METHOD FOR TRANSM TTI NG VSB DI G TAL TV WTH CARRI ER FREQUENCY NEAR

CO- CHANNEL NTSC AUDI O CARRI ER FREQUENCY This application is filed
under 35 U. S.C. 111 (a) claimng pursuant to 35 U . S.C. 119(e)(1) benefit of
the filing date of provisional application serial No. 60/075,424 filed
February 20, 1998, pursuant to 35 U.S.C. 111(b). The present

I nvention generally relates to tel evision signal transm ssion systens and
particularly concerns a method of, transmittin vestigi al sidebapnd (VSB)
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frequency edge of the channel. The suppressed carrier is nodul ated by an
N-level digitally encoded signal having a sanple rate f[err] substantially
equal to three tinmes the NISC col or subcarrier frequency, wth the
frequency of the suppressed carrier being closer to the | ower-frequency
edge of the channel than the co-channel NTSC picture carrier by an anount
equal to about f[err]/12. The received signal is denodul ated by a
synchronous detector in response t oubhesAuee@iWRcoIUEPIODITHIPATINISHERD

interfering NTSC - 2- beat
corrponent s aPRISAS HRTIHISERR FRYSS UOISHSI BoP P e R RAIAG ShhEIEYdat flerr]/ 12,
at 5 flerr] /12 and at f[err] /2. A Digital Television Standard

publ i shed 16 Septenb %ﬁg%nﬂg}ﬁ (Fm%?gg n Systens Conmittee
(ATSC) specifies VSBP%? ansm ng gl grtal television (DTV)
signals in 6-Miz-bandw dth television channels such as those currently used
in over-the-air broadcasting of National Television System Cin¥t$ ee (NTSC)
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signal conprising a suppressed carrier, a pilot signal in phase with the
suppressed carrier, and a VSB signal having its vestigial sideband near the
upper -frequency edge of a television broadcast channel and its ful

si deband near the | ower-frequency edge of the channel. The suppressed
carrier is nodulated by an N-level digitally encoded signal having a sanple
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filter having notches at flerr]/12, at f erHt/4 and at 5 f%err [12.

BRI EF DESCRI PTHORSEAePHEABRANANGS T JO 1usuiiredusis g jgpnopIqly RIGIGIREN agr am of

a tel evision 3laffthod PR Rus)oistil uf AJoiaiopbaldto PSR g6 Aafige W th the

IF'mélngtEl gni S apgteaphol duh usterds AT (ENSISPR cH[eYNIsed CauISUMSAUSTRINSGPEYI si on
channel when DIV transm ssions are made in accordance w th the invention.
FI GURE 3 12851 SEHapH] PRERPrhY TR e o RE&CISHS ! Eﬁ?}‘?%%?e‘%%gr{“{]%
icﬁ- gggg?gg}%@%&}ﬁﬁﬁ[é{%%% gﬁ%?gﬁﬁi B5R01d¥@R0d Kiperbdlivs IARASTE 381 pen ar e made
[eus1s SULIALISIUI [SUURY0-02 ST, °,SIUSISLISIUT [SUURYD-09,, S& 0} PALISfal AJUOTIIOD
ST JT “[euS1S A 1(J PSIISSP S} SB [SUURYD SUIES Sy} U0 payiuIsues] st [euSts Sunagrsjul
palIsspun Sy 20UIS ['langmsuen ALQ Y3 JO (7 BUUSJUE UOISSTUSUE] 2 WO [RUSIS
PAIISOP S} 0} UOTHPPE Ul (T I_NIwsuen DSIN U3 Jo [QZ BUUSIUE UCISSTISURY
€ woIy [Susns 5]qeIsPISUOD JO Jusuodios SULISLISIUT PAIISIPUN U SATS0II ST} A8
00T I9A19931 A L 2y} ‘uoneoo] [eorsAyd sj1 SUIpnjoul S10}08] SNOLRA UO Surpusda(y
“BaIE 9D1AISS UOISIAS]S] AQIESU © UI [SULEYD SWIES S} JOAO [BUSIS paposus DSIN
Ue $1SBIPROIq (07 JONTWSUeL DS IN U ‘O] SUres 9y} 1y '[SUUByd Pajos[ss 3y}
0] paum] g I9AI993I A L(] Surpuwodsaios e Aq uononpoidal pue uondsoal I0J [SUUEYD
UOISIAS[S) SPIM-ZHJA-Q P10313S B ISA0 [USIS PSpodUs A L © SISeopeoiq ‘g [elouwmnu
2ousIeya1 Aq A[felsusg pareusissp ‘IejuIsuen ALQ YV 1 TANDI Jo wreiderp Jo0[q
oy I payensn! A[fe1sus§ st uonusAul jussaid sy £q passaIppe wsjqoid sy L,

