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HORIZCNTAL AND VERTI CAL |.MAGE DETAIL PROCESSI NG OF A COLOR TELEVI SI ON
SIGNAL 5- . Thi s.i nvention concerns apparatus for enhancing col or
teIeV|S|on signal vertical detail picture_information, in a television
S|gnat prdhe33|ng system al so i ncl udi ng™ abparatus for enhanci ng horlz;L al

picture detai |l informatigORIZONTALOARD thgychomMgggtgghgmgh as the
10. devel oped in the United é 3 t he m.na chroni_nance co

ce_and
of color television s LORL K .EfﬂéIQNHEEGNAéquency
spectrumin frequency interleaved relatlon wi th the | um nance conponents

prNwErily occurring atm%h%egﬁgéngygﬂ RL88 9 Lﬁtgggag ié%nkgy éggapgﬁﬁa

scanni ng fTequency and” r om nanceé-co
odd nultupIe@Oboroheleni$i@he51gnelszanhnqglfdegaehcplc6ureennfo@m@mlon.

el evision regelvesydesbgds oL6RM1 CBPLOYs2i6OMS, LbECRILE! 138RAKALEND the

frequency interleaved |Lum nance and on1na ce” conponents e video
si gnal . Exan%?@%r%Fuﬁoﬁ%rf?FP%F§1§E|Pﬁﬁ#éoﬁ§?1tBF§tBEPpé§§a&ﬂel§ﬁ@ﬂﬁ%ﬁ4Q§

g ﬁatgnt No. 4, 143 39fn aEboibrF@éﬂﬁﬁlgﬂﬁnlByHteﬁ sBéheaﬁtN?ﬁ 4 5%@m516 -
ri nanc na appears a e

Iun1nanceiéiﬁkﬂﬁ ghé BhﬁnﬁPfFﬁg aﬁgtﬁﬁen b }B@RQE“FS 87 onrhi ng”

ef fect over ¢msomhmaneebaunpoﬁhntsouﬁiagce¢bronemeeis&ba hughaﬂreqnency

band portion | S dowith. om [ I e

ool roq. of { cAFoBF9ad Puf PRERCEHS DA8ab FLOBUERY HRRLeRRAP T HrRahaY® |

30 conbi ng atntenleavedt helabiohs eylibhcphBadumpoanicen camponentsnot shared

wth the Chrﬁf&ﬂéﬁffySbSﬁé&rQHGPQEGEhEegPQﬂeMﬁitlbiegobfn%%Qe%dfidgﬂﬁ%ﬂ

t he desir g I enpva rom nance Si onents serves only
unnecessaf l+?ed%$%%%lpﬁnfﬁﬁﬁeén§Ygﬁaﬁ §Bﬁpng€ﬁ@§naeﬁﬁpéﬁ@ﬁ9§qqﬁsthe | ower

end of this pReharetybasdurbing ateo8dbnAitib2esUol 8akehaQF &he line
representative of "vertical detail" |um nance Iné&&V mat i.on. Preservation of

the vertical SCREARI| FFEANERFEn | SUHESPEaFPEOE T SEQ0s rEFeLYAT cal

resol uti on 4designs often employ a comb filter for- separatlng the
frequency lnterleaved luminance and chromlnance components
20 of ‘the video signal. Examples of comb filters suitable
"for this purpose are shown in U. S. Pa£ent No. 4,143,397 -
D. D. Holmes and in U. S. Patent No. 4,096,516 - D. H.
Pritchard. .
A combed luminance signal which appears at the
25 juminance output of the comb filter has been subjected to
a "combing" effect over its entire band. The combing action

-]
O

over the high frequency band portion which is shared with
chrominanoe sigpdl components has the desired effect of
deleting chrominance signal components. ‘Extension of this
30 combing action into the low frequency band portion_which
is not shared with the chrominance signél componénts,_
however, is not needed to effect'the desired removal of
chrominance signal components, and serves' only to unnecessar-
ily delete luminance signal components. Components in the
36 lower end of this unshared band which are subject-to such
deletion are representativé of "vertical detail" luminance
information. Preservation of the vertical detail

information is desirable to avoid loss of vertical resolution
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in the lum nance content of. a displayed i nage. One arrangenent feor

preserving the vertical 5 detail information enploys a,l owpass, vertical
lxfilter for selectively extracting the verti cal det af | signal

ion fromthe conb filter output2 that al so contains cofibed’

chrontfance signal. The extracted vertical detail signal is then conbined
with conbed | um nance 10 signals fromthe conb filter. The combi ned si gnal..
i ncl udes an" thebddhinagleef contemty gfora iddrslegmd vimage. band of frequenci €
- above the cut-off f u t whi ch

chrom nance si %nal (E:)gg %%e%n{lgeﬁ'te\?’gt \gg%ln p(rigér?oevecf'q{da tdiéan&éugn%%én%g]d i.e.,

"flat")5| datag fﬁ@é@@ﬂé}lp@rEMQAQM$\ﬂﬂlﬂV%ﬂ&ssAuﬁen#mmab|¢§Ealbonponents

have beengpheaer ¢ se'l@c@&'%)élﬁzmeﬁrtﬂa%ﬁ‘ﬂgs't@{ér MELS ddiga {pm nance
signal is afterwards processed by a hori zont eaki ng network to inprove

the hori z8AFBRRL| ARGerAetion & omh theaGomky ﬁﬂ?‘pr%tﬁmﬁél 2t rlsecei ver.
20 contAmnsrrabmbeae&hrbmmemecdlqrfme defenidx 1ol g asePPnea phed by

;;“otcgts)ls?/ng g Si nggﬁ{ie& ertlcal Set ai | e\Sdgnal A si Iggal U s

Pat ent 1mosz.gnal§ F¥omi thed cbﬁbmfridJﬂea:bl e mﬂs\domafed?rsmsal nmauaésleo 25

Si gnal s". In YY) c erti detail

non- | i neafl y %%%g’sségg}‘otfgggv%éc§ tp esti end q"ﬁ dreid r%s%mé °€/| th respect
to sel ect Eyeaupyedest above the @@tta-ldffsﬁg:rﬂuenqy iqflidehe evextsicdhi s
vertical ggtaiih sw&a&:)pas%ﬁwh&%rﬁmﬂﬁg: Vert&% ﬁoezé ddd&ked or 30

| ow-pass filtering the non-linearly processe t-al S|gnal Thi s
reduces cBfV&i RegRwaRPeyedirsABe 38 f@oeRhed t He evon-15 k%) skemal

‘procesgs ngraauéhcyapoethehwme wRER®A R 111N mﬁn%feic%'eﬁ driBPO S Smpdrd s i al | y
obj ectlon errati-ons aI g‘&ﬁ ed& of a di spl ay ed 35 di agonal or

simlar ﬁFPePﬁesPﬁvg COr ﬁﬁAQﬁﬁﬁﬂQ£;¥ﬁ°?¥¥§%§esent
i nvent i onthhelammadcecbagauherselaﬁmﬁdwwssﬁd coy W nance si gnal

hOf'ZO”taLoQELéhkai'BQleﬂroﬁiia% %% %mﬁlove the horizontal image

detail of an image to be reproduced by the receiver.

20 An improvement in vertical image detail can be -
accomplished by suitably processing the extracted vertical
detail signal. A signal processing arrangement suitable
for this purpose is described in U. S. Patent No. 4,245,237
titled "Controllable Non-Linear Processing Of video

25 signals". In this sytem, the extracted vertical detail
signal is non-linearly processed to provide a desired
amplitude respbnse_with respect to selected ranges of
vertical detail signal amplitude levels. This vertical

. detail signal processing system also includes a filter for

30 low-pass filtering the non-linearly processed vertical

" detail signal. This reduces certain unwanted visible
effects of the non-linear signal processing which may
otherwise appear in a displayed image as pctentielly
objectionable serrations along the edge of a displayed

35 diagonal or similar image pattern.

