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2221592 PLAYBACK COLOR PROCESSING CIRCUI T This invention relates to a -

pl ayback col or processing circuit for a video tape recorder, nore
particularly to a color processing circuit processing good vertical
resol ution and phase stability. Vidpo tape recorders are widel egfﬂgggggg
~professionally and in the home for recording video signal on géﬁb NGJIt
and playing them back. A video signal conprises a chrom-nance€ signa
contai ning color information and a |um nance signal containing brlghtnes§
information. To enapLAYBACKIEOLIOR PHEIENSIENG t@1ReuEte the wide range 'gf;
frequencies in a video signal, the chrom nance signal, which has a carriRer
f r equency Thfi s3 inBhit,icrs rdataditsé esl phagbhoketolbeqpeversdian it is
recorded on the tape and up-shifted to its original frequency when played
backeirhuds ffioggaevddesorbagresimrro mier pemépenpdriciculardyl ao processing
circuits of the video tape recorder. The playback col or processing circuit
t husCPReE PESCESEINE stirfaudd atranesmine sogdaverhdcgdneesiodsitda axhr oni nance
out put _signal which has been restored to its original frequency.. The-
pl ayBaekPEEEEr S5P8ddddivhg circuit includes an automatic phase control |oop
t hat | ocks.the %hroninance out put signal in phase with a reference signal
As part of 1fPs tB86p reeRd defiD e ts Jetdel nigerPleved maefessdonaldiyat renove
onents fromthe chrpm nance signal .and cancel

cr ookt it BT Rphe! SOt an i Aot £FRAL aph. BeEnEsdEo oSt al k.

Pri 0kndl b169 8k REQGEIRAT Cid VHddo WIGHA ' Yoll38iZes TPLR AR
corrprls_lngasmgel N .
signal containing color information and a luminance signal N
containinglbrightness.information. To enable a video tape
recorder to.handle the wide range of frequencies in a video
signal, the chfominance §ignal, which has a carrier frequéncy
of 3,58MHz, is down-shifted to a lower frequency when it is
recorded on the tape and up-shifted to its original frequency
when plaved back. These frequency conversions are performed
in the color processinglcircuits_of the video tépe recorder. e -
The playback color processing circuit thué receives a
down-shifted chrominance signal and génerates a chrominanée
ouﬁput signal which has been restored to its original .\J
frequency. The playback color processing.circuit includéé.an
automatic phase control loop that locks Fhe chrominance output
signal in phase with a reference signal. As part of this
looé, the coior processing circuit has fiiters that remove
unwanted freqqency combonents from the chrominance signal and
cancel crosstalk arising from adjacent tracks on the_tape. To

cancel crosstalk, prior-art color processing circuits

generally use a simple comb filter comprising a single 1H




2 delay line.  (The synbol 1H denotes one horizontal -cycle of the video
signal; that is, the tine fromone horizontal sync pulse to the next). A
problemw th the use of this sinple type of conb filter is that it degrades
the vertical resolution of the circuit. Specifically, when chrom nance is
present in one raster line but not the next, the conb filter generates a
spurious output signal in the next line wth half the anplitude of the
preceding chrom nance signal:' On the sgreen, this causes the color to
appear’,Sneared down into the next line. A proposed solution to this problem

enpl oys a conehidy QrineCoNPritHe Gy R TH Medbid8! diie hbReEontRY eiQlke
corrponents i nterconnected in such a way as not to generate Spuri1 ous

out put. Thi s oforthe iviidgo wllaresl ; tiitatyeld Cehectime froemobiuki ABTREZOMRID
However, it introduces a new problemin that the double delay slows the
response of t isynautpmiege o Hisesenexioni rol | oop. This leads to phase
instability, which causes irregularities in hue. It is accordingly an

obj ect of the presdnt piablem iwith cche axdelc0f pPhigbaihpiel syppr 0odssicomb
circuit for a video tape recorder that possesses both good phase stability
and good vert fdditemlis thadolik idngrades Ahricretbicrl presedvtagncpicuithe

according to this L.
circuit. :Specifically, when chrominance is present in one

raster line but not the next, the comb filter generates a

spurious output signal in the next'liﬁe- with half the

St amplitude of the preceding chrominancé signal. On the

screen, this causes the color to appear smeared down into
the next line.-

A proposed solution to this problem employs a comb
filter comprising a pair of 1H delay 1lines and ofher
components intercohnected in'such a way.as not to geﬁerate
spﬁrious output. This comb filter solves the verticai
color resolution problem. However, it introduces a new
problem in that the double delay slows the response of the
éutomatic phase control io0p. This 1leads to phase'
instability, which causes irregularities in hue.

It is accordingly an object of the present invention
'tb provide a playback color processing circuit for a videb
tape recorder that'possesses both good pnase'stability énd
ggod verti;al'colo; resolution. - |

" A playback color processing circuit according to this

invention receives a down-shifted chrominance signal and a



‘invention receives.a dowm-shifted chroninance”sidnaV;éqd;a *'¢ pl ayback
| umi nance signal with a horizontal sync signal. The pl ayback’ down-shifted
chrom nance signal is converted to a carrier chrom nance output signal and
| ocks the chrom nance output signay in phase with a reference oscillator
output signal with the aid of an automatic phase control |loop. The circuit
conprises: a sync signal separator receiving the playback I'um nance signa
and Seﬁi‘éﬁ%wﬂ 1miRAREEOBgna1S WIS | 8NAbrikeHERRC sy hpitdnd LM nance -
signal; a frequency nmultiplier receiving the sync signal fromthe syné;;
si gnal TReppLayBacRNdo@alshifited ahTiciidlarmte & ifdrauens canattéa@ the
carrier frequency of the playback down-shifted chrom nance signal; a first
frequebey acarwverier itnwingnicee output didhelf segliehoyksulthelier; a
second frequency converter converting the input playback down-shifted
chr oni chroaisiamaé tomtpubr signahr dm nphesesiwihbh, a usefigredmnceut put of .
the first frequency converter as a carrier signal; a band-pass filter
. recei vPagilhatenr uspwthr Sﬁgnéﬂcew%ﬁbneﬁh%uﬁégt af opnt Mutarakiict r equency
converter and renoving unwant ed frequency conponents therefromto generate
a bandPPPﬁFtEBnEHPén#%QHce gPﬁh£1F9¥%§1éhHRﬁﬁﬁﬁ%‘phase control |oop -
|rmlu¢rg %@3e“£§5ﬁ¥? separator receiving the playback

luminance signal and separating the horizontal~sync
signal from the playback luminance signal;

a frequency multiplier receiving the sYnc signal from'- ';;
the sync signal separator and generating,a signal of a
frequency eéual to the carrier frequency of_the playback-
down-shifted chrominance signal; |

a first frequency converter reqeiving the output of the
frequency multiplier; |

a second frequency canerter converting the input
playback down-shifted chrominance signal to a carrier
chrominance s_,ignal, using the output of the first

frequency converter as a carrier signal;.