NOILIIIDSHJ I TIvLdd

‘1 ANOLA JO 19410001 AL U3
Ul [Tyosn 19][J WLIOJSURI) JISQ[TH 9SISAUL U JO WRISEID 00[q © ST § TI1DI

"UOHUSAUT 3} LA
9OUBPIOOOE UI SPBW SIe SUOISSTWISURI) A I U} Usym ‘suoisstusuen JSIN PUe ALA

[OUURYD-02 0) I9AIS03I A 1 © JO asuodsa1 ot Sunensnt ydeisd e st ¢ TANOIL

“UOIJUSAUL 91} [Jim SOUBPIOIDE U SPBUI SI8 SUOISSIWSURI} A I UsYm [oUURYO

UOISIAS]S] A LI ZHIA 9 © Jo tnnoads sy Sunensny ydeis e st 7 TINDIL
- E -



FIGURE 4 is a bl ock diagramof an inverse Hilbert transformfilter useful
in the DTV receiver of FIGURE 1. DETAI LED
DESCRI PTI ON The probl em addressed by the present invention is
generally illustrated in the block diagramof FIGURE 1. A DTV transmitter,
desi gnated generally by reference nuneral 10, broadcasts a DIV encoded
signal over a selected 6-MHz-w de tel evision channel for reception and
reproduction by ‘@uSieoipas PRI juosiiiver siesbiddis hQesdotinsdod sneyhg spakect ed
channel . At the sane tinme, an NISC transmtter 200 broadcasts an NTSC
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-4- As known, the spectrumof the interfering NTSC co-channel signal
occupi es a 6- MHz-wi de tel evision channel and includes a | uma conponent, a
chroma conmponent and an audi o conponent. The | una conponent has a bandw dth
of about 4.2 MHz and is nodul ated on a picture carrier spaced 1.25 MHz from
one end of the channel. The chroma conponent, which has a bandw dt h of
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epochs apart permts the 12-synbol -differential -delay conb filters used for
ATSC signals to have sone success in suppressing artifacts of NISC audio

si gnal . -5- FI GURE
2 illustrates the spectrumof a DTV transm ssion channel according to the
present invention. The channel is 6 MHz wi de, corresponding to an NTSC
transm ssi on channel through which a VSB signal is transmtted as
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The suppressed carrier frequency f[err] and pilot signal frequency f[err]

of the DIV signal are both at a frequency slightly less than 5,734 kHz
fromthe | ower-frequency edge of the transni ssion channel to position them
slightly less than 285 tinmes NISC horizontal scan frequency f[err] above
the NTSC picture carrier frequency flerr]. This is done to best
accommodate conb filtering in the receiver 100 to suppress artifacts of

the picture car rﬂ%\#g‘ﬂ??dﬂﬁ@ﬁéﬁst‘[lé\? FUOIVCFICTRH (RIS LIBAEAS KIS 'ﬁ‘{@ﬂFFPof a

co- chann ncy
flerr] aﬁA&IBIBG%IS E;Ips |gbna S éfﬂg[gé;ﬁé#\gi}ﬁp p@??ﬁ‘%@?%%%g%q%lﬁé e gf{ t he

cent er obpkhesfduespmiociet GYE Conoabrindedshyed iae;msuvsbaypu'ml :bS(Ltfll at
anplitude response portion 28. The substantially flat amplitu response
portion 28 eXteRus™=HEUT Fef Lk ?quéﬁhéﬁ'iﬂiﬂpﬂﬁ’éﬁﬁe?t B S8 S P BY F"‘T"Ferr] of a

co- channelss}; Bt R ThRez s B @R BbuR" Gyt LL@&%@%;@M b g%sféllbg:ggnds
energy. Accwmsmgby e gmpua‘ wssu{mobmakquurﬁutﬁmmqaamdyalfz[sepl_mpld BAPUgi ti oned
5,825,000 Hz or ht | re fromthe | qwer-freque edge of the

't anoii ssi on IGHETEN® KRA0ESR AEPROAR B AR ST E KA S GFFP ¢ he
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breakpoi nt frequency f3bp I's as muc hé suppressed carrier frequency
flerr] in fmqmc;smuamsq @QESIOHUW@BMMJ nt“J?%éu@ﬁw [ipeFyqy DSLidbove. The

Lerr] o E45s B0 D G R AR Bt B0 sbRE- RIS Ra DSV Bl crvont the

roll-off 30 in anplitude response, so when the television signal
transmi ssion signal is denmodul ated in the receiver 100 the basepaad DTV
signal has a flat anplitude response fromzero frequency up to a frequency
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mai nt ai ned | i near through the frequency range extending fromless than 353
kHz or so fromthe | ower-frequency edge of the transm ssion channel to the
frequency at which the roll-off 30 in anplitude response has reduced energy
at high frequencies to negligible |level, so that absent nulti-path
phenonena there will be uniformty of group delay in DIV signal conponents
dermpdul at ed bXEIE]I‘)::?enhQ ?i’ -Surfojdws 1SN iseRiyae H g StmaSfeipat ent