' In accordance with the principles of the present
invention there is disclosed herein an arrangement of a
luminance signal horizontal detail signal processor and a
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- 3 - non-linpear vertical detail signal processor wherein unwanted

i nteraction between processed horizontal and vertical detail 5 signals.is
®i ni m-zed, so ‘that 'undesirable transient_ responses in the |unnan i gnal
are .avoi ded. In‘addition, the signal protedsing characteristics e -
hori zontal $ignal processor facilitate the design of the filter response

' 10 signa s fromthe

fpt~a |l ow pass filter utirjzgﬂ 0 fj%ter ouiput
vertical dECHT AR VIRt FFhaiT T bt Tt RORSFEE0E YREEPAPNYTMENERE

present i nigiddractiion redtwiesh iprocessed hetbzostah apdeveetital Aeeaddsi ng

a\tel evi si on signal. cqnt.ajni i e[ epr ' | upi nak and
chr oni nacé& Sherit s di srg%%%%' vnm?c?h*fﬂr;&?h“g&?%%%%%g? g g%%% Fum of the
tel evi si on regpaisés in echenbymimance enigmial ciee i aveided.r etei wdditnonydes

a conb fil tt%fr%v%ifﬁéi r;?fo@é‘gsﬁ%%%@é‘i stfbmgjoﬁg?e@hgu%e@esﬁtgapearS at

the first co er ‘output., Al_t second_cor | ter output there
appears a corsradl frpresser| REhisrtmarhedestgmecpi EBer EpLEsant ati ve of

| uni nance veidddile | fBAea dEbRI pasHf TR E Ol pDELEE Eh0ELt Rercoledt

| um nance signal_ at_the first outpuf.. A frequency. sel ective network coupl ed

to the d0cHHE D F5I% e'?h%u‘(?)’c'fflg%:'- A ysb%@%%sn?ﬁéléf‘ﬁﬁﬁl PFPEGTSREi-es

]tc:orreSpo.ndi ng to vertAp}ﬂéraéusleicfad:d>f]dm@raatﬁnézpfessé?ﬁi tavehtibgndls
requencl es, oGcu n t he n cnrom nance sl.gna reguenciles to

heroby dorraatian 'th e Ri0E by Sl SR eEeeR o F ok | BHHERES NG B,

out put . A restewissidnnsigmel sémpaining pimagecdepyesenbating dumieadnce

| um-nance gj ' Qggp j r [RPRV.V | [

magni t ude 04 t32§V%é€?%%?§d%?%J ?cpnpéﬁg% égéff??E%Pgiaﬁgl?fggﬂgﬁSSing

net wor k 1Be SRAREE WD ehethestelew iR netERali §Rafregrepedkingenderyes al

i mage det aide Id¥ ARt i Ple Of ebBBvéLSLREREALYNANGHEB Shgeak, wienprawisde a
Porizontaléxﬁgeaked um- ance sj gnal qa fn 33 outpué. A sec%?qpéignal
ransl atin (SRFNYG LSHBRYES 1 oAt FRREE  TRBFNARES| PPRSADSNEH ©
devel opi ng fire teamty fieleetr pewputy cAtpthenseadbndncombpitilt@ut put signal s
fromthe fif S, A0dRerondoblaps' 21 Lo 08" ¥25KS1 2 fc78ARhEC Y 15Ra10
' 20 frequencies_répresentative of luminance vertical image
detail information absent from the combed luminance signai
at the first output. A frequency selective network
coupled to the second comb filter output selectively
passes the signal frequencies corresponding to vertical
25 detail information, exclusive of signal frequencies
occupying the band of chrominance signal frequencies, to
thereby derive a vertical detail component from the second
comb filter output. A restored luminance signal is produced
by combining combed luminance signalé from the f£irst comb
30“filter.output wifh a given magnitude of the vertical detaii
 component. A first signal translating network responds
to the restored luminance signal for peaking horizontal
image detail information of the restored luminance signal,
'~ to provide a horizontally peaked luminance signal at an
35 output. A second signal translating network responds to
the vertical detail component for developing a vertical
detail peaking component at an output. Output Signals from
the first and second translating networks. are combined to
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- 4 -_produce a horizontally and vertically peakéd | um nance signal, which

i s t el supplled to a | um nance signal 5" utilization network.- In an
erbolf P of the invention, the second translatlng net war k
i ncl ™ 4 a filter for renoving signal fﬂequenC|es greater than the vertical

det ai | S|gnal frequenci es fromoutput signals of the 10 second transl ating

“network, tn%ae ducslal hansaBhad gebilr (o Raluday SABIAY IGBLACEY | o v‘

determ ni peaki n aracteristics o S1 gha
transl ati ngigR2horkhighdisi §har subaydedxttiobiat dambiynarwe f$ighaknd second

transl atg'nge {2 YQLkSnahB eyt antial ly equal . 15. In the dramnng
FI GURE 1 shows a bIock di agram of a portion of a color television receiver

i ncl udi ng si gnal pro&Bssi?fy EIERE accor di ng t ®F Heherbreentionent i on;

FI GURE 2 stiowssécosdiepahelaiiayi he@wagka&h@flu&ssw@iwépcleéf' ng
apparatus accordi ng I nvention; an GURES 3-6 depi ct

si gnal tréﬂ@?%yl?%sﬁbﬂgag ﬁEFSHeQFéeﬁngGFtFE|ﬁﬂﬁﬂ5ﬁ@ﬁﬂﬂ?@ﬁ%%§loperat|on'
of the S|ghataplosngaamgfapgaeabmesshnwm ontPuEUEgna N b 2. tRE

I FI | 0. | ud
I3n1nance an %?%%?ﬁg%%ggggp3§ﬁéﬁ gosghevkggng o%ésﬁﬁﬁﬁégf%gskgghput of
a comb f|I%Qﬁlqgﬁ%fakﬁ@lﬁYcBﬁFWgakaﬁpUndeggcmlains(ﬁhﬁ)ﬁeakzmgenploylng
charge couplithdies £681 0D budputnatbnk sUrrem RSl Moandh 006,516

The | um nance and chr nlnance conponenfs are arrangfd W

si gnal fr RRNRTK 5 r BAPRA f?@&ﬁ&ﬁc?xthéFFéa¢@H ha Kizgt aw@ | uni nance

conponent dwsored ral-amsystxnw fletbopry dE8 caKseAHIGANPRdUL] , OF Zero
frequeqﬁy t o about ﬁeg hertz for NISC). The upper frequency 35 range
of the 1°uni nance cong nk L2YHBPEd with the chrom nance conponent, which

conpri ses a subcarriBIGERENAI shéws. 58blbizk aﬁag&am3dfn&lﬁatku@mdoﬂhase
modul at ed ddy &0 001 LPIQ1BR! £8Be1F0E MIRLLAYAS LEGHEY S SRENSYL O
apparatus according to the present invention;
FIGURE 2 shows a schematic circuit diagram of

20 signal processing apparatus aCcording to the present.

) in#éntion; and | '

FIGURES 3-6 depict signal transfer responses
which are useful in understanding the operation of the
signal processing apparatus shown in FIGURES 1 and 2.

25 In FIGURE 1, a source of composite color video
signals 10 including luminance and chrominance components
supplies video signals to an input of a comb filter 15 of
known configuration, such as a comb filter employing
charge coupled devices (CCD's) as shown in U. S. Patent

30 No. 4,096,516. The luminance and chrominance components
.are arranged within the video signal frequency spectrum
in frequency interleaved relation. The luminance component
has a relatively wide bandwidth (extending from D.C. or zero
frequency to about four megahertz for NISC). The upper frequency

35 range of the luminance component is shared with the

chrominance component, which comprises a subcarrier signal
~of 3.58 MHz. which is amplitude and phase modulated with
color information. The amplitude versus frequency
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Jr K]

- 5 - response of comb filter 15 with respect to | um nance combing action
exhibits a peak anpli tude 5 response at integral multiples of the
hori zont all l.ine scanning frequency (appraoxitately 15,734 Hz.) ext end;
fromD. C. “or zero frequency, and an anplitude null at odd nultipl ei@
one-half the |ine scanning frequency, including the 3.58 MHz. chro ce
syPearri er frespoersey .o £Teonkd ﬁrﬂmenmﬁamhsmeép@quemy response of conb

fiMer 15 w ct a peak
anpl i tude re]'é%l&r?gae At odd T %tl p es ﬁgirgei %é‘% gﬁéiﬂ:%%ﬁency
i nsludi ng 53r5&plb$lﬂee aa:n(iraa‘egamjl mtuldﬂpméé o’ﬂ tid egred zomtal pleseof the

line frequeng first
out put of c&%nﬂllnt encfuﬁo gifw a au%?'o’al-ai[;%&ﬂ g??e)r(%%t%%&%él nlplrjtS of
a signal corfiriom mgmetamrdexm fraquenicy? drsl ;an ameli tedeasellhl &t| addnance
sionals bel qidiphledlde 'd P e WIHOULBLR] g Ie &g Js.ﬁfxsalhe

renove 20 nol Se ock requency canponents |ng
associ at ed viheh 3158 Qﬁ%cmwmﬂﬁ%# cﬁPQﬁanfﬁ?‘é‘Feﬁ“:ﬁYmeﬁ 8f a CCD
type confgof ighfpAlitulieS et Wrtiu &Ichr@sﬁéﬁéeroﬁ-%mbapmteﬂ 18 @ith
chrom nance signal proegfs unit 64 for generatin ﬁg B-Y. and GY
col or differ oérﬁgxa(xg:edrpqrqﬁ;&g o"’fc‘él‘?’bv?’glé;’s leﬁr?l B&RKdet aj |
filter 35. dﬁﬁlﬂkﬁdeuﬁestﬂhsefantdﬂﬂemdltip&eéomfpaﬁe+nglﬁntyethmse si gna
frequencies from co p h r apge signa
frequenci esfflgqu[e c'y)g. %ue({) rf]i §""Ecélj{} o 3%"# & gﬁglﬂ?&gpg{r}%gl rgr%tel 1.0
Miz., and selndegnadl ywidsiqdees b ethe glmeffeemmmns present in the second

signal oyghut of comb fidddibeln Wifinddde Delguai N(e) Chiofil & Eigduency.

