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PCT/ US99/ 00130 VSB ENCODER AND RF MODULATOR FOR DI G TAL
TELEVI SI ShSAIYER Background of the Invention and Pri opcitisesno13e
This invention relates generally to digital VSB (vestigial side band)
television receivers and specifically to a sinple | ow cost system for
coupling a digital VSB signal fromany of a plurality of sources of MPEG
(Motion Picture Experts Goup) digital signal to a digital VSB television
receiver. Wiile the description is directed to a VSB digital format, it
shoul d be under st \BENCIRER ANR RF MADPLATIR FOR PICETAR TELEMIYION RECHVER | not
limted to a particular digital format. - _ The recently adopt.ed
Digital Television Standard specifies a VSB subsystem having a terrestrial
br oadcast node (8VSB) and a high data rate node (16 VSB). There afie ot her
VSB nodes aqvaj | abI SB and 8 VSB (non terrestrial). The
8 VSB terr &%ps ing capablllty of 4VSB'!(The”"

Trellis codi ng t t é?ﬁ'l v EY %Eﬁﬁ .
addi ti onal t| on eve %ge% Cll§glt datgg SI gita @ 'S I\?BEZB an I by
AC- 3 proc e&a&sivaadnd spezifidaily o bjsimpledowosesysrom saiouplibg b digitd (MSB cat i on
to conventional video and  audio_circuitry. For terrestrial broadcasting,

the data sisignal manwﬁmﬂméﬂy%m@d\ﬂﬁsi@ée@nsmmﬁwm

. B freyme
W h segnedietyEnat§ 4 e VR EieFinae e | RreTae ARERRE6n iiected 67
pr e- equal | zark i fitAltfBFrh A it sHOWIY b tupderssod tBit tHE ivenBbh felité Bfoahé%@b@s' on:

The digital evlsion receiver includes a tuner and a VSB denodul ator for
devel opi nglshbehmmdhampmnglaamgmhformats in conpressed form The

denodul ated signal is ap_equalizer for, equali z] t he recélved
signal . The basebBgFec %W@éﬁwp; § lg ?ny{ﬁ |ch
directs th kwgB er for. -

recoveri ng%a}qﬁ{iaicf?'o and au |o rnp operslﬁﬁ@m %‘?‘i@%gﬁu (Eﬁaﬁlﬁn to ‘video and

audi o prOCeﬂﬁrélﬁ'eCdthﬁ'WSBynodasQvixﬁblalrﬂﬂﬁllﬁ2fVSBI,143VBBraIﬂC81VSBS(noﬁUCh as. DVD
(digital video disk | ayers, (video cassette recorders),

(personal teweytaby e8 @Bﬁm&%m%&@ed&&mm&h@féyﬁthe

like will b(‘ih%%p i %gditng that is added for the terrestrial environment creates the additional -

modulation levels.) The digital data signal is MPEG and Dolby AC-3 processed and
must be subjected to decompression before application to conventional viGeo and -
audio circuitry. For terrestrial broadcasting, the data signal is: randomized; subjected
to Reed-Solomon (R/S) type encoding for error correction; interleaved; Trellis = -

encoded; multiplexed with segment sync and field sync; supplied with a DC pilot;
subject to pre-equalization filtering; modulated; and RF upconverted for transmission.
The digital television receiver includes a tuner and a VSB demodulator for developing
the baseband signal, which is in compressed form. The demodulated signal is applied

to an equalizer for equalizing the received signal. The baseband signal is applied t_d a
transport demultiplexer which directs the data to an appropriate MPEG decoder and a
Dolby decoder for recovering the video and audio in proper form for application to

video and audio processing circuitry. Digital signals from other sources, such as DVD
(digital video disk) players, VCRs (video cassette recorders), PCs (personal

computers), digital cable boxes, satellite receivers and the like will be supplied to
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WO 99/ 40721 . - .
PCT/ US99/ 00130 digital television receivers, as is the case for present
anal og“tel evi sion receivers. In an anal og system it_is well known
that coupWh8MIAL signal froma VCR or other video source tBCHUBRWhg
I nput of a television receiver (if one is available) yields superior
results than those achi eved by nodul ating the signal to RF channel 3 or
channel 4 ggithl $é1ovakivh Receivers, @s iswhelicasefor prgsent analdgtelevisiay feskiverst ecei ver .
This is not; however, necessarily true in_a digital environnent _in which

