; e3eHG<=>@B. @d@@i 5 -1 USI NG SPECI AL NTSC RECElI VER TO DETECT VWHEN

CO- CHANNEL 8 MAY 2003 | NTERFERI NG NTSC SI GNAL ACCOVPANIES A DI d T?L TV
SIGNAL This is s“lwmuwmmgnl r.,part of patent application seri 18 \MAY 2003
08/ 821,944 fil ed 97. The invention relates to digital television
as transmtted by ragignaves in a broadcast television band and, nore
particularly, to a nethod for detecting in a digital television receiver
when a digital television signal is acconpani ed by co-channel interfering
NTSC si gnal of USIbStSPEOIAL NS RIEOE:YERAKGEIECT GFHINE ONVEANNEN A

Digital Television Standard published 16 Septenber 199 by the Advanced 10
1-720 2~ Tel eUNGFBRESIDEOTRSE COENMTSES BRI F o e PHITA TV ST6RAlest | gi al

si deband (VSB) signals for transmitting digital television (DTV) signals in
6-1 vl Hz- bandw dtfy,{ ¢ é?éﬂn%ih@aﬂio%h@!}:@ﬁ'o?p&@ﬁﬂp@ﬁpizi&?\%@rw%&%@Iéﬂ,w&‘ﬁ@’ed‘ n

over-the-air broadcasting of National Television Subcommttee (N?SC) anal og
t el evi si on 3l gaahsi9Wt hin the United States. As |ong as NTSC anal og
tel evision signal continue to be broadcast, it will be advantageous in a

recei ver for DTVio) g0al a1 0,88, ALt ASL LR MAED, 2 N 5. @A2L 00

tel evision sign causes su a coO-channe rence wth a DTV

si gnal bei ngoideaiwedsiofhendind, rreepartculady) tb Beatetihel fdedéignird ik a digiange its
made of operation responsive to a determination that such co-channel
i nt er f erdfencelerisiopdechiver M§ies @ s tefavisiomyeny! natsremarnied by cothangeln

co- channel #ﬁ%ﬁgﬁb ees: Al o PEILH Jiﬂ%é\%ﬂmd‘éﬁ‘i ch is usually done by conb

filtering. e COo iltering enployed’'in a DTV receiver for suppressing
NTSC co-channel interference is better discontinued when sucmmwmmlmg"“mm:e
is not substantial) since BACKGRLUNDIPH THHRINEENTI@Nal John

arising fromthe plural paths through the conmb filter. Generall yrissis6*

co-channel 1nterf ofi g delcl QM At ANIhA0E el 7Bl 1908 LPNR! nddneans! der ed

to be substanti al as su ener gy 0 cause’frequent errors

in the dat afsdvisiomguspattoNSTIC)ecfled the nayrdef vedegialkidgband DI3BBI gnal as
synchrodyned to baseband. Parent patent application serjal, No. 08/ 821, 944
filed 29 MaroasEooyansrdtag cigiebglevismmi® W DEDal iakaVSz-raodvidix LLARY ANALOG

part 1 cul ar 15°BE0RFrBEIsch Ry T feedi ol e Bondl Y e 10

change its Wa@aal0f=|Op€6RELRRMNESPONSTSE) daloy televisiom sigialsomttineate subst anti al
co-channel interference is occuring so that the undesirable effects of such

co- channel United Starentelong as : Sk aE‘P'Qét‘@EY“‘_PHét@&'ﬁﬁPW&‘&Fi‘Bﬁ"P@&é?féé_‘& hat he
detection mNE%?@Ra&BaﬁﬁeJ ré&eﬂ&rf&%?v%?gﬂaﬁ %ggb@'to IMeHRGEWHER Sni S NOT E

readily 5 done arter Synchrodyning arty suc Interference to baseband
rat her 16haNE8Q enalsy widvisoah/signag cOiFws sibgantialtco-charsb intetference SrithyeDENt  No.

322,070 L Ssur 48 June, 6ot oLy L g ang oL TSN
LOVER ADJ A%Mti%%ive 10 a determination that such co-channel interference is oceurring,
50 that the undesirable effects of such co-channel interference can be mitigated, which
is usually done by comb filtering. The comb filtering employed in a DTV receiver for
20  suppressing NTSC co-channel interference is better discontinued when such
interference is not substantial, since this can avoid the additional Johnson noise
arising from the plural paths through the comb filter. Generally, co-channel
interference from an NTSC analog television signal is considered to be substantia] if it
has sufficient energy as to cause frequent errors in the data-slhicing operations used
25  during symbol decoding a DTV signal as synchrodyned to baseband. Parent patent
application serial No. 08/821,944 filed 21 March 1997 and enitled "USING VIDEO
SIGNALS FROM AUXILIARY ANALOG TV RECEIVERS FOR DETECTING
NTSC INTERFERENCE IN DIGITAL TV RECEIVERS" particularly describes a



10 describes an anal og tel evision receiver that synchronously detects

recei ved NTSC signal both in-phase and quadrature-phase. The Ito receiver
synchrodynes the radi of requency (RF) anplifier response directly t@g MAY 2
baseband, so an adjacent |ower channel may appear as an i nmage. The AT 2003
guadr at ur e- phase synchronous detection response is phase shifted 90 at al
video frequencies above 500-7~0 kHz and |inearly conbined with the in-phase

synchronous det'ecti on response to suppress inmage frequency Cfo%glonents
transl at ed R10Y FRe§BISA AL 2NFHI 1A GHAABH AR MEHIGPS CHEREER FSROBHYS R $ETENTRPNTSC

signal. In U S t n_!ll\%q: : : S s GhAsErabR& Rl hat
this proceg‘uarté‘?baslt%gla %gnfie seﬁﬁé&%f%ﬁ%s?&ﬁ%ﬁﬁéh& gg'gvethSTaEI—E. Tﬁseo
attendant k@&scoéhanyisl infRpfefenbe gih e mRisanai Thai sppiicaent @bites it the

