2237161 .- 1-- A METHOD AND CIrRCUI T FOR CORRECTI ON OF HORI' ZONTAL EDCES The
present invention relates to a nmethod and circuit for correction of 5

hori zontal edges in a digital image signal processing system The-
correction of horizontal edges in a igh Definition digital Television
.(HDTV) or in a Video Tape Recorder (VIR) is to enphasize the horizontal

- edges. Heretofore, for the correcti.on of horizontal edges, signals of
correspondi ng 10 frequency bands are respectivel y extamred & adm a

| um nance signal source, by using:a band pass filter of 2.4MHz and a band
pass filter of 3.58MHz, the signal of eachyband is nultiplied by a
coefficient for enpha5|s or attenuatlon these tmo S|gnals are conposed,
and then the conposed sAJNER] i D R ICORI

gource, as illustrated in t
acconpanyi ng di agrammatic draw rf3 FAL, Yeh a prlor art
arrangenent as descri bed above has the dlsadvantage t hat the hi gh frequency
conponent signal of |um nance is not corrected, and a circuit for high
frequency- conponent ThéH i @ivehtion li'élh&ﬁ&bsalbhethéw and Vdifoniti fori Goreettioh deft ed
that the signal for a HADTV in the: future c¢aniwoad. i mage-i nfornmati on even on
~ the high 8regherizgntalosdgenima digital imagesigeal NPPCASEAE SYSBMbodi nent's of the
present invention aimto provide nethods and circuits whi'ch correct

hori zontal edges by enphasi zing a high frequency conponent 25 - of

| umi nance and at t e Mgt dorection ob Abeizertalcedgesrin 4 Bligh Definitioncidigijal Telavisionst

aspect of the resent inventtion;« there:isprovided a circui.t-for correcting

~ horizontal ed ar injagVidge Tape Recardgm &Y )%@ﬁmﬁl@s@?ﬂﬁmﬂm@&dﬁ%lt
coaprising:. 39leretofore, for the correction of honzontal edges, signals of correspondmg

10 . frequency bands are respecuvely extracted from a lummance srgnal source by usmg
a band pass ﬁlter of 2 4MI-Iz and a band pass filter of 3 58MHz the s1gna1 of each
band is multtphed by a coefficrent for emphasrs or attenuauon these two S1gna1s are
composed, and then the composed srgnal is again composed with the luminance

__ s1gnal source, as ﬂlustrated 1n the pnor art example of Figure 1 of the

15 accompanylng dragrammanc drawmgs o

-~ However, such a pnor art arrangement as descnbed above has the

" drsadvantage that the hrgh frequency component signal of lunnnance is not

. _corrected and a c1rcu1t for htgh frequency component correction is md1spensab1e
20 when it is consxdered that the srgnal for a HDTV in the future can load 1mage

-information even on the hxgh frequency component of lurmnance

L Preferred embodrments of the present mvenuon aim to prov1de methods and
mrcutts whrch correct honzontal edges by emphasumg a h1gh frequency component
25 of lummance and attenuating ‘the band of colour s1gna1

According to a ﬁrstaspect ofthe present invention there is provided a
. circuit for correctmg honzontal edges m a d1g1ta1 image stgnal processing system,
the circuit compnsmg
30



-2 - afirst filtering neans for filtering |low frequency conponents of an
I nput | um nance signal; a second filtering neans for filtering nmedi um

frequency conponents of said 5 i nput |um nance signal; a third filtering
means for filtering high frequency conponents of said input |umnance
signal; 10 a first gain controller neans, coupled to said first

