@&)&h%fl 1 Hetlftth“? v%e'?fév‘? et¥i ?’?%’d‘”&’rf?g{ﬁ‘iance
signals | an g \(i{nerei n 87 indi cates qbgveg erence voltage for the signal
correspongiynghto taﬁ'éo oledgrpadlés’rfs‘jlrl’y Y% He inputted to the nultiplier 9; 14G
shows the outpyt signgl of e\l ti,plier rei 8 jqndi cates

ref erence vol tg§@5f %r %t%e e\/’\é’\?e‘? E?rJﬂﬁ) 406t h@‘} \é\%ringe@%%/lb}ggge' I 'ev(eg)

i ndicati nghtigecggsgr%cesiq]fplﬁqligd £hd 14H shows the col or density detection
signal 26 outputted fromthe |owpass filter 8 wherein 89 indicates a

reference 51 yqlct age 1f or thes gohpr density) detection signal 26 to be
inputted to the vari abl €%ai n lifier 5 +the reference voltage |evel
i ndi cati ngimi@aahgence of color. The operation of the color density
detector 1 will be

In the differential amplifier formed from the transistors 24
and 25, the sum of the emitter current Iggy of the

transistor 24 and the emitter current Iggj5 of the transistor
25 becomes equal to the collector current of the transistor

18. Hence



described below with reference to Fig. 14. Fig. 14 shows the waveforns
obt ai ned when a color bar signal is processed in the color density detector
1 inthe image quality correction circuit of the present enbodi nent. Wen
t he chrom nance signal | of 14B is full-wave rectified by the fullwave
rectifier 10 with reference to the reference voltage 83, the waveform of
14D results. Likew se, when the chrom nance signal Q of 14Cis full-wave
rectified by the full-wave rectifier 12 with reference to the reference

vol tage 84, the waveform of 14E result® The waveform 14D of the full-wave
rectified chrom nance signal | and the waveform 14E of the full-wave
rectified chrom nance signal Q are added together in the adder 13, and the
result is the mgvefgrg1 4FI t i assungg here that the voltage |evel
representing thtCAefetbhctolt dde 871 ddtputted when the vol tage |evels
of the ref rence éoltaggs §3 andn§4Iare igguh%gg to the adder 13. Wen the
i nverted | URfhaft 1§§g af 0Ff244A"8s ERE'r EFer'énce vol tage 82 and the signal
wavef orm of 14F.nul tLplied get ber rkn_t heymultiplier 9,,tthe wavef orm 14G
results. The re%%?én&ehéglégge 83 iéhthegﬁgpg/béver'éfgéﬁ i nverted

| um nance signal 14A.f ey ipli 2.caf yan, ile t nef erenck vol t age
87 is the zero #%%@I o?/gﬂg&éignge £2F+fg}vﬁ§(P?glicat?gg) The reference
vol tage 88rhs hDprzpLAchigYChnbiribe FE3HEH 2hohhenBUkEhRlliGRLIGN 29nd

represents the voltage | evel when no color is present. The waveform 14H

results whgpqthe yavebasiud4&i snsliikpPRdnabri,t &nli gRakragieney re@MRaReNt
through the lowpass filter 8. The reference voltage 89 represents the

vol t age | eyel1¥6€6r NQuEBERE kézgresenhe transtiBeoebger wal aneof the

wavef orm 14H, in conjunction With the previously given Table 1, it can be
seen that ¢belespbrtoderenti Dghreasedthe thendiiseotri @s,okedd@neasi ng

hi gh-frequency conponent and rs reduced in the direction of increasing

hi gh-f requency L@ngﬁemyz Fig. +10)sbows A Nggi/hiled.exarfp4g of the sixth
enbodi ment. In Frg. 13, the lum nance signal Y is inputted directly to the
inversion circulgsgdls WARI €Ion+Fig. (15 wh¥pgkdhdfrequelddy )conponent 16 of
the Ium nance signal passed through the lowpass filter 2 is inputted to
the inversTlom evltectoticurnenhelgppepfi hbhFi §rangisthe @2l tispleiaarald tand t he
variable gain anplifier 5 are coupled together via the | owpass filter 8,
but in thetkonssyue fit Fonsofnti o235, epAeUsdRBphayatirned 38 »i dSel i ni nat ed.
The configuration of Fig. 15 is effective when the cut-off frequency of the
| ow pass fSFREFS22ds28ufficiently |ow to ensure that the highfrequency
conponent of t i nverted Iun}nance signal that can adversely affect the
processing for 32 abl €Cgai h 1C88 anplification, as previously nentioned,
does not remain in the I dengity. detecti o ignal 26 outputted fromthe
multiplier 9. The reéuf?gn?igofo%5d£%sit?‘géﬁ gﬁion signal 26 is
substantially the sane_ ag,th sho kn Eig 14 In the configurations of
Figs. 13 and 15, the c rgﬁ?ng%%e s?nngPs+IQ‘V§E hr]nay be replaced by the
color-difference signats R nd,B-Y; _i At haty ca aljso) su ntially the
sane effect can be obt£§nedx‘gﬁﬁ(ﬁlg shgas abﬁb ??Peé exanpﬁg%gf t he

hi gh-fr equeney, campopeni s detegtonndgd sRaeNthe EhBacliorTRq liumppance signa
Yis inputted to a delay circurt 81, and also to a high-pass filter 80

whi ch out padsnéctddhih r eREEBE¥chi gNakhéOcolhe cdelray ugirem t QUt RHes a

| um nance signal ?5 containing the high-frequency conponent.”“The hi gh- pass
filter 80 wdnsidtoPnty ibveehigh- toeghensyumcofpapgnt ahdomie | BuEnd@Cce
signal Y, and outputs it as the high-frequency signal 79 which is inputted
to the variabl el gpd n=alpbyf+elbyshown in Fig. 13. On the other hand, the
uncorrected | um nance signal is delayed through the delay circuit 3 so as
to achi eve phase syreht62i £&ei dnidolthe W ¥ag/hdquency signal 79 del ayed
due to the processing through the highpass filter 80, and is then inputted
to the adder 7 of Fig.+18/as(Ite-| i hdnce SVgpdhll5 containing the

hi gh-frequency conponent. (Enbodi nent 7
g q y np-- Io +(AVBE/h i = o + VCLR/Zh i o0 (17)

As it is, since the capacitor 31 is connected in the circuit



54 Fig. 17 is a block diagram show ng the configuration of a color density
detector i,n an image quality correction circuit according to another

enbodi mrent (a seventh enbodi ment) of the present invention. The nunmeral 90
designates a full-wave rectifier where the inputted carrier chrom nance
signal Cis full-wave rectified to produce a signal corresponding to the
color density. This signal is inputted to the nultiplier 9. The
configuration other than the col or density detector is the sane as that
shown in Fig. 13. In Fig. 17, the carg8er chrom nance signal Cis 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 exanple of Fig. 13; when the color bar signal is inputted) the

resul ti ng ot Futg sidgndlhe ACesxamdradrity (Vg phlte) asi tie Edwnalonf ( FT . id4F
but contains harnonics of the chroninance carrier frequency. The signal

out put fr ombsieebed |ingey & hee@ridural ket fald sigde helanthie ptapacDtor
Subsequent processing is the sane as that illustrated in Fig. 13. Tt wll
be noted) Rdwverdd thegefipgie oriihe qed Iofinnr renirsly chnidonetransisber
inverted | ym nance signal but also the harnonics of the chrom nance carrier
frequency #Pe PPERBESI aR ahd%acdidon of the | ow pass filter 8, so that the
signal outputteq fromthe lowpass filter.8 in Fig. 17 is essentially the
same as the col aPed ﬁ?i“tsg}ssfi%}”r% %thﬁ 3 13 the s £aRs IR S dedsi #34
detector 1..n Fig. 13. nbodi ment. 8), Fig.. 18 is a di agram show t he
conf i gur at i°dn 8fr%a r@&lpc?ﬁc%'é'ﬁ i% )Fadé“te)&tto‘f form P iR U FEY borPRtt i on
circuit accqrding.to_anather enmodi nent. (,an ei ght enbé)ﬂimant . of . the
present i n\?élﬁ‘tcleo%‘.heTﬁ‘eﬁlgs& © tvﬁguceoloot} s fxéequelnsl(;teoréi ghat S Fé#&t#ﬁput ted
to a maxi I e i hrcuif. .97 I tiplier 91, The
col or - di fpg?g\ége%&agln;ﬁ%%%- %r}aftshoe :{lsesll%'ptuoﬁ?gzd@‘t z&}%gv%la{;%%n?% lu%‘?dfé? ection
cireuit 97 aRdpbhe i Ll islarls cHIe YU Aled N P! £Ls Upl £1L80 o
a coefficient nultiplier 92 acting as an anplifier circult, ere IS

nul tipliedgBy tReCPRislel GfeRtheK thad¥iQdlne F4 Si Gdn %&r@&ﬁ&f@ &pli

K(R-Y)(B-Y). This signal is inputted to the maxi num val ue det ection %?rcuit

97. The maxoMileVdbde @4t atld VrahidiGidr B4 Ol MM CRH HOSIdVeage
detection signal 26. The configuration other than the color density

detector i appldesane ahet hatseshdMthen tighsilStod MBa hetlppet PénONs©dr F3g. 18,
the incomng color difference signals RY and B-Y axe first nmultiplied
t oget her i Ast bé fruwhiiphi greadk) tded twhem nilld ipseddtdde abetflie ctean-k in
the coefficient nultiplier 92. The result is fed to the maximum val ue
det ecti on &ils¢airt 397 itso aprirek imed edol @alidlf drentde dipalwRagandtBeY are
also inputted directly. The maxi num val ues anong the three are then
det ect ed, irgnsisgor 34 is in the off state, so that almost all the