No. 5,087,975 Nyqgui'st bandwi dth f[err]/2 of the channel can be thought
of as be|qupa$nw1ﬁédumn9m}§lﬁ>?u@ﬁ>aﬁlI{Omlr%%UIO‘M T/ BB SHEEH B PPBeIEEN t he

h | NTSC f
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(flerr]/ 2hgy N fotrdedio- cis[ﬁq pdiFpfekh 3) fietsdeoeT hgd\qumnmjgmoﬂmdf qugency i s

initially presumed to be three tines (f[err] I/%V &Z}ﬁi 79 545.5 Hz
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FI GURE 3 depicts the baseband response of DTV receiver 100. As qudustrat ed
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detector in response to a regenerated carrier having a frequency and phase
corresponding to the suppressed DTV carrier f[err]. In the presence of an
NTSC co-channel signal, detection in response to the regenerated carrier
may al so provide a pair of interfering beat signals at frequencies
correspondi ng substantially to fs/12 and 5fs/12 arising respectively from
the chroma sgiRE@idob@hn 8P dokfaBodd oAb iy §¥usSef ;nEo eBaBRpdw dure

i nterference. 'Thgfoib%t érg?erli ltrilhg begg&sﬁgﬁa?? afe1 ?ﬁpre%ée‘ntpedm?ﬁﬁiﬂ GURE 3 by

r ef er ence PUBGAPISAIEISIA2A BI1AIAMDIUEGIBRREs! (RUA 1p11d ARDt REPISHRIAED SWIf§aFeU6 sl i ghtfy

above zero frequen appears_knh.the "in- " s, .d or
ooponce asPECRRTYE ARRERE Io b ohabod {1 AR R RBMARRRNE JIBHRRIET |
addi ti vel yrogebbdpaskasebprtobiY) 5§ goadnbol astiegopppHRRN Sirpuddisthier ent i al

delay has a response 50 with nulls 52, 54 and 56 in its response. The null
54 is near nPHERARFAHI] 1REHE AOBRPHICHPA ALY ANRNDRY FRTIHGY B SEHSGHIBHD i npul se
noi se. Th ' e bl L s L@ & ONa
subcarri elgpgeg’gzt[{]'ﬁ}égg?édg%léé%lﬁgj%rééos%ﬂg%qsg}a%%%upﬁ%éggi ?1% g;;.:? 'esrlepl}]%g are

suppr essegumy) t-eiorethpau Sgrugdare pheqapid-feSusamd of felifie SungspunsesiHFear As wi | |
be expl ai ne% in further detail h_g{lgi nafier drece' ver 100 includes a conb
filter havi AGPPRBCIPREGHINNE BSHO-PHY AR PREAMSE AFFURH SRR B ok hannel

i nterferepgs » st reuStd BSoA bSsubiel: hithordiSiE N e T10M BANgpéRidakes the
synbol rate ?[er ]IOG%I%t}iI%? {;{heI N;?%C horligﬂ())grllt al sc?%(r)l?lhg ‘ratgéf[err] to
facilitate conv@mseen AnstoneDIATSCE pissTTWoz a2 oL SPHRERS UoBiAIggest ed i n

U S. patent No. 087, 975. Accordingly,,. a linear_c Ie |tively
conbi ni ng sanpl E@%ﬂ Pﬁéﬁe%“ﬂr‘%ﬁ‘ﬂ“;?%%‘i‘g élgg%%? qgmsalo;{(m %139?1%04! ]’ll[rhs? Ie?@ gé, provi des
a I espons iRy di H6y ds\R pBgddeie Supdoxad gud bpds sibBgugRidgop! ose to

those of the beat signals 42 and 44. Since an NTSC horizontal scan |line has
exact|y 684 sjHPDOLCUPINSIRSSH, T WSBIWONHbIIFeNAPOH UL Isd AUmHY {RP3hor t er

one. compl et & ByRRE 154 RRar S)sBf bR ks QR BERE poffeicbTol o)
conbi ni ng 5 3tiPbs sofdsliios nens prliyy clelmpRs by usypsieX E@rsabia preendabo has its