case the dist ariu@nlaaﬂWSéMStFWe “B&H@Hd@@“ﬁl @ﬁ%ﬁwﬁbﬂg&e sigealfram adV &R 05 on

receiver st reI sh y t he

i nventi on%"é’b‘fﬁ?r gl \.g.qﬁgltelgwawglref%v%g?o%xgl %salybzl;%}ven -
format for, s&p%hoig ﬂﬁmhaﬁlmeaaeﬂxeve&iummnmganea SAb'RIPERdrRE] 3li rect -
appllcatlalrll via“a cable network or wireless link™to the RF input of a
digital tereyamiedd ahdcapplping 1tiﬂtheﬁﬁlesu@mlofﬂmheldvxsum receixet. ohhig dsmeot, | evel
and has a | ess-than- nom nal, band ass t akes adva e of .the féont end

si gnal pr dwakeyER geeassanily drugin pdigl snm%maﬁrgmw ¢ 1= the distange:

Si gnal tie
alngnﬁm Sgﬂﬁﬁﬁwggﬁ%ﬁgﬁéﬁré%ﬁ gﬁ%@s% CRat ar e@?%ﬁelﬁﬁ%l %ﬁﬁllr Zslhgl d
are corrected by dcherdafide with i inerition, hrchmpi‘esﬁétﬁbibesaﬂ@dhgitﬁl sgnd i

receiver front end. The |ow signal power, the corrective circuitry for the
digital si egmadiedamdi given fnmagfor@@ta& tuansmissioh anfl enoswated oo aniRnhearrienfor

3223I ;anc;) onen *c%nd%%r%iﬁ Hgych lo r to&e&giﬁﬂeﬁpg &st&lto be
encoder - ghieRtdlreblidle o€ Kighdl! et 96l inkPhis BQMahn 2

di gital baseba to a dirgita e’lsew Sl o recei.ver over an RF

channel . %ﬁnhsbanﬂpmetakwﬁmmge ofthe front/endrsigal puicessimgethat isfbuile énto

i nvention is to@i)row de a novel 'ﬂltal Si gnal tranglation system.

Anot her  oishedigital telewisipn pasgivienSi dmppirentsedye 9 Fiﬁﬁ‘@ﬂ:@%ﬂ%dul ator

for coupli a basehand.di I

receiver. anap ENQF%PF ?&0%?5%&@%%&‘ Mﬁl‘é& %&%ﬁé} € a 'l ow
cost digit e&ﬂﬂ%hl@z&@%h@éted'éy%ﬁ@éﬂ&&hoﬁcif&ﬁh‘ilxﬁltﬁs?dl t8l Rlevisian - ecei ver .
Brief Description of the Draw ngs hese and ot her objects_and

advant agesreo¢iverieontrendn The howisignabpowerp &Iea:megptmcncmtry for the dlgltal signal

and the benign environment of the communications link, enable components and

circuits of much lower tolerance (and cost) to be used in the encoding and modulating
process. The result is an encoder-modulator that is very low cost and very effective in
coupling a digital baseband signal to a digifa.l television receiver over an RF channel.
Obiects of the Invention .

A principal object of the invention is to provide a novel digital signal
translation system.

Another object of the invention is to provide a digital encoder-modulator for
coupling a baseband digital signal to a VSB digital television receiver.

A further object of the invention is to provide a low cost digital signal coupling
system for a VSB digital television receiver.
Brief Description of the Drawings

These and other objects and advantages of the invention will be apparent upon

reading the following description in conjunction with the drawing, in which:
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readirng the follow ng description in conjunction with the drawing, in
whi ch: WD 99/ 40721