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



the resulting output is the color density detection signal 26. Referring
now to Fig. 19, we will describe why the three signals, RY, B-Y, and
K(RY)(B-Y), are needed. Fig. 19 shows col or vector coordinates with the
phase of the burst signal at 180. In the figure, the nuneral 118 indicates
the vector direction of the B-Y axis, 119 indicates the vector direction
joining the 33 point of the Qsignal to the 213 point of the -Q signal, 120
i ndi cates the vector direction joining the 55.8 point of -(GY) to the
235.8 of GY, 121 indicates the vectogg direction joining the 60.7 point of
magenta to the 240.7 point of green) 123 indicates the vector direction
joining the 103.5 point of red to the 283.5 of cyan, and 124 indicates the
vector direction joining the 123 point of the +I signal to the 303 point of
the -1 sigpake, Fukt BescribednumRidl, 126 vilitGHE g8 MEHPILHY idat i on
where R-Y in Fig. 18 is at a maxinum which is close to the orientation of
the red veet ehe tThansusebal 3027 s Ndweat ahdhaehedils WUpEniat it shere B-Y
is at a maxi mum which is close to the orientation of the blue vector. The
nuner al 1B8sendifcahes tirhasdetbar 3dr,i amdatbearausierthk ()t a9 fid). 18
is at a maximumin the first quadrant, which is close to the orientation of
t he vect oB5ohamagtheashned reslisitsnoghivied uk29 tihediDfateesngdreentecftloowing
orientation where k{RY)(B-Y) is at a naximumin the 57 third quadrant,
whi ch is thosughothRe remsiigitoat i3dn icf etaver lvdet dro ofsqridert bed kbl ors. The
vector orientations, 126, 127, 128, and 129) in Fig. 19 approxinmately match
t he vect ofoBPPEERLoAd oFfinghd ndel dihe walilegten afgdhe dransiteor 36 is
high-frequencx areas. These represents the directions in which the three
signals, RA¥alpte land k(R Y)(B-Y), in Fig. 18 are at their respective

maxi mum val ues Tthef ore, wh n&L]lhe .maxi,mum val ue of each of_these three

signals is det 8BFefiC FREPSLED, X g° IR URGEIF i 1Hiyer for
colors haying a lLarger. drop.in the high-fr ency areas. Fig. 20 shows the
osul s of FBOFoP tREREE: J casien & Sdicand o n T e g B s ng
t he confi gyrati . Fla. . B.g.. 20A sh t he eformof the RY
signal, 2 Eet h%?\?\lg\%egg \équmlb%ftw!te%g é%\? gogr?éﬁn)%oélne %m,é[e t%nedl%veefcourrnﬁ'eoqt

k(R-Y) (B- o] =1. h i ol gr. i et ection
si gnal 26%3%?%%3%??& gshgl ?}gggmd%%gg?igﬁ\éﬁ&%%r%xie%lﬁ%fuoteés/ 1ﬁ?éom 20A,
20B and 2@fankRstBirs 3ki gYke thehe J3UieS 3t tardied 1l anasi e ths respective
wavefornms indicate the anplitude rati os when the 100% anplitude is

expr essedtas theObabeneralt hk6k riamdiiGaioas 3a nefercey ddwnge foroeach si gnal
of Figs. 20A) 20B, 20C and 20D. The respective reference voltages for each
signal of bEilgs. tB8Avo2@BEe2@Ppdric 2@ hae Hdwe saietheal tieandGhstesvado on of
the waveform of the color density detection signal 58 26 shown in Fig.
20D reveabscahae vlife taeplAiCt wdaponerite cdlidrs déhsidampadetetet+ Oy giAtali26 s
relatively small for colors containing a |larger |um nance conponent, such
as yel | owi@nétheygamenpisl &hehdCameimpongati ® fr dibet jaod| he dtaanyec e rdtarkder
colors containing a snmaller |um nance conponent, such as blue and red. It
can t her etBPetBangdé&nkorhae it hd Vamw/iZhude reatgePtofthate 8 mATER® of ghes s
considered in.the detection of the color density. Strictly speaking, the
ratio gi vBAPLdPHEE tRe S8t i%hdm val ue because, as previously nentioned,

division by the | um nance si.gnal, woul d be nec ary to give t accurate
val ue. In real F‘F?,ceho er°,°ltql"?§rt 5 §ur'f'5tenrﬁ|c°rffi@ked Y t%%EEeaac’c%rat e

ratio. Fig. (o] a (speci fih G .axa f..t onfd ti fethe Xi mum
val ue det étvlgg)ln%gi \rﬁ%ui—t(%pﬁﬁ/%ﬁﬁ\kn in th%e rlaonc%ssctlogrzt% g‘ﬁ%%dd;nrhdéjl | nglgi g.

21 are eq nt.:Ccl i ts..4qFishST, i r4xal i i e bl ock
134 will é\[‘glce)gctr:ilgjgéﬁl{'l‘h%ﬁdn&?% é’ét%%-e fogkhat iy g%%‘%% 24%"?)% ied to

the base @tsaskhaRel $hQuel3l MG /T, e I OUED d-AYEToSUPLY V Vvia
a resistor 132 as well as to the base of a transistor 133. The coll ector of

the transikshakid3br 380HAURGRGox iR I tRfuDf ddald I RdXHSr 133 1S
coupled to a constant voltage source 27 via a resistor 137, and is al so
connect edcu@rehe efi tther & refn sG@Yoas PEdiwi o ansigivadis b 1de- bl ocks 135
and 136, the result being outputted as the voltage of the color density
det ect i On(S‘I'ngﬁa(IZhE)ﬁ.’ .Th@he collector of the transistor 38 is



59 color-difference signal RY inputted to the block 134 corresponds to the
color-difference signal B-Y in the block 135 and the k(R Y)(B-Y) signal in
the bl ock 136. The constant voltage outputted fromthe constant voltage
source 27 serves as the reference voltage for the color density detection
signal 26, and represents the voltage | evel when no color is present. The
constant voltage outputted fromthe constant voltage source 27 al so serves
as the reference voltage for each of jhe RY, B-Y, and k(R Y)(B-Y) signals,
so that the voltage | evel 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

col or -di f ference of qnaly R Y3 anRl i i N6o\Ae £ Rk TaNs)S! ofe 1L

but si nce ®°RECr&Nsi St of of s an em tter ower together with the

resistor 12 SiSRaEaWdle 10f A vald 4R LHAESSLY Y Vididid elnahi | e

the DC comnponent 1S I ncreased by the base-emtte tage of the transistor

131 and i $QuiRuidied o Hae thamiidddy snd arpldedd o the daspedd the

transi stor 3. The transistor 133 also fornms an emtter follower together

with the rsster h3h e lecasst her effid tefenofstde DRIt poratd atlsé St or s
in the blocks 135 and 136 are al so connected to the common |line) form ng an

emtter fqldQuafomidih tdesivasi or(Udg/anrient shevs (Wopldle)tbsistor 137
fromthe 60 transi stor whose base voltage is the highest of the three,
and the rea/fi RHuiGdnd gdrisdrstaf stler einpuge iquahit pféostretbioMssgnadul t,
the greatest value anobng R-Y, B-Y, and k(RY)(B-Y) is outputted fromthe
common enigHeeivas ddee bl e danstdatetbt botimanse gnagnab. Y Fuishebtagpade t he
transi stor 133 forns an enmtter follower, the AC anplitude is not

anpl i fi ed byjbutdding the @O romporentio berteasboLréfl i VB2 ovheEebBEelBy t he
base-emtter voltage and is outputted fromthe emtter, Therefore) for

no- col or pdve ingrsistance Mrius N1 dfee i LeHREPT t b1t hEC obPHUIVRLIRABE. That
is, since the input voltage for no-color ﬁortions beﬁgneg.ggggl to the

r ef er ence SAdnalgel WP LML ] agth bTh thentdhet aht VB E8ghT88UFREY 27)

of the. CorRARANAIE! 1 adit Phut e SHEFTHE AR o LAbBATRAR: Reonty CREVIER v) 1o
SESLT, o i b SR P B s BB pospestpfEuge Lo
9 Fig. Z%N%W%.et&%%fé¥@$9¥£f‘%9@w9énatEQ'9619§§§iV¥ of the luminance
signal and the voltage Vyj, of the low-frequency component of
the luminance signal and then multiplying the result by a
voltage whose gain is controlled by the voltage differential
Verp 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. 1In Fig. 5, the time

is plotted along the abscissa and the voltage along the

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



detector in an inmage quality correction circuit according to another

enbodi nent (a ninth enbodi nent) of the present invention. In Fig. 22, the
chrom nance signal | is inputted to a subtractor 99 and a naxi num val ue
detection circuit 61 103, while the ch rom nance signal Qis inputted to
an inversion circuit 101 as well as to the subtractor 99. The output of the
subtractor 99 is nultiplied by a coef%gflent nin a coefficient multiplier
|00 acting as an anplifier circuit 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 nmultiplied by a coefficient min a coefficient nultiplier
102 acting as an attenuation circuit, and the result is fed into the
WHXIﬁUﬁ]Va¢%@5HEYG@?F@ﬁtéPPCEFSn$é326TH§ ﬁﬁ?lﬁﬁﬁﬁ@&ﬂ@@ @&t decirgmsdingcui t
103 outputs a col or denS|ty det ect i on_si gnal processing in Fig. 22
will now b@eR@itYr bR4thThRECRFBRTAANEE %PS&&P§1Pgaﬁ@eQ1FN§&tPédtPG t he