smal | -vi ewi ng-screen tel evision receivers, 30 however, such as those used

in wist wdeegreen ofNTECso-abmnel iverfarercede §ligitas TYTECHYRIF &3 mpieagadihty

h . fi ; i i \ h
it anibn e ay o e DR R R AR B b AR B 1

t el evi si onsychasSaAsid DOVaighatd baseébangcond conversion to an internediate
frequency in the very high frequency {VHF) band bel ow t he channel s 2~
designated for televisiqn broadcasting. So inage suppression js not a

| IRy idp

probl em Furt hethSr satepiplo.cat33. 8 igyue uigapgentéd only 310
kHz from ck ' kbt | ntent as
conpar ed tﬁg@kﬁ%@g§§§J§}&§Q§JQ%§F¥Q’E§O}@{§%¢§%%‘gg?g%ﬂ%@ receiver
of the typREDUCRIGYNTERFERENCE AROM 2L OWER WIDVACENT dHOANSIEICY | on
response wWith inverse-Hlbert-transformed 30 quadrature-phase S nchr onous
vi deo Wbt edescthes asnsinedeleyisipnracal 1 thas syrahronpuglydsiecisyeceiged NifpGay Q003
-3DTV reception, for .u 1 X0 L LV L hgi:when a
Gigital tohergiss o pafsREedRllkiptad, Ak AEREHE obOleolFhRTht BATSE
signal of fgehehap{RE) arApiiidrirespenseRireay anlgselgantipso dhadjidenetoser idhidei t
transformati on of the quadraturephase s%qgchr onous vi deo detection response
to frequentiSPRREF bs preiage? ShelaMpdratiehiPRAse SYPGHI PNy dPEERPR EFPYSE dfres
substanti al, y, insenghdive i tif S [ I V.5 :

suppr essi o‘ﬁh%’? Sf?‘%éggtlll A %r\{‘??oggidsuegﬁ%ﬁb%% ggo ﬁggg@? |%§T¥ﬁ?lﬁ§§gﬁlb$3§e of

co- chamnel witRtigs hegHasdsyNESGns b gdadcrioBtdyBIdé hugpdlssl iNdERTegNriEige i nventi on
in one of its aspects is enbodied in a nethod for detecting in a 10 digital
t el evi si oncompasientsrrapslatsdde dpgband durisigsyndirerpusidgieation sf wedesppeasi ed by co-

channel ing erin si_gn o] nt.i al | j t.ude ich et hod
conpri ses r@?éé@%{?ﬁf JS{IT &b%\’/.m%ﬂ‘gk\?i %régygiér ﬁ? §R% oqglﬁsﬁh)éfﬁg%%%\#r}gﬁt MY erfering
NTSC si gnagrotiusy Nsh ELR¥REH: Videdasiapadts dbove JSNEHA! THE adhdafic RRASE

denodul ation result including fret arifacts of the digital television

si gnal andufninange heghafréqugneiesig aeeatablean spadeviaBingesstrgnlteie visionresaivars,

i ncl udisng secgnd arti fgcts C; .tpe td"iV i t%I t?l evisi.on signal. The m phase
and qdddr AV EpEHLLA RIS SRS TEEHTs are subsequeniy differentially
shifted :n respective phase by 90 at frequenci es above a few kil ohertz and
then linearly compéneITV eecgprRedaimsast pines freqaeriyiongersieaithauthst antial |y
free of e-r:e first and second artifacts of the digital television signal.
Then, whetdsarersiontpen iermrgizefequenesinghe yirahish Feaenenhih) bapd aboret
exceeds a prescribed val ue.i L Lndication of
when the drgtEareRa aorarE ISR b Eet S AEaRLR s UEhoE BRLeEBh

i nterfering iNeRGeGh@TRdquencysidiiss vty Bighdraueidyd¥ HFRnd heRRt therthbinanot her
of its aspects is enbodied in a digital television receiver including

ci rcuifry designared dent (Eigyisiaprseadrpeinga $811EGSE SIRPYESSIOBNS BRhRIPbISM. 25

cubsLan) cBRLLAS REEYRF<B SRS oA oRiameb il

circui try g seelepeisivegy fittierloablt ¢ldevin Rl ppelasre o eTSa svaslli gi al
si deband anplitude-n-.edul ati on signal descriptive of a video signal

portion of any analog television Si gnal t hat occupies the televisjion

broadcast channgle N¥GHRARITGUE 1At BV Bt derei¥ss of Hiedy P&l Bl femApPEt ude- 30
nmodul at i on_ Sj Q1 e [ . l4 fying , he
R o R A S i 1 RN e
i nt er gedi ajueddatieephne)yatigoadus Mikkovest gl adspsisdeband ranipbd dfidersmdul at i on
signal as originally received by the input circuitry includes a video
carrier and full sideband in addition to a vestigial sideband. Video
synchrodyning circuitry synchronously detects the anplified



internedi ate frequency signal with respect to the video carrier signal and
with respect to a carrier in quadrature phase with the video carrpey Pﬁ"iYg'?ﬁda
for generating an in-phase synchronous detection response and for e
generating a quadrature-phase synchr onous detection response. Phase shift
circuitry referred to as an inverse 'f-lilbert transformcircuitry in this
speci fication phase shifts by substant%al ly 90 all frequency | O conponents

of the quadrantre phase synchronous detection response ve a Eﬁescrlbed
frequency t & Tdeiferriian. FiaseasH #44 Lery easvenior ’e‘%ifé‘ﬁ‘se"hﬂ‘_‘ gial iR AR ng

cireu try | LOganl Yc2anhhes. BenkdePARSRNRY RERNONEUS odsliRbkien response and

the phase s Crrcul'try response recovering |inear conbining
circuitry respbhnsge B sapobt fmnh@fnvtrlseimbdeoa-g-rraalnodeﬁdrﬂ dedrabot-h | n the