G

a band-pass filter receiving the carrier chrominance
signal .qﬁtput from the second _frequency' converter and
removing'unwanted frequency components therefrom to
gene:ate a bandélimited chrqminance_Signal, said
autd@atic phase control loop' including said first and

- second frequency converters and said band pass filter;

a first comb filter disposed in the automatic phase
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second frequency converters and sai.d band pass fllter ‘a Tirst oM’
filter disposed in the automatic phase control Ioop for receiving the
band-limted chrom nance signal output fromthe band-pass filter and
renovi ng crosstal k contained in the car# er chroninance signal to generate
a crosstal k-free chrom nance signal; and a second conb filter di sposed

out side the autonmti.c phase: contrql | oop for receiving t band-limted

chr oni-nancec@nghRal &&ﬂﬂquFOHFFﬁévﬂ%ﬂj?ﬁ%sbPPpréﬂmé T&P%?S?stalk

d
chr om nancet SR STGRAE HHom o CBeCAA T Ba FLLFA T {90 EBMS VIR Per
compr 1 se2 actbagtalf, Bnkhlfekon SR LA8-28Ld et e A pance

si gnal from -8al ban ass ter  and y one r'Tzont a

cycle, and %Q&érétésé 60BRLRLAR-FRRES ot o i dé%n&?”béﬁﬁng sai d band-

li-mted chrom nance signa 1e .out put o rst delay line to

generate the greedoHd- Ebﬁﬁ Cﬂpﬂéﬁaﬂﬁ%ﬁdﬂé@' outshi@e CtheUi dufdiat vEt her
conprise a burst separator for receiving said crosstalk-free chrom nance

si'gnal and pHBEkief YéBa tiftal baboip cgaROneteddevdolg thes lgendratinnptedbur st
signal; an oscillator for generating the reference signal; a phase detector
for receiviugreniﬂahueswigqakﬂoutpbtafdomeﬁﬂnenbané+gaas fdditent | agdt hei r

phase difference,
remov1ng crosstalk contained in the carrier chrominance
szgnal to generate the carrler chromlnance outnut signal.
k} It is preferable that said first comb filter comprises
a first delay line for receiving said baﬁd-limited
-’ chrominance signal from said band-pass :filter apd
delaying it by one horizontel cycle, and that first
comblnlng means is provided for combining sald band-
limited chromlnance 51gna1 with the output of sa1d first
delay 1line to generate the crosstalk-free chrominance
signal. The circuit may further comprise a burst
separator for receiving said crosstalk-free'chrominance
signal and'amplifjing the burst component thereof, thus
e generating a burst signal; |
an oscillator for geheratine fhe referehce signal;
a phase detector for receiving eaid burst signal and
said reference siQnal, detecting their phase difference,
and generating a voltage signal proportional to. said

phese difference; and e voltage-controlled oscillator for

receiving said voltage signal and generating an output



and generating a voltage signal proportional to said'bhqég difference; and ’
a vol tage-controlled oscillator for receiving said voltage signal and
generating an out put signal the frequency of which is responsive to said
vol tage signal; wherein said first §requency converter receives the signa
out put by said voltage-controlled oscillator and said horizontal sync

si gnal sfgmalsaik frequamyy nolftivhieh angl Fesgrondewet agegariade said
carrier signal. The second conb filter may conprise a second delay line for
recei vived tewgied siiagne1i i ted chrominance signal from said band-pass fil'ggr
and delaying it by one horizontal cycle and the circuit may further 0
conpri se whanainy galidy Finstf ofreguenoyngconcenteputredeisees sdvend del ay
| ine and delaying it by one further horizontal cycle, and second combi ni ng

means SHIRGInPRERYLtsBVd $R+E- VPAtege-& esghdlatprh and out puts

of said second and third delay lines t nerate sai.d ¢hroni nance output .
si gna: 'saﬂ,.'é ;}f?&lz&)‘?‘rtﬁﬂ‘i nﬁ?r%%nlssjrﬂﬁago?r%ﬁ%‘& a3§b|91 rgEte&u?Brc%ubt rgcti ng
the ou id []st j fromsai d band-1im,ted chr.om nance

Si Snal %Rﬂntg ]d?%gr %é%ec’{uq%%g{h%h?ﬁve ‘?i FEneTRESsRBh8 SAPFHiSy neans may
conpri B gnal.