not ches at "1, 793, 706.3 Hz intervals.
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- 8- If the video carrier frequency f[err] were to fall exactly into
the notch at (5/2) * 1,793,706.3 Hz, the DTV carrier frequency f[err] would
be (5/2) * 1,793,706.3 Hz above the video carrier frequency f[err] that is
1, 250, 000 Hz above the |lower frequency limt of the channel. 1. e., the DTV
carrier frequency flerr] would be 5,734,265.7 Hz above the | ower frequency
limt of the channel and 265, 734.3 Hz bel ow the upper frequency limt of
the 6-MHz-wi de channel . This woul d_put the DIV signal carrier frequency
flerr] at flerr] hof9EGHRAN FURRASAR, PHP St “HHSBM(%PH@“N%&P%% Prarrier
frequency &g klgs 891 R 0HEY SdefdBle KRIhHES o c}ﬂe Sepdshay di gh 1‘(3.}:&’\}? an NTSC

tel evi sion si"gnal” receiver, even if the anplitude-nodul ation rejection

of its SOUAY Wi AQCRAINILYISWENESIIRIGHS IOTRESTYTr (il [e¥NINIHIOYBIaNgEIHPIETeD 8UL hat t he

first upper sideband of the stereophonic pilot carrier in t C

o channel kA TNTEPPaRP AR o ATTgh Shgt PRt bt e outr i Bieb s o orv
carrier fegensH ol PorfidRY Youer¥ehiosof sdeli@-cRidMpsitgptal 1oafb pofistdoBROUENCY
fl[err] has an Th hori'zontal frequency offset fromthe NTSC audiq carrier
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carrier frequency f[err] and the first upper sideband of the stereophonic
pilot carrier in the NTSC co-channel interfering si to he about 765 Hz,

si gnal
so it can be rejected by a n8PF SAFRRUALA i‘@i“qqﬁg?ﬂbgsﬂli@ﬁ R %t t he
carrier r
o bl BRI IEN A1 K M uoTR B aa oA pol &lusph b1 BEHY
anpl i t udeuaumdytnbeijaneAN) wey estodsar g0f 101pHoB oYL FRYIYT PIZIFORS |
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st ereophonic pilot signal, and chroma sidebands will be best suppressed.
Co-channel NTSC video artifacts will be fh/2 fromthe notch frequency of
the conb filter used for rejecting NTSC artifacts. A conb filter enploying
6- synbol differential delay .

-9- provides -18dB rejection over a 71 kHz range including the notch
frequency, so rejection of co-channel NTSC video carrier artifacts wll
still be rgausital ¥ [@aedpiberssubdsos siq - ¢hariels WEPGAmdeppaeeseider
artifacts can be cancelled by nethods other than conb filtering since the

doubl e- sdstedsend SHEEHABIIHTESHH 8 UNPSTILSIGrRA SURIISERPARGORAFEH EFPLR 5
separation f P I I %&E ' egoi ng,
and referri nég%bag\c{ﬁ%ﬁ@g?%@gﬁ PP Hléml?)l?g/st ébgﬁis\g ' .u‘?er 1 ‘*A%%%%IFLP@??R% vi deo

sour pg 11 (r]I _eggit M}gﬁg}:i;ucqjemicﬁsimﬁw oufi quml})axsﬂlgigm;;flﬁ@?!?mqgm@@: K‘lg }vaz t
provide a digital video signal havi a_bandwi of up to. a
a ﬁ%mlt)ol {Paﬁ‘.éolﬁ)ﬂ EFI[Iéﬂl}?‘]IQI?ng‘?%PfI?‘iP%g@“F & E‘Bﬁqsnggygﬁ’ﬁﬂga)ﬂdz‘ggg’%i@rng]h. ;he
synbol rate Is 8e £8ded é hstirez o1kRUSZaN. By way
of exanpl e, theeraéi %eﬁgﬁgﬁép provi deﬁ?gsgﬂe' 11 'corr%?i ses 787.5

progr essi vel y sumfuexbqlzb nessipere poprpaad a0 Gl /SIHPEH /Y 9% e8PHPAREOP ve vi deo,
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applied to a video conpressor 13 which conpresses the 37 M&z video signal
suf fi ci ent1e9q BGOSR OPPIA IPTEYP108 DTN BMHRPIHIB BFh 8O PBAM M Rannel of
6- MHz bandw dth. T sed Vi | b&Ghed to
forward err qrp"i%grs?lreag ﬁlgg&%g% &Sqélgqg%%bgg@#?ggﬁgﬁﬁ@ggfﬁg TECO) gi rcuitry