filtering means, for controlling gain of the |lum nance signal fromsaid
first filtering means on the basis of a first control signal; a second gain
controll er neans, coupled to said second filtering nmeans, for 15
controlling gain of the |lum nance signal fromsaid second filtering nmeans
on the basis of a second control signat2-a third gain controller neans,
coupled to the third filtering means, for controlling gain of the |um nance
si gnal from the a frstdfiltering-means fosfiltering lome froguensy xomponents lofran inphit r ol
signal; and m.xer neans for mxing said input |um nance signal wth the
| um nance f 'said first to third filtering nmeans in order to
obtain a final output signal with horizontal edge correction. 25
Preferably, said m xer nmeans conprises: a first mxer neans for mxing said
i nput | uni nance &5epond fillering means for filtesingsmedium; frequeney eompenents ofsaidreans
to obtagn a fir t.'(,)al,xl;[cglé} l.lgi,gnal; 30

gnal,

input lumi
a third filtering means for ﬁlteﬁng high frequency coinponents of said input

luminance signal;

10 a first gain controller means, coupled to said first filtering means, for
controlling gain of the luminance signal from said first filtering means on the basis
of a first control signal;

a second gain controller means, coupled to said second filtering means, for
15  controlling gain of the luminance signal from said second filtering means on the
basis of a second control signal;
a third gain controller means, coupled to the third filtering means, for
controlling gain of the luminance signal from the third filtering ‘means on the basis
20  of a third control signal; and

mixer means for mixing said input luminance signal with the luminance
signals from said first to third filtering means in order to obtain a final output signal
with horizontal edge correction.

Preferably, said mixer means comprises:
a first mixer means for mixing said input luminance signal with an output of

said first gain controller means to obtain a first output signal;
30



-3 - a second m xer means Tor nixing an out put of said second gain
controller neans with an output of said third gain controller neans to

obt ai .n ,a''second out put signal; and 5 a third mxer means for m xing
said first output signal wth said second output signal to obtain said
final output signal. In a second aspect, the invention provides a nethod of

correcting horizontal edges in a digital imge signhal processing system
the nmethod conprising the steps 10 ~of: filtering an i nput | um nance
signal to obtain therefroma |ow frequency conponent signal, a nmedium

- frequency conponent signal and a hi gh freguency conponent si gnal ; 15
~controlling the gain of each of said|ow frequency conponent si gnal sai d

medi um f requency . CQreeesii nier Ghéins F0£ nfiving Ad oktpﬁtr@ﬁumgmﬂr‘gmmeoﬁuomnal
Qn the basis of a respective control signal; and m xi ng said

i'nput | uni nanoeass yntmamwutpntmfesargaﬂmdcgm mtr@l;rmmns teabiain asecandputput
frequency Conﬁg}lﬁ' ignals to thereby produce an out put |um nance si gnal
corrected in 8R¢ al edges "Pr éferabl y, “sai d nmi xi ng 'step conprises the
~steps of: 25 mixing said input lumnance signal with said gain controlled
- lum nance si gnal of said |low frequency conponent signal to obtain a first
out put si:gnal ;. - -a third xmxer meuns for. mmng said. first: output signal with said second

output s1gnal to obtain satd ﬁnal output s1gnal

: - Inasecond aspect, -.the,invention provides a method of correcting horizontal
edges in a digital image signal processing system, .the_method comprising the steps
10 .- of: - - - L ' ..

ﬁltenng an input luminance signal to obtain therefrom a low frequency
‘component signal, a medium- frequency-_component signal and a high frequency
o .component signal; P
_ controllmg the gain of each of. sald Iow frequency component mgnal sa1d
medtum fréquency component signal and said high frequency component signal on
the basis of a respecu_ve control signal; and

20 - .. mixing said input'luminance' signal with the gain;controﬂed'low, medium and
. . high frequency. component s1gnals o thereby produce an output. luminance signal
" corrected in horizontal: edges :

Preferably snid 'mixing step comprises the steps of:

- .+ mixing said input luminance signal with said gain controlled luminance signal
 of said low frequenicy.component signal to-obtain a first output signal; -



m xing said gain controlled | um nance signal of said nediumfrequency
conponent signal with said gain controlled | um nance signal of said high
frequency conponent signal to obtain a second output signal; and 5 _

m xing said first output signal with said second output signal to thereby
produce a final output |lum nance signal corrected in horizontal edges. The
I nvention extends to a digital image processing system provided with a
circuit as above, in accordance with the first aspect of the invention. The
10 i nvention also extends to a H gh Definition Tel evision or Video
Recorder having such a digital inmage prgcessing system For a better
under st andi ng of the invention and to show how the sane nay be carried into

effect, reference wl t 1 2 of
t he acconpanyi ng di agrd tﬁd%#&?‘) IC’I 'S a %ﬁ"%lk%&%é?aﬁ% one
exanpl e of ﬁbciiﬁh ¢l ignal vikle sdid @ainCcdontrolled Hintiganoe sigriad Of said higle

present invention. Referring to Figure 2, a first band pass filter (BPFl)

i s ar r angedfrequency componeat signalda gbiain dcseeond: ovpuhsignal s@Rthal from an i nput
‘lum nance signal (Y). A second band pass filter (BPF2) is arranged to
filter a medium frequency conponent signal fromthe input |um nance signal
(Y). Aghird band pasmiing tsgid ﬁﬂ?ﬁiimtssxglmmckaid)sédohﬂeﬁut?uhmhalf feequency
conponent signal fromthe input |unjnance signal 25 Afirst gain
control | er thexeby praduge a-finpl @utpyt luminange %H@lg’ﬂm tal edgesom t he
first band pass filter according to a first prescrlbed gain signal (HGL). A
second gain controller (GC2) is arranged to control the gain of the output
fromthe second band Phe iventidreéxtenmdaas @i digitdl dmage prscesking sysem pesvided n

signal (H&), A third ~
with a circuit as above, in accordance with the first aspect of the invention. The

10 invention also extends to a High Definition Television or Video Recorder having
such a digital image processing system.

For a better understanding of the invention and to show how the same

may be carried into effect, reference will now be made, by way of example, to

15  Figure 2 of the accompanying diagrammatic drawings, which is a block diagram of

one example of a horizontal edge correction circuit diagram embodying the present
invention.

Referring to Figure 2, a first band pass filter (BPF1) is arranged to
20  filter a low frequency component signal from an input luminance signal (Y). A
second band pass filter (BPF2) is arranged to filter a medium frequency component
signal from the input luminance signal (Y). A third band pass filter (BPF3) is
arranged to filter a high frequency component signal from the input luminance signal

Y).

_ A first gain controller (GC1) is arranged to control the gain of the output
from the first band pass filter according to a first prescribed gain signal (HG1). A
second gain controller (GC2) is arranged to control the gain of the output from the
second band pass filter according to a second prescribed gain signal (HG2). A third



-5- gain controller (GC3) iis arranged to control the gain of the output
fromthe thiord band pass filter according to a third prescribed gain signal
(H&). Afirst signal mxer (MX1l) is arranged to m x the input |umnance
signal-'5 (YY) with the first lum nance signal (Y1) fromthe first gain
controller (BGCl) so as to obtain a first output signal. A second signal

m xer (M X2) is arranged to mix the second |uminance signal (Y2) fromthe
second gain controller (GC2) with the third |Ium nance signal (Y3) fromthe
third gain controller (GC3) so as to:obtain a second output signal. Athird
signal mxer (MX3) is arranged to mx th§ji rst 10 out put signal with '
t.he second -out put signal .so-as- ti@:obtai n.:a final- output signal (Yout2). In

an i mage processin I, .as _ {HaCthi

hori zont al - edéﬁlg 9@9%@} m%wganpcﬁég@% E?%f‘ ﬁ?gﬁo?étggﬂgﬁiny I umngance
15  conponenpafifassfilef aaédrdingaocothird prescibetl gaimsignalh @@kt ecting circuit
may be fornmed as 1llustrated in"Figure 2 and operate as follows. A