subt ract or ? are subt cted ﬁn% fronlthe ther to produce tﬁ result QI,
which is nbftFpFREd 59 a?ﬁ PhetBeFPREIEBRE NOIL{RSE §Puf66 &ld t Ae® f ed

h 1 f
;R;Oothgr nggg%%ngﬁrBﬁﬁﬁg%%ggggagiglt v&%feguﬁhﬁébﬁhn%ﬁ%rfl93%5|on
circuit 101 i nultlp b Mei.0 t he coeff|C|en% nul 1% and t hen
fed into tﬁ%nﬁain vaFug égtec HOR &Y cat 163 v 1§§c£ﬁ§ i ? q“&nal.
The chromi pagce, ftggg' yhrigebRCokNBHE! @gwdlfpv%%gleym 0 B RAMYB Y ue

detection CirFcui as at |rd i npu hronlnance 5|gnal Qis

al so i nputted dLpscihyst g ngnglwampgvg&awel o 90 Gy 103 a

fourth inpu I'mumva detection YU detects
maxi mum vaw@énarmnﬁui»bﬁep r et ¢.56908Hbwkhishidnand vfoqLEraUé Ya313tS 0@ Gt
outputs the result as the col or density det ecti on signal 26. Acircuit
configurattpe paseyabenthbotrRakishows B0 Bnd 33 wae Bemésad ag a specific
exanpl e of the maxi num val ue detection circuit 103. Fig. 23 is a diagram
showi ng thende€4in@r thBt Bhsensoil Begeavadilby ibhe fizaxitRemtwalnsds tofr tze
first, second, third and fourth input signals. In Fig. 23) the nuneral 138
i ndi cates ahé Yécfor oheenrahsdstwhedOthe first input signal is at its
maxi num val ue in the maxi mum val ue detection circuit 103, whose orientation
coincides with The nenmepalodbenndticetesf theugirfle mempoalent39 surdi ceat es
the vector orientation when the second input signal is at its maxi num

val ue, whoBeisej) eappepphngsnepsséheobibe weeasr odr itdiet AtlighT fofeqpedmy. The
nuneral 140 indicates the vector orientation_when the chrom nance signal

as the thi¢emPepabtspinhhei duminppsengignah Polng, appddedorticerithet iRaFe s
close to thﬁ vector orientation of red._ _The nuneral, 162 indicates the
vector ori®ht BREohTaREASERE SAronFr8ncaEsSERNS @ S44n8d PoUaES nput signa
is at its naxlnun1value whose orlentat%on is cl.ose tq the vector

ori ent ati oh®bt2hhgRnth. thpyemigteryofnd Ex MBS 161 OF 344’1§'h1t9n@q:ol or

density defgcledohos Ll OHS’ vEOLa5Y 9t eSUM Y Whe? U GYiency

Fig. 5F shows the voltage variation of the corrected
luminance signal Y' produced by combining the correction
signal and the luminance signal containing the high-
frequency 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



Fig. 24 shows the results of color density detection 63 perfornmed on a
col or bar signal by using the configuration of this enbodinent. Fig. 24A
shows the chrom nance signal |, 24B the chrom nance signal Q and 24C the
out put when the coefficient nin the coefficient multiplier 100 in Fig. 22
is set to 1.0, which produces the result 1.0 (Q1). Fig. 24D shows the

out put when the coefficient min thesgoefficient nultiplier 102 is set to
0.8, which produces the result -0.8Q while 24E shows the col or density
detection signal 26, the output of the maxi num val ue detection circuit 103
t hat has detected the maxi mnum values from24A, C and D. In this case also,
it can beigsesacthdanthewanpl thedeodatri deaf ittlye rlepmer@ntedsibgnalhei s
considered in the creation of the color density detection signal 26. In
this enbodoirent deppligyQdrtaptiio® signadsitgned WEeigghtbs,. but the signal | and
Q may al so be weighted) after which maxi num val ue anong the four signals
may be detect edheApgstispsechpsg ﬁb&r3P1§@§ﬁaﬂ§vﬁdyoﬁetégl@Gﬁ@@lfronlthe
four kinds of input signals of I, é d Q. and the maxi mum val ue
among t hevetageefi3signhigheay thand bécfvedtaeﬁrrﬂ@d'eﬁ:emf tdhe siignads shows
the configuration of a color density detector in an inmage quality

correcti oRottrEai t4a8BEFHI AF Féganéﬁhe# Emboditfe RO SA& 1Vt RodkiediSnent ) of
the present invention. In Fig. 25, fqur kinds of signals are inputted to a
maxi mum vaFgecHbt 8ELi oA 8FF86@P“TEOW1ﬁPr§Pe ereratgrncRiotihRartd@nsi gnal Q
inverted through an inver circuit 1Q5 is |nputted (the flrst i nput
signal ). SéEBﬂg aEHré%1ﬁ§ﬁB§t§P§ﬁgl1Q|E§gd|rec9§ya|ﬁE&P@é °(the second

t he ch om nance i.rec iﬁthe

LG Thonfs éf’gjf‘irgF) gk, BHALERY EREGRENIACe SSEGRE & fﬁ’ aw*s

Mver oi oncefPiare THLvLBE HeabeRdfisd BEARIREE D0t b iﬁﬁ%q&e e
w't'pllceung Bnbic! Ur! BAE TuhihBhicd ynd C0gl il ll?, p? BRef T igg) eent

mul tiplier and the resulting S|gna 139 7i’s i nput t ed urth I nput

signal). 'r"’ﬂﬁp'if@é' n4atuabyendekect i 'a?;'i}e‘a'r&%%' thehdO t@x‘”et GhS Wt%’HsVQJtUes
anong the four ki nds of inputted signals, and outputs the result as the

col or denshtysgghatt kentaigenal 26e Alsbr euitt oFFNf i aWeatinQigL@analtgnt to
that shown in Fig. 21 may be considered as a specific exanple of the

maxi num vabueed€ioat @2Bnalr shbvnli®. Fiigg. 526 ishewmbihe dveGier tdd entations
when the first) second, third, and fourth input signals are at their
respecti veéumakanue gakgned. shhennumerdl .14B,i ndi patoels:cleha heeeloaireartiet at i on
when the first input signal -Qis at its maxi numvalue, which is a

gr een- hueduobhenceThégnade¥dl sha@ni Adi Fages 5fhe JVecttdve cmiraecdtedn when t he
second input signal Qis at its maxi numvalue, which is a magenta-hued

col or. gummnae $dgnphdi¥éasbewnhdnyEdor 58ni dieatpiosy bitven Do iris d

i nput S|gnal | is at its maximum val ue, which
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



65 is a red-hued color. The nuneral 144 indicates the vector orientation
when the fourth input signal 109 (-1 Q is at its maxi num val ue, which
orientation substantially coincides with the vector orientation of blue. It
can be seen that al nost all colors having snmaller high-frequency conponents
can be covered by the maxi nrum val ues of the four signals. Fig. 27 shows the
wavefornms representing the results of color density detection performed on
a color bar signal by using the conflguration of this enmbodinent. Fig. 27A
shows the third input signal, i. e chrom nance signal |, 27B the

chrom nance signal 1, designed by -1, inverted through the inversion
circuit 106, 27C the second input signal i.e., the chrom nance signal Q

and 27D the f.ourth :rel ‘ﬁ}gl gbn JtOQJ v&klﬁrbérhﬁogé)@f“l&% pﬁgpgg}g the

coefficie Wﬁﬂ%q s set he” di agr am ows t col or

density deteot S gq?! ryggfghg@gegglnggthg @agsnuntvggues anong
the four kln Cé npu §?8ﬁgh2ﬁ; i.e.., 27A) C, D and ?he first i nput signal