The second comb filter may comp:ise a second delay line

for receiving said band-limited chrominance signai from
said band-pass filter and délaying ifiby one_ho:izontai
cvcle and the circuit may furtﬁer cohprise a third delay
line for receiviﬁg the output of said second delay line
and delaying it by éne further hdrizontal cycle, and
second combining meéﬂs for combiniqg-said band-limited
chrominance signal with the outputs of said second and
third dglay lines to. generate said éhrominance outi:ut
signal; | | |

The first coﬁbining,means may cbmprise a subtractor for
subtracting the output of said fifst éelay_line from said
band-limited chrominance sighal. o

In another aspect_of the inventioh,-the second
combining means may cpmprise | |

inve;ting means for regeiving and inveriing the output
of_said seé;;d delay line;“ |

a first MAx_cirquit for receiviﬁg said band—iimited
chfominance signal and the output of said inverting means

and selecting the higher of them as its output;



inverting means for receiving and inverting the output iof said second del ay
line; a first MAX circuit for receiving said band-linited chroni nahce’
signal and the output of said inverting neans and sel ecting the higher of
them as its output; a second MAX circgiit for receiving the output of
said inverting neans and the output of said third delay |line and sel ecting
t he hi gher of at lsemons] IMAX oot potita florr steddivingcthe foutmeceofi Baid
band-linited chroninance signal and the output of said inverting neans and
sel ect g t haveskdngomeansmand | theoonhpyt acofesaid MiNrdidelay flime
receiving the output of said inverting neans and the output of said third
del ay |ine 8RE selesting the bhd@dhenfof Hdwemsast staueptiputa third M N

circuit for receiving the outputs of saird first MAX circuit_and said second
MAX circuit aftd kFégi i M N nE LT/ o TPFenT 821 ¥ iag phend- LAmHE A

ircuit f fosaid fi MN. ci rcuit, and said d

ciroutt ancoREPRibefife AIoRATh B0, s Bifrid bor chetd So¥npe RS ARansT or
ditoand € _ onel s s O A 1or.

ind add! ng. g ERBEE 1B ¥hel 1ods f Muiied 4y 188 odBhE " The second

conbi ni ng meags sBRpnd MINAld ALY €OEBE $RcedViddlthd ButSse ¥ENgaid d

band-1imted chrom nance _ _ o
inverting means and the output of said third delay 1line

and selecting the lower of them as its output; | )

" a third MIN circuit for receiving.the outputs of said
first MAX circuit and said second MAX circuit and
selecting the lower of them as its output;

a third MAX circuit for receiving the outputs of said
first MIN_circuit and said second circuit and selecting
the higher of them as its output; and

an adder for receiving'the outputs of said third MIN
circuit and said third MAX circuit and adding them to
genefate said chrominance output signal.

The second combining means may alternatively comprise:
U an adder for receiving said band-limited chrominance

signal and the output of said third delay line and adding
them, thus generating a sum signal;
an attenuator for attenuating.said sum'signal; and

a subtractor for receiving the output of said

attenuator and the output of said second delay line and



signal and the output of said third delay |line and addi ng them thus
.generating a sumsignal; an attenuator for attenuating said sum signal; and
a subtractor for receiving the output of said attenuator and the out put of
said second delay Iine and subtracting the output of said attenuator
fromthe output of said second delay line to generate said chrom nance
out put signal. The invention. nmay be understood nmnore readily and

vari ous other aspects and features of the invention nmay becone apparent
from consideration of the follow ng description. Fig. 1 is .a blegk
di agr am sebtractdhgr ther ootpsitngicisaid tattigmnisitog fookhtRei natbuen. Fi g.

2 describes the operation of the first conb filter in Fig. 1. Fig. 3
is a bl o®k dFagfanserondcded ay (kige ttmigenerdke ussaids throménandeconb
filter in Flg 1. qu 4 describes the operation of the conb filter in Fig.
3. Fig. SuFBU} BigeR: di agram of anot her -conb fllter t hat

The invention nay he understood more readlly and
various other aspects and features of the invention may
become.-apparent_'from ébnsideration. of the following
description. | | | |

'Fig. 1 is a block dlagram of a color proce331ng i
circuit accordlng to thls 1nvent10n. ' C;

Fig. 2 describes the operation of the first comb

b filter



can be used as the second conb filter in Fig. 1. Fig. 6 describes the
operation of the conb filter in Fig. 5. DETAI LED DESCRI PTI ON OF THE

EMBODI MENTS Fig. 1 is a block diagramof a novel playback col or processing
circuit according to this invention, which receives a dowmn-shifted

chrorti nance signal and a horizontal sync signal and generates a chrom nance
out put signal. The down-shifted chrofd nance signal is received at an input
termnal 1 and fed to a first frequency converter 2, which mxes it with a
cw si girl tojh gscrlbed | ater, thus generating a carrier chrom nance
signal. A Iun1nan e Signal is received at an input termnal 3 and fed to a

sync separator 4.pjhe synNG SERATRIOIG1Aga ¥ S t&ﬁnﬁ‘oﬁf@é‘f' a*;lhé?én‘éa?x' oIyl

fromthe |lum nance signal and feeds it to a multiplier 5 whic I'I'es

it by 40 andyse@phsethlehesddiid tednfd Fi13aedndnf IFAGHency converter 6. The
second frequency converter 6 also receives the output of a vol t age- 9

controlled oscillBigr. 4 desornbbeyy the spewiapiionnidth the d@nb zpDl 8krSYAC
signal received fromthe nultiplier-5, the second frequency converter 6
generates thieigw 8i.gnal supplied to the first frequency converter 2 as
descri bed above. The carrier chrom nance signal output by the first
Fig. 5 is a block diagram of another comb filter that
can be used as the'second comb filter in Fig. 1.
Fig. 6 describes the operation of the comb filter in

Fig. 5.

- DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1 is alblock-diagram of a novel playback color
processing circuit according to this invention, which
receives a down-shifted chrominance signal and a horizontal
sync.signal and generates a chrominance output signal.

The down-shifted chrominance signal is received at an
input terminal 1 and fed to a fTirst frequenc& converter 2,
which mixes it with a cw signal to be described later, thus

 ¥f: generating a carrier chrominance signal. A luminance signal

is received at an input terminal 3 and fed to a sync
separator 4. The sync separator 4 extracts the horizontal
sync signal from the iuminance signal and fTeeds it to a
multiplier 5, which multiplies it by 40 and supplies the
result to a second frequency converter 6. The second

frequency converter 6 also receives the outgut of a voltage-



frequency converter .2 is fed to a bandpass filter 8 which renpves unwanted *
frequency conponents, thus generating a band-limted chrom nance signal.