PCT/ US89/ Q ‘s a
sinmplifi eﬁé%%é?(nbl agram of a VSB digital signal encoder- rmduI(:'?U@Qﬁoi]""0
constructed in accordance with the i nventlon FIG2 is a sinplified

bl ock di agram of another form of a digi “t al ga‘% encoder- m)dul at or

constructed in F&Gcbtscﬂa!ﬂ@@hﬂF@ hlqckéh%ﬁ@rﬂﬁfb“ gital signal epgoden-modulator e

illustrating th bLandg as charagt eri s of the encoder nodul ator of the
8 ! F 0k %EHP . of

i nvent i on O p‘f‘ﬁ? enc[ehvgllﬁ, Y rbodi ment Referring to FI G
1, a source of ﬁ@ﬁﬁeéamqﬂagﬁﬂmﬂan%ﬁx&%ﬁﬂaﬂamgm gignabéncadéuber
of different source type I's shown.” For exanpl e, the source my corrprl se a '

sat el | i t e piedidaterconsaudieRin accBlﬂa,ncavdtl'gﬁxeanvemioheamd)x a PC, etc. :Fhe-

out put of source 10 is an NPEG (and. Dol balAC- encoded (#ltal S|gnal a_t, o
baseband frequdfi3 afFI*ﬁ“SV%dQ gdhe han characiestics PTG MePifr o o -

baseband i tel evision receiver 24.. However, in.accordance
with the m&fﬁﬁ?tf”éﬂ?“‘?ﬂlg‘teg ée‘band signal is applied to an ATSC éncoder 12

where the L?_é(:iﬁ #OASfﬁE%ﬁEﬁMMddnhaﬁ eaving, random zing, RS .error _
encodi ng an 'S encodi n I e and segnent syncs are added, and whil e
not indicated, RefeiringtoiG hsaoumqugxa‘ Eﬁeﬂﬂcgdeﬁﬂgllﬂrm@n@@qmmyed
(See ATSC St andard A5 TSC Digital Tel evi SI St and for _a detailed
descri pti cﬁﬂYdl‘fatWTng’r@F% eﬁ%esﬁsgﬁ I‘?ﬁ?fngg’pﬁ} G YT di gi t al
to anal og | 0 I a pair
0 ana, o9 s SR Siectlr, FYCRLADVER BB LBIEORPE, Bl

(surface aﬁﬂ%ﬁﬁdf@omu 4P if an-MPBEG {4nd:DdlbySACP3)l encodedodigitalSigmal af basebandeac h
supplied w a

freque F1 and F2, respectively for prodUQ|n
di f f erent foequeney q %ﬁ#@%‘r% pe appht @&w@g’ éﬂ"%)”f& switch-

Fhe ot her °«ﬂatﬁgefs§§wi’¥v“m§%%ﬁ§%¥ o FRrRfRE %ﬁ&%&@éﬁﬁhﬁe%??f o
RF channely, ﬁg&torﬁﬂ us%gﬁ&d‘ﬁ?iﬁAWeﬁd%ﬁeﬁlwwmmehgnﬂthﬁ fedo - .

encoder - In particular the availability and typé: of RF .
channel s iinterleavingcrandomiying, &S efioe earoding hudTrellis encoding. i Kieldandow. cost™

ki 1| od | rpegmeat imcaA addedoi wals nekangioaiy A RUGLA JrE gnd asmzaﬁ&‘ﬁifat .
filtering is employed. (See ATSC Standard A/53, ATSC Digital Television Standard e
for a detailed description of these operations.) The signal is then supplied to a _digitai
to analog (D/A) converter 14. D/A 14 supplies the analog signal to a pair of .  ..:
multipliers 13 and 15 that in tun supply signals to a pair of SAW (surface acoustic
wave) filters 16 and 18. Multipliers 13 and 15 are each supplied with a frequency F1
and F2, respectively for producing two different outputs. The SAW filters are

selectively controlled by a switch 20, with one of the SAWs being used for one
selected channel RF output and the other being used for another selected channel RF
output. The particular RF channel selected is dependent upon the environment in
which the encoder-modulator is used, in particular the availability and type of RF
channels in the receiving area. The SAW filters are relatively low cost devices and are
extensively used in television receivers.