-Q (the iny qfilesugpaéhmgeﬂﬁaeAsop@élg@evasm@,owﬁ WAPtht yHe haghe of the
Iunlnance signal 1s reflected, except that the magnitude of the detected

amount f org GUAN AN JSAPHEAS d NVERd elumi Ma ki bé Ss eghatli iBnéutoaky.-1Q s
assigned a weight, but -Q Q and | may al so be wei ghted respectively,

after whicindde 1Bxi g vidsiesedrayo beutles £t edlfr ohet pesfbivekpndsiohs
signals. Furthernore, in this enbodi nent, the maximum 66 val ues are

det ect ed f@pmidenfghHfkéqasnof sompahsnt bof theeiwnmingnty, siBpakaghsum

val ues may be detected fromthe three kinds of signals (-Q I, and -10Q,

i.e. the fésstect o, thadrfopledh sugnahs, nodbsebt the raesisdpss dénsify
detection signal. (Enmbodinent 11) Fig. 28 shows the configuration of a
col or densind 3t ebdorexamphe i nelyeutdabinly ber ehesebntei hayrt thecsPiieng to
anot her enbodi nent (an 11th enbodi nent) of the present inventi The only
di f f er encerésbatames corbie denbht yhefbr 868y thef VERE2SHERDA Qﬁbﬁanent (see
Fig. 13) is that the inversion circuit 11 is re | aced by a binary circuit
111||1trmﬁﬂﬂﬁﬁleﬁ%bH?&%ﬁtW1#%ebB|ﬂﬁr? BrFRcalt gﬁ gutputs a relatively | ow

vol t age when the, | um anc Y is, higher,_than re | | tage e,
and a rel ati vel J1%%gh Qolﬁaﬁﬁgmgeﬁh?ﬂe F n?ﬁﬁncg §P§ﬁa? %g%lggégpgthan t he

threshold voltage oﬁ?hggyg?uﬁﬂgggtgﬂgw%hgp ﬁgggan 5 Sikgqaly F i At@ apki nary

formto prodtte Rancé si gna e’binary [um nance signa

112 is inpuited to th i e i
out putted ?%%ﬁftﬁég ge?yggagéoﬁéggﬁg ?% a?% P%g”%%%?? §§%§?¥;%E?L%2QJthe

output of fpe Q?ﬂgraQBth§sgogﬁgghegnt91Esrebﬁt'Bebﬁd|@W|ﬂ@#ﬂedﬁ¥ﬁkﬂﬁ“§

| um nance signal s at a relatively high level, and to a relatively high

| evel whentphgilunspangessigghal vbgtagea4rieliat ithel yasewviodvelge 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



67 Fig. 29 shows the waveforns representing the results of color density
detection perforned on a color bar signal by using the configuration of
this enbodi nent. The di agram 29A shows the | um nance signal Y) and 29B
shows the binary |lum nance signal 112. In the exanple shown, the threshold
voltage 114 is set at 50 I RE. The nuneral 115 indicates a reference voltage
for the binary |lum nance signal 112 to be inputted to the adder 9, and the
voltage differential between the binaryggl um nance signal 112 and the
reference voltage 115 is subjected to the nultiplication operation. The

di agram 29C shows the signal outputted fromthe adder 13, corresponding to
the color density, and the nuneral 116 indicates a reference voltage for
the signal sg@mnasponding to the color density, to be inputted to the

vari able gain anplifier 5 the voltage |evel representing the voltage when
no color is pregapt. TTheoisagmwBie chaws dhetisd! vir densi & ygslel ection
signal 26 obtained by multiplying 29B by 29C) and the nuneral 117 indicates
a referenceolalaigage floar a tcaayed ineprieisantichd heeypdtage 3 Bvehd whgnane col or
is present. The color density detection signal 26 in this case also is
corrected thomemneltat ihnaoley themw dagnee| rdirs teol or svd bue wilh The t bige anpé i s ide of
the Ium nance signal contained therein is higher than 50 IRE, and to a

rel ativel y ahicgh viedwel offort heolmessi ftear vdfl cis tiaedeanpl i glutiby o$ma hket ubhaance
signal contained therein is lower than 50 IRE. Thus, the 68 anplitude
ratio of tHhdéel dmdiaidaadi giegistancugiting 1 cchedresishors cdhf2pdr &b on.
(Enbodi ment. 12) Fi.g. 30 shows the configuration of a color density detector
in an i mgéigddrrdy dor td@ ifaF g e XmR i 8D afot Her2dbbdi ment (a
12t h enbodi nent) of the present_inventipon. The only difference fromthe

col or densFPYTEEPELEL L% Hefe et 1? o’di%‘?ltF’(%%e y.F13diEithat the

inversion circuit ,11.is replaced by the binary circuit, 111, Thg_signal
cor r espondf§§PES 'WRE X80 or Afersig ,ltﬂﬁiﬁﬁ%%dyqr%m?Y%el? 18 rgctifier

90, is al Mgl equialent 10 d e N analo CYLLSPONILIg Lo 10e golop dgpsity.

outputted fromthe ig erefore, e opetation The

section in ?,gqinr]g ishe i nar Cglr%giéélyl%m UL P LRLn Wie | §ias of

substantially the same as descri dbove, except that the configuration of

Fig. 30 regyer %S.Lftnfaq R s LM Plagh 1 4 PASSthd | 688 8o PECRUSErANES; QUbPUL OF
the multiplier 1I3 contains harnonics of the chrom nance carrier frequency.

It will be3sappretieatre@uitati d hdeliDad fim nidesl ph Fhe, cPEovhépasthy
detection signal, as described in the 6th to 12th enbodi nents, can al so be
appl i ed topble tinveopoarttidneage qilad iHiglcof repidty cesmpbiie it gf fihei n whi ch
the slice circuit 6 is not provided. (Enbodinment 13) Fig. 31 shows the
confi gur at lomiofnge isiEge lgwatd tsuppmBgsed. As can be seen from the

corrected luminance signal Y’ shown in Fig. 7F, the amount

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.



correction circuit according to another enbodi nent (a 13th enbodi nent) of
the present invention. In Fig. 31, the sane parts as those shown in Fig. 13
are designated by the sanme reference nunerals. Al so, blocks 153 and 154 in
Fig. 31 may be constructed with the same circuit configuration of the inage
quality correction signal generator 14 shown in Fig. 3 or 12. The
configuration of Fig. 31 has the follomjng features: only the positive

hal f-cycl es of the col ordifference Slﬂ? R-Y are separated by a Hal f-wave
rectifier 147 to produce a color density detection signal 151 associ ated
only with the color-difference signal RY, and simlarly, only the positive
hal f-cycl es of the colordifference signal B-Y are separated by a hal f-wave

rectifier th8 it Gy iHAHUC S By el OF £§”¥%§d&@@ﬁe€é'QnsébgPéEt3§24a§ﬁ98h§Bed
only with the color-difference signal B-Y;, and the high-frequency signal 79

det ect ed igh e JdlH nENCE: S HNadd byl ddec ki Glig i r £OLEREY s COTPOREDT cggLect or
78 and fed into a variable gain anplifier 155 is controlled in accordance
with the Rdétialgrodansidw-geiectibtesi{haindSd SoldPatitbeigaln.is

i ncreased in higher color-density portions of the R Y vector and is reduced
in | ower dulrdrhedonsid,y tdor tlwnsnaricd heidhal veciorinpht tedwho cAnoaligerhe
negati ve hi gh-frequency conponents are separated by a slice circuit 156 and
fed to an 7adderoudio o alealdidimonio 3 he T olowipéesefitbteirghdl iRY, not to
the original |um nance signal as in the configu 70 ration of Fig. 13. The
bl ock 153 akfsren tiee hesgatd Vel dhigihf e wlueint yf compoment thanr that| afi bhace
signal are superinposed on the color-difference signal RY is equivalent in
function tk?%WR?%ﬁ(ﬁﬂ@?ﬁﬁlQWMHQh?rﬂ#k@ﬂ’%}Eﬁ%&tl%9p¢%%%§§e8hﬁn1Pmke manner .
The variable gain anmplifiers |5~ the slice circuits 156, 158, and the
adder s 15@39Hﬁ)%%ﬁ§%ﬂ:ﬂﬂﬂ%ﬁﬁﬁqcﬁ&ﬂ%? %Ruﬁ@%}eh?etﬁh%%%h°8tﬁé? The same

effect as .achieved b th confl on of Fig, 13 can also be xpect ed
from the JOMFMARSR i apoah el hsooTopassr THiger 348 The

hal f - wave rectlf er arl bIe al n ,anm. ifier 157 lice C|rc it 158)
and adder “f60.°} escrvlgtﬁie res&)nm%?oe% ftbr? t%‘ém%)rr’%%%esm né ? sd

col or - di f f,8/.6NGA, Sl o\f oo S DB £13 M A ol @A DLOCERS! nehgﬂy be

per f or med onIy on red s a particul y S|gn| ef fect on visual

percepti Or&%’nfll%\{] | PSS s SddSSa Ghd £U §s p{ﬁé(ssé‘:ﬂe' QP%MW sh8l:&;

since, wthout t s iIce circult, a change 1n hu not a drop in
Sathatl0&n‘M¥E(1SﬂﬂaﬂdlﬁhéﬂgéméﬂﬁbﬁﬁKﬁéhiQeaﬂ@saééanQtSB byeqguency
conponents are anpllfled Al ternative configurations of color density

det ect or s skdfe, e rafndd hur£l€ shovbsd Tsgs. iB2Fagd 83. Fig. 32 shows
an exanpl e where the configuration shown in Fig. 13 is applied. In the

hal f -wave rectiln drhelditadwvquali & gcoB8@chsonnci heuhtl 6fwahésrectifier 147
of Fig. 31, the positive half-cycles of the color-difference signal R Y are
sepa 71 emircstiment Fitdie suminmn¢estignak sipetiey dhrpughethaslene col or
density detection signal 151. In Fig. 32) on the other hand) in order to
reflect tResdlilitede 4 dts cwitraetedini matke srlhhaprctent Ai fsam fhehe

previ ously nmentioned various colors in the color density to be detected,

the | uni ndndenangfasgnal i that b PRETHE YhoRvehohhei Fem Pags LhdteEd to a

mul tiplier where the output, of .th halfmave ect iet 147 is multiplied
by the i f’wmﬁn%aﬁc@%ﬁ 8% Soth, ﬁa TSy CHheR hBRelpi-BEFRt | on |