Si gnal frequenm es in this region represent vertica tail |um_nance

i nf or mat i on MFiRYE iof aemhtf¥kery 35 the %ﬁb%%ﬂl\ﬁh?néné@wgﬁ’gﬁﬁl £ah&Skhi ch

must be reStz@rQ;dJtaﬁltﬂﬁ:dﬂ“ﬂf\aé'%é%ﬁlaéorﬁ]&@ﬂﬁgdné@ﬁ&rﬂf3U$rtF§.4|ter 22
resol ution, rgana ce conte t of ,a di sp ayed ”ng Such verti_cal
det ai | restd-rsaﬁrcﬁ?f}gf FDORATS by MRBRARGE Nt %15 ow a cut-off

frequency of approxlmately 4 MHz., and serves to remove:

20 noise and clock frequency components of switching signals
. associated with the switching operation of comb filter 15
when of a CCD type comb filter. |
A second'output of comb filter 15 is applied to
a chrominance signal ptocessing unit 64 for generating R-Y,
25 B-Y and G-Y color difference signals, and to an input of
a low-pass vertical detail'filter 35. Unit 64 includes a
suitable filter for passing'enly those signal frequencies
from comb filter 15 which'occupy-the band of chrominance
signal frequenc1es. Fllter 35 exhibits a cut-off
30 - frequency of approx1mate1y 1.0 MHz., and selectlvely
. passes those signal frequencies present in the second
signal output of comb filter 15 which lie below this cut-off
frequency. Slgnal frequenc1es in this region represent
vertical detail luminance information which is absent from
35 the combed luminance signal and which ﬁust be restored to
the luminance signal‘to avoid loss of vertical resolution .
in the luminance content of a displayed image. Such
vertical detail restoration is accemplished by combining.
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-6- an appropriate amount of the vertical detail signal fromfikter 35,

W t he filtered conbed | uminance signal from5 filter 225 in conblnlng
net 30. Inthis regard it is noted that the vertical detall signal s
fro output of filter 35 exhibit~a®lrnear anplitude transfer (gain)

res se "A" of the formshown in FIGURE 3 for both positive (+) and
negative (-) signal ,polarities. ghe 10 restorid | um nance si_gn fromthev

out put of ABRPPREPE4BtEaMqYBE 8F heuNpr tisalsdptadle 168 r'ﬂ?htal
detail pr ﬁﬁBﬁér ngs bywireanghef f&lhefedoabﬁtbeﬂea.hmli@amlet rsilgrﬁﬂl \mrdm 40, and

ft ds, { A
Vertcat EALEFF 2PenanocrhBRitrd: nRedbi ag ar d e BT ToriT i near
verti cal detedlthagnahepwecsssahgdetacalSlgnaﬂﬁcﬁm@mngh@ rertgutnexl - si gnal
pr ocessor £ 52, apds3 a&apagtcg 18R Aol Qi AE LB [ ariep amounts.  of

si gnal galn to vertical detail ree predeternined ranges
of signal ra8pPREAdERAA OﬁﬁFhebGOHmséb§§§dlnPF€§H§§e§ $iogn o1 r om net'wor k 50

are SUpp'p@gliﬁvén‘?ﬁ-b‘eén&nﬁééaefivéorlb')n%&gﬁ&l poake itthes . ar epaimed with
s from,hogri zont al eaker %gﬁgné output signal from conbi ner 42

t he si
corkesﬁ%nﬂ%sFﬁrﬁg URLRBASE bgﬁaﬂu ec&HﬁGH@n oFMRERE P si gnal
- with.the y¥erincektdat byl unhitosasnt sub:;‘ebeedoftor mwzod;taanmsﬂaﬂr oI | ably

enhanced eake nd._.p ten di scyss nectlon
o th b cuESBss B ReRRe! B 8 Mk Se TR Wi BRI o ed
30 to a |46 nandeaftgnwardsosppiing &nlan58npn¢ @ﬁphlhngﬁdhnnnance si gna
Y from unis.B8, 204 ﬁggwggkoazdlfference signal s fromchrom nance unit 64

are conblnéﬁgln a“matrix 68, grOV|d|n R B, and G col or inmage .
represthtative out plersigaal éetﬂFFr s61gnghs rame flldeTs 3% &HSP coupl ed 35

to imge jpbegshpyie@nthoh fbAcliiaday etrelealloaéﬂa&e.seqma@ FI GURE 2
shows circuit defails,of the_horiz and vertical detail signal :

proceSS|n©rﬂ%?ﬁ5F§g SprgpeﬁRgollnc ualng a non-linear s1gnal

processor 52 and a signal combiner 54, for 1mpart1ng
‘different amounts of: 51gnal gain to vertlcal detail signals
20 within three predetermined ranges of signal amplitude as
will be discussed. Processed signals from network 50
are supplied to another input of combiner 42, where they
are summed with the signals from'horizontel peaker 40.
The output 51gnal from combiner 42 corresponds to
26 a reconstitued luminance component of the video signal
" with the vertical detail ;nformatlon thereof restored, and
controllably enhanced'(peaked) and pared'(attenuated)
as will be dlscussed in connectlon with FIGURE 2. The
reconstltuted luminance component is afterwards applied
30 to a luminance signal processing unit 58. An amplified
- luminance signal Y from unit 58 and the color difference
signals from chrominance unit 64 are combined in a matrix
68, for providing R,'B; and G color image'representetive
output signals. These signals are then suitably coupled
35 to image intensity control electrodes of a color kinescope
70. S
FIGURE 2 shows circuit details of the horizontal
and-Vertical-detail“signal processing networks of FIGURE-l.

In FIGURE 2, restored combed luninance signals
40 . . .



I'n FIGURE 2, restored conbed | uni nance si gnal s 40 ~7- are applied to
peaki ng network 4Q from-the output of coupling network 30 via s I
ihiverter132, a’ coupling 5 capaC| tor 75T &nd a resistor networ Peakl Ry
network 40 i ncl udes a delay line 85, differentially connected tTansi stors

87 and 88, a curren ource 89 for providing gperating currents_ for
t ransi st or $5&§7 %@ o Perkingsh Fﬂ?r§04gaifF8Hg§§ea9“§PéWn ofip th| S

_exafpl e delc%m;ﬂ.'lﬁ.rig eefrorpeIftietai 8ignasf Lﬁeér\eernede ANEIUMIre

| del t 140 d.l t
i Gnal s Br SRFRSTH, Ty A8 SesLREST SEFBRRedBeq EORRICE D ?Eocfxsf odes
Ff F ranS| stm st wieks o, dt.)ahaly altnappsi ed:.fﬁereﬁbu.a&u.yﬁlﬁontﬂe‘e'dwked t h
i.ngr nsi tion .s].ope w
agg‘ogﬁgtcgd res’h é%?(ﬁ 2 3 X3t sFo ﬁéggfjg??%’méﬁg Pé P* &F 9%
hori zont al anaﬁltngbrcwlst\QrMStr@msastepsoamcaddl B8geandn a hi s exarrpl e,
the bandwi @r'&n‘% s{)\f‘énré‘fvgdét ﬁ&zﬁmﬁﬂé@aééeéhénﬁ zerg 'E'EEEZEB:%m

@ Miay
| um nance si g 0 maxi mum si gnal i ng-bel ng prioduced
at 3.5 Mzl 8fnApRrakes (in rancefLeghivehmpdeoandl ppoxides @ars:lsmal

control eda@a e Qg f&:hﬁl@té?yeitlé’fnéﬁbéé%né!a' | aRbg elar ‘1%:&3{
source 89. Ad|t|onaJ et ails of ea I hg, network 40 .are disclose
copendi ng B¥%E%H, Aéﬁ)‘m‘ s QolaBPSaG PRCRW’SGS‘S’—FW-?QW%%

this appli mmmml e:mcrwmwhdsrﬂ tPakk SstBokens 38dABDl,i ad @re.Serl al No.
deg Si naI Pea n