| um nance signal which has: 2.58MHz:as its: peak. value. is extracted through

the first band pas ilter {BRPE1) 0 Lk @iy e t$mitaff@kienand

the 200 first Iu'n‘iiﬁhﬁi‘e“% ar (Y1 --Tslkigg?géé\cgy%xwui t'|ip'Fy| ng tﬁagkxg_nﬂ

extract edsl UnipRR4th the s lulindnbe signab (Y rfeomrthe fifstgain eontfoliexi (GG HIGD)asi n

the first gain controller (GCl). The first I,gqra’na.nce st gnal ng? i.s added

to the ori gi nto obtain afirsteouspusrsignal.y)A |5GCOng sl -alxefs(lghgﬂ-’rﬁ- BE I MXa N g

the first mxed |um pance sjiognal.q((; ' I c&fﬁ‘ﬁ'l&?

sane time, a Mﬂzu@naﬁ%gﬁ%m}]@%ﬁ%@g I'ts peak Sglcl%%‘figlm%e

-extract ed t hr giigh IdniRakRCsgAl REBYfroas thef third gain EtfER)llen (GC3) o as dorobtain a

| ynd nance o o _ . . .

w second output signal. A third signal mixer (MIX3) is arranged to mix the first
10  output signal with the:second output signal so as to obtain a final output signal

(Yout2). o "

In an image processingsystem such as that of an HDTV, a portion of the
horizontal . edges .may be corrected. by. émphasizing a high frequency luminance
‘15  component and attenuating a "coldur_signal band. The correcting circuit may be
formed as illustrated in Figure 2 and operate as follows.

... A luminance signal which has 2.58MHz as its peak value is extracted
- through the first band pass filter (BPF1) from the original luminance signal, and the
20 first luminance signal (Y1) is obtained by multipl§ing the extracted luminance signal

" by the first prescribed: value of gain (HG1),in the first gain controller (GC1).

. The first luminance signal (Y1).is added to the original luminance signal (Y)
. . by:the first -isignalf.miXef:-':(lﬂXl_:)_:.andithe first mixed .luminance.signal. (Y4) is

At the same time, a luminance signal which has 3.58MHz as its peak value
i extracted through the second band pass filter (BPF2) and the second luminance
signal (Y2) is extracted by multiplying the extracted signal by the second prescribed

30 value of gain (HG2) in the second gain controller (GC2). |



“signal (Y2) is extracted by multiplying the extracted signal by the second
prescri bed 30 val ue of gain (H&) in the second gain controller (GC2)

-6 - Likewi se, a lum nance signal which has 4.58MHz as its peak value is
extracted in the third band pass filter (BPF3) and then the third | um nance
signal (Y3) is produced by nultiplying the extracted signal by the third
prescribed value of gain (HG) in the third gain controller (GC3). Here,
each value of gain may be 5 determ ned as an increasing or decreasing
coefficient by the control of its user-@t can be controlled froma
reference value table in a controlling mcroconputer. The second mi xed

| umi nance si gnalLikeisej @ hintinancedsignal twhichi hasnd. S8MHD as Sits” pesk aalbet 13 r d

| um nance signals _ (Y2,Y3).in the second al m xer MX2) and 10 t he

| umi nance (SQR third band-pass filteg APEF%EE&LQ‘% é'emt!\an%ﬂsmlau ned

Sl
lr31yxfagel 321(1 ge @‘lt%,’ gﬁi f’i@ﬁ“ﬁ]}{ﬁ um nance ?angakﬂaw ose horl ggnt al

edges are Qﬁrgabp(}wsbm the third1gain eonasller(GC3) n dderepeach vahxeckfegﬁn(magaseed as a

formula (1), given below, Yout2 = (Y +Y) Y2 +Y§'L-Y4+Y5 ..... (1)