[ | 15 t | | t he,|
P oh and 03 S FOLARGI A G 1A e ?%V%gfvﬁi‘ﬁ“ﬁsga?sgﬂ5%{1‘1@?356&3
shows an exanple i, 1410%&,61«4@1/%?19@ £ EHb U1 iR ELOs 132205 Fepl aced

by a blnary circuitt I's 1'sS an appllc fon 0O e con guratlon shown

in Fig. 28, \iand hecrﬁrmlgﬁua?e%& 44Nt Napge §i gngl dxsh§eha5ggh -the

bi nary CIFCUIt 111 outputs a |l ow voltage so that the col or dens

det ecti on SiQRAIndy® SHFHERE 40 Ené %A@H@hc@ysigﬁaww Bhi8r 149,
Conversel y) en the anplitude of the lum nance signal Y is small, the

bi nary ci rgitidinkll, OUiPE Smakdd aht Vb 808180t 6 hakpl heycal gés_ﬁ!gaaue)ﬂ
detection signal is corrected to a high level by the multiplier 149. After
that, the pagslldonigorass asf (1Ko Ul tnalet &ys Chali inlhBcbodahtai witthe col or
density detection circuit 151. In the above enbodi nent, the output signal
of the



72 subtractor (the high-frequency conponent of the |um nance signal) is
first anplifiedl by the variable gain anplifier and then sliced at a

prescri bed anplitude level by the slice circuit before being fed to the
adder, but it will be recognized that the order of the variable gain
anplifier and the slice circuit may be reversed. Such a configuration wll
be descri bed bel ow as nodi fied exanples of the first and sixth enbodi nents.
Fig. 34 shows a nodified exanple of the configuration of Fig. 3, in which
the order of the variable gain anpligiier 5 and the slice circuit 6 is
reversed. Fig. 35 shows a nodified exanple of the configuration of Fig. 13,
in which the order of the variable gain anplifier 5 and the slice circuit 6
is reversed. In Figs. 34 and 35, the anplitude of the output signal of the
subt ract othél ¢ her highsitegdeheytconpengnalof the | um nance signal) is
first sliced at a prescribed value by the slice circuit 6, and then the

out put of the BYitbntticgi thé bsndnphi thedhigbef reanengly byeiehdncdhdrs
density detection signal 26 in such a manner that the gain is increased
when t he meneer edveoh o2 densiey chranghpngadsigndéceradsstewdaminhacget ect ed
color density is low The result is fed to the adder 7 as the image quality
correcti opignyhatre | peperatedcEpapt thet namppEisei 8Adee EAEPSdne 289 t hat of
the first and sixth enbodi nents, and therefore, descriptiqgn thereof is not
repeat ed PleFeminance (FnBear At {4§ARPHCY36°MEORHIESc R e BRAg A% Moy t he

confi gur &on of an ina%fngualtty corregt%og circuittaccokgln t o _anot her

enbodi ment"THa2TH THHD AP) °Bf TEARY BFe8EAPTENTERPI"ORE “REFFGTTEE” t he
I d ity d ' |ied w h h ' [ I ith

bot h ¢ ho EHYbrt FREL: antief B HREE" s khrat ShE BaABOLe cauaarar nadss t y

det ect Oﬁiéié%gﬁ%,lge %I$§OSR£ F’de{?Q?h%Xt Sheﬁ%{%%eéi ggaltpng%qrn@%)s/cgonds to

the col or Ion signal outputted om the color "densit

det ect or 1y jiy ETHOG #PBL Sorde e 8e6 DOURHRM ok PUURLI ARLGL AW 147 accept s

the col or density detection signa and outputs a corrected col or
density deifed i ONs$iDNgharfes THBrepLIfct 8ddceher rdensitlivgdahRgle guliggnal
26 is applied to the control termnal of the variable gain anplifier 5 (at
whi ch) i nafgsdeodli retlisr lunndBuribhe chDimbitdagsithy Hekgdsifirequeingyalbad@ i s
applied). This color density detection signal 26 corresponds to the control
vol t age floas ttiee vaf fadbt ecaappaapristelySlimiEdbgditientsmolint 3. The col or
density detector 1 detects the color density fromthe i nputted chrom nance
and | um naeweest jwmal app Thed bbantheylundnatcensdégnedi-t 177 produces the
color density detection signal 26, with its anplitude reduced at the edge
portions, (Kmbehimémmad)is used to control the high-frequency signal gain of

the variable gain anplifier 5. Since the anplitude of the color density
det ection sig ig9g9jks 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



74 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 anmplifier
5 is reduced at the boundaries of colors. The net effect of this is to
suppress the enhancenment of unnatural contours at the col or boundari es.

Fig. 37 shows the circuit configuration of Enbodinment 14 in nore detail. In
Fig. 37) a delay circuit 178 delays the input color density detection
signal 176 by a predetermned tine agud supplies the output to a mnimum

val ue detection circuit 179. The m ni num val ue detection circuit 179 is

al so supplied with the color density detection signal 176 not passed
through the delay circuit 178, and outputs the corrected col or density

det ect i ony .5i;gRalt 2B byl & WO Wetd hdY diRe Fa D NN vigd s wieé&Cinon
circuit 179, where m ninumval ues at the sane instant of tinme between the
col or densig,y sdetection signal 176 del ayed through the delay circuit 178
and the color density detection signal 176 not passed through the del ay
circuit 178 arg gobtid nied 4 bIeckiodi ddwamnphowinie bhet bentigerpbionon, can
be readily inplenented by applying the maxi nrum val ue detection circuit

conf i gur alHeor o3itaMT ide tFegto2150 Fi gTh&88l whbmanc des hgnel of nbs t Bkewt hedpoi nt s
a, b, and c in Fig. 37, along with a color density-controlled highfrequency
signal 18) thajubitheaotas &8 eadi alsopt o 4 ede baywoal deviit pit wheeht he circuit
of Fig. 37 is connected to the 75 image quality correction circuit of

Fig. 13, iandaiwes ectdelaune hamceesy geeelligameyny afntingy €a%e. In Fig.
38, it is shown that the signal c¢ obtained by taking the m ni num val ues

bet ween tewamdmal &f atkgdo ﬁESOftko%n%$ituﬁéer€€&€§8daiuﬁh§aéaﬁes of the
color density detection signal a. It can_al so, be seeg that in tgg gorrected
| umi nances g tgial 5 1 gau kpiet bed uhToBf the gRe i fEqEEREYIEOP el i BHEPELFERuced i n

areas near the boundaries of col ors. gbfev , the ea ?s igd'cated at. E and .
H in the toam dheconpenandeteshnty 81 EO?FSS&SH& g PHE bgﬂwag?ﬁgg

bet ween non-co] oy apd co] or areas,,and, nQo_cpLrect,i i ip.these

porti ons,Si#fte bh {%%“BFﬁgrgﬂaﬁHPtfﬁﬁtEF?eg? gFErgguéﬁﬁg%q?S ?8dgced at

t he boundarjes betwee Lfferent colo e (A : I
densities,egﬁyiﬁﬂf%%i dg%yiﬁagnéa ah%?ﬂ??ﬁ?tgﬁg?%ggbﬁggegﬁgg%ggﬁiﬁg, t he

14t h enbod, i oL d RN |
ol o Oﬁ*'égf 3‘%’:? -"{*‘?g'ﬁﬁéaﬂfﬁ?éﬁg‘c' ¥¢ mepPad)beqauseeok ikhaleyknayRldy

simple co i on. odinment 1s also effective in application

to an i i I MeCQLEEGt LORGiRCHR sEhahpdeesdnab ¥he aubkireeteir Cuit;
t he enb23?§%%¥g$s£%?f§c§?ge nof only iﬁ thepconfiguration wher e i mage

quality 094!ecé&@g@t%@gahhgdf%emt BRel WUbRRACR 03503l ankdualaze in the
configuration of Fig. 31 where image quality correction is applied to the
chrom nanggpsi geal tot ha &aAEFYBE3t feBnokhEicy. thE icontivercasgnatiedd tire
slice circult is not provided, and the configuration where inage quality
correctioputpugpelied to the primary 76 col or signal.
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



(Embodi nent 15) Fig. 39 is a block diagram showi ng the configuration of an
image quality correction circuit according to another enbodi ment (a 15th
enbodi ment) of the present invention. In Fig. 39, a delay circuit 182

del ays the input color density detection signal 176 by a predeterm ned
time, and supplies the output to a delay circuit 183 and a nultiplier 189.
The delay circuit 183 delays the input signal by a predetermned tinme, and
supplies the output to subtractors 184 and 185. The col or density detection
signal 176 is also inputted directly ¥3 the subtractors 184 and 185. The
subtractor 184 subtracts the density detection signal 176 fromthe out put
signal of the delay circuit 183, and outputs the result as a first edge

signal which is sggflled to a WBX|nPn1vaIue fetectlon circuit 186. The
subt r act or¢¥BH &Yy ab?sSThEr%%Y%%t E?@n&?e “PhBaBEFaﬁ16P?&ufﬁd1§§°ﬂrom

th I det ect 1786, t d
cdge. i gneh " HEIRT LR T ofl Lo THE RAKFhantVRLY A6 BT BHOGFREAPE 166,

The maxi valugﬂggéectéggrs rgglt 186hde}gcg§tth QBX|nun1vaIues a& t he
sanme instant 'of* 13 he bet Weehtthe second age &Fghardt1¥8d%ther eby

detects thg a é;#yute:d%al ﬁf’v‘ EﬁQ%ngaﬁgeaé'ﬁé a@ggg g'tg'eme QL %CBHg edge

signal, the abs e Si t hen bel ng to a co arat 187.