255, 982 ofWE | a 1tled Self-Limti Vi

Greuit," PEPEFSRhr %ﬁb]fb?ﬁ 4% ne'!;‘l#i v@??#ggl iB@‘?‘QF‘F‘ s Gigna

verti cal5desdiibift Iamrlrﬁfreafsewl?ﬁnﬁ;;tudéi bransdtdohi BQ&IpeaIWﬁJtIH ude
transfer r w F (= 30, a network 92
to a base ?%%ut 0 a}lsw%#gtra%&st%veggﬁoﬁggud ;bll %ﬁl S(ﬁz near si gnal
processor $or lmrQimﬂthmCPMbn@eﬁensmonheddf sbdlvpalessetofiork 98 is

coupled T o@grleRfuid Sy ee'e@ra@f s!@xbiif1Raceng! BALEQHR 8 of lllGYPlo

95. The vertical are trans téd

anpl i t ude @nsmseegmmfemmmrt%9-mmhm%ém§r bslzdw1§§hdé'§<§hu bed
in detad igaxiimsm sEeh&Npeaking being produced at 3.5 MHz. The amount of luminance

signal horizontal peakmg can be controlled by controllmg the level of
current available from current source 89. Additional details of peaking
_network 40 are disclosed in copend:mg British Patent Appl:.cat:.on Y2i107294
(RCA 75655) filed with this appl:.cat:.on and correspondmg to U.S. Patent
25 application Serial No. 255,982 of W. E. Harlan titled "Self-Limiting
Video Signal Peaking Circuit," filed April 20, 198l. T
Linear vertical detail signals from vertical
' detail filter 35 (FIGURE 1), exhibiting a linear amplitude
transfer response "A" as shown in FIGURE 3, are coupled via
30 a network 92 to a baee input of an_amplifier transistor 95
included in non-linear signal processor 52. An amplitude
responsive switched feedback network 98 is coupied from
the collector electrode to the base electrode of transistor
95. The vertical detail s:.gnals are translated with a
35 non-linear amplitude transfer (gain) function by non-linear
processor 52, as described in detail in u.s. Patent.
No. 4,295,160, of W. A. Lagonl, entltled “SJ.gnal Process:.ng
Circuit Having a Non-Linear Transfer Funct:l.on".
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No, 4,295,160, of W A. Lagoni, entitled "Signal Processing G rcuit Having
a n--Li near Transfer Function". 40 -8- Briefly, nen-linear, processor 52
p des a non-linear conposite anplitude transfer function as shownr 5 in -
FI E 4 This inparts different anount8 ef signal gain to signals having
smal |, noderate and |arge anplitudes within three ranges respectively .
designated as I, Il, and 11l in accordance with a transfer function "B" 4z
shown in FIGURE 4, fRpiefkiw pgwntliredn ) preceagont PYeproyidegnal 10 :

pol ari ti esyonArGRASS Abiss i 6@ aiSl phhiasi epahsE Ukt huﬁsépeﬂsss" Bkoahe ae‘
coupled froman output of network 52 via_ a capacitor 100 Snal nplitu

verticald det ch@%rﬁa‘i s Thiis ciRprts AL feser a‘i‘%ﬁuﬁ‘ﬁsnggvﬁl’-ﬂnSé vm t h a

given. fixedgaid Sigediy Q’l@.\fﬂﬁcjﬂema]l\l), rﬁﬂ@éi‘aﬁépahdUNEr@éCHmpu.QI&&d§5 of
noder at e arn Ilttughﬁ?tajl signal s_ar g $rocess§ W th th fixed
gain, whllé' St eF%§%§ﬁ§+%ﬁ Y fefhIRe 58S ﬁﬁpF(t & ?Pgnals are

anplif|edIMItlniapnordﬁneﬁuwrnhrnutrqnsﬁeeefunctegnohBFIshbwnrégion 11

the peak r e i % U g ct to
paring (a?pﬁaq ude Te ctﬁéﬁs%&gl ?‘é%s Q{Tp%ﬁ& {i’ﬁg% égétﬁ >1 Fag%ﬁven fixed
gai n. 1Smmdlamigiiesde Rseepssehsverticaledanpilt adgnalgnuisharesprosessed

with the gigsendd xeshopdd), £204 md&E%@taHFhéHG@rﬁXBW%hanﬁ are anplified

as mentioned above for region I1. he non-1inearly_processed

si gnal s f IRARASHFRISSHHO 52 %P%lkoﬂb?%ﬁt%% ‘éeFBhFﬁﬁs@e%‘éH-l &84BT Ski ng

filter 10iforayicn Y fré CEtHnOLadéd, bﬁnneﬂﬁ@ﬁkoszlﬁithaar gskehor I106 and
na S are

2 oo Yl ot B S e Blt7 S08T) BhSL AR s GRS R
Ilnearl&ﬂdﬁ(mbdekataIampxﬁmudefdeMaybrslgnaldeaaelaisbtproaﬁssﬁﬂe | atter
oupe oi no el ved nPbaRtalnl (GRF1 3 Phe BdaX, AnBri RIS 111 (T 05
Transi st oreXcMr S hiinederate ampbitudg ségudiskasenampdigfighifier
with a galn of approxlmately three in region II. 1In
region III the peak amplltude excursions of large amplltude
20 signals subject to paring (amplltude reduct;on) are
translated with less ‘than the given fixed gain. Small
amplltude excursions of large amplltude signals are
processed with the glven flxed gain, and moderate amplitude
‘excursions are ampllfled as mentioned above for region II.
25 ' The non-linearly processed signals from
processor 52 are coupled via a_iow-pass vertical peaking
filter 101'comprising a resister_loz, an inductor 104, a
resistor 106, and a capacitor 108,_te a base input of a
transistor 110. These signals'are combined at the base of
30 transistor 110 w1th a predetermlned amount of linear
- vertical detail SLgnals from vertlcal detall filter 35. The
latter 51gnals are coupled to_the base of transistor 110
via a low-pass filter 112 comprising a resistor 115, an
inductor 116, resistor 106 and capaeitor 108. Transistor 110
35 operates as an inverting feedback summing amplifier
transistor, and ﬁhe base electrode of transistor 110
represents a “v1rtual ground“ summlng point. Transistor 110
also acts as an active filter device in conjunctlon with
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ground” sunmi ng point. .Transistor 110 also acts as an active filtefZ¥eyice
kn conjunction with 40 - 9 - lowpass filters. 101 and 112, as w be’
describedyin greater detail subsequently.g5 A non-li near
anplitude transfer function "C' :i's associated wth signals devel oped at the
coll ector output of transistor 110, as shown in FIGURE 5. Specifically, the
char act er i stlioss-pafs s rfdriistfears filictarsh 13,2 arats twiell vl dedcsilgedl| snappeari ng

at the coll %@te%rtteg d%arteg}_s_,l_i SSLI{HSE%éIigI are determned by the ratio of the
stor :

iﬁ(}%gdance présent éd by reési jt he i npedance presented by resistor
10Z, and By the rati o2ofnand ineset anpl it transfer cfineion 0BCY ois he

| mpedance PlBsRRlitt Y 3 Sidinall a MRS RAIAUE L 10508k CosebELtSE SO
that snall anplitude excursions of 15 signals fromnetwork 52, after
proce|55| n?hllf{am at."éd1| %’r?’-'ll _?flz(;raaﬁ\sqwff dﬁbﬁkﬁpﬁg Glﬁ?&eJ _ _%fil%‘%lkjsift ajr_']zf;%ljl y
cancel w AR g OE Qe S furid ) laiirte L1881 26£0 VI a
resistor 115,, %éé? Si n;i& CO%PLﬁ§1Via régistors 102 angd fiS § conbi ned
'n transi si SAIRALS FPPRRRING 4% fhhe |GRIEREmAE (FEARTETERF obt01 n regi on |
of responge aBeadetdrmirededry tthan Haetics|afetlos simpedatcei presespedsiey A f or
si gnal s couy Mg resd stor, ' Lon. to
produce non-wle%ﬁ'es\aeroq:t rlgozés%' #a%@%%lgﬁsésé%tgf%é%%?%%g§2 bf
transi stor BRG Iy5the ratio Tk the adinpedapee presenpedl by reésistdretdor -
out put of tr | p%; }ngg ' ' En eppiLl 4 | ce
125 to an mg)t@u?h% q'(li:uo |r§ié% 2 eré(?mfln%é |n€§r ) proceésés)galc'ilﬁgiéa?'éaflulélg

~ signal fromfRd&iRs i_B% Seleqhadk Fithrt @4#%@?%?‘?%5‘1”&?%5}% ndfce

fsignal 3fk1_5f rs(i@n{aqrsj mfgalﬁmmhsm,etm&%oéésémiﬁ:ﬁ fohhe signal N

rom peaki ng .net wor sQ .exhi br near ain) tr er_response "A"

as shown in%I§I %5@1?‘ ST JT?d}ﬁ @?@Lﬁ&dﬁs‘ﬁté'&s? 11%:[:@% %?‘5?‘\%?

appeari ng atittdhe smailiutamgfl icorde  reetcuids iaxis B £ ss Egnabpl lineeriyansf er
translated via resistor 115, when signals coupled via

{fansistor, and the base el ectrode of transistor 110 represents a ual|,

resistors 102 and 115 are combined in transistor 110.