full sideband and the vestigi al sideband of. t he i.a deb
anpl i t ude- nBEF éY?‘é‘ﬁorsquéjHéjleggg‘eErW”dFWé?P?VO '@8&?‘1}:&5 Ws\f’ﬁwc"lg 78@5?1' i n| ng

circuitry res 9\9&58? r§ce§\%p%&acf?ltés"§hth Yanbib BRirQens(iBRRO BRGadO 0 AEY cithhnBILIRtY

tel evi sion signa hat occupi es the te evi si on broadcast channel being
currently reigedly&the s;&p;trhssmha'l’hi: O&Vewiforts sionpilfich metkring thhmagutecwér for
determ ni ng when t ,]ng near combining circuitry response exceeds a
prescri bed FHFEARS ‘(’}te\F j\ (gl'r Gler ating 20 indications that the
co-channel analog television signal is of substantial anplitude. BRI EF
DESCRI PTI ON OF THE DRAW NG RyGMRESR Y GINTHE MIVENTBION a schemati ¢ di agram of
a television receiver that is capable of recei ving NTSC anal og TV signals

as well as DTV signals, which receiver enploys the ne t he .invention
for detecting thzgﬁrrege%'bmme BE\% %ﬁP@ﬁ%ﬂSs‘: d&‘} ‘“é“e@i\%ﬁﬁ’éﬁ"tc?&%‘f’érl ng

NTSC angd 00 kYol @ORIGH reld; 81 et ol dfgifdl SRAGTRL dignal it eyl T cat i on

t hat can her of the television receivers of FIGQURES 1 and 2.
FI GURES 4, Bhanfielantirfériag & TSiCosigrahaf substsitialemplisidepshicl metkodrompoiges f or

detectlnglnadlgtal t el evi si on receiver, wh l.tele |S|on si gnal
e °% 5 wnemrstlieRc abmsiira By cE SRS E ST Nd SRt ignal of
subst anti al SraBADA0-f1h8e daNQNild:n ratlt iSic @ihbous
aspects. Wd&%ESCgangndi\rﬁlgszé 1Eéjshows portions tof a tell ew sFon

recei ver t hatst P'Slfmpahhe dofilal iekeisionrsigniT 8! Emgpayyating %ﬂ'@ﬂ@aﬂ%feaﬁm%el | as

DTz nal s er- the-air type tel eyi si.on br N received
by an a enﬁé”ﬁ "é“?‘?‘a’nﬁilﬁ 'FF%E”’%?“&H ﬁ*ﬁfﬁ‘%i %btgggkﬁnetd[lrgéép raz ﬁ%“ncy
anpl i fier ﬁé&g %ﬁg@éd:ﬁgretﬁha@ ééuio‘éima%ﬁ %h@s’aﬁsu%ﬁ@udﬂﬂ,mﬂémeﬁﬂa@w 3 and the

first det ec ve ad) ustabl e tunl ng and toget her function as a tuner
for selecti stgfta:i ulngs;tcaiwaehaewb)s?(bm Seqpearies ahave afew iloberamanditBerat di f f erent

locations | anaarlfy co%%me%yo generate a linear combuning result substantially free of the first

and second artifacts of the digita! television signa!. Ther, whether or not the
20  amplitude of said linear combining resuit exceeds a prescribed value is detected, for
generating an ind:cation of when the digital television signal is accompanied by co-

channe! interfering NTSC signal of substantial amplirude.

The inveation in another of its aspects is embodied in a digital television
receiver including circuitry for detecting times when analog television signal of
25  substantial amplitude occupies a television broadcast channe!, which cireuitry is more
particularly described s follows. The receiver has input circuitry for selecting from a
television broadcast channel a vestigial s:deband amplhitude-modulation signal
descriptive of a video signal portion of any analog television sigaal that occupies the
television broadcast channel, converting the selected vestigial sideband amplinice-

30 moculation signa' to an intermad:ate frequency signal, and amp.ifying the



10 band The first detector 3 includes a first |ocal oscillator supgl yi ng
first local oscillation tunable ever a frequency range above the 8 MAY 2003
ultra-high-frequency (UH ) TV broadcast band and a first m xer far m xing
the first loco! oscillation with a TV signal selected by the adjustably
tuned RF anplifier Z for upconverting the selected 'TV signal to generate a
UHF i nternedi ate-frequency signal in 3 6-VIHz-wide UHF t ~

i ntermedi at e-frequency band | ocated at frequenci es above the assigned
channel s i rintesedipfe fréquengyorgnia &2 PIOXifS an BmplHisd (nta@pesid'd TeQuanNeypIisTEs t he

hi gh-!; F-band si.gnal .49 a,Ud-sband | ' -fr (fier 6 used
in NTSC audi’t Vreé‘gﬁlﬁl T‘g%an?‘%pﬂ'gg%%é@l%{o t%%ﬂbgﬁ:&ﬁig%%ﬁéf L:%g? lblé tlll]eg applied
to a secondngi@tc@elvfy Gcluderh VidedNdStepatdi Rl 3RebaREPtadaNionTBa eggiad def ect or