The COMPardf ofnd i £0PAl £ tnd Tadder ab50! Lhe ¥9ggﬁoétgnéhtp4ﬁg@ﬁgl FFOP o

pr edet er m ned voltage 188, an supplies a binary signa

189 in acoydanas Mddot Nes resdll {ndfod bEs£OHRET 650PutThA QHEQUEh§'9n3| of
the delay circuit 182 is also supplied to the multiplier 189. The

nul tipliersdi3Srdatds pdd esré heuhmed | NPst o6t g0al shkogshBsur arignamt Bets a
corrected color density detection signal 26. The section 213 encl osed by a

dotted |i Mheaphdee constifereshesun sigralts5ocodhtadssngithetabsphuke val ue
of the first edge signal. The first edge signal, which is produced by

subt ract i ngf tttes colmingtensi ¢ yguel es?i ontpugbed fr¥émdihectikyateditoutie
subtractor 184 fromthe color density detection signal 176 del ayed through
the del ay &lirclitsh 18Riantnd88 dawabityesornadtihn sérondteddeosi ghal , an
inverted version of the first edge signal, outputted fromthe subtractor
185, are Sife etrabithecmuxbopevastkedet @8t Vohhctheuinagesanpdisyt he

maxi mum val ues between the firs{ and second, edge signals are obtai ned. That
is, the<mﬁ?ﬁﬁe%ﬁ1?9m9+ﬁ&ﬁhﬁﬁ1%5IE%edﬁ?ﬁﬁﬁ?bﬂgc?PEB £meBESis the absol ute

val ue signal of_t flrst e i tude of .the absolute
val ue signal exdbeddis TBYY EVe? °?%€°%Bng FS?E?°T8?658PSUP§e?hénresult
of the co arlso bet ween th absol ut e. val ue signal and the, predeterm ned
t hr eshol drgv)al e volﬁ%gcéori%%? a(?snac f‘énlé%t %ggna?§ Po 9 gﬁn eage go ‘r?’ectl on

?égnm fore GAQR £&F T EGhp SRend "G CHRE f@ﬁiﬁ&ﬁb@”s?kﬂQQ' 989%ehdt 10@0 5dge

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.



portions and goes |ow for other portions. This edge correction signal is
multiplied in the nultiplier 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 sane voltage | evel as the
no-col or |level for portions where the edge absol ute val ue signal exceeds
the threshold value voltage 188 in anplitude. Fig. 40 shows the waveforns
taken at points a, d, e, f, g, h, i, andj in Fig. 39) along with a col or
density-eontrol |l ed hi gh-frequency signal 193 that the variable gain
anplifier 5 would 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 indicates the |evel of the

t hr eshol d A alans ieot tedromigganches gk af » 19hi¢chdisadetayae sef thahcétsi gnal
for the edge correction signal i, the reference signal being calculated as
0 in the rﬁ%latﬁeplq%]athd%?%ﬁé#tdtin@W%? nefl ByethéfhnfreaueBey189. It can
be seen that the edge caorrection signal s down tqQ the reference

( i dro
vol t age 1%%%%%5&?%%@%%@# e‘gmv%.teﬁrhérﬂﬂneha 192
i ndicates t ref.erence voltage for the corrected color.density detection
Lonar © bt e e Vo1 PR v e Tty bErkege Skl EaRor (Rt Fons.
Th d I d ity .detecti i l,j~d th f
Tortage 105 TR it YRS ATe P B ORBBAReR  FRoh EnE " S0 "C

that the qggh;nkgquggytfgﬁgyﬂC%i?%f%"%éOléeg?g%eggfgﬁg§%ﬁbkelgélgfss

anplifier I'n ‘accordance w'th e col or den n signal I's

suppr essed ifjQle P 1A, &£ A ESHOOTH W0 4 Qe L DEL LR P e POPPLRLLASy LBmLDE

| um nance signal 194 after 1mage quality correction, no Inage correction is

applied | BASRAS A Adifow] We AOUNDPE | §§-SJB{B§i@hi gbnghesvhbeapessibility
of overcorrection or contour reversion at the boundaries of colors as was

the case Wdith eI FL PreVdonst yréesset Hedthdheo it i faF8BEEnDEEVWEEN
the configurations of Figs. 37 and 39 is that the configuration of Fig. 39

achi eves ahiisClenebinint M oMaesdméOds Othyt ashbéhie beuRdari 85 hatiwehs
noncol or and col or areas but also at the boundaries between different
col ors. TisamntStdemprheditneire dead sgnefédchy vehensappl refierenceto an i mage
quality correction circuit that does not use a slice circuit; the
enmbodi menmuns rgfliseas \whars wied im Kb cdnfigurati on where inmage quality
correction is applied to the | um nance signal, but also in the
configuration SCHFFIirng therhls ntrEquartt Yt EoFPEERFBACNSCABBPiEd to t he
chrom nance, signal, the configuration of Fig. 31 in the case where the
slice cir@%ﬁfrig : ‘Wﬂ%ﬁn%ﬁ&ﬁl_ %H%ncB%?gbﬁPaF#%n%HEéFEaVﬁage qual ity
correction i3 3R &4 Q1% P! IR Ve £0L 0L SLAPGhinan8Q (EIROY BRRL 16)
stripped of the subcarrier wave components by the low-pass
filter 69, and a color density detection signal proportional
to the color density is obtained. Then, 1in accordance with
the color density detection signal fed from the low-pass
filter 69, the variable gain amplifier 5 controls the gain
with which to amplify the high-frequency component of the
luminance signal. This operation is the same as that of the
image quality correction circuit illustrated in Fig. 3.

Extraction of the high-frequency component of the luminance

signal and correction of the luminance signal are also done



Fig. 41 is a block diagram showi ng the configuration of an image quality
correction circuit according to another enbodi nent (a 16th enbodi nent) of
the present invention. In Fig. 41, the color density detector 1 corresponds
to the color density detector in Enbodinents 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 renova
circuit 195. The small -anplitude renogﬁl circuit 195 outputs a corrected
col or density detection signal 26 whi is applied to the control term na
of the variable gain anplifier 5. Mre specifically, the color density
detection signal 176 synthesized fromthe chrom nance and | um nance signals
i's suppliegntoné heas@BhhnAgB! hbugpeteHRYRY GbEEWIbed95 WHEkRis

snmal | -anplitude portions of the color density detection signal are renoved
in order tembedusenthetréfmeinsf fbragetaoalinkyther E8tbiroaches tli ghlomcol or
areas) and the resulting output, i.e., the corrected color density
detecti on shgnedr26¢ri shappinedcéosipratoft iel usednminakonbihhé ivar wdllhe
gain anplifier 5 in Enbodinents 1 - 15. When applying the configuration of
Fig. 41 totkerbosamenfer ldxbtndclibngt heeshiaih-&rphuendg rempvaknti pduithelds
is connected after the boundary reduction circuit 177 in Fig. 36. Fig. 42
shows the beminznecat$bgnal abeusedl inabhei imdde qa82aliémoealrrectdont [95 in
more detail. The numeral 196 and 197 designate transistors having simlar
char act eri®iresit tsleoenl br Beési By déleerpahiyrdsal theempangpppired to the
base of the transistor 196 while a reference voltage 200 is applied to the
base of théeteahingtbhe 199l °%‘héefléilEVeﬁE@"‘v&bFaﬁérZOGraF§6°§‘éF‘@iﬂﬁ§ as the
reference volta e for the corrected col or denS|t %ectlon si gnal 26. The
col I ect or s> b#PheC {PaFksPE BFed 188 SAADIBALAPE KoK EhEJMEBYSL REF and

led t tt ft t 196 d 197
Sﬁ’épcinnei?iap?%ﬁuéreég%anal5$oaﬁagag{?fa Sbpeshehlr %ggﬂs' RUBERARES: of each
of the tran5|stPrs 196 conn cted ?o the base,of a tranS|st§ 2 1

197
whose coII%bq?ﬁ i35 gP3EAaRR gﬁﬁ whoge eénfreer r8fe ﬁﬁeeFeBIFS the
source 198 or %élxesi‘féorszgg F ?e yol t?Q? RHLPULT gglffr gﬂb%h%e%@'l%%f of

the transi$ he corrected col or enS|ty efectron Sirgnal 6. The
transi st ore 20dy ] Oty e CHLENCEnkobLAVEE BHES £1130b0A! LBE s ¥oLEAge drop by
t he base-emtter vol ¥age of the transistors 196, 197 is cancelled as it is
rai sed by ¢pe-bpsesemtter voltage of the transistor 201. The circuit
operation of Fig. 42 will be described. It is assunmed that the reference
vol t age 200Edwsdihen€osijected col or density detection signal 26 is chosen
to be higher than the input color density detection signal 176. \Wen the
color density detgectl®nisi gnalod¢k6dappkrandshovwiihg lbheecohftilgarttds sifor
196 is higher than the reference voltage ~00 82 applied to the base of
the transiast oimd®y, qeatitnt cbroastivronriheutitarsicotrding98ot engtdemd vi a t he
resistor 199, so that the transistor 197 is off. Therefore, in this case,
the col or elbedineniet bat fbhitki gnhpdiments ofit phet ddesgsnthd nyemtdomed col or
density detection signal 26 through the transistors 196 and 201.