20 That is, the linear signal transfer slope in region I of
responée B and the linear transfer slope associatedTwith
response A for signals coupled via resistor 115 mutually
cancel in region I so as to produce non-linear transfer
function C (FIGURE 5) at the collector of transistor 110.

25 . The-detail%signal developed at the collector
output of transistor 110 is coupled via a variable gain
control resistance 125 to an input of combiner 42, where
the non-linearly processed detail signal from network 50

. is summed with the linearly translated luminance signal
30 from horizontal peaking network 40. In this example the
'signal from peaking network 40 also exhibits a iinear |
(gain) transfer response "A" as shown in FIGURE 3.
Acdbrdingly, a reconstituted luminance signal éppearing
at the output of combiner 42 exhibits an amplitude transfer

35 response "D" as shown in FIGURE 6. With reference to
response "D", it is noted that the signal gain imparted to
signals in regions II and III can be varied in accordance

- with the setting of variable resistance 125, without
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35 response "D' as shown in FIGURE 6. Wth reference to response "D', it is
.hat the signal gain inparted to signals in regions Il and Il can be
3in accordance with the setting of variable resistance 125, wi-t hout

1 10 - disrupting the fixed signbhd gain in region |, as described in
detail in U S Patent No. 4,245,237. 5 ' Wth’ regard to the

out put signal from conbiner 42, it is noted that the restoration gain <
produceddxsnuﬂnanuthﬁ1ﬁxxﬁiwﬁigmii qamnlenereqeonlﬁaladedesbrsbgdals

(e.g., éH§¥ des ;of @b erge xi mum expect ed B
anpl i tude]) 'S suc %lﬁ I%w?e\?ﬁ% %/%gtell\]%alg é?%?? signals along with N
noi se d&hd ot her und%%#heﬁ?%@ﬁ%dﬁ%nt%ea?@tbﬂbcésgédlmﬁ?ﬁ@uFOEhhasceﬁﬂnt in
region |lfﬂﬁ%lﬁﬁﬂé&”ﬁﬂdéLEKeofegﬁﬁﬁéﬁﬁendééﬁhlpﬁbﬁﬁéea QB noder at e

anplitude (e. Si naI | itudes, betwee i ve percent and
forty peﬁﬂﬁﬁgkﬁ %E c% %ﬂ%l¥?ﬁﬁ%)V%Sté?élpﬁﬁEéééeélﬁPPﬁFn |
engance{re(rd q.e,]glsm;tﬂall tan;bmx&bys eophatoae fi]eevﬁéi'tétﬁ.l: det maklﬁnﬁiuorrr:at i on
and pictu | i is.re ea itu relative

| ar gg arrpeﬁeﬂegc e‘ger‘%é)ig]a %%i]aﬁ % af'ga‘? 1‘8“’ fﬁ‘ég&e‘éﬁrg%ﬁ forty per>c,'ent
of nmaddnde texdpe csieghalylalone waitch 200 fisei andh abpert uddpsivedesponding to

hi gh Conc{owoﬂéwse%éémgwéeéﬁé& %if'ﬂoué%nﬁ%&,gaﬂgsnta&ﬁ Bég%ﬁs‘?{d w thin

regl on I t'o attenuate or are e excursl Whi ch can

be | ar ge B RARk @%@‘%@(C@%s‘f@é‘:é‘éﬁlr%%ta%ﬂadsk'méééoﬁé m@ﬁéﬁm‘tﬁg" whi ch

woul d ot hegpi itudd aés}O,rtsﬁn@pswh@a&éyrseéﬁéahl I'n regl eavb | ow
| evel vertlcal det g| nal i nfornmati on been rgshore annunt

suf fi ci eREGEHr REFFF | R eﬁa§%m??c§FpF8 u?FBﬁltH
| umi naﬂrﬁcewrﬁmﬁesﬁea Wﬂ.ﬂmmyaﬁhamenﬂ'hfegﬁbﬂnIIOEo3Ghé25b9r at | on gain

in regio refer t al a|n which, in
a given 5%5%%% q?th| %?%%% %ﬁ%??ﬁgﬁﬁ%Ptﬁa EP rons of the
-vertlcaldﬁﬁxnﬂtxnnnxnm#hlscr@?momun1ﬂhacpeekgumplsbudbabf relatlvely '
large amplltude vertlcal detail signals (e.g., between
about forty pe:cent of maximum expected amplitude and

20 maximum amplitude) corresponding to high contrast images
such as lettering, for example, are processed within
region III to attenuate or pare the large amplitude
excursions, which can be large enough to cause excessive
contrast and kinescope "blooming" which would otherwise

25 gistort or obscure picture detail.

In region I, low level vertical detail signal
information has been restored in an amount sufficient to
preserve normal low level vertical resolution in the
Iuminance content of a displayed image. The amount of

80 restoration gain in region I preferably corresponds to
.that amount of signal gain which, in a given system, is
required to restore-small amplitude excursions of the
vertical detail component to the luminance signal so that
an ultimately reconstituted luminance signal exhibits an

35 esséntially "flat" amplitude response with respect to small

amplitude vertical detail signals. The magnitude of the

restoration gain is a function of various factors, including
the signal transleting.chafacteristics-of_petworks coupled
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an ultimately. reconstituted |um nance signal exhibits an 35 essentlally
"flat" anplitude response with respect to small anplitude vertical de
sﬂgnals The magni tude of the restoration gain is a function of v
factors, including the signal translatiagltharacteristics of networks
coupled 40  between the outputs of conb filter 15 and | um nance processor
58whi ch processes ultimately reconstituted 5 | um nance signals, and the
rebdtive nagmetwth titetdetpugsadbf appeafibgeat L6handullpmtisanteconb filter
8 o} O CraTp 6o dUey COEY GR10h bPECEESLE! 1LoNa0ELY EBEORERLAchaR! SO
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inSUffiCient51§héE%fa§§éér£ﬁ§baﬂgt§éf6ﬁ£§u£§ 8f. céhgnak1peakisangorul | s at
di fferent frequenfles ear .in the vertical detail frequency region,

will
resul ting i rE¥ERELE o TESeFROLPE| 0Ll The  EPFEPRAELARL 98I0 FRGS LEAAON dpe of
the anpl it udelss aisfelvds cobns bdératsdhe b6 whatOPebulekr agpoadeepeabie

t of d d flat
o mance 1 oo SV (WEESS LYok Mol ge Ind Bk FEn, "o BOR, BabbpTe), ¢ °
not ed t hat0 i ¥f tthe syestoraticn gaindéscinsedfiedent;i sdghdfipeaking is
acconpl i shedcéﬂgpfm;'éﬁf Stgngl @r 0ces§hiagY ge&ﬂs' Qﬁhufl}lfﬂgshglﬁ' a&g&%&em&k' ng

networ k 40 vertical detarl slg processing I nc ing 1S
acconpllshedﬁﬁﬁﬂ%ﬁ%ﬁk%ﬁb %%b%aﬁpﬁﬁééeéﬁlﬁ@epﬁﬁﬁtiﬁéﬂu@ﬁﬁelgr§€é§§6pcﬁétmork