The band-limted chrom nance signal is supplied to a first 111 delay line 9
that delays it by one horizontal cycle, and to a subtractor 10. The
subtractor 10 al so receives the output of the first 1H delay line 9, which
it subtracts fromthe band-1im ed chrom nance signal to generate a -
crosstal k-free chrom nance signal. Together, the first 1H delay line 9 and

h b f f fai ) ... Th K+ :
Eh?oﬁgi%éﬁﬁ%gé}éaﬁpgéggaﬂeg%sbfcgﬁF@qﬁ#ﬁﬁléﬁ%ﬁ;aéﬁﬁéﬁégg@bstLégeto a.E%rst
ur ot sy oparoRthl eI, st dRqU e HRERPRA AGEEETLEE BRSO ch

al so regebyRa #reQlen®Ic ot diter0W Riendvatil ard | &t 8ighd1 detects the
phase difference between the burst signal and the reference signal and

gener at €8pp1Yekt age thied Fdlrs tt IreRfizgy RPriverider phase deséeibede, which is
applied to the voltage-controlled oscillator 7 and 10 controls the-
frequenayook.t he oscill ator output signal supplied to the second frequency
converter 6. The novel playback color processing circuit also conprises a
second conb Thiet eart4 exhialir omdgeiness silgnadamrtpu i bedthber 6irs&nce si gna

fromthe bandpass filter 8 and :
frequency converter 2 is fed to a bandpass filter 8 which

removes unwanted frequency components, thus generating a
band-limited chrominance signal. The band-limited -
chrominance signal is supplied to a first 1l delay line 9 \}
- that delays it by one horizontal cycle, and to a subtractor
10. The subtractor 10 also receives the_output,df,xhe.first
1H delay line 9.'wh1ch it subtracts_from,the_bahd—limited
chrominance signal to generate a crosstalk-free chrominance
signal. Together, the first 1H delay line 9 and the
subtractor 10 form a first comb filter 30. 5 e
The crosstalk-free chrominance signal broduced by this
Tirst comb filter 30 is fed to a burst sebarator 11 which
amplifies the burst=c6mponent-there1n'to generate auburst' ("
signal.  This burst signal is applied to a phase detector
12, which also receives a reference signal output by an .
oscillétor 13, detects the phase difference between the
burst signal and the reference signal and:generates”a
véltage'signal. corresponding to the phase difference. which

is applied to the voltage-cqntrolled oscillator 7 and.



filters it to renove crosstal k, thus generating a chrom nance out put
signal. This chrom nance output signal is supplied to the output termnal "’
15 as the output of the playback col ofy processing circuit. The first
frequency converter 2, the second freguency converter 6. the voltage
controlled oscillator 7, the bandpass filter 8; the first 1H delay |line 9,
the subtractor 10, the burst separator 11. the phase detector 12, and the
oscillatpr 13 are well-known:devices, and the circuit conprising these

devi ces™ or rgo At pBh k- MRV rRIGuRIRY HIPRRSE os¥I 1 tdE APt fPr dhgnaper ation

of the novel playback col or processing circuit can be briefly described as

follows. TheugpMiedshtiof tdd GRicomdNTFequendyalcdrfid td ¢ the input
terminal 1 has a frequency of substantially[err], where [err] denotes the

hori zontal sync fTheuaoerelohblialydacekdeolsirgpaiocedsd mprd At it helsel or
information fromthe track currently being scanned on the tape as well as a
certai n anowempf isessat sleicondoromty dddtert ddchhichiTheecrtpes thet band-

vol tage-controlled oscillator 7 has a frequency of substantially [err].

The secontimi tgdesby ondmancees ignmlx fsomhithe dandpasmafilten 8] end]
signal received fromthe nultiplier 5 to_generate a cw signal having a
frequency conbbheRe dft Fosgrmeve FéPFFFaiﬂe fihus genedi chnverter 2

m xes this cw signal with the domm-s?ift%% chr nin%pce signal received_from
the i nput chrominance output signal. ‘This chromlinance "output signal

is supplied to the output terminal 15 as the output of the
U playback color processing circuit.
- The first frequency converter 2, the second frequency
converter 6, the voltage controlled oscillator 7, the
bandpass filter 8, the first 1H delay line 9, the subtractor
10, - the burst sebarator 11, the phase detector 12, and the
oscillator 13 are well-known devices, and the circuit
comprising these devices forms a well-known automatic phase.
control means 40.
The operation of the novel playback color processing
circuit can be briefly described as follows. The down-
et shifted chrominance signal received at the 1nput‘term1nal 1
has a frequency of substantially 40fy, where fy denotes the
horizontal sync frequency of the video signal, and contains
the color information from the track currently being scanned
on the tape as well as a certain amount of. crosstalk from

adJacent-tracks. The output of the voltage-controlled

oscillator 7 has a frequency of substantially 3.58Milz. The



termnal 1 to generate a carrier chrominance signal having a-carrier
frequency of substantially 3.58MHz. O her, unwantéd frequencies are

rej ected by the bandpass filter 8, which thus creates a band-limted
chrom nance signal. This band- limted chrom nance signal is provided as

f eedback through the burst separHtor 11 and phase detector 12 to the

vol tage- controlled oscillator 7, to hold the output frequency of the

vol tage-controlled oscillator 7 at 3.58MHz and | ock the phase of the burst

signal in phase with the reference signal. For correct operation of thi$
aut omat?%cgﬂasgrﬁﬁﬁﬁf‘&iy coBYytiters %g_%@geﬁrgh% %a‘ll-’l%'@lzagjigﬁé%t wiithck =

talkhp the signal: this i the function of the comb filter 30. Th
band- | i #eBmcREgReRaRerel Vot Sn AR ok BuERuRoPEFRFRaP 15 of
th | ' ' Leh: ' j t t filt 14.
ol acent o FAEiBThaRBRCAT BRI oAt 'O S8 TR B0 hgnal 1 hi s

S e 140CH) pRcObrblBERBSORrRAI Y 12 Gixddh A0 CCHULEEnRESPORAC |3

required In the autonmati c” phase contro the firs er 30 has

a si npl enst aowhUsai réedPehtond naied igignalH rded v d NErE&mapfe 1n§HQtraCt0f
10, which can be represented mathematically by the transfer function 1 -