9 includes a second | ocal oscillator supplying second |local oscillations of
prescri bed sidebanbn¥ideatspuehrodining @rr@nngwntg@qeeﬂwetwﬂﬁ Upemplafdtast band

and a second m xer for mxin he,seco l.ocal,_osci.llations w.th the

r espons® of‘"&eﬂgecﬁﬁﬁ f?elguﬁ?fﬁl s’lqu]ai'?v“g rfs(g’eégﬂé ea‘f‘gmac%?rys-’%'?ag Ang r‘”é‘%h’éﬁ&i?‘
(VI-1,¢) i ngeraRd #t guidrauraitaye SiH i \Sdéd)@aaﬁa%zatai,ftbegra@mm@senbel ow the
assigned channel's in 25 the VHF '1°"V broadcast band. This VAF IF signal is
suppl i ed t on-phassrsynpirghodsrdesasting yesponserane dorgeasfating aansyrannplhiiseer 12 The
response of _the VHE | F lifier 12 is lied tao an jntercarriefs.sound
Gotctor advRetRras eissiPbeisndmty Ahase 3ol Big e it ig M SRR SHuBe

i nt er nedi akQnifoRHLERENryShifk Spde@icdtioh PhAE GRItIsILg sBBAtially 90° all frequency

i nternmedi ate-irequencv anplifier 35 ich anplifies and in 30 nost design
symet t® cakbypbierits of hhquadrphird-prase sprshoamoes foecugmyiespaast obotece an FM 2 8
MY 2a3 -6detectoy.36 The F11 detq}%}sor .36. reproduces seband .conmposite
audi 0 si gnQFesg‘Iﬁtb"d?‘é‘H‘ePW P PFeHeR ?18“%6?'??’8’?@3%’9"% BHY CF O Eecei ver

part of thegLiiynRe&ilYeSmbinBs fhﬁﬁﬁfpﬁa&qy@aﬁ&m@dieeen&pfés%&mselaqh@héﬁwel s
y

t hese renmai ning portion typica i ncl ude st ereophonic decoder circuitry.

| f the NTSthifumlicoitsy gopdnse rgesienng Hneanicombimang ovyaing réspbrserty agortion he | F

anplifiers and, 12 .t hat s,pnly th M audip carrier. as translated to
e med aPbUEraSer gL e PREd Pitbép LT RERE bt g sifoBRN LEC

provi degd byegigiitlsideBhdimpiitabe-MdkitizRbh §3niIng okigiRPhiddri. Jnifiin@sponse by
video carrier selected to the multiplier by a narrowband filter'responsive
to the responbeing citduitry fesporpk if substarrllyrireel of redponsae ANyI(Zizaiddlevisiognal s
art; selected wth filtering i.n the IIF 10 anplifiers 6 and |2 that passes
bot h the NYEERLIhHdscuRiEs e dF viaiaR PrREREasLEhaTar Raing BTG ) PR SHedhat 6
frequenc egyeh8ly JTBhETE Ml ted iR eddr Fb! RhermitiaBnchife btk fhearrier
soured detector 3a can be a sinple rectifier ar cal be a square-law device.
The first detieoingciBuahsEspapspkiesds hprebargied IdEeftat@dalae ghakertevattngdJHF- band

i nternedi at e-frequency anmplifier 37 used.bot.h its C vi.deo raveptior. and
AT 13 isehgRY Bt o c8heaneb saldh Bty end T pre el S BN U 1)
anplifier 37, 4vhrch determ nes overall |F response for rl1~' SC DTV signal
and for ~ITSC video si gneRIERPDERERIPTION €JFETHE DRANIN@uUdI 0 signal .

QO herwi se) the SAWTfiltQ has substantially flat anplitude response over
the remai nder of the 6-VII~z-wi de TV broadcast charlLn.! as translated to

the UHF || = banblGHBERdsandihare saeh axschempals ddgrampebaielqvesionieseiventstighout 20

its passband, SAW.1 | i ¢ ed i E L..fe 7 by a
transi st or&llgrar%l}-i%? ireecrewdne%f{(ﬁgg #%lagrﬁggp%é ‘A‘gl\;ﬂ%sgﬁlilterL Sp %g.ﬁ]&lgmérré%e Y bed
sour ce i NpaARBgStHetRdthadbiithe @fveritibh fodlderet Giid S tprBncBAIDEV sighal@dfidaai N this
prescribed source inpedance, the transistor ammplifier gain i1s preferably
fixed%n velapecldpgrisung NISS amglagvEY é@nelst he insertion loss in the SAW
filter. The response of the UHF iF anplifier 37 is applied 35 to a second.

detector 38 usefelf { shichdmlit dEAER' AU MARALNEACH SR LAERLOL ThE
second detector 38 includes a secon 5cor osci 11 at or supplying second 'l o;
.al osci | |at taderdsioh raredeer ofiFdGURES UemEY. above the ul trahi gh &quency UHF

Tv broadcast band and a second m xer for m;cing the second | ocal

oscillations w response of the |JT~jF IF azuplificr 37 o oer:erate
a very-high-fre S (v 2ndqf %’Fncf&,’d‘f %[FESSB°W§&EF€H€§/H‘CS‘P§‘|1?8FS %%cat ed at

frequenci eg,ghow, b agiassidnGsh channalfed Ndihe MevlsonlYohd padt asr band. The
second de!cctors 9 any! 33 preferably sh~.re the sarr, e secon7 | ocal



oscillator. 2 8 MAY Z03 The VHF 1F synal fromtile second detector 38 ~s
st:pplied t~: a very-l:igh frequency interr.|edi ate-frequency anpbkigﬁw 2003
;~J., which includes control |ed-~5u~ transistor anplifier stages™t

provide up to 60 dB or nore anplifrcatian. The VHF IF a.npltfier =11 is
provided with reverse autamatic jain control derived in resFonse to 5 ~;s
out put signal level, reverse AUC being preferred for the Uneacity of Gain

it atfords. The RF ariplifier .2 is.orovided wts~ ry utomatic
gai n cont r S TRPAEEHBU °e'°ifaB'n?lilﬁér%ﬁmhrggﬁiﬁnfa&ngggJitﬁ%g g’P L@M? ’Fglg?rkgl i Fl er
=t 7. Qut putm&heiadmddd9ihd heenddn'in itk vatgk afpeets. ~47 is applied to m ATSC
synbol cede detector [,3, which detects baseband synbol codes therefran~