14 Wi th t heorfddhs ssasddsh $0 P ed1ogsm smoinpdAt ssepd-ecptgents padepppyL15. The ECC
circuitry 14 conprises a Reed- Sol onon coder
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followed by a trellis coder and precoding is applied to selected synbols in
the trellis coding result, in accordance with accepted practice under the
ATSC Digital Tel evision Standard. The Vi deo conpressor 13, the ECC
circuitry 14 and the precoder circuitry 15 are operated in response to
clock signal f[err] fromclock generator 12. The precoder circuitry 15
supplies partially pre-coded error-corrected coding results as nodul ati ng
signal 1o a yasiitg o} AiNehAOANAORY L ¢THIYY) B Muokd, ZGRIY el aad pi | of
signal generation circuitry 17 supplies the VSB nodulator 16 with a carrier
si gnal hAYIREH E ADMBARI RE HEUER @PIHPES J SHISFIPRIT B! SPHedSabEREL BIRE et | ower
t han t he i | lLer [ rtj.er and

Di 10t 81 g Qanardy (AR e et Sl doE R | o (LT

f r equencyaihpesud e Biiséogpesmyrendunage ex)aporan dn pRReappEs rinbssuoabeieps ) gnal . The
pilot signal is conbined with the vestigj al -sideband anplitude-nodul ation
out put si gAAT IFVRAR EHEPY/EBAGBIINGR P SUW R HORUAS (BIFEAPTRY 18 Ssuodsal 1oy
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circuitry 1%82528%%?&??]&# Hg SéJAth %ﬂgﬁdsog?%%gg% gﬁ%ﬂgfgb%o Vi (Ejeo si gnal
i S transire BuealpyugrssErLeq e subattoleiochmeatog) peeBlregy widihudrigsdiEansm ssi on
preferabl¥ bei ng e]l‘l(fpec ed in the f%(mof%g suppressed carrier, VSB signal
as i || ustratEfiPae Eiﬁ%é‘géf! PRERAFOIMN PRSI ESAi PUY STINRPT PFFPUbei ng
conbi ned. thesiod ufyriidfsagiobd B RofBILRS A (Rl Fuiei@d itk Parhisoskhie DTV
recei ver 100. Thé'trequencies 0f the clock ang carri‘er si‘gnals can, of
course, be sl $AFAN I UGPSR 1PH D FHOITECIYRANINEAIOS IPATLIES o) ousipsyescr i bed.
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an internedi ate frequency in stage 102 and supplied as input signal to an
I n- phase synchronous detector 103 and a quadrat ur e- phase synchronous
detector 104. Carrier regereration circuitry 105 supplies in-phase
regenerated carrier and quadrature-phase regenerated carrier to the

I n- phase synchronous detector 103 and to the quadrature-phase synchronous
detector 104, respectively. The baseband responses of the synchronous

detectors 103 and jhpéyigoeogupidy poe pwzqopia pnexsae quiagoi sasitadeat spidiiderd ng 106,
whi ch suppresses nulti-path responses to the DTV signal received fromthe

DTV t r ansnid4% U HOIHa Patpralt % WD 14180 ERAE] oW &° TeHiRM T T sy mbol err or .
The del ayed equal i zed i n-phase synchronous detector 103 response fromthe
channel equalization filtering 106 is suRphdnBdnhftueh OF ko QEBREARH ON
circuitry 107 which regenerates synbol clock sigrial flerr] for use
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the equal i zed uadﬁture-phase %%chronous det ect or %04 res 0qnusmegfromthe
channel equal YEXHPE PHIE lSIAYPYEER B IgSHEFHE 8WHEPT 5TETgnar* TR cat i ve
of any depart weepéo&@amgamw&ibﬁ;&@gp@aau a@malpﬁwon/gﬁgfaqi Jesriiopes e
regenerated carrier and quadrature-phase regenerated carrier supplied to
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aut omat i cafiyeasoneysAcd phEReRebiakd kAR @ogigehad &y piacagatpueid ed :
oscillator included in the carrier regeneration circuitry 105.
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response fromthe channel equalization filtering 106 contains response to

al | the single-sideband conponents of the VSB.QiMShahal B\/B&&Beg t he
H | bert transformof the response to all the singl e-si'de‘éand (S
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equal i zed i n-phase synchronous detector 103 response fromthe channel
equalization filtering 106. The response of the | owpass filter 108 to the
equal i zed quadr at ur e- phase synchronous detector 104 response fromthe
channel equalization filtering 106 is supplied to an inverse Hilbert
transformfilter 110, which responds to supply response to the

| ower - frequency SSB conponents of the VSB DTV signal simlar to the
equal i zed i n-phase synchronous detector 103 response to these

| ower - frequency SSB conponents except for the |atency or delay introduced
by the inverse Hilbert transformfilter 109. The equalized in-phase
synchronous detector 103 response fromthe channel equalization filtering
106 is delayed by a delay line 111, which conpensates for the | atencies or
del ays introduced by the filters 108 and 110. The response of the cascaded
filters 108 and 110 is conbined with the delay line 111 response in a