Conver sel yThewghremnanrer ségnalty det éePréfedi §raP YrEiappri é8iMo the base
of the transistor 196 is |ower than the reference voltage 200 applied to
the base AMRhEfi98nsP stbhopg7outRutt FaRBRdt 47 f66 it af £uldndad® r ent

fl f th tt t 197 t d t

199, Ther cFSr et 1198 ¢ s CREE. CRRAMIBREPEnEAR0BL: Ba®i dPBUESER: S8 P om t he
Flg. a2 by teIap %B%%?%."%mgiaﬁﬁrsggsc%?"’g.ﬁé%gl fEretort r%%lhés"%ﬁgf;ﬁ' o3
desi gnat es aﬁlhexaran % ?hi§6950r gegg % gﬁ% t|o naI %76 applied to

t he base o and e’ tes & he

reference 39“99? 760487 oHRRESHLY g ggahorafs'tg.@alvaﬂ@bf h

J8 e erence
vol t age bel ng equa.'ll’P ng?h nv-col or voltage level. The nuneral ggiqﬁoms an

exanpl e Ofa,wpréxtegeo\/ﬁhaewf the beherencs puektagne2Q3n@laat ion
correction, applied to the base of the transistor 197. The nuneral” 206

i ndi cates dhepepl OfnHeasht ¥t dekeeheo8amegnal +38 tafsh@fnCamr eGlg 03, andh 205
desi gnates the reference voltage applied to the base of the transistor 197.



83 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 col or 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 inmage quality correction in |ight
color areas is held down. The 16th ggbodinment is also effective in
application to an imge quality correction circuit that does not use a
slice circuit; the enbodinent is effective not only in the configuration
where image quality correction is applied to the |um nance signal, but also
in the corfieguwaaid @onmforddnts Alravhdsei drmeged gl thy sanéecéfeonehseappl i ed
to the chrom nance signal, the confi'guration of Fig. 31 in the case where
t he slice maimeqwilts isss rdtogw avdededin diick £ h&. confi gurati on where i mage
quality correction is applied to the primary color signal. The boundary
reduction circuitt séfgrBbotirmgrenting 1hemya bee i afopporatedti vebdtage above
configuration. (Enbodinment 17) Fig. 44 is a block di agram show ng the
confi gur atdfor® 6fl gt 4 lnegea pdl v ere et oh Sigealtrapeesanhingothfot her
enbodi nent (a 17th enbodi nent) of the present invention. In, _ 84 Fig. 44,
the col or V@& ©f detethisigel CRateahdsSReL thtngop oPudepsrigthet ector in
Enbodi nents 1 - 13. The chrom nance and | um nance. si gnal e inputted to
the col or "PEHYiat e BRI 1L SRS (et Rt PRRET 3L ¢B 6Pa§eﬁéiF9pggf8 tion
signal 17 tq.an offset. addition cjrcuit 208. The,of fset dition circuit
208 out puts S RISt et §1eks BF; aRTcp Shar Tho R BaRe

speci fi cal] a’lig; e c%qlroéctdfﬁ'é%’ e £t + of, 5L gé‘xﬁ‘éoégée%)!”t pgs! 5291?81&“6
col or dens} y détector 1 fromthe chrom nance and T'um nance signals Is

i nput ted 0 the afyfSele A 11L& rea 4 £08 mﬁggf%%gmgnent i's added

to the color density detection signal 176 so t a difference voltage wll
remai n W th Jt89R9Ed tith (e RISIENGE VP! £ 179y 8Y 8RgL NvRPLEOL T tRAr ti Ons,
thus allowing a certain degree of inmage quality correction in no-col or
portions. AntroIpesididLl ex@lgplide pfdmethaddié-oBombueirt 6208 can be

i npl ement ed using the same configuration as the small-anplitude renoval
circuit shoplifids ghedZhavinvence i 1igmel sShmbhdagpppliuide tkhaoval circuit,
the reference voltage 200 after correction is nmade higher than the nocol or
| evel of tdwplddligrd deirgndl tdettded | Hnl btwgmed FF6tifhereldn t Bbeot her hand,
in the case of the offset addition circuit 208) the reference voltage 200
af ter cor regtiiagd emestiheammbief 1onefl e shegabncbporampvéfiopting a6l or
density detection signal_ 176. Further, instead of using the circuit 85
such as sKRMFGH edy 1mol ikgangnner o RBP Lbf t a8t hay CBFAPED2BEC B8 PIner

Shons. Spett 1At SUAFIARS ofhuEt b ks ThEEPRHeral CoBo ALLPRRY cs The ©
vol t age wavef.argm of the | or . depsity detection_sigpal ,176; .2 is the
vol t age Ieﬁﬁﬁt\ﬁgﬁf'H&bboﬁgheigyiggﬁﬁgﬁ;r§i€1¥§efﬁe9§0I6% gﬁs%gﬁ 389551i0n
signal aft rrectian; ' fere g : correction.
It can be 1§eéﬁs%tx£]agt[é tﬁg %}?%g%%}%1+é?1ﬁa€§a£%C%of)ﬁgggﬂ%g@eﬁggpté%g certain
degree of LOITRAIAD EVENL{D Mokl OF POELT 9DS. 1Ahta; 8l SRLBAYKEHRS the
ef fect of aperture correction. Furthernore) if provisions are nmade so that
the correcghiad rafiy efiffe V0l § 208 $@Ps b ¥31bpdaaENgyadBieE@EORPELEGhaQr the

l'i ke, an operation equivalent to image quality control by aperture

correcti oredaae HALGOPLd St1gdl. 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



The 17th enbodinent is also effective in application to an inmage quality
correction circuit that does not use a slice circuit; the enbodinent is
effective not only in the configuration where inage quality correction is
applied to the |um nance signal, but also in the configuration of Fig. 31
where image quality correction is applied to the chrom nance signal) the
configuration of Fig. 31 in the case where the slice circuit is not
provi ded, and the configuration where image quality correction is applied
to the primary color signal. The boﬁ%dary reduction circuit of 86
Enbodi ments 14, 15 may be incorporated into the above configuration.
Furthernore, the snmall-anplitude renoval circuit of Enbodi nent 16 nay be
incorporated as well. Any of Enbodinents 1 to 17 can be applied not only to
anal og sy@ﬁéﬁﬁ%@?“&?é‘oaéo dhgi earliyedenef Adet lsiod amdemsisy may be
enbodi ed in several forns wthout departing fromthe spirit of essential
char act er fetPe§ipReFdgnalt aNpPreSanPeeRBAdIrREAL Y &4 Hirefdme iYimest rati ve
and not restrictive, since the scope.of the inyention is defined by the
appended cl ai ns FﬁtHEP“Fh&HaBytiﬁeg&égcPﬁpﬁ#&n%dﬁQ&QﬁQ%yﬁﬂﬁﬁﬁc%ﬁm all
changes that fall wthin netes and,bounds of .the clains, or equival ence of
such et eBORRREDBAndPEharBOPaRSE EABREROREPLANE ol T d Pe STV by t he
cl ai ns. 87. WHAT L%ig%AgNED 1S .1 . An i o[- ual.ity correcti circuit

It Bt

i
conpri si n§* BoPBPLAEASTLy &t SOPLASIHEANEYF SPCIEHSERCSTREiH Cdensity from

foiggﬁ:n&ﬂkéhi@Er%ReSOEQBhshkﬂQtfERQUQQSMn%O%ROQ%Q%e%&HLJC#fﬂ%%lﬁ%? for

g a high-frequency conponent of a | um nance signal; a var'iabl e

gain anpl \hieh tRe @BRLkb¥eRI1LATnERLEAC ERal ¥ is produced, is
controlled by the microcomputer 62.

With this configuration, the amount of correction
applied to the luminance signal can be changed using the
microcomputer, according to the kind of the picture signal
or to the preferences of the viewer. It will also be noted
that the circuit section consisting of the variable gain
amplifier 60 and full-wave rectifier 10 and the circuit
section consisting of the variable gain amplifier 61 and
full-wave rectifier 12 can be constructed 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 wvariable
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



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 col or
density is high, and is reduced when the detected color density is |ow,
means for conbining an inmage quality correction signal outputted from said
variable gain anplifier with the lum nance signal to be corrected and
thereby outputting a corrected | um nance signal; and offset addition neans
for adding a DC conponent to a color dggsity signal representing the color
density detected by said color density detecting neans; wherein an out put
signal fromsaid offset addition neans is taken as a new col or density
signal for image quality correction so that a certain degree of imge

qual ity coid ephdgd @idBrty Coor Pec ODbRI OLFciiof HOcE6PHDhgat8agnoth88 2. An
i mage quality correction circuit conprising: color density detecting neans

for detectdmgpbLiheit denssiythromedinehbpnee shgnpteaadtaisi-gnationel ating
to col or; high-frequency conponent extracting neans for extracting a
high-freqwendyu£oﬂn$me@t vlie t hef ¢ nemoancenstghal ; deaigabtesgai nodnplifiers,
corresponding to respective color-difference signals, for anplifying the
ext r act ed derghi tieqlebeyt @onpomeni 8 of nd hea b emi aahéghsfyaakebgyperf or mi ng
control in such a manner that the gain thereof is increased when the

det ect ed csimmonitidgtestor gfor adelt¢at trgutlkd hheh-fneadenerted col or

density is |ow, _ )
component of the luminance signal. The luminance signal Y

is inputted to an inversion circuit 11 as well as to the
low-pass filter 2 and the delay circuit 3. The output
signal 79 of the subtractor 4 represents the high-frequency
componenht of the luminance signal and is inputted to the
variable gain amplifier 5, On the other hand, the output
signal of the adder 13 is supplied as an input to a multi-
plier 9. The output signal of the inversion circuit 11 also
is supplied to the multiplier 9, whose output is then fed to
a low-pass filter 8. The output signal of the low-pass
filter 8 is applied to the control terminal of the variable
gain amplifier 5. In other respect, the configuration of
this embodiment is the same as that shown in Fig. 3, and the
same components are designated by the same reference
numerals as those used in Fig. 3.