Tile synbol code LO detector 13 s e i a;i tn.phase synchronous
detector to: detecuna the vest@%T%iL%g? Qgggﬁgpgﬁﬁi ni de- modul ati on of the
data carrier and a>es a quadrarure phase syncl zronaus detector for

devel opi ng aut or@gi R | § i RRASEsI6 QM Rkr tharsRepatié eNetedine a

controlled oscillator supplying synchrodyning sinals to the synchronous
det e: zoss. NTSC amalphA¥esignatsctsnaniosd e sigotlor Ooprinatagstypateidyésieimal og 1 ~

regime and its output sjgnal js digitized wth tQ=bit or so resql ution by
an anal og-tbéoadif:@ﬁ“f“gls’l%‘rﬁéf't“&ve? g?’ gm%’}"ﬂhi‘fﬁ?g’tp ﬁQ? hé agf}% tf‘blc\fg‘clféeddet ect or
I3 and Sucqg&sﬁff&qu&%}n%gﬂmeama@@sdpgné@@emr@ydaccwﬂxdmemeamgriﬂérozrand
cam-erting the V~IF-band response of the IF anplifier 47 to a final

i n: errnedi deelifst dertpcy havgrdiysiable tanpy enbRsebantEnchan 25 aBey-Py et pal
converter faor diqitizing. thi s i freausid

synchr odyt \/andégl%%(%#vrléﬁ:&?'r"&g? Bornbg{;/%%%(rﬁo yﬁlsfjg.tr?ﬁ?ﬁtgqgfagio?? gleégﬁ%c}#rdl det ect or
responge t aahdsehafigt dSeabr Rinckriend firselochirasuil lroy sigpleg drsthed! by C. 13.

Pate! .et ~lii in U S patent No. 5,4'9, =t=>9) issued 26 De er.,199 and
entitled "DsG!ayens wEd OETECTIORIAAET FNERREIASRS ﬁﬂﬂ%@"’drﬁ%‘éfét@ﬁg)shfm

Thl CLUSI ON 1IN AN HDTV. R Ek) ' t LRh G Vogldna) i ssued
?0 ?august bi‘baé’é*"\lésa"de?ﬂ% %E%gg“}"{ﬁ)f Bq %ﬂlﬁfn‘g/g% @F @%‘I%%Ww}nﬁ gr,&@é?ﬁﬁﬁlss PHASE
TRACI ~RUS. i (e tRABAIR & di JsiREy tudil RERmIgHEeT2 f0F upbbrierivigRECH 8B TVby way of
exanples. When a I TV signal is being_received, a di %Sj ' Eﬁ_b:resul ting
fromthe syierogsatrateeyBE inemesiate-feaysnrpiigatldnais-Motamsa s the symbol
codes reproduced i t ¥ a8si PhddQthardid hek

det ect g? 1?&61?%&&%%5% %gﬁztb%%&%ﬂ%%L%qgi@%%aﬁgvfo \7\?\?1% coﬁdi tilonsethe

di spl ay poruHBAi¥ baddast H3Md/ recei ver ;0 display 1~T'V inmages rathzr than id
i'SC television :.napes, The pilot c-~rritr de;~cto: X~ cai~, 7s s::ovnx in ~

FI GURE 1, be of ype, .o respond t.o,digital Jr i by alternatively
can be of a 2 ngeﬁ%\;ex;a%gsggélgéh’g&lélgg%gépdf {?{%’_@ éﬁéa?%gi P%put sigt:al as
suppl i ed dijfRelddarl FRALENRG amplificr. OPed GANTS CantiRcieodptibd. Thk @sPorse bfsl aws the
digitized &aseband synbol " codes being supplied from ,

the UHF IF amplifier 6 is applied to a second detzetor 9 used in NTSC audio

20  reception. The second detector 9 includes a second local oscillator supplying second

local oscillations of presenibed frequency above the ultratugh frequency UHF TV

broadcast band and a second mixer for mixing the second local oscillations with the

response of the UHF IF amplifier 6 to genérate a very-high-frequency (VHF)

intermediate frequency signal located at frequencies below the assigned channels in

the VHF TV broadcast band. This VHF IF signal is supplied to a very-high-frequency

19
ih

intermediate-frequency amplifier 12.

The response of the VHF 1F amplifier 12 is applied to an intercamier sound
detector 34, which supplies 4.5 MHz intercarrier sound intermediate-frequency signals
12 ar intercarrier sound mtermediate-frequency amplifier 33 which amplifies and in

30  most designs symmetrically limits the amplified response for application to an Fivl
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any NTSC caup;h&anerhd Rn@Ink Ry pdrGorsi I ana&;odWaecsluevarn @B8iht @TWWadaivet.i ct n?
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final inter I at an

requency j ust above basebart so the final
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30  frequency'signal located a1 frequencies below the assigned channels in the VHF TV
broadcast band. The second delectors 9 and 38 preferably share the same second local

oscillator.



?0 subtractor The inverse ~-i~lbert transformresponse of the circuitry ~7
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receivers of FiG-(.1RES 1 and 2, In the FIGURE 3 nodification, instead of
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FIGQU Z ais a flow chart of the method of operation inplenented by the 10
FIGUF.Ir | T'V receiver, differing fromthe FIGT~ ~1 flow chart ,in that
the step S3 inplenented by the inverse Hilbert transformer ci rcu2t8r9’A¥7?ﬂ(§
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anpl i tude. goTsEleYRls RIRPBRCHOR I ThE FehABTE 2REER; r§f°éﬁ°’ SO dPETRIET 1 y
shifting saj %ag&ggﬁigﬁsmewf s, BieRdI ARt EpoHioal Tv%‘tall?%wmcﬁz dvBc

respective ph at frequencies in said prescribed frequency range
conpri s&% asepatrsbve puo.htry,l m\mrs@a}fepnoubem cincaitsf aridi qitonirys Bor @dapting the

uadr attzre er ase den@ly ion
a aspect ratio éé‘ Emage fror presemanon ona 16:9 viewscreen used for

displaying DTV images.