50, independesdicn, tf@%ﬁ&%iﬁ@“iﬁ'l@@éklaﬁ 25v8§tberzﬁéaltaétagﬂ|'Zgar|¥h
W

processed vertircal detail ar.e
si gnal s fron*%% ¥R - pegﬁg? ﬁﬁe gfgpﬁo?fsGBFeEFEElFBQFhErBP5§§§S of
hori zont al5 petedar axgtexr Tt Sc nimneegbdn | Dncornespshdsatopthecambugtawdi ds t he

| ntroduct | on, ot ygt 4, Lugl sancee 30oLg0al L1 a0SLELN LEspaaEs WA ch

woul d ot herwi s rnearly processSe cal detai
signal s vwneﬂxﬁ@erw@rﬂ%atubﬂ%%ﬂ@dceorQQPOESQDanpbaktngntSthCunﬂanted

transient respansSStAOLedsDibCEFESELRE

It is noted that in the system as so far.described,

20 norizontal peaking is_ accomplished in a first signal
processing path including horizontal peaking network 40,
and vertical detail signal processing including peaking
'is accomplished in a second signal processing path including
processor network 50, independent of the horizontal peaking
25 path. Thus the nonlinearly processed vertical detail_
signals, which are éombined in network 42 with signals from
horizontal peaker 40, are not subjected to the process
of horizontal peaking. This manner of luminance signal
~ processing avoids the introduction of unwanted luminance
30 signal transient responses which would otherwise be
" produced if the nonlinearly processed vertical detail
signals were afterwards subjected to horizontal peaking.
Such unwanted transient responses would otherwise be
produced due to the different signal processing bandwidths
35 associated with the horizontal and vertical detail signal
processing networks. In this example the signal bandwidth
. of the vertical detail signal processing path extends from
zero hertz to approximately 1.0 MHz., while the horizontal
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wth hori zontal and vertical detail signal processing networks. In this
exanp he signal bandwi dth of the vertical detail signal. processing path *
exteends from zero hertz to approxi matel¥21-0 MHz., while the horizontal 40
-12- peaking signal processing path including network 40 enconpasses the
significantly wider 4.0 MHz. |lum nance 5 signal bandw dth as nentioned %
earlier. Igedlsing ssignakdordeessirg npathi bnatudpaganebwork ¢€rti cal det ai ¥

si gnal prqﬁﬁﬁﬁgf _ i ] r 3Pk d.- aPhi e 9a sitions of "
processed Sign %égéigﬁ§rapr% ?ﬁgﬁgﬁ??%ﬁg?aaﬁigﬁba%ggérgggﬁghg ?tude 10 o’
di scont i HAkIRAL ikARGELd threa g gReRBloBed| eabl ¥eHissi st to provide a well

def i nled bounda{ y betr%'e:ns téc}??(ﬁpl%@éd n?héﬁ“ﬁﬁe“ﬁéf\;ﬁlﬁ!né&fé btgé_kla@s_bal blf

signal s are not peaked,.and, the operating rapnge wherein detgil signals are
ceakad. noweRhodt et L ontar cheetesddei 3P RoRFEimencREPABFESLE
transiti onamiah gupliteiangabn cctansbbienyi stbperockieet spgnaasdi spl ayed

i mage. Spegj fii ¢ ) |festations, of, the discontinuities appear as
serration %ﬁh'égéﬁésgg§% lf}sﬁéf'ih*%?n?g?eéﬁpgfe?ﬁgﬁéﬁﬁaﬁhe edges of a-

di spl ayrel dii sapmitzinwit s iarthengyimeadomain, THesinabdysessasitons 20 may

al so be atgri ' ' e | US| ' |, in
whi ch cas eéc% &@%it‘% On%ffnaflgﬁieﬁﬁ% ﬁ%??%%ff nbé??‘ee_%? Eﬁbt ﬁggﬁérltl:—gﬁ%near
si gnal pr &Angs nheoprintvontivahedobt k1 5919na4Ft F‘BﬁaPOrX-nPGP#&Eiiroﬁnd

concer ni NGH SoHEEHE g S wIereinNddkafl FagRALsNaredpddkeddO of 25 J.
P. Binghamand W A.. Lagpni. In the,arran enen% f F%GURE ﬁ, t he visible
mpact of NHEYET nobes S regntindi€ids AREGCTated Wit PIGReTAPIAmIM by
means o015 |enamsaistsiores t¢aml ppedikeagahi bbpectDdénabhel udshblel effect 102, 104,
106 and 1Q8. . couple e, ut p hpea 4 L clircyt 52.
This fil teﬁpos%rale‘isléj%i%ﬁ%%thégggévegéagigggg#%g'sé?gzgi? %g%%%l%?% i 'tfl ering out
hi gh f r equsre\d isogonitms 5t tes happeanwast edrhationscor "stairsteps"

(i.e., a form of ripple) along the edges of a displayed

‘produggd due to the different signal processing bandw dths 35 associ ated

diagonal or similar image pattern. The image serrations
20 may also be attributable to the content of a received
television signal, in which case the serrations may be
magnified in effect by the non-linear signal processing
operation of network 50. Additional information concerning
this phenomenon is found in U. S. Patent No. 4,223,340 of
26 J. P. Bingham and W. A. Lagoni.
In the arrangement of FIGURE 2, the visible
impact of these image serrations is reduced to an acceptable
minimum by means of low-pass vertical peaking filter 101,
including elements 102, 104, 106 and 108, coupled to the
30.output of nonlinear processor circuit 52. This filter
‘- serves to smooth or average out the serrations by filtering
out high frequency components such as unwanted harmonics
and distortion components associated with the rapid signal
amplitude transitions attributable to the operation of
35 non-linear processor 52. '
The design of vertical peaking filter 101 is
facilitated by the manner in which the combed luminance
signal processing path including horizontal peakexr 40 is
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and distortion conponents associated with the rapid signal
transitions attributable to the operation of 35 non-linear epe
THe design of verti cal peaking filter 101 is facilitated by thed®Roy
whi ch -the gonbed | um nance signal processiBg-path including horizontal
peaker 40 is 40. -13- arranged relative to the vertical detail signal
cessing path including non-linear processor 52 and filter 101, as 5
I ows. Promeram@edarebatDVeth@ thgnuerpicsdsdengiir sigyel percessiRGGURE
2 reqU|res hS upledyy h ckydi nyah pracessor
20Cahna o grBftn SLABRL: B RN Yhiak torBELRsbRoLICkAR BetkeaTaby el
vertlcal 18 fpbte¥Ser 52, arrive at conbiner 42 |n tlne coi nci dence so that

the reconstituted Iun1pﬁ6§6r$bgéaht9ahpar Eﬁenh@gahungtoéas%&hgbh&&a&@@per
anpl i tude and hasgp tics. me. coi nci ce.is gghlev d by

t he signal b H%ﬂ%&r?ﬁnﬁhgﬁ FﬁgPﬁéshSPP? alV 1fr 508 £GF
path, in conimabmdDMgmhbhl2bntalgpnbcésbay aesoanatsdgnauh weupuedlvpeaklng

(i gnel doi ayEndPatFites uePhosoasshat HOBL RALIgalfol BeRelXATD € 108
are substaﬂtpa¢¢§seqna52.2®rr1ve at comhenannéﬂt1oftdmbayoassodeaped with
del ay Iine 8§oc aéseﬂédéfeganaﬁ HEH”EuﬂEnQﬁEéysﬁ. na&%hrzgh

%I
nanoseconds I n IS exa IS require e ermn e5|re

hori.zont al p@%RPHQGFeé%oﬂ§B1PbFssP§ﬁaﬁ§ EWBéé§§éG Bpan@bAsek charachars s
apvunt 0{ detﬂd?LS @ﬁlguéiméleaihalaaﬁae iQ haa&eb%a %qrﬁa%p%a@mag anount
0 S|gna eu 1zl Nn a |sre verti cal, Sl gha
processi ng p YnﬁTg%F ?¥¥t€?£1M11F§ I§ géneﬁaﬁgﬁ°F& ZeBtaL Rﬁ%ﬂﬁ
peaki ng fnBtpatﬂpllnchnjdﬁetQOﬁdwieh ehéesﬁgnalpdeﬂaywaﬁsecu@taﬂlwaﬁha

Gest1e9 30 TLLLeiLR0 SURKBELCELShAEe1 oI Ly, Lokt ioboc ol o0 1o

exhibit a Iarge enoug
signal path. In this example the signal delays associated

with delay line 85 and vertical peaklng filter 101 are

substantlally equal.
20 The amount of delay associated with delay line
85 corresponds to the amount of delay (approximately 140
nanoseconds in this example) which ls requlred to
determine a desired horizontal peaklng response for 51gnals
processed by network 40. This amount of delay is
25 sufficiently large so that the corresponding amount of
signal (equalizing) delay that is required in the
vertical signal processing path including fllter 101 is
large enough to permit vertical peaking filter 101 to be
~ designed for_effective'performance relative to desired
- 30 filtering characteristics. That is, filter 101 is permitted .
- to exhibit a large énough delay.so that filter 101 can be
designed to exhibit a sufficiently low cut-off frequency
of approximately 1.0 MHz. with good rejection of.frequencies
above 1.0 MHz., as well as a good group phase'delay response.
Low-pass filter 112 is included to provide signal delay
and bandwidth matching for the linear vertical detail
signals summed at the base of transistor 110, relatlve to
the signal delay and bandw1dth assoc1ated with the

35
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" desi gned to exhibit a sufficiently low cut-off frequency of -approxinately