Those skilled in the art will recognize that highly accurate modulators generate

1 and Q signals with the signals being combined to cancel one of the sidebands and
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| and Q signals with the signals being conbined to cancel one of the

si debands and WO 99/ 40721 -

PCT/ US99/ 00130 4 generate a
vesti gi al woonkagrd signal. Such nodul ators are quite conpl exPEIVEIS00130
expensive. In one formof the invention, that arrangenment is replaced with
a multiplier (13, 15 and a SAWfilter (46, 18). The output of the

multiplier_is | p [ ' ow ng
Saw T |11 oreerly S S RaRT Cenbl R 3ot bls f ofiiinplel 1Ra ity
necessari | ggpehtive) BY\6iic fontcsTahelinvention, ahlit@erangsriéhtds tpldced mitted anltiplier
approxi mates the nom nalﬁml;!yiﬂui st sl ope of the channel bandpass. As a result

of the | esd3i bS)andeaBAW ipakd). dihgoutnus of theirpultiplier isadonble sideband gnal
i1l be ch terjzed b d f. i npai t in the f f.jntersynmbol
i nt er f or oriEPPresagd carmier Signal. g Tolleyying PAW.AlH rpwoysrng oL Oug sidefand 7 (1)
AR t . 4 . _ _ . o
andpass @r@@ﬁ??k@é@%* & éaaegydgaa&?%uﬁlewadmpw prodecd ét;) vee ﬁgn%t;n& e

band edges™in tan e Nyqui st slopes nmay be seen by
ref erence 4lgo afysroxizhates the meminal Nyqufist Sldpedf thel¢tmnfidiwantipasse As a result of

characteristics also provides for adjacent channe| rejection, The fil ter:ed
signal frbmlessghareneminalibandpass chapactatiatis, the tapsmitted s!%“LWﬂIlQbeupcom'/erter :

Di

et ng e SRRy 4 OFkEd ffbpatihditin AR ToRf Or HieSRABI e RPERATISD 2, 0T

i s supplied overrha SpaW! MtedeSHPE helSdges It bi ST bamdass wpg;@ﬁﬁﬂtaheoaxi al
an

cable or a relatively conplex hone cable network, to channel i nput

of a tuner Nyfuist slopasSBominglly-called fonat thebandedges/inrthe ATSCrstandardnfTheray al so

e
2oL st B oo e o T, oD

digital sigon theseletrdeneoféthe SAWsis appliddtoan RF gpeunverterd® wkdch t o:-an

equal i zer 30 that operates to adjust _the response of the receiver to very
cl osel y naupeenvees the signal toanydesired RE ehapaels ehanpels 3 of)4 being theonesrvect i ng

any si gnal 'gl% trmae ts, including any intersymbol interference .jntroduced
in the traR¥PeYEnd any linear distortions introduced in the " '

communi cati ons tnelentbded andfifodinited VSH Mighil i9 supiilied 0vesa EaB1K hefwiik 23,

collectively are below a given threshol-d | evel 'that is dependent upon the
nature of whichemaykcomerise 7 singlesiognial cable or a gelatively complexhomexablscd: by a
forward er ;gtrwocrl(c),rtiaea%tliu? Qhasnlxjng%f){neo a3 t%mtex(')ZG of a VSB digital television receiver 24.
The signal may also be amplified by a low power RF amplifier 25 (showxi in dotted
line in FIG. 1) and transmitted wirelessly to the digital television receiverin an
assigned RF broadcast television channel. The received signal is supplied through a
companion SAW filter to a VSB demodulator 28 where the baseband digital signal is
recovered. The demodulated signal is applied to an equalizer 30 that operates to adjust
the response of the receiver to very closely match the solid line Nyquist response (FIG
3) thereby correcting any signal impairments, including any intersymbol interference
introduced in the transmitter and any linear distortions introduced in the
communications link (i.e. the cable network or wireless link) that collectively are
below a given threshold level that is dependent upon the nature of the equalizer. The

signal from equalizer 30 is processed by a forward error correction subsystem 31 to

correct any residual errors due to intersymbol interference and errors due to noise,
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correct any residual errors due to intersynpol interference and errors due
to noi se, WO 99/ 40721