_ The inverse Hilbert transform response of the circuitry 47 is linearly combined
in the linear combiner 49 with the in-phase baseband response 1 of the synchrodyne
30 circunry 46 to generete 2 luminance signal cutting off somewhat above 750 kHz,

which turrunance signal is free of DTV artifacts. Whether the linear combiners 48 and



2 a r~aY 2ofl 3 -153. The nethod of claim1, wherein said step of detectin~
~~het her of not the absolute anplitude of said |inear conbining rz%uht
exceeds said prescribed value conprises substeps of: squaring sai€l®l A& a2003
conmbi ning result; and detecting whether or not the resulting square of said
| i near conbi ning result exceeds the square of said prescribed value. A

nmet hod conprising the steps of: receiving a di~ital television signal apt
at times to be acconpanied by a co charmél- interfering anal og tel evision

si gnal havi n¢® arevegpecuyety &1 mider syinvchubtdsion, ngwhkdenihd doegpaeimbonrofd zndy sai d

co-channel ipterfering anal television signal to baseband, for .generating
o e phase ILRGATIATE T SSUAHOT A GUAHg J9PPSES G F PRETE" OF BEPHSIP D! ¢ al
tel evision sihgRahdradpéphRE spRABTaL] derecordsiaghsad W RadMR DR edasPetinatji-on
result including second artifacts of said digital television signal; phase
shi fting saiRhaghiancararess ghese dépisdul ati on results by 90 at 10 frequencies
in a prescribed frequency range e~ctending well below 7~0 kil ohertz:

| near |y scombini ngiRe Nafbht G RilARErd M hafkauaal 8 e BRAS Combiner
denodul ati on resuhs wth said 1 n-phase quadrature-phase denodul ation
results, to Hevengafietter filitrednsiepabowpangfitasidl witlsabstoff freqbdnyy 6F ed1}f sai d
first and second artifacts of said digital_ television signal i.n said
prescri bed fSqEBALETBEHIESAIaE by 8 sahArerH Rp SRR ANIR g"éloﬁf"f id |inear
combini i~ T ity dINTEC doREARE! 1 R8RcihS GHHAMGNNE BNOLBHGRAIITIE squbCRCT | Ded
value, for gene€rating an indication that said digital television signal is
acconpani ed dopldl: ainammeed fromerdigtal myltimizr ogeivelgshtisigm! bogramuddplier

subst antial anmmpl it ~. wherein

de. h ~ 0~3 - he. f [ ai _
Sara oty or g au Rarhetu e pedoey S elor BT SR R B, ThsuetEr

sai d prescrijeshtputsHane Mn iR ¥¢ e @nirgy af PITSSCdd-Hadnsdhudediag sigener at i ng
an indication that said digital television si~nal is acconpanied by

co- channel idwiogflEFY mefepwed.og tel evi sion si~nal of substantial anplitude
conpri se substeps of: squaring said |inear conbining result; and detectin?

when the resultin, s¢ saj.d. | Ln oppining. resul t . el t he
square of said pr%gﬁq#gg‘%sgéﬁdudg{egﬁ I‘Tf‘gg%é?’gl ?g;gms!gfﬂl 1?%3%%:% ?gﬁ&g‘iat sai d
digital tel avbssdn Sicestad thieshele valyp dsloadviyh BI-Schanttahnélriferfértg signaNTSC

signal of substantial 10 anplitude, 6. A di %i tal television receiver

i ncludi A% citf eAstdeyeck et (1Rt BOFRRER! Enonad ‘W%é_ Kaly|'QfT8o%kes WRACBFOAP' FGRAI  of
substantial ;anhi bydE QCEGFRE Eta Qidef BV @RksRbRALERRT 38 RARBE)s WHpREd
circuitry conprises: Input circuitry for selecting froma tel ed~i'sion
broadcast chamndliplaxarestirgjicikuisydébdhe chdtigéxer goet-otsaabiaviddrogirgnalic

descriptive of a video signal partion of any analo | evi sion signal that
occupi es sa!sﬁlefﬁ?’béﬁ g'\edﬁ“lg{%‘é"(igaéfh‘éﬁﬁﬁ ‘ﬁ%!afxé%cr‘wgfgflgg C{%ﬁ% % éﬁsg%’fsgﬁ
vestigi al S'tﬁ‘ﬁ*@i@ﬁ?mﬁl_ R kit HARn R b al deOfues dsPahselsOpgiRdi 8 ey syRbopb&olieequency
signal, and anplifying said internmediate frequency siS5nal to provide an
anpl i fi&d i Menumisigne!. filequetiplpxsicgntad! cirsainy Beondigoas thingdnplager 25 to
anpl i tude- n%gllé!naél: :.rr]stilyrggglldeggder response as the symbo! decoder 20 output signal

during symbol decoder initialization intervals. At other times the multiplexer control

circuitry 33 conditions the multiplexer 25 to select the first symbol decoder response

as the symbol decoder 20 output signal as long as the threshold detector 32 response
25  indicates that NTSC co-channel interfering signal is considered not 1o be substantial

enough to be likely to introduce uncorrectabie error into the operation of the data

slicer 21, otherwise conditioning the multiplexer 25 to select the second symbol

decoder response as the symbal decoder 20 output signai.