1.-0 . with good rejection of frequencies above 1.0-MHz.,.as well as a
goo up phase del ay response. 35 Lowpass filter 112 is.included to
provi 1signal del ay and bandwi dth matc¢hing for the linear vertical detai
signal s> sutmmed at the base of transistor 110, relative to the signal del ay

and bandw dth associated. with the 40 - 14- nonlinearly processed N

signals Trom gifggo%fmégeegddf-5&5&51;0%,:05 processor B¥and ¢ digg osed

arrangenment o Ine 85 in horizontal processor 40, relative to
vertical pPbeessor 52 and vertical peaking filter 101, assists to o’/

facil : tgt;a t he dels! 9rusf tR8 gfi.gg%.bg.ég &Qﬁ:ﬁ%} g\e{p&algfnglé‘ﬂaﬁ]qrirﬁg%provi des
signal de|lay equalization, in addition to -det er-m ni,.n e peakin

char act er o1 REE LFORF g hPLOGRBEEES AR by OEATENER! EHGR L PEARF SRR di ng
the FraPSSEn&pdeﬁﬁﬂﬂSCamrpbhE&thE&dtBteEbQUSbﬁfi@&hﬁkcﬂﬁ%ﬂﬁ}ﬂﬁﬁﬁé of the
vertica ta n 0 net wor ne_al.$Q_possi,.hl e, _consi st'ent
with the gﬁepé%%§§%|§§ g? %ﬁggéggXSnFeFﬁ&En i & ?iﬁpﬁhéﬁﬁgﬁguﬂéglvertica
detail siprevigesceignal deilayi egidlicalktdobe depladddtion tdee non-1i near

si gnal pr 9S€, NS EL \ Vels | | t
umber 13 SEESDRineHS" But IpBakilly dnlealiRE 3ETe) oF B SR Lo

t he non- |PYicaeFrizpnbatspeakent AQt andgaxrddipanddes tamngiignt gesponse

corr espongh-aig1 &R H@ﬁéac?kepgahgmgffilter 101, for the reasons nentioned
previously. The veréﬁga

detai’l signal _processing.arra en&q; &homnkby

FIGURE 2 herein is Sht aREBNTEMSB R Qe &he YexddSal SR R kontro
vi a adj uspedtesstsgshetwdrk atemadevabesaithllegr gonmiEtdntderidt aille si gnal s
in regigns._| | i 1h egtl he fi i Iy £d for small
anplitugesﬁté??ggf;dégaﬁbgspgﬁggégi%hpggfé% P ?Sﬂu%%ﬂ%é¥$al§i

vertical detail signal processing circuit 50 could be

replaced by the non-linear signal:processor shown in

FIGURE 3 of previously mentioned U.S. Patent Number

4,295,160. In this case also it o

20 remains desirable to filter the non-linearly processed

output signals by means of a filter corresponding to

vertical peaking filter 101, for the reasons mentioned

previously. The vertical detail signal processing

arrangeﬁent shown by'FIGURE 2 herein is advantageous,

25 however, since it permits gain control via adjustable

resistor 125 of moderate and large amplitude detail

signals in regions II and III, without affecting the fixed

gain desired for small amplitude vertical detail signals

. in region I. ' o '
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In a television receiver systemfor processing a vi deo signal c g,

I mage representatlve | um nance and cMwniﬂance ‘conponents di spo thin a
frequencyl spectrum of said video signal Trequency interleaved rel ation,
said 10 systemincluding conb-filter neans for providing at a first output
a: conbed | ugi e signal with anplitude peaks at integral mnultiples:of an
i lge | i ne Scanning frequency and anplitude nulls at odd nultiples of

one hal f said |ine frequency, and for providing at a second output 15a

canbed signal with anp]it ey gﬁgﬁgﬁhé@%iﬁglgﬁpégagwg balf said line

frequency and anplitude nulls at Tnte tiples of said |ine frequency
and wher ei rFeig¥Hel LOTH TRAVHLTASKH AN ST RF IR PTANT R | (ideQ ghanal

frequenci egxdrfdigsiely anage qfeﬂmamc@lwerlmﬁﬁhamé@g&l@%ﬁf&@ihmce
i nf ormati on absent frg¥1sal ance ﬁ&nal at_said flrsé out put,
sai d appar %ﬁi TSR SR Tt Bhit S3t%sai d conb

filter neawadeu smgnamlinﬂgrqquendg)rntekraqwed f¢baibow j esatdr r espondi ng
to verti I+ ] i i f engci es occupyi ng
t he bandigfsycgnreg‘lm r{lé%lc&eg rs%n%h]? requtegn%:lrgesgr? f?%%"{%fwv%gagvert I cal
‘detai | confdratt dutpntsa &m&lmﬂtrpmc@)fsmﬂmmf&mwbltMns first

means for conhidig ﬁpe@;efh %ﬂlr@wfesweaaﬁ Ixﬁ&&ésﬁiﬂeféééﬁn% put of said
conb filter means with & gl ven é@%ﬁmﬁ% sald vertical defajl
|

conponent ﬁgﬁﬂQﬁﬂR%e%PqeﬁﬂRﬁkRFQQnﬁ Im“¥F+%%e§|©ﬂaPn?TBﬂ§Fat|ng
means resp@ﬁld/Q.itrﬁa Sl eid p) ethd UFE N e 54 Dl a £ 04 aeéésn@gohapuzont al

nor  zont JE1%, SR TAFA AL D L QUG PIADI QR gRLEHaRaP oF 1

transl ati ng:ne-d‘mslfr eta;nahslmtirequency and amplitude nulls at
integral multiples of said line frequency, and wherein

3540 - 16 - CLAIMS: 5 1. Video signal processrngqéiéa}abus
s

signals provided at said second output include Signal'
frequencies representative of luminance wertical image
20 detail information absent from said combed luminance
signal at said first'dutput, said apparatus comprising:
means coupled to said second output of said comb
filter means for selectively passing said signal frequencies
correspondiné to vertical detail information, exclusive
25 of signal frequencies occupying the band of chrominance
signal frequencies, to thereby derive a vertical detail
component from said second output of said comb filter means;
first.means for combining combed lﬁminance signals
from said first output of said comb filter means with a
30'given magnitude of said vertical detail component to
.produce a restored luminance signal;
first signal.translatiné means responsive to
said restored luminance signal for peaking horizontal
imaée detail information of said restored luminance signal,
35 to provide a horizontally peaked luminance signal at an
- output;
- second SLgnal translating means respon51ve to
sald vertical detall component for developing a vertical -
detail peaking component at an output;

O




sai deyertical detail conponent for devel oping a vertical detail peaking
feiapnt  at an out put; 40 - 16 - 5 second neans for conblnlng
’duiputs fromsaid first and secentiés+gnal translating means to:
ee a horizontally and vertically peaked | um nance signal at an output;
and | umi nance signal utilization means for receiving 10 output signals from
sai d second conbining means. 2. Apparatus according to Caim1, wherein -
sai d second translating neans i ncl udes 15 Iomfpass filter means
for renoving signals occu nd of frequenci.es idoertical
detail signal frequen%?%% Bﬁtg of gPaﬁéPénstéaPa 88%? %s gﬁ%F ating
means. 20 3sa£@pﬁiﬁ@ﬂ5aﬁ@ceedong shgfihdi hbr@nshheiegnmeans knm&mmm&uda lter
means attenu tes SI 0 p a c e I '
frequencies. &g%%?%tﬁéaé%%gg %%gl? Bgfg%ﬁlg?ﬁ%hggg%nssggﬁi rst
translatingamemmtpmhcl@d@s signal delay neans for determ ning the peaking

~characteristics 30 of 1 iHEﬁcé'EﬂﬁhﬁlfﬁeﬁliéhélBhr&Eah%a@8ﬁﬂﬁéa§1maaﬂﬁ and
wherein said signal delays _exhib said first and second translating

nmeans ar goseWwtPaht $igpyleghaem 3514, SQﬁB&ﬁaFGQ 8dBFdMEF S0 O ai m 4,
wherein said | owpass filter means-exhibits a signal delay substantially
equal to the signal delay exhibited by said signal delay neans. 40

2. Apparatus accerdinq to Claim 1, wherein said
second translatlng means 1ncludes
15 low-pass filter means for removing signals
occupying a band of frequenc1es above said vertical
detail 51gnal frequencies from output signals of said second

translating means.

20

3. BApparatus according to Cleim 2, wherein
said lowfpaes.filter means attenuates eignals
6ccupying the band of chrominance signal frequencies.
25 '

4, Apparetus aceording to Claim 2, wherein
said first translating means‘includes signal
delay means for determining the.peaking characteristics
30 of output signals from said'first trahslating means;
and wherein
said signal delays exhibited by said first and
second translatlng means are_substantlally equal.