Thus, the i incsh A AN IASHASIRG AT s&opﬁ'@l%&x & Gentgpl ofnils BSETRT 20

resol Vi ng | Igﬁ%*ﬁ | ed and

enabl i ng n%lé&%@gﬁgﬁoﬁﬁ ow % E;l‘f h%ﬁgaﬂlé Eb%gg%p ngérl{t

| um nance signals to be corrected by control ling the gain of band pass

filters in each band i l.e e jnventio beenprt| ul ar own and

described with r%m% SJP"L'%‘“QP‘ﬁﬁr%%Tr(ng &th\m{a °€

under st ood RN 1bififn slgmsgf djmumbad&agﬁmﬁuwm dng™®y be
A

made wi t hout departing r omthe sco
10  the luminance signal (Yout2) whose honzontal edges are corrected is obtained by

the addition of the first mixed luminance signal (Y4) to the second mixed luminance
signal (YS5).

The luminance signal (Yout2) whose horizontal edges are corrected by

15  mixing as mentioned above can be expressed as a formula (1) given below.
Yout2 = (Y + YI) + (Y2 + Y3) = Y4 + Y5 ..... 1)

Thus, the illustrated embodiment may have the advantage of improving  _
20  resolving power by enabling horizontal edges to be freely controlled and enabling
not orily medium and low but also high frequency component luminance signals to
be corrected by controlling the gain of band pass filters in each band.

While the invention has been particularly shown and described with reference
25 to a preferred embodiment , it will be understood by those skilled in the art that
modifications in detail may be made without departing from the scope of the

invention.



i nvent| on. -7- CLAI M5 1. Acircuit for correctl'ng'hori zontal edges
in-a di'gital. imge signal processing system the circuit conprising: 5 a
first fiftering neans for filtering | ow frequency conponents of an i nput

l um- nance signal; a second filtering means for filteri

‘conponents of said 10 i-nput ‘| um nance si gnal ; a th|r MImﬂuwnlmlmmmlcfor
filtering hi gh frequency corrponents of said input |um nancé skgntl ;s 15

~a first gai n controll er nmeans, coupl ed to7sa| d first filtering neans, for
. controlling gain of the lum nance signal fromsaid first filtering neans on
t he basi s of a&L‘Q;@i@ncontrol signal; "a second ga| n controller neans,

: ooupled to s d.filtering.means, ‘for: 200 -~ .controlling gain of t he

| umi nance signal .. fromsaid second fi lteri ng means on the basis of a
second control signal; a third gain ‘controller nmeans, .coupled to the third.
filtering reabs, fArclmmﬁoolconre@ngahqmon tal edges inp digital imags signl REACESIDe
third fi I'te’rlgg ;}?‘s on he ba.SJE of athird control si gnal ; and

mi xer means f PR ﬁé’“&i &°FWB&1“ frum-nance. si.gnal=with the |um nance
signals fgomsaid first to third filtering means in order to obtain a fi naI

out put signal with horizontal edge correction.
.. a ﬁrst ﬁltermg means for ﬁltenng low frequency components of an mput

lummance s1gnal

a second filtering means for filtering medium ffequency components of said

10 input luminance signali . oo

a third ﬁltenng means for ﬁltenng hlgh frequency components of sa1d input

lummance S1gnal

15 "~ a first gain controller means, coupled to said first filtering means, for
controlling gain of the luminance signal from sa1d first filtering means on the basis

~ a second gdin controller means, coupled to said second ﬁltenng means, for

20  controlling gam of the lummance s1gna1 from said. second ﬁltenng means on the

. basis of a second controls:gnal,
_ a third gain controller means,'. coupled to the third ﬁltering' means, for
__conttolling_ gain of the luminance signal from the third filtering means on the basis

25 ofa third control signaliand ... .

mixer means for mlxmg said mput luminance s1gna1 w1th the lummance

1

signals from said first to third filtermg means in order to obtain a final output signal
with horizontal edge correction.
30