FIGURE 2 shows the FIGURE | apparatus modified for supplying the

30 response of the hnear combiner 49 o the dignal threshold detector 32 without



10 originally received by said input circuitry including a video carrier

and full sideba.nd in addition to a vestigial sideband; video synchBothhi 2§3
circuitry for synchronously detecting said anplified internediate frequency
signal with respect to said video carrier signal and with respect to a
carrier in quadrature phase with said video carrier signal, for generating
3n 1 ~ in-phase synchronous detection_rgsponse and for generating a
guadr at ur e- phase synchronous detection fesponse; 2 s May 20a3 first phase
shift circuarangor thplhageersti fihentspeyseibike hraar a9tnhingo+ Kisiessendgilency
conponent s aj uadr at ur e- ph hr , lon r onse , bone a
prescribedt%%g%ﬁ%gggm%%mégnggggégzggsqg ZbﬁgggﬁgﬁFEFgﬁféﬁf géggésponse, 20

first |ineatcceaylyte equaedsiznrodn be Rpérsyd ombaml tha dipgdafithr ddh pldaRecsr~nchr o;
tous detection response and said first phase shift circuitry response for
recover i ng %8 be s¢rdancd U HiEny thieshold degcipelPonsea pesanirsittyesirlaf sai d
vi deo skgn rLhe i jogd f I o i i gi-al

Si debané) %ﬁtcﬁﬁgéé%‘rgf&gég}he (r)nﬁl%dﬂtg}égwﬁg%?9?;&9?12&238?]%{8@ éé&é% rgj’t"émti ally
free of regpanseht pratybad @ickidid beihe\digiiad threshdniederdchatl2de ciepqese 25 sai d

t el evi sion broadcast channzl:. and tt threshold d4tector for determ ning
when said fii%EEsorioRe drediintihngisiphtbeshelg deweispid® exceeds a prescri ned
tiueshold value, fOr generating indications that co-channel anal og

tel evision signa eriofurstPah@priGORE IRl siftecelverd R ifhIG &:8bt h€! evi si on
receiver of claim6 fitrthsr conpnsin~ second |inear conbmr~g circuitry

linearly caemashiiitgr Sheajes the pongements on HoniouerseiHilbert pransforss pondey 4hd sai d

first phase shift ghdcuitry response f ecqveri ecang. ki nmbi nm~
ot Bpas b She LA SEBANGE (P SORUSLEAR SPERNr HARAL, 07
receiver Oftbeclbﬁ’gﬁas@’zite‘{’ﬁmﬁ%rdﬁpﬁpm Sre D TYee0RAes Phasepshioh bf ter cui try for
phase shifting by substantially 90 ail frequency cosponents of said

q, i adr at ur deepixasy spsausim. cWhesub: detecilibart trasyoms siraboy d7 50040 ohertz to
generate a_secon hasgoshit ciyeuptry responses  and econd 1. neal

conbi ni ng gapgrmb?yr g‘aﬁﬁ%i?ﬁ k}p@o%i‘%tﬁ%ﬁé Vat'd® F?f—s‘%h‘a‘gée@i'/?\eclﬁ?éoﬁ&fgs det enti on
response amgtesH By & SHLARE-BRALR cEiektiot | Incofat £91hd €6RBMHER §Ae ek eri ng

seccnd |inear cornbi.ning circuitry response to all of said,video signal.
Af. L. ADL. Nifger waneiprm fijtgr A resprpsalnaingar comipner 48 wiskstheaiphagqpbasgband ( gt wz)

~(wil o} response 1 of the synchrodyne circuitry 46 1o boost composite video signal high
frequencies is concemned, the inverse Hilbert transform circuitry 47 need not provide
exact 90° lag for frequencies clear up to 4.2 MHz, since video peaking circuitry can be
employed 1o compensate for the roll-off of composite videc signal high fraquencies

20  that artends incorrect lag if the erzor in lag is not 100 severe.

FIGURE 3 shows a modification that can be made to either of the telavision
receivers of FIGURES | and 2. In the FIGURE 3 modification, instead of the inverse
Hilbert transform circuitry 47 shifting the quadrature-phase baseband response Q of
the synchrodyne circuitry 46 for application 1o both the linear combiners 48 and 49,

25  inverse Hilbert transform circuitry 31 shifts the quadrature-phase baseband response
Q of the synchrodyne circuitry 46 for application just to the linear combiner 48; and
other inverse Hilbert transform circuitry 52 shifts the quadrature-phase baseband
response Q of the synchrodyne circuitry 46 for application just to the linear combiner
49. The inverse Hilbert transform circuitry 51 provides reasonably exact 950° lag from

30 0.5 MHz 10 4.2 MHz to optimize the spectral response of the composite video signal,

but does not have 1o provide 90° lag at frequencies well below 0.5 MHz. Tius avoids
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FIGURE 4 is a flow chart of the method of operation implemented by the
FIGURE | TV receiver. An initial step SO of receiving a digital television signal apt
20  attimes to be accompanied by 2 co-channel interfering analog television signal having
a video portion is carried out by elements 1, 2, 3, 37, 38, and 41 of the FIGURE | TV
receiver. The synchrodyne circuitry 46 carries out a subsequent step S1 of
synchrodyning the video portion of any co-channel interfering analog television signal

to baseband, for generating an in-phase demoduilation result including first artifacts of

38}
n

the DTV signal, and for generating a quadrature-phase demodulation result including
second artifacts of the DTV signal.. The inverse Hilbert ransformer circuitry 47
implements a subsequent step S2 of differentially shifting the in-phase and
quadrature-phase demodulation results in respective phase by 90° at frequencies in a
prescribed frequency range extending well below 750 kilohertz. The linear combiner
30 49 carnes out a subsequent step S3 of linearly combining the in-phase and quadrarure-
phase demodulation results following their differential chifing in respective phase by

90° at frequencies in the prescribed frequency range, 10 generate a linear combining
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television signal of substantial amplitude.

FIGURE 3 is a flow chart of the method of operation implementad by the
10 FIGURE | TV receiver, differing from the FIGURE 4 flow chart in that the step S2
implemented by the inverse Hilbert transformer circuitry 47 is more particularly
shown as the step S§2' of phase shifting the quadrature-phase demodulation results by

90° at frequencies in a preseribed frequency range extending well below 750 kiloheniz.