In this embodiment, a signal corresponding to the color
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



means for conbining an inmage quality correction signal outputted from said
associ ated variable gain anplifier with the associ ated chrom nance si gnal
to be corrected and thereby outputting a corrected chrom nance signal; and
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 color density signal for inmage quality correction so that a certain
degree of image quality correction®ffect can be obtained for no-col or

ar eas. 89 3. An image quality correction circuit conprising: color
density detecting neans for detecting col or

the luminance component is not reflected in the output
signal, as described above. To address this, in the present
embodiment the output signal of the adder 13 corresponding
to the color density and the inverted luminance signal
outputted from the inversion circuit 11 are multiplied
together in the multiplier 9. The output of the multiplier
9 is supplied as a color density detection signal 26 to the
variable gain amplifier 5 via the low-pass filter 8. The
color density detection signal 26 is created by correcting
the output signal of the adder 13 corresponding to the color
density to a relatively low level for a color of high lumi-
nosity and to a relatively high level for a color of low
luminosity. The low~pass filter 8 is provided to remove the
high-frequency component of the inverted 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



density froma primary color signal and a | um nance signal; high-frequency
conponent extracting neans for extracting a high-frequency conponent of the
| um nance signal; variable gain anplifiers, corresponding to respective
primary color signals) for anplifying the extracted highfrequency conponent
of the lum 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 col or density,sis | ow, neans for conbining an

i mage quality correction signal outputted from said associ ated vari abl e
gain anplifier with the associated primary col pr signal to be corrected and
thereby outputting a corrected primary color signal; and offset addition

means for AlG & D LOPONEAL 49 £ GoLOK HRNELLY,RLE0BL EEREBRENLI N0 he

col or den ected by sald co or density detecting neans; erein an
out put si gial-f¢iUN S8 Fr Sf hs@tp fdghd | PN IBENSeESot 2keR 8RoRsNEWeCOl OF

density signal for image quality correction so that a certain degree of

i mage qualdfdominance 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 Q@ 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; 14E
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 @ 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 9, 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



correction effect can be obtained for no-col or areas.
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of the full-wave rectified chrominance signal I and the

waveform 14E of the full~wave rectified chrominance signal @
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-
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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 multiplier 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
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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 thg 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 T)
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Fig. 17 is a block diagram showing the configuration of
a color density detector ih an image quality correction
circuit according to 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
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the color density detector 1 in Fig. 13.
{Embodiment 8) ‘

Fig. 18 is a diagram showing the configuration of a
color density detector in an image quality correction
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 91. 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
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the resulting output is the color density detection signal
26.

Referring now to Fig. 19, we will describe why the
three signals, R-Y, B-Y, and k(R-Y)(B-Y), are needed. Fig.
19 shows color vector coordinates with the phase of the
burst signal at 180°. 1In the figure, the numeral 118
indicates the vector direction of the B-Y axis, 119 in-
dicates the vector direction joining the 33° point of the @
signal to the 213° point of the -Q signal, 120 indicates the
vector direction joining the 55.8° point of -(G-Y) to the
235.8° of G-Y, 121 indicates the vector direction joining
the 60.7° point of magenta to the 240.7° point of green, 123
indicates the vector direction joining the 103.5° point of
red to the 283.5° of cyan, and 124 indicates the vector
direction joining 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
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third quadrant, which is qlose to the orientation of the
vector of green~hued colors.

The vector orientations, 126, 127, 128, and 129, in
Fig. 19 approximately match the vector directions of the
colors having a large drop in the high-frequency areas.
These represents the directions in which the three signals,
R-Y, B-Y, and k(R-Y)(B-Y), in Fig. 18 are at their respect-
ive maximum values. Therefore, when the maximum value of
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
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26 shown in Fig. 20D reveals that the amplitude of the color
density detection signal 26 is relatively small for colors
containing a larger luminance component, such as yellow and
cyan, while the amplitude is relatively large for darker
colors containing a smaller luminance component, such as
blue and red. It can therefore be seen that the amplitude
ratio of the luminance signal is considered in the detection
of the color density. Strictly 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 much
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
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135 and the k(R-Y)(B-Y) signal in the block 136. The
constant voltage outputted from the constant voltage source
27 serves as the reference voltage for the color density
detection signal 26, and represents the voltage 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 gquality 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
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103, while the chrominance signal @ is inputted 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 @ 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 @ 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 Q is also
inputted directly to the maximum value detection circuit 103

as a fourth input signal. The maximum value detection
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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. 1In 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 Q 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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performed on a color bar signal by using the configuration
of this embodiment. Fig. ZAA shows the chrominance signal
I, 24B the chrominance 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 (Q-I). 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-1), -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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chrominance signal @ inverted through an inversion circuit
105 is inputted (the first‘input signal). Second, the
chrominance signal Q is directly inputted (the second input
signal). Third, the chrominance signal I is directly
inputted (the third input signal). Fourth, the chrominance
signal Q inputted to a multiplier 107 is multiplied by the
chrominance signal I passed through an inversion circuit 106
and a half-wave rectifier 130, the result of the multipli-
cation is further multiplied by a coefficient b in a coef-
ficient multiplier 108, and the resulting signal 109 is
inputted (the fourth input signal). The maximum value
detection circuit 110 detects maximum values among the four
kinds of inputted signals, and outputs the result as the
color density detection signal 26. A circuit configuration
equivalent to that shown in Fig. 21 may be considered as a
specific example of the maximum value detection circuit 110.
Fig. 26 shows the vector orientations when the first,
second, third, and fourth input signals are at their re-
spective maximum values. The numeral 141 indicates the
vector orientation when the first input signal -Q is at its
maximum value, which is a green-hued color. The numeral 142
indicates the vector orientation when the second input
signal Q is at its maximum value, which is a magenta-~hued
color. The numeral 143 indicates the vector orientation

when the third input signal I is at its maximum value, which

10(



"10%& ()-S10%& ()- 10 10#opgruM @} 10FL-!109%& ()-:!3f "109%& ()- 3f
"10%&' ()- Y10%&' ()- 10b 10b 10bO! 10%& ()- j _TI} 10 10 10 10Y! "10%& ()-!I

65

is a red-hued color. The numeral 144 indicates the vector
orientation when the fouréh 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 -IQ is assigned a weight, but
-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 -IQ), 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. 1In 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 26 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 frequency.

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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ration of Fig. 13. The block 153 where the negative high-
frequency components of the luminance signal are super-
imposed on the color-difference signal R-Y is equivalent in
function to the block 154 where the B-Y signal is processed
in like manner. The variable gain amplifiers 157, 155, the
slice circuits 156, 158, and the adders 159, 160 are also
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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rated. In Fig. 31, the result is directly outputted as the
color density detection signal 151, 1In Fig. 32, on the
other hand, in order to reflect the amplitude ratioc of the
luminance signal contained in the previously mentioned
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-frequency 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. 1In
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
rortions, 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



10@

10@F" 109@& ()-! %" 10% p(p& ()-' %" 109%@& ()-'!f3"109%66& ()- Zf 3" 109%@& () - ZhP
kPS T@ WWaVK@ 1 10T 10T

10TF+3"10967& ()--!1110%<& ()-S!! 10967& () - S! 10947& () - &F

10967& () - WsWAZ[ [[[~PB45 10(( 10(( 10((! 3"10% (& ()- 3"10%& ()- !Fy
"10% (& ()-:Fy "10% & ()-:S10% & ()-[[\\\ """ aVK@ 10(( 10

74

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
passed 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 c
in Fig. 37, along with a color density-controlled high~
frequency signal 180 that the variable gain amplifier 5

would output 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. In 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 signal 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 i 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 contreolled 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 correction 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 tec 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 the 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



10b 10b #SAYNC 10mm 10b 10b 10b) F"10%& ()-! "10%bé& ()- "10%& ()- &

109%& () -

10mm 10mmuj _@ 10m 1098& ()- 10b 10b

81

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 thé 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 color 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 is 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 Embodiments
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
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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 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 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
extracting a high-frequency component of a luminance signal;

a variable gain amplifier 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;

means for combining an image quality correction signal
outputtea from said variable gain amplifier with the
luminance signal to be corrected and thereby outputting a
corrected luminance signal; and

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 ;htput signal from said offset addition means is
taken as a new color density signal for image quality

correction so that a certain dégree of image quality

correction effect can be obtained for no-color areas.
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2. 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
extracting 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;

means for combining an image quality correction signal
outputted from said associated variable gain amplifier with
the associated chrominance signal to be corrected and
thereby outputting a corrected chrominance signal; and

offset addition means for adding a DC component to a
color density signal representing the color density detected
by said celor 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.
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3. An image quality correction circuit comprising:
color density detecting means for detecting color
density from a primary color signal and a luminance signal;

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

variable gain amplifiers, corresponding to respective
primary color 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;

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

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 o&tput 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.