[err] (wéemenhldgnebegeheeqtenay cardt idr cHrenhnineoOns 8gnsyYCchayiagdanhi ch
has a short group delay time of H2. Fig. 2 illustrates the operation of
t he contafrieer fgéqbencyhefcasbsitanttiadiiya LF8MHmancetsegnatinwanted
frequencies are rejected by the béndpass filter'8;'which
thus creates a band-limited chrominance signal. This band-
limited chrominance signal is provided as feedback through
- the burst separator 11 and phase detector 12 to the voltage-
controlled oscillator 7, to hold the output frequency of the
v01£age-cbntr011ed oscillator 7 at 3.58Mliz and lock the
phase of the burst signal in phase with the reference
signal. For correct operation of this automatic phase
control loop it is necessary to cancel adjacent-track : -
crosstalk in the signal; this is the Tunctibn of the comb
filter 30. The band-limited chrominance signal is also fed
' to the output terminal 15 of the playback color processing o/
circuit through the second comb filter 14. Adjacent-track
crosstalk must also be canceled in this output signal; ‘this
is the function of the second comb filter 14.
- Since quick response 1s required in the automatic phase.
control loop, the first comb filter 30 has a simple -

structure, comprising the first 1H delay line 9 and



~

(a) with anplitude Ais present in raster line n, but no chroninance (b) is
present in raster line n + 1. A spurious chrom nance signal (c) with
anplitude A/2 is generated as the out@Et'signaI for raster line n 1. It
is this spurious signal that degrades Vvertical resolution in prior- art

col or processing circuits in which the output of the first conb filter 30
Is also the chrom nance out put signal of -the color processing circuit. The
spurioys signal does not, however, inpair the performance of the automatic

phase &t rokybeedkads [1aPP-wh ek Neak b &N 8PS Se REE @ Uha theRdlt1 JAAIRPSE

speed is not such a critical factor but it.is inportant to avoid spurious

output |ike that tirdnstteratmhé@i&hol 2. e~ I Mletwhbie redenot@ iorddifency
second conb filter 14 in Fig. 1 conprises a pair of '1H delay |ines, ‘which

results in aahdngen sgrone It Bromtal pepel epsan@awhi oh BhsManahiord EGuPr
al of the spurious output, thus generating a chrom nance out put signal

wi th good vedeilaal tdesolafl il /2. TWHigxa2pi kbustravesi bhe dpergrtdooroft hehe
second conb filter 14 will be described next. Fig. 3 illustrates one
possi bl e contPibr Alilderof3Q HEow oblve f caserinavhtelpri ehngmingscendigndldel ay
line 16, a third 1H delay |ine 17, a first inverter 18, a second inverter
19, first,. sé8dn¥itin@mmliiindad clscRreseny ipjragherodingi 8h hut no

operational cjrcuits that sel ect the hjgher
P chrominance (b) is presentgfh raster line n + 1. A spurious

chrominance signal (c) with amplitude A/2 is generated as
the. output signal fof raster line n + 1. It is this
spurious signal that degrades vertical resolution in prior-
art color processing circuits in which the output of the
first comb filtep'so is also the chrominance output signal
of ‘the color proéessing circuit. The spurious signal does
nqt,{however.,impair the performance of the automatic phase
control fegdback loop. -

In the chrominance output signal, response speed is not ...
such a critical factor but it is important to avoid spurious
output like that illustrated in Fig. 2. To meet this
-/ requirement, the second comb filter 14 in Fig. 1 comprises a

pair of 1H delay-lines,.which results in a longer group
delay but proviQes means of eliminating most or all of the
spurious output, thus generating a chrominance outbut signal
with good verticai resolution. Two examples of possible
désigné for the second comb filter 14 will be described

next.
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~of two input signals, first, second, and third MN CIrCUItS 23, 24, and 25 -
whi ch are operational CIrCUItS t hat. sel ect the | ower of two I nput S|gnals
and .an adder 26. The band-limted chrom nance signal fromthe bandpass
filter 8 in Fig. 1 is supplied to the second 1H delay line 16, the first
MAX circuit 20, and the first MNI@Qircuit 23. The out put of the second 1H
delay line 16 is supplied to the third 1H delay line 17 and the inverters
18 and 19. The output of the third 1H delay line 17 is supplied to the .
second MAX CIrCUIt 21 and the second M N circuit 24. The output of thef
first invertdiigs ?si§ﬁB§FF§GeFo°PﬁePPFF§P1§n6°§€é@NGQM¢?HnQ uthe 20 and
ircyits 20 and 21 are

Th t f t d
supplle%qﬁ#F%ifYﬂTrg ﬁlHbégfégngggcse?ﬂBdoaﬁpGF189 dlaesd&nR i nverter 19
| t nd 24. T} t put f
o Supt g e B AR S 33 end A The ou P
t d d t d t 22 d
fL;CfL|ﬂ?ﬁﬁp$€fr§€|ff§§gFg g?géucé #ﬁgu%ﬁggéthgﬁgn F%HHMSﬂ?q;;#ﬂfilte?n
14. bng 2 l&ﬁyéﬁraPesoPB?aQPSﬁéi'Q{IreﬁjEEetﬁhrtC‘é' t1e' R Igilﬁw

- chrominance is present in the input signal A for raster I né n in
the i npetf Hvanaisplt asdghals, Fapsel §686A4d0 AhdARB IR MAN Al AdfEL S + 2

the output G of the second MAX circuit 21 is the higher of two S|gnals

t he 23, 24, and 25 which are ‘operational ‘circuits that select
the lower of two input Signals. and an adder 26.