PCT/ US99/ 00130 Eggnﬁg?
i mpul se, WRMUMIted by the cable network or wirel ess I|nk The& per ormance

of equalizer 30 and error correction subsystem 31 sets the limt on the
anount of intersynbol interference and’l i near di.stortion which can be

i nt r oduc ebothywhiteeandrimpulse; introduesd byothesablenatwark enwirpless inle.olBe t he .syst em

Torn 1o BergraBge Obemalizd 0 Ame e shPer b R §ot 1 £t e Wl o g "COPCT,
for the vijg ﬂnﬁ;&éﬁhﬁgpﬁftéﬂf&@ﬁc@ind I'i}?ea‘f \defettion Witicly talEBe RFddueed by
an co

applied to er 34 for deconpression and decodi ng and the audio

portion i gheapdsinittertand zoMmmunications chamowed befods tHemysteompifare serious pr ocessi ng.
The resultant video and audio signals are applied to a video processor 38
and an audegragatinBessor 40, respectively. It will be appr-eci-at ed by

those skilled i.n the t |gﬂﬂ nsitive as
a baseband sig gﬂ'ﬁ&?%él g@% e envﬁo?%hf?ﬁpﬁ? £a'Qﬁéi)n?cren 7€s
errors org nﬁléﬁ??iﬂ%hﬁﬂs@&iﬂt@dﬂ@& for the videsaad mdio popiensftheven i f
sone Ssi gna Irments are introduced, they may be conperisated for by t he

correcti vslgnar CThe vigedportion isupplieddo YISMBEQ degpdersi4cfor deeompressipnand | n

particul ar, t he equali zatjon cirguit S a, Si transl ation
ar r angemefecading apddg 1°|H‘?r%9<‘bb°‘|arpgﬁf¥df h‘*‘@ﬂéaﬁ 38:}6151 source 10 to
VSB digit V. a\@% d. and any .
errors or %émg%féﬂt%ﬁoréﬁe Eﬁ? ge\%vuldt%%g%& %&ﬁdrazdsﬁ@?ig re I? ecﬁggl € in the

t el evi si ORjdedqfRboERSor 38 and an auidiv probessas 40, respectivelyband di gi tal.. signal s that
are supplied to television receiver 24 are introduced_after equallzer 30

and error corrdtwﬂbhem%éhyﬁoﬁﬂ‘mndh g getdhatthe REsgnal 1snot@s o t he
correctiv ffects.of th V it receiver.
Such si gngfga“ﬁée%ﬁ‘g%e%ﬁ el? lcaé’l#sllﬁat‘ %g t%%@%%{e@#@% eerrors
or i npai r pegtSie in3Gfltr8fudedin rarSfission. HowswpeveRIf - . -
In further accordance W t e | nvent ion, where the digital télevision

recei ver sbms signayimpaiménts aneentroduqeg, they may b cpmpensated fombxathel og. NTSC -
nal, in establishi n rior f .1 he R channel . out.put of onverter
229 the flcpgﬁctbml@l% ‘P inte F&St%}@g“al television receiver, arnculatp

equalization circuitry. The result is a signal translation arrangement that results in ..
excellent transfer of signal from source 10 to VSB digital television receivcr 24, since
the signal is VSB encoded and any errors or signal impairments below a given -
threshold are correctable in the television receiver. e

In contrast, any baseband digital signals that are supplied to television receiver
24 are introduced after equalizer 30 and error correction subsystem 31 and are |
consequently not subject to the corrective effects of the circuitry in the VSB digital
television receiver. Such signals are also distance limited and subject to uncorrectable
errors or impairments, which makes the method of the invention far superior.

In further accordance with the invention, where the digital television receiver
has provision for receiving both a digital and an analog NTSC signal, in establishing
priority of the RF channel output of upconverter 22, the first choice is to supply the
signal on a vacant RF channel in the service area of the television receiver and the

second choice is to supply it on the digital one of a pair of digital and analog NTSC
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~signal on a vacant RF channel in the service area of the television ,
receiver and the second choice is to supply it on the digital one of a
pair of digital and anal og NTSC WO 99/ 40721