| i near conbiner 112 to cancel the artifacts of co-channel NTSC audi o signal
fromthe del ayed equalized i n-phase synchronous detector 103 response
supplied fromthe linear conbiner 112 to conb filtering and synbol decoder
circuitry 113. The del ayed equal i zed i n-phase synchronous detector
103 response supplied fromthe |linear conbiner 112 includes the desired DTV
conponent represented by curve 40 of FIGURE 3, and the undesired NTSC
co-channel video and chrona beat conponents respectively represented by
signals 42 and 44 of FIGURE 3. As described previously, the beat conponents
occur at frequencies substantially corresponding to fs/12 and 5fs/12 and
are produced as a result of beating the regenerated DTV carrier with the
NTSC video carrier and the NTSC chroma subcarrier, respectively. Data
slicing in the synbol decoder circuitry 113 is clocked by the synmbol clock
signal f[err] regenerated by the clock regeneration circuitry 107. Wen
NTSC co-channel interference is determned to exist, the synbol decoder
circuitry 113 can precede data slicing by filtering with a linear filter
having a response represented by curve 48 of FIGURE 3. This response
includes a null at frequencies

*SWISISAS UOISIAS[2} UONIUTISP YSIY 10] sjeuro] Surssasold [e)SIp Jo sad£) snolswmnu
o031 uonyeordde Jo sjqedes st umoys walsAs Y], ‘aoueuro}rad 19A19091 A 1 ( SurpeISsp
AIUBOIJIUSIS INOUIIM SOUSISFIUI [SUURYD-02 DS IN Soonpal K[[epumsqns yorgm

WI9}SAS UOISSTUISURI} UOISIAS]S) UOTIIULISP YSIY € ST UMOUS Us3q Sey 1By

“I197dwIs 2q UED ISAISI3I A L(J 9Y3 18 Suusiy
0s ID)JIWISURL] JSEOPROI] U} 18 SUO0p ST osuodsar puureys adeys 0) SULIS)T] oY) JO SI0IA
‘[euSIS A I gSA Sumrwsuen Jo poyisuwt paiisyaid o) Ylim papioae a1e yoeoidde styy
Uilm paI191unodsus suejqoid uonjezijenbs jsuueys oy -osuodssl 1019319 SNOUOIYIUAS
oseyd-ur oY) YIm pauIquIod A[SAIIONISUOD 9q Ued 9suodsal 10399]9p SNOUOIYOULS
aseyd-aimjerpenb oy Jo uonod Aousnbay-ySIy pauLIOsuL) -LISq[I{-oSISAUI
' o1} [euSts pueqaseq A L 10} asuodsal spmyjdure je[y € U11qo 0J,
‘[euSis IaL1res oy} wox Aouanbay Ul JaYHNJ pueqapis uone[npour-spmyrjdure ([0 sy
Jo uorpod Surtureurar a1 Jo asuodsal spnjrjdure a3 01 IB[TWIS SIe [BUSIS UOISSTWISURI]
3} I {RUSIS I911red 31} 0] Aouanbaly ur 19s0[d purqapls uonenpow-apmdure

-5T-



-12- corresponding to both fs/12 and 5fs/12 to cancel or substantially
cancel both the interfering NICS video and chroma beats. The inter.synbol
interference introduced by such a filter being used before data slicing can
be conpensated for in the data recovered by data slicing. The conb
filtering and synbol decoder circuitry 113 is preferably of a type
described by the inventor in his allowed U S. patent application serial

No. 08/882,539 filed 25 June 1997, entitled D A TAL TV RECEI VER Cl RCU TRY
FOR DETECTI NG AND SUPPRESSI NG NTSC CO CHANNEL | NTERFERENCE, and

i ncorporated herein by reference. The data recovered by the conb
filtering and synbol decoder circuitry 113 are supplied to error correction
circuitry 114 conprises a trellis decoder foll owed by a Reed- Sol onbn
decoder. Data slicing in the conb filtering and synbol decoder circuitry
113 can be adjusted in response to the trellis decoder for inplenmenting
optimal Viter. & T f Al i es the
corrected dat 25%9%%812 g{}%g?fsl?%ﬁgﬁ?‘f@ﬁi@ i{gﬁlg?gér:éelgg[ﬁgwmﬁ 1?fgpsi a w deband

vi deo signal st gpBeyepsivdd[ehBpqaiaginnpies oMz wirje BOIAWEYSi gnak. The
reconstructed signal is applied to a display 116 for displaying the
reconstructed i nage. The video conpressor 13 and the expansion circuit 115
used with the current ATSC standard follow the MPEG || standard.