The band-limited chrominance signal from the bandpass f\;

filter 8 in Fig. 1 is SUpplied-to'the'sechd'1H delay line

- 16, the first MAX circuit 20, and the first MIN circuit 23.
The output of'the'secohd 1H delay line 16 is supplied to the
third 1H delay line 17 and the inverters 18 and 19. The
output of the third 1H delay line 17 is supplied to the
second MAX circuit 21 and the second MIN circuit 24. The
output of the first inverter 18 is supplied to the first and "7
‘second MAX circuits 20 and 21. The outputs of the first and
second MAX circuits 20 and 21 are supplied to the third MIN
circuit 25. The output of the second inverter 19 is - -
supplied to the first and second MIN circuits 23 and 24.
The outputs of the first and second MIN circuits 23 and 24
~are supplied to the third MAX_C1rcu1f'22. The adder 26 adds
tyefoutputs of the third MAX circuit 22 and the third MIN
circuit 25 to produce the=qutp0t signal of the comb filter

14.



input A at time n. and the inversion B of the input B at time n + 1. The
output | of the first MAX circuit 20 is the higher of two signals: the
input Cat tinen+ 2 and the inversion B of the input B at tine n + 1.
The output K of the second MN circuitj g4 is the lower of two signals: the
input A at tinme n and the inversion B of the input B at time n + 1. The
output L of the first MNcircuit 23 is the Ilower of tw signals: the
input G at time n + 2 and the.inversion B of the input B at tine n + 1.

The outplt J of t hi.gds M Js€i Lt RS ' G .+ 4T
out put M of the tﬁ%%wﬁxig/?'{r}%gf-?@gg itlgéthgeklggf%g?v% %i‘aen'flﬁdiﬁengﬁﬁ)ﬁf

0 of the addey wifen SchRémsHAhEE isapfledbnt! ini thel eapulthdligaa QUi O is
free of spurious contam nation fromthe chrom nance In raster line n. This

circuit accondiswygy Ibre nobudegoadénvehéi £aputesdenailenB Eng & fdwwWs
another, sinpler circuit that can be used as the conb filter 14 in Fig. 1.
This circuit rester sksnas nnpul apdminal 231, A& témend 312 ddleayoutpet 3@, of
third 1H delay |line 33, an adder 34 a 6dB attenuator 35, and a 15

subt ract or 3é&heTrredand- MAKI cédcuht ofi nhacthei hhghercodi tend &tigriwel $ nputhe
termnal 31 is supplied to the second 1H deIaX line 32 and the adder 34.
The out put siigiit A aketimeondangd tiealnvereign Bs efipthiced nodtt ' t hird

1H delay |ine 33 :
at time n-+ 1. The output I of the first MAX circuit 20 is

the higher of two signals: the input C at time n + 2 and
the inversion B' of the input B' at time n + 1. The
output K of the second MIN circuit 24 is the lower of two
. signals: the input A at time n and the inversion B' of
the input B-at time n-+ 1. The output L of the first MIN
circuit 23 is the lower of two-sighals: the input C at
time n + 2 and the inversion B’ of the input B at time
n + 1. The output J of the third MIN circuit 25 is the
lower of G and I. The output M of the third MAX circult 22 .
is the higher of K and L. The output 0 of fhe adder 26 is
the sum of J and M. 1t is clear that the output O is free
of spurious contamination from the chrominance in raster
line n. This circuit accordingly does not degrade vertical
‘resolution. .
'Fig. 5 shows another, simpler circuit that can be used
as the comb filter 14 in Fig. 1. This circuit comprises an
ihput terminal 31, a second 1li delay line 32, a third 1H

delay line 33, an adder 34, a 6dB attenuator 35, and a



and the subtractor 36. The adder 34 adds the, output of the third 1H delay ~
line 33 to the original band-limted chrom nance 'si gnal. The output of the
adder 34 is attenuated by the attenuator 35 and supplied to the subtractor
36, which subtracts it fromthe output of the second 1H delay line 33 to
generate the final output of thelBonmb filter 14. Fig. 6 illustrates the
operation of the circuit in Fig. 5 for the case in which chrom nance is
present in raster line n but not in the next two raster lines. The ..

h ' ' | LN |} . s, gd4d h ' l in, line. 2. butwst h
a1 onudtBACHHEBAR BBt or ANBe PRGOS IIMAetoa ¥ e DHeReT Frfavady 1 aq
I ' ' |\ t d dati f
Tne.vertt cEpe KRBRKT rBEAIRn' Ba0TaTPRRd e e HHRF e SO0 TR ThY " ne

| nput iy o8 83nGRAATRI! biddRrl 347 THE SRHPUAYS HAoFNERDT DBRGHAAMP! I tude

Is only Is 'evel of degradation of vertical resolution s

accept apfjegei 89 ¢iheuBk 48 Eupplied o' Thieha ARRNIRGFe Phy Si{Rbi 83ty over’
the circuit in Fig. 3. By providing both a first conb filter with a short

del ay tam@ tRe suberatitorpidsse qor! adideand4a air®ncheostputt8F vheh a
| onger delay tinme but better spurious output characteristics for canceling
crosstatikirad 1Hedelapullicker 83 nancaesiogriglinatlhitmridvkinivedi s able to sol ve
the chrominance signal. The output of the adder 34 is
attenuated by the attenuator 35 and supplied to the
subtractor 36, which'subtfacts it from the output of the \J
second 1H delay line 33 to generate the final output of the
comb filter 14.
Fig. 6 illustrates the operation of the circuit in Fig.
§ for the case in which chrominance is present in raster -
line n but not in the next two raster lines. The.
chrominance signal in line n is added to the signal in line
n + 2, but then attenuated by 6dB before being subtracted T
from the signal in 1ine n + 1. As a result, a spurious
. signal is generated that causes somc deg}adation of the
vertiéal resolution, but the degradation is relatively o
small. If the input chrominance amplitude is A, the
spurious 6utput chrominance amplitude is only A/4. 1If this
level of degradation of vertical resolution is acceptable,
the circuit in Fig. 5 offers the advantage of simplicity
over the circuit in Fig. 3.