FIGURE 6 is a flow chart of ihe method of operation implemented by the

I3 FIGURE 2 TV receiver. The method depicted in the FIGURE 6 flow chart uses the
same steps S0, 81, 52 and 83 depicied in the FIGURE 4 flow chart. The step 84 of
squaring implemented by the squarer 31 in the FIGURE | TV receiver is omined in
the operation of the FIGURE 2 TV receiver, of course. The step $5 performed by the
digita) threshold detector 32 in the FIGURE 1 TV receiver is supplanted in the

20 operation of the FIGURE 2 TV receiver by a step 85’ of detecting whether or not the
amplitude of the linear combining result in the prescribed frequency range exceeds a
prescribed value, for generating an indication of when the DTV signal is accompanied
by co-channel interfering analog television signal of substantial amplitude, This step

83’ is carried out by the digital threshold detector 032 in the FIGURE 2 TV receiver.

25 FIGURE 7 is a flow chart of the method of operation implemented by the
FIGURE 6 TV receiver, differing from the FIGURE 4 flow chart in that the step $2
implemented by the inverse Hilbert ransformer circuitry 47 is more particulasly
shown as the step S2' of phase shifting the quadrature-phase demodulation results by

90” at frequencies in a prescribed frequency range extending well below 750 kilohertz.
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quadrarure-phase demodulation result including second antifacts of said digital

television signal;

differentially shifting said in-phase and quadrature-phase demodufation results
10 inrespective phase by 90° at frequencies in a prescribed frequency range extending
well below 750 kilohertz;

linearly combining said in-phase and quadratwre-phase demodulation results
following said differential shifting in respective phase by 90° at frequencies in said
prescribed frequency range, to generate a linear combining result substantially free of
15  the first and second artifacts of the digital television signal in said prescribed

frequency range; and

detecting whether or not the amplitude of said linear combining result in said
prescribed frequency range exceeds a prescribed value, for generating an indication of
when said digital television signal is accompanied by co-channel interfering analog

20 television signal of substantial amplitude.

2 The method of claim 1, wherein said step of differennally shifting said in-
phase and quadrature-phase demodulation results in respective phase by 90° at

frequencies in said prescibed frequency range comprises a substep of:

inverse Hilbert mansforming said quadrature-phase demedulation resu!t.
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3. The method of claim |, wherein said step of detecting whether or not the

absolute amplitude of said linear combining result exceeds said prescribed value

comprises substeps of:
squaring said linear combining result; and

detecting whether or not the resulting square of said linear combining resuit

n

exceeds the square of said prescribed value.

4, A method comprising the steps of’

receiving a digital television signal apt at times to be accompaniad by a co-

channel interfering analog television signal having a video portion;

synchrodyning the video portion of any said co-channel! interfering analog
5 television signal to baseband, for generating an in-phase demodulation result
including first artifacts of said digital television signal, and for generating a

quadrature-phase demodulation result including second anifacts of said digital

television signal;

phase shifting said quadrature-phase demodulation results by 90° at

10  frequencies in a prescribed frequency range extending well below 730 kilohenz;

linearly combining the resulting phase-shifted quadrature-phase demodulation
results with said in-phase quadrature-phase demodulation results, to generate a linear
combining result substantially free of said first and second artifacts of said digital

television signal in said prescribed frequency range; and

15 detecting the amplitude of said linear combining resuit in said prescribed
frequency range exceeding a prescribed value, for generating an indjcation that said
digital television signal is accompanied by co-channel interfering analog television

signal of substantial amplitude
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inear combining fesult in said prescribed frequency range exceeding a prescribed
value for generating an indication that said digital television signal is accompanied by
co-channel interfering analog television signal of substantial amplitude comprises

substeps of:

V1

squaring said linear combining result; and

detecting when the resulting square of said linear combining result exceeds the
square of said prescribed value for generating said indication that said digstal

television signal is accompanied by co-channel interfering NTSC signal of substantial

|10 amplitude,

6. A digiral television receiver including circuitry for detecting times when

analog television signal of substantial amplitude occupies a television broadcast

channel, which circuitry comprises:

input circuitry for selecting from a television broadcast channel a vestigial

sideband amplitude-modulation signal descriptive of a video signal portion of any

n

analog television signal that occupies said television broadcast channel, converting the
selected vestigial sideband amplitude-modulation signal to an intermediate frequency
signal, and amplifying said intermediate frequency signal to provide an amplified
intermediate frequency signal, said vestigial sideband amplitude-modulation signal as
10  originally received by said input circuitry incfuding a video carrier and full sideband

in addition 10 a vestigial sideband,

video synchrodyning circuitry for synchronously detecting said amplified
intermediate frequency signal with respect to said video carrier signal and with respect
10 a carrier in quadrature phase with said video carrier signal, for generating an
15 in-phase synchronous detection response and for generating a quadrature-phase

synchronous detection response;
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detection response and said first phase shift circuitry response for recovering first
finear combining circuitry response to a portion of said video signal described both in
said full sideband and said vestigial sideband, which first linear combining circuitry
response is substantially free of response to any digital television signal that occupies

said television broadcast channe!: and

$J
Ln

a threshold detector for determining when sajd first linear combining circuitry
response exceeds a prescribed threshold value, for generating indications that

co-channel analog television signal is of substantial amplitude.

7. The digital television receiver of claim 6 further compnsing:

second linear combining circuitry linearly combining said in-phase
synchronous detection response and said first phase shift circuitry response for

recovering second linear combimng circuitry response to all of said video signal.

8. The digital television receiver of claym 6 further comprising:

second phase shift circuitry for phase shifting by substantially 90° all
frequency components of said quadrature-phase synchronous detection response

above 500 kilohertz to generate a second phase shift circuiry response; and

5 second linear combining circuitry linearly combining said in-phase
synchronous detection response and said second phase shift cireuitry response for

recovering secend linear combining circuitry response to all of zaid video signal.