FIGURE 4 shows in detail a specific construction of the
inverse-Hilbert-transformfilter 110 conprising el enents lxﬁmmbagIOE whi ch
construction is preferred because its |atency tinme can be ke reasonabl y
short. |feUGRRENAEAIGNPEIN B EGHY PHE O} BRD? ﬁm%@cm RETE UE AG A ?‘?-ﬂsf ilter at

baseband t he F&ng requenC|es
becomes prohi %?{ﬁ@ﬁﬁ&g%ﬁ%ﬁ%%%g%ﬁhﬂ prgggmﬁ&ﬂ {)%Lﬁtgglémrﬂéésponse IS
upconvert egb bﬂaﬁﬁseﬁtmﬁﬁlyflmmm ire i@ ngBeddnk lmom gsn,p[rmtmquf&ot!@réw@igng and
the results of the |nver gbtgbert transformf rlngtpare
domconverted“ﬂ%ﬂprpékfdﬁﬁ f‘{ S BTCF P ﬁf“FIBé?P ?‘gr?gflor ms& | owpass
filter response at baseband. Synbol epochs are counted by an address
counter 1101 to generate consecutive addresses in a nodular arithnetic for
addressing a sine-table read-only nenory 1102 and a cosi ne-table read-only
menory 1103. The sine-table
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ROM 1102 responds to its addressing to generate a digital carrier wave at a
frequency nore than 6 MHz (such as 8071678 Hz = 513/286 tinmes.4.5 MHz, for
exanpl e) -13- applied as
multiplier input signal to a digital nultiplier 1104. The digital

mul tiplier 1104 is connected to receive |owpass filter 108 response as

mul tiplicand input signal and to upconvert that signal to anplitude

nodul ati on si debands of a doubl e-si deband anplitude-nodul ated di gital
carrier wave. The digital nmultiplier 1104 is connected to apply this DSB AM
digital carrier wave to a finite-inpul se-response (FIR) | owpass digita
filter 1105 as input signal. Filter 1105 is designed to be responsive to
the | ower-frequency AM sideband to supply a single-sideband

anpl i tude-nodul ated (SSB AM digital carrier wave, but to be essentially
non-responsi ve to the upper-frequency AM si deband. The cosi ne-table ROM
1103 responds to its addressing to generate a digital carrier wave at the
sanme frequency as that generated fromthe sine-table ROM 1102, but in
guadrature phase therewith. A digital nultiplier 1106 is connected to
receive the digital carrier wave generated fromthe cosine-table ROM 1103
as its multiplier input signal and the SSB AMdigital carrier wave response
fromthe filter 1105 as multiplicand input signal. The digital nultiplier
1106 is connected to apply its product output signal as input signal to a
finite-inpul se-response (FIR) | owass digital filter 1107, %gich esponds
to a baseband downconversion result portion of that product® Fdﬂ%éemhile
rejecting j Sl t i 5 t signal to

G ebande ol R B P e P A T ed T om
t he cosine-table ROM 1103. The baseband response of the |owpass filter 1103
is the inverse-Hilbert-transfornmed | owpass fil tyerdoa8s HERONSASUEWEPi ed t o
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The twel ve parallel trellis codes specified by the ATSC Digital Tel evision
Standard woul d be better replaced by six parallel trellis codes. However,
even if the twelve parallel trellis codes are retained and conb filtering
with 12-synbol differential delay is enployed to suppress artifacts of NTSC
co-channel interference, positioning of the DTV carrier near the upper
limt frequency of the broadcast tel evision channel permts the artifacts
of co-channel NTSC sound signal to be suppressed better taking advantage of
t he doubl e-si deband properties of the VSB DTV signal near its carrier
frequency. I n an enbodi nent of the invention other than a
preferred enbodi nent, the anplitude responses of the vestigial sideband and
the portion of the ful

-14- anplitude-nodul ati on sideband closer in frequency to the carrier

signal in the transm ssion signal are simlar to the anplitude response of
the remaining portion of the full anplitude-nodul ati on sideband further in
frequency fromthe carrier signal. To obtain a flat anplitude response for
DTV baseband signal the inverse-Hilbert- transfornmed hi gh-frequency portion
of the quadrature-phase synchronous detector response can be constructively
conbi ned with the in-phase synchronous detector response. The channel
equal i zati on problens encountered with this approach are a oiq$d ith the
preferred method of transmitting VSB DTV signal. Mre of tﬁE f ?4£1ing to
shape channel response is done at the broadgagis fdyAastnidy@tn spnfdkt eri ng at

the DTV receiver can be sinpler.
s1 Jorres passaxddns o1 se Aousnbayy sures oy Jo reudts jorid spmyyjdwre-paxy <1

V °TeuSts 1aLires oy} woy Lousnbay ur Ioyuny pueqapis uonempouwr-spnjijdure puodss

a3 Jo uorpod Sururewas e yo ssuodsar spyrjdure sy 03 paredwod [euS1S papwusueI)