By providing both a first comb filter with a short



problentof degr adat i on .of - vertical resolution without inpairing the
stability of automatic.phase control, thus nmdrkedl y-inproving the quality
of the chrom nance signal. The scope of this inventionis not limted to
the circuits shown in the draw ngs, by covers various nodifications which
will be obvious to one skilled in the art. For exanple, the circuits
descri bed above are suitable for magnetic recordi ng and pl ayback .appar at us
enploylng the NTSC system but they can easily be adapted to the CCIR

f nmo fj
systemhy alyerali g i Qtasce" oy ’éﬁ’f 3782 sesgnd gamty; ¢
i | udi h
bl ayback vi dobE EEENRIh 8 Es’%ﬁ%‘*“”e"i e AR beftef bbukdohe’ diftpidt
signal and acwaéxé%sgiskq@snw c%trwamgfv'ééb@sfwmzmtehesmfcpwna' and

converting the playback down-shifted chrom nance signal to a carrier

chrom nance @@ nangealsigndll 00ty e YeH Nangls] 8UtBUEoIV@Ndhd N
phase with a reference osci | | ator out put signal- wth the phase control-

| oop, sai dproblemublf degradati®n df Mwecticdynadsobephont el thoeaei Vi ng

t he pl ayback | um nance signal and separating the horizontal sync signa
impairing the stability of automatic phase control, thus
markedly improving the QUality_of the chrominance signal.

The scopé of this invention is not limited:to the
W, circuits shown in the drawings, but covers vgriéﬁs |
modifications which will be obvious to one skilled in the
- - art. For example, the circuits described above_are suitable
- for magnetic recording and playback apparatus employing the

NTSC systen, but'they can easily be adapted to the CCIR

system by alteration of the delay of the comb filter 14.
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fromthe playback |um nance sirgnal; a 'frequency mil tiplier receiving
the sync signal fromthé sync:signal sepabd et-er—and—generating—a si gnal of
a frequency equal to the carrier frequency of -shifted
chrom nance signal; a first frequency converte“i @ﬂm%ﬂlﬂ ut put of the
frequency nultiplier; a second frequency conve he i nput

pl ayback down-shifted chroni nance signal to a carrier chrom nance si gnal
using the output of the first fRequency converter as a carrier -
signal; a band-pass filter receiving the carrier chrom nance * N L
M S ‘crmeed- output fromthe second frequency converter and renovi ng
unwant ed T requency conponents therefromto generate a band-limted

chrom nance siighal ,Asaplapbaokat colpkaseigaatr olprooessing udicigcait first
and second frequency convertors and said band pass filter; a first conb
filter diisyiswting tém automatic phase controil Ilmp.forsa:@cemlrrcgﬁtme
band-1imted chrom nance signal output fromthe band-pass filter and
renpvi ng XESENE cdntBlavback vhdeeapigaalcAngiusdng & gpdiaykagienerate

a crosstal k-free chrom nance.signal and a second conb filter disposed
out si de Aexmnfliited p‘l’n‘&%‘é‘“éﬁﬁ??ﬁl SFSBﬁlf 8ndr @c BlEvheckhe IWAHRANGE t ed

signal with a horizontal sync signal, and converting the

playback down-shifted ‘chrominance signal to a carrier
chrominance output Signal'andl locking the chrominance
output signai in éhase with a reference oscillator output oo’
signal with the phase control loqp) 'said circuit
bbmprising: B |

| a sync signal separator receiving the playback
lumlnance signal and separatlng the horizontal sync s1gna1
from the playback luminance signal;

a frequency multiplier receiving the sync signal
from the sync signal separator and generafing a signal of o
a frequency equal_to the carrier frequgncy of the playback
dﬁwn-shifted chrominance signal;

a first frequency converter receiving the output of
the frequency multiplier;

a second frequency converter converting the input
playback down-shifted chrominénce signal to a carrier
chrominance signal, using the output of the first
frequency converter as a'carrier signal;

a band-pass filter receiving the carrier chrominance



- . o o i
chromi nance signal- output fromthe band-pass filter,a il al k
contained in the carrier chrom nance signal to generaaalﬂﬁmumiumﬂmr '
chrom nance output signal. 2. A col or processing circultc acCosdifg « 0
claim1l wherein said first conb filter d@nprises a first delay line for
receiving said band-limted chrom nance signal from said band-pass filter
and del ayi ngighally aurepittor ifamat athey cdecomdid freq@iernaynbiconvgriteansandr
combi niswg said band-limted.chrom nance signal w th:-the output of said
first del ayremeying gemsrantédhd xequengk- coaparignbs ndirerefgam ; tand
there is further provided a hurst separator for, receiving said ,

crosst al k- f geaenes@ nandaBAgigl nat@ hnshE9RiGameep§ L8 mporfthi @

t hereof , thus gener,ati ngaa bur st sifﬂnalo;g an, osci Il at or o] e erg}lidng t he

reference spyfgmatic «phasg contro P 1ncg{‘lﬂ|ﬁ3§e %%’t‘ic{f& sz:or

receiving said burst signal. and said ref e, Si , egt | their
pﬂase gl He?ﬁﬁ?gg ?ﬁ& atcioﬁﬁ'eg Rf’o]ﬁ a%’{e‘fg %%&alg%ﬁ%p%gglé o%}é?'ggg' sai d
phase dif.feregc a a tr cisl f S8V id
val tage si gna? %%%%nec\réa | ngs%lgggut%u%&gslﬁa!ﬁt ﬁ%ﬁ rggﬁ:glcy o(%‘/ ivgvﬁ?%% S
responsive (.8nh32bd IBdRI%os FeleiviiRf Cthe SVahd-1inti HdEOURPEH I RAAKES T er
receives the signal output by said voltage-controlled oscillator and

signal output from the band-pass filter and removing

crosstalk contained in the carrier chrominance signz;tl to
generate a crosstalk—fx;e_e chrominance signal and
a second comb filter disposed outside the automatic
phase contral 1loop for receiving.the band~limited
chrominance signal output from the band-pass filter and
removing crosstalk contained in -the cari‘ier chrominance
signal to generate the carrier chrominance output signal.
2. A .color processing circuit according to claim 1
wherein said first comb filter comprises a first delay
line for receiving said band-limited chrominance signal
from said band-pass filter and delaying it by one
U horizontal cycle, and first combining means for c.ombining-
said band-limited chrominance signal with the output of
said first delay line to generate the crosstalk-free
chrominance signal; and there is further provided
a burst separator for receiving said crosstalk-free
chrbminance signal and amplifying the burst component
thereof, thus generating a burst signal;

an oscillator for generating the reference signal;
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sai d horizontal sync signal fromsaid freque d mxes them ~
'to generate said carrier signal. 3. A col o m,"mllmn" ﬂl"ﬂgwt accordl ‘ng
to claim2 wherein said second conmb filter compreses awsecord delay |ine

for receiving said band-limted cqztﬁm nance signal from said band- pass
filter and delaying it by one horizontal cycle, a third delay line for

recei vi Oéﬁ‘ﬁsé’“& e Sfbi’ §seeﬂdéﬂ§0%lh' Baraid @(g%a t by one.