35
5. Apparatus according to Claim 4, wherein
said low-pass filter means exhibits a signal delay
substantially equal to the sighe; delay exhibited by said
signal delay means. ' ' | -
40 ' |
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-17- 6. Video signal processing apparatus in a television receiver s em
for processing a wideo.signal 5 containing inmage representative lu e

dnd chroni nance conponents di sposed within a frequency spectrum of
video sigrlal in frequency interleaved rellat ion, said system i ncl udi ng comb
filter means for providing at a first output a conmbed | um nance signal with

aspt i tude peaks at 10 Jjntegral nultinples of an. imge |ine scanning
fr%duency and anpli tuc#e' n%%oatsmﬁcf%?séss“b? 2RISR Pl i ne
f&;ﬁuency, ared efvars jjpmorieshieniy et sty ssgo rfib 1o it e s Dot dv Sdemasigma h

ahpti t ude : : ' ,.,p%q:-- f -ﬁ%j | ] nd
anpl i tude q(z&%lﬁgtag%u?‘%é"gr zﬂté ?’Jﬁlﬁ%{el .p' eslh(% lslgllh |('?1% %%q%%ﬁ%?ﬁ%%%é
wher ei n si gFgPoRenkisicd sposed ¥ idduigh® dinganensic| serReergn L fsatdienci es
represent at M JiyHaNANGE MRIGUTR]y | TRGS doiwvdd AT LEIBY | O BPSEPELEMOM

sai.d conbed | um nance signal, _at™ sai irst output, said apparatus )
conpri si ng: gluding com LoMRANF tTPL RIPERA datputLoFtsai d conb
filter _rrealnsgdufupi;_ﬂls@_ Q(amf Ye¥=7s | ){le&fd;{tlga ss';mqhﬂ gt hfa[ml f PHEd & Sp&Qk § egspondi ng
to vertical .detail .infarnmation, exclusive aof. signal frequencies occupying
" the band Bt IOHEFRA R GRASH 9% leAds L17F (HRAbY Gt T SEUSnOY P74 )
detai|l 25 cempdisudd morhlsaiatk sefbmihlouigles off sane-lnohh $aidelineans;
first neans ol Céyqi s'glﬂgi r L d, fj ut put
of said conbff%q‘%girgyrfegr%giw.t %Aﬁel%i%u e %fc.{scgl‘:ﬁ ver i%éatﬁlg%i(gt ai |l
conponent t ¢ignadusd tdp anpldsinsie Peaks mhddimghktiries sef sppeahalf

transl ating Jreansd Qs SMddh &R £hd el féhdeMuBDscasi gRbgEQL peaking
hori zontal_image detail_information of said restored | um napce signal to

provi de athdy 183 PHSAdE IR RERBIGhal 25 HeBRID E19R218econd

si gnal trangmvidedeansdidl dddmil |ou tgubth simd 1ude S8ighaerfreéahefi€ias!

conmponent Wzlé%rzies]cei:{tsa;[ti aei %@rl%%iex{ar}cheanvezxeéféaf Qimage detail information
absent from said combed luminance signal at said first
output, said apparatus comprising: ' '

20 means coupled to said second output of said comb
filter means for selectively'passing said signal frequencies
corresponding to vertical'detail information, exclusive of
signal frequencies'occupying the band of chrominance
signal frequehcies, to thereby derive a vertical detail

25 compq%?nt from said second output of said comb filter
meansj;

- first means for combining combed luminance signals
from said first output of said comb filter means with a.
given magnitude of said vertical detail component to produce

80 a restored luminance signal; '

first signal translating means responsive to
said restored luminance signal for peaking horizontal
image detail information of said restored luminance signal
to provide a horizontally peaked luminance signal at an

35 output;

second signal translating means for linearly
translating said vertical detail component with a first
gain greater than zero; |

40 .
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-18- 5. third signal transl ati ng means responsive to satd vertlca

det ai |. onent and conprising non-linear processor nmeans having a
non- | i signal transfer function for translating small anplltude .
[

excursiors of said vertical detail conpdﬁ%ﬁt with a second gain greater
than 10 zero in a first region, and for translating noderate anplitude
excursions of said vertical detail conponent with a third gain greater thagm
said second gain in a second region; second nmeans for conbining signal .

out puts from 15 said second and -third signal translating neans to Q_;

b [ 1 | d
substantigal | y cance t?ﬁ?. s&gﬁblf I8 G ﬁ%gggtt?egg{ssférsgad’:?ﬁ aio &4

conponent”; third means ning signa m sal d secon
conbi ni ng ﬁ@ﬁﬁécéﬂdd§§ﬁdlfFP@PQ&%@&MaHQ%ﬂQﬂRﬁhSkpquﬂqnﬁﬁmﬂe%md | uni nance

signal uti bkéébb@&r”&%@%sf Havifeia) indth-Quliddr Jignals {rLMe s df&x%{?%_
combi ni ng JAppar at ys accordlng to Claimé6, mhereln said third

si gnal tra%FaFFﬁ&sﬂ'éz}'r}?gl FRadde @mBdt uﬁ]zfsse"fq"l’{se‘to’%ﬁeé?fs §&4d r enovi ng
signal s 'ocoum:u.aglt hethdand c@inpfoli'mtiﬁlﬂﬁjtﬂﬁ aatyace:rﬁﬂlqhﬂergr@aa&e:dewaﬂx

f Gi | d hi | .
rooaror 10 2688, GROR BIRRL RYOR S 0la Yl AU LA iiddih RS D

means inclampélsadelgu&ur@abmp mﬁamau@dwdntuq@}aﬁeﬁqﬂtﬂcmmgqnent |
subst ant | amhegu%lga aa%ggaieact@xa&h%zﬂ* éafaedsé%ﬁ ggdifxb C{&' é'%@é nd o

transl ati ng nean Appar at us accor aim
sai d S|gnaFeﬁéP§y means included in said second 5 signal translating neans

conprises a | ow pass skicbhll mek@s £ORD VoMb i i3 Wi t&@@&@fﬂomw/ﬂerel n
15 said second and thlrd 51gna1 translating means to
substantlally_cancel small amplitude excursions of said
vertical detail component;
third means for combining signal outputs ffom
said second combining means and said first signal translating
20 means; and o .
luminancé signal utilization means for receiving
output signals from said third combining means.

25

7. Apparatus according to Claim 6, wherein
said third signal translating meaﬁs'includes low-
pass filter means for removing signals occupying the band
of frequencies above said vertical detail frequencies
30 from output signals of said third translating means.

8. Apparatus according to Claim 7, wherein
said second signal translating means includes
35 signal delay means exhibiting a signal delay substantially
equal to a signal delay exhibited by said third signal
translating means. )

40

A



-

«sai d first si.gnal translating means includes 10 signal delay neans for
determ ning the peaking characteristics of output signals provided by said
ffirst si.gnal translating means; and mhergén si gnal del ays exhi bited by sa\d
first and*third’signal translating neans~dré substantially equal. 15 égégs
Appar atus according to C aim 10, wherein said signal delay means exhi bits a

si-gnal del ay substantlgllyAﬁﬁggétﬁg gBgBrhyde &8 @1gﬂmuﬂg(ﬁ%%§&éyﬁntnted

20~by said | owpass filter.neans.  12. Apparatuys accordi ng to Im 10
wherein said | ow pas§4+¢t%+g%hn§ebFYeW§§P§s igednged AR sadshyserPide band

ol—ehr oni il gwdn£1£EL8HhESns ldom pea%%t WS 1KEPalNE f10edd i m 6, and
e

further conprising 30 : a variab | npedance coupled to said second
conbi ni ng neans for varying the magnitude of out put signals fromsaid
second combi ning means. 14. Video signal processing apparatus substantially
‘as hereinbefore descriged xﬁth reference Eo Flgpr 1L to.b. 0
: . ppara £0S" 8868 ing to aim ’ erein
said first signal translating means includes
10 signal delay means for determining the peaking characteristics
of output signals provided by said first signal translating
means; and wherein
signal delays exhibited by said first and third
signal translating means are substaptially equal.

15

11. Apparatus according to Claim 10, wherein
said signal delay means exhibits a signal delay
substantially equal in magnitude to a signal delay exhibited
20 by said low-pass.filﬁer means.

12. Apparatus according to Claim 10, wherein
said low-pass filter means attenuates signals
25 occupying the band of chrominance signal frequencies.

13. Apparatus according to Claim 6, and further
comprising
30 - a variable impedance coupled to said second
"combining means for varying the magnitude of output signals
from said $econd combining means.

l4. Video signal processing apparatus
substantially as hereinbefore described with reference
to Figures 1 to 6. '

(A |
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