91} UI PIAJeY aIe [euSIs JOLLED 3y} 03 Aouenbaly ur 19500 pURqapIs UOHB[NPOW

-spmypdure puoosss oty Jo uoipod oy pue pueqapis [e1SnsaA syj Jo sesuodsar apmjdure
3Y], ‘TeusSIs IaLLEd oY} 0} Aouanbaif ur 19s0[d pUBQIPIS uope.[npom-apmg[dum 01

puoo3s sy} yo uoryrod e Ajuo 10y a8ewt ue Juipiaold pueqapls [BISIISOA B PUBGIPIS

uorjenpour-apnyrjdure isiy oY) Sunjew AqaI1ay; ‘feuSis payrwsuel) oy} ut passaiddns

ST [SUUBYD 91} 9pISINO Surpuslxs Spueqapls uonempow-apmyjdure ay; yo uontod Auy

‘SpUBqapIs uole[npow-spmjijdure puodas pue 3siy Sunersuss uonempouwr-spmydure

Iarires-passarddns st uone[npow sy ‘[BUSIS UOISIA9]9} Sofeue DSIN [PUUBYO-00 ¢

® Jo aouasaid oy} 03 sauury Je 102[gns [sURyd € YSnoIy) UOISSTUISURI} 10] ‘ISLLIed

oipne DSIN Y} JO S2[0A20[Iy paIpuny MaJ & Uryiim Lousnbaly g Jo [eusis 1s1ired

e sajenpowr ‘198sjurt [einjd e Suraq N ‘Aouanbaij 1orrresqns 10§00 HSIN U3 SoUIl}

931y} 03 renbo Arenuesqns § 9381 [oquAS € Je [RUSIS PIPOIUS AJ[BNSIP [9A9]-N UY
2INSO[ISI(T 2Y} JO 1081SqY
ADONZNOTIA JARMIVD OIANY ISLIN TANNVHO-0D VAN XAONINOTI

YARVD HLIM AL TVLIOIA €SA ONILLIASNVYL Y04 OHLAN
- ~LT-



What has been shown is a high definition television transm ssion system
whi ch substantially reduces NTSC co-channel
significantly degradi ng DTV recei ver perfornmance.

interference wthout
The system shown is

capabl e of application to numerous types of digital
hi gh definition television systens.

- 15- WHAT IS CLAIMED I S: 1. A nmeipepd of transmitting a digital
tel evi sion signal through a channel subject at tinmes to the presence of
a co-channel NTSC anal-oy television signal havihg a " nnduraféd‘vrdéo

processing formats for

carrier, a nodul ated col or fstbeary i ef—ant @ ruuu.ated atrdi-o—caryi er,
sai d method conprising stefs X o | ev i Iing agagiﬁéﬁel dlgttally
encoded signal: at a synbofejrate flerf] Eub*taﬁt@?ﬁl Eﬁ§F3te\thrge
times the NTSC col or subcarri @ ffeqgpenky, N,ﬁelmga pl IF 5% ger;
generating a qarrler “si gnal o a frefuetcy |Witihi nda f ew] hukes ki | ocycl es
of the NTSC au e rier, | g thetfanpriitude of said
carrier signali wt §%§d nal j{to genetate
first and secdnd® it udg ds; and formng a
transm ssion sigial_Prcresponse to sai d_anpl ijt ude- nodul ati on si debands.
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2. The nethod of claim1 wherein said carrier:signal i s generated of fset

in frequency from said NTSC col or subcarrier by an anmount substantially
equal to one fourth the NTSC col or subcarrier frequency and of fset from
sai d NTSC col or subcarrier by an anount substantially equal to five
fourths the NTSC col or subcarrier 5 frequency. 3. The net hod
of claim1 wherein said N-level digitally encoded signal is provi ded
at a synbol rate 684 times the NTSC horizppfal scanning frequency.

- 16- 4, The nethod of claim1 wherein said step of formng a
transm ssi on signal conpri ses substeps of: suppressing in
said transm ssion signal any portion of said anplitude- nodul ati on

si debands extendjng outside said channqb t hereby neking said first 5
anpl i tude- nodul dti on si deband a vestigiﬁ% si deband provi ding an i:mage for

only a o4 7
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portion of said second anplitude-nodul ati on si deband closer in frequency to

sai d carrier signal; and hal ving the anplitude responses

of said vestigial first sideband and said portion of said second

anpl i t ude- nodul ati on si deband closer in frequency to said 10 «carrier

signal in said transm ssion signal conpared to the anplitude response of a

remai ni ng portion of said second anplitu@ghyndulation si deband further in
5.

frequency fromsaid carrier signal. The net hod of claim
4 wherein said step of formng a transm ssion signal conprises a
further substep of: Actugi ng a fixed anplitude of said
carrier signal in said tréH&ﬁiéﬁQ?ﬁzﬁf%ral as a pilot signal
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