PCT/ US99/ %3 89140721 6 RETAISIHOMBG | n
the service area of the television receiver. In this way, any NISC
interference into the digital channel &n be mnimzed by the circuitry in
the digit e RTE YEry@ on

resi des |#Ft%tmonceﬁ{ sre?ﬂféntﬁ]reg Eﬁeﬁgl a gl vl\eéﬁéwg{/eln%ns‘?—%?ll?rrents in the
encoded d hﬁtbiféienb@ﬁﬁdi)ﬁfecﬂxgitagrchhnm dan bk miginsidediby dyecinduitrhin thegligital -
correction circuitry that is built into the front end of the digital

t el evi si onham%pﬁﬂletﬁbvﬁmaﬁfe for such inpairments. The costi's kept

Very Tow, o ot Aecayettfi et Hin otclr bRiHARLARS o' ARl aRo] POUST [
and the Chﬁg%eﬁ&qH&éa%aM&gmbm Tan@&.l@;iﬁ]ﬁd\&ﬁ tage o helgaaied for.
nne tc

adj acent c rejection, signal radiation, is translates into | ow
cost fil t eoimectidrociconitay thahis lnult-intodhe ﬁontemloﬂﬂyqdlgnal tdleyps;onmei\@rtmu s Wil

clearly cause sone |ntersynbol I ntegrference, a .rentioned ove,. al.l -spch
si gnal ~ i meampeasate forisuch HhpaigEens, 'g{‘?)P%ﬁéﬁ E?H?\IWBH"‘?IWHB%H" a%‘én of

compensat g ?W@{%%ﬁsﬂ;ﬁ hHowds S5 0B aislificE RABRAE, éw@%&&;agab

conpl enment ng, equalt zation circultry, orward error «

correcti on Jowkdisd éntironment and theehamsd §haper Y quist slopeY ndeliGiobbe as & di-f f er ent
version of the invention. Here the | ow cost SAWTfilters of FI G 1 have been

repl aced rigogbusly defindd for adjacrmt chme&mleqnoassxsealﬁgdlmm(em n

ot obdpeulow s nfeidlotealR 1Bl Bt NRRish Sfops, Whale S‘ﬁﬁlﬁ”é i

| F signal éi%x'&zﬁe ﬂﬁ&%béﬂhtmbeanﬁﬁuwg dtfoch Bigmal Si gnal is
applied to 14 and thence to an RF upconverter 54 that is supplied with
t he out putimphirmentscthaichre belaw mpmdbteahmed&&eshaldahap be compensatedsfor in the

controlled, by a swt 0Oto deyelo an RF out rom.,u nverter 54 at

ei t her of digital |TF°%Y°TFC‘QB'£ eﬂeifsgmp Iﬁg Eﬁéﬁeﬁﬂ“‘ﬂ}zﬁuﬁn "The
out put Slq2§| n recei ver . over coaxial cable
23. This v rsldarﬁ 0 e |nven |ohpr§%%®a§s ‘be a nore stable system Since

bot h systenms wi The entodbrmotinlabsof RIG Tis A different version@fahaventidie: Heaen
whet her the cost of the SAW in the FIG 1 version will be less than the
cost of t e loMcost§AW faltgrp of FIG 1 have been replaced by digital filters 50, indicated as

- being FIR (finite impulse response) filters. A digital modulator 52 is supplied with the
output of a first local oscillator 56 and converts the filtered input signal to a first IF.
signal having a frequency, for example, of about 12 MHz. This signal is applied to - -
D/A 14 and thence to an RF upconverter 54 that is supplied with the output of 2
second Iocal oscillator 58. Local oscillator 58 is controlled by a switch 60 to develop
an RF output from upconveﬁer 54 at either of a pair of RF channel frequencies, as in
the tuner of FIG 1. The output signal is transmitted to the television receiver over
coaxial cable 23. This version of the invention appears to be a more stable system.
Since both systems will involve integrated circuitry, it remains to be seen whether the
cost of the SAWss in the FIG 1 version will be less than the cost of the additional chip
area réquired in the integrated circuit implementation of the FIG 2 version.

In FIG 3 the solid line curve indicates the ideal Nyquist slope channel

bandpass response characteristic of the transmitted signal. The dashed line curve
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area‘required in the integrated circuit inp]enentation of the FIG 2

ver si on. In FIG 3 the solid line curve indicates the ideal Nyquist