* 30 -8- 2. A circuit according to Claim1, wherekn said_d4n xer, nmeans
conprises: a first mxer nmeans for mxing said input |umnance signal wth
an output of said first gain controller neans btaln a ~f+i--st output
signal; 5 a second m xer neans for mxing an second gain
controller means with an output of said third uwheans to
obtain a second output signal; and 10 at |rH m ans for

m xing said first output signal with said second out put S|gnal to obtain
said final output signal. 3. - et hod of correcting horizontal
edges in a digital image signal processing system the method conpri sing
the steps 2f: 1A tirtditadcogding to Claim 1 ,uwhereincsaid nixer! meansadomprises:her ef rom a
| ow frequency conponent signal, a nediuntfrequency conponent signal and a
hi gh frequency conponent S|gnal controlling the gain of each of

said | ow frequepGy<CHikee qm} ' r’g@g? si gnal
and sai d high frgequency corrpoﬁient Snl %gqﬂlgn th Hsﬂ{am G’gth:agsp {bge
control si gaidfirstogain eontrolier meats ltolpbtaid afirsteoutputsigialyl with the

gain-controll ed | ow, nedium and 25 hi gh frequency conponent signals to
thereb§ produce an out put |um nance signal corrected in horizontal edges.

a second mixer means for mixing an output of said second gain controller

means with an output of said third gain controller means to obtain a second output
signal; and

10 a third mixer means for mixing said first output signal with said second

output signal to obtain said final output signal.

3. A method of correcting horizontal edges in a digital image signal
processing system, the method comprising the steps of:
15 .
filtering an input luminance signal to obtain therefrom a low frequency
component signal, a medium frequency component signal and a high frequency
component signal;

20 controlling the gain of each of said low frequency component signal, said
medium frequency component signal and said high frequency component signal on
the basis of a respective control signal; and

mixing said input luminance signal with the gain-controlled low, medium and
25  high frequency component signals to thereby produce an output luminance signal
corrected in horizontal edges.



4. A method according to claim 3, wherein said m xiengest ep cehpri sas the
steps of: mxing said input |um nance signal with said gathr——controted™

"~ lum nance. signal 5 of said |low frequency conponent signal | f
first- output signal; mxing said gain controlled |um nancelﬂiﬁlﬁ ﬂmﬂﬂﬂlmm _
* S * :

medi um frequency conponent signal with said gain controlle
signal of said high frequency conponent signal to obtain a second out put
signal; and 10 mixing said first output signal with said second out put
signal to thereby produce a final output -19m nance signal corrected in
“horizontal edges. 5. A circuit for correcting horizontal edges in a
di gi tal imgedsi gn# methedaceordingie claimyds meherein said gnixing stepoesimpyises the steps
substantially _as herei nbefore described with reference to Figure 2 of the
acconpanyi ng 8F-awi ngs. 6. - A nethod of correcting horizontal edges in a
di gital image signal processing - system the nethod being
substantially as hereinbefore described with reference to 20 Figure 2 of
t he acconpanyi ng dmaixinggsid input lummageesigral withesgid gain eenssalled luminanee signali ded
with a circuit L m . : 4 gh. Definition
[ thﬁééﬁﬂitgﬁbﬁﬂﬁg mp?%?@sgk ’system

acaqrdi to C
Tel evi si oﬁ or °§Fﬂ§§°‘&£%“&§?y
mixing said gain controlled luminance signal of said medium

[a) _{e}]

according to Caim7..

frequency component signal' with said gain controlled luminance signal of said high
frequency' component signal to obtain a second output signal; and -
10 - j
mixing said first output signal with said second output signal to

thereby produce a final output luminance signal corrected in horizontal edges.

5. A circuit for corrécting hofiz_ontal edges in a digital image signal processing
15  system, the circuit being substantially as hereinbefore described with reference to -
Figure 2 of the accompanying "'drawings. |
6. A method of correcting horizontal edges in a digital imagé signal processing
- system, the method being substantially as hereinbefore described with reference to

20  Figure 2 of the accompanying drawings.

7. A digital image processing system provided with a circuit accord_ing to Claim
1,2 0r5. B

25 8. A High Definition Television or Video Recorder having a digital image

processing Systém according to Claim 7. |