further |zonta cycle, and secon I 'ni ng nmeans |n|ng said.

band- ld 44 § ef’ef@f@ﬁbaa%QQn%'lgnQieﬁ’ééﬂﬂ&‘etﬂéliﬁubﬁagfe iﬂﬁm and t hif d
delay lines to generate said chrom nance output signal. 4. A col or
procéssm@dgenertitingC e drdUtheeClstigh 2l 0hropdet £onadai €of st d conbi ni ng
means conprises a subtractor for subtracting the output of said first delay
li ne fploasesadilf banentenandd chrom nance signal. 5. A col or processing

circuit according to claim3 wher ei n said second conbi ni ng neans
conpri ses: vierdhtsrgengontaesl ¥ed p@gmLAmgoanéqrwéspﬁxyxmg e&pdt of said
second .delay line; a first MAX circuit for receiving said band-limted

chr omi vRhEagE gﬁagne?rld gRé ogeperadiingi @n neutPuly Sdamahndkel ecting the

hi gher _of themas_it t a second MAX ci,rcuit for. receiving the output
Ofgsalgrequency of wﬁlcg Es responsgve to said voltage signal; g P

wherein said first -frequenéy’ converter receives the
signal output by said voltage-controlled oscillator and
said horizontal syﬁc signal from said frequency -
multiplier and mixes them to generate said carrier
signal.

3. A color processing circuit ‘according to claim 2
wherein said second comb filter comprises a second delay:
line for receiving said band-limited chrominance signal
from said band-pass filter and delaying it by one
horizontal cycle, a third delay line for receiving the
output of said second delay line and delaying it by one.
further horizontal cycle, and second coﬁbining means for
combining said band-limited chrominance signal with the o/
outputs of said second and third delay lines to generate
said chrominance output signal.

4. A color processing circuit acébrding to claim 2.or
3 wherein said first combining means comprises a
subtractor for subtracting the output of said first delay
line from said band-limited chrominance signal.

5. A color processing circuit according to claim 3



b .
’

i nverti.-ng nmeans and the output of, said third delay |ine.and :sel.ectiing the
hi gher of themas its output; a first MNcircuit for réeelwing saiid .-
band-1imted chrom nance signal and the output of said inverting neans and
selecting the lower of themas its output; a second MN circuit for
receiving the output of said inverting ans and the output of said third

delay |1 1o LBl E41 L 5pd Uk O DL ARl ol 2 L1 9 M

circuit for TeEcerving 0 it and said second

MAX ci ¥gUi t aﬂﬁbé@{fﬁéiﬁgaﬁgéfggwﬁhﬁgiééyﬁqéﬁ§ikﬁkﬁg%?gé;f%é{pég?gggecond

circuit for recerving the outputs of sai r's It an

M N circui tor adel §esE&£bAAY d&Eapi 9gE; 0f themas its output; and an adder
for receiving the outputs of said third MN circuit and said third MAX

circuit and adldifigsthemMAXO anaiit € fodi dr6Be2WiAGNCEa Ll Pindi Uit te. A
color processing circuit according to claim3 wherein said second conbi ni ng
means conprelwemminanceldeigial amdethenguspud bEndaliidminseg rahimg mease

signal and the output of said third delay |ine and adding them thus

gener ati ng and selegting the chigheutof tbemasseddst omdpsdi;d sum signal ; and
a subtractor for receiving the output of said attenuator and ﬁhe ouggut of
sai d second dtl3§cPRfecMAXdcircuit for receiving the output of sai
inverting means and the output of said third delay line |
and selecting the higher of them as its output;

a first MIN circuit for receiving said band-limited
chrominance signal and the output of said inverting means
and selecting the lower of them as its output;

a second MIN circuit for receiving the output of said
inverting means and the output of said third delay line
and selecting the lower of them as its output;

a third MIN circuit for receiving the outputs of:said‘
first MAX circuit and said second MAX circuit and
selecting the lower of them as.its output;

a third MAX circuit for receiving the outputs of said
A first MIN circuit and said second MIN circuit and

selecting the higher of them as its output; and

an adder for receiving the outputs of said third MIN
circuit and said third.MAx circuit and adding them to
generate said chrominance output signal.

6. A color processing circuit according to claim 3

wherein said second combining means comprises:

an adder for receiving said band-limited chrominance



“subtracting the output of said attenuator f L *ﬂ‘ f .said second
delay line to generate said chrom nance ouﬂmﬂmmﬂm‘ . A' col or
processing circuit according to claim®6 whekel 6 sai & aft ehuator has an
attenuation factor of about 6dB. 8, A col or processing circuit

substantially as described\Mtr1r%4erence to, and as illustrated in, any
i qur &1 9h81°and "HRES autRel st wpenh: BBF BT Yedde EIRF%RRR 2Y of the
acconafyi NY M "GFud 6SOREELYEhY a sum signal; - Yot

an attenuator for attenuating said sum‘signal; and

a subtractor'for receiving the output of said
attenuator and the output of said second delay line ana
subtracting the output of said attenuator from the ouﬁﬁut
of said second delay line to genérate said chrominénce
output signal. '

7. A color processing circuit according to cléim 6
wherein said attenuator has an attenuation factor of
about 6dB.

8. A color processing circuit.-substantially as
described with reference to, and as illustrated in, any
one or more of Figures 1, 3 or 5'of-the_accompanying 
drawings or any one of Figures 1, 3 or 5 in conjunction
with Figure 2, Figure 5 or Figure 6.of.the accompanying

drawings respectively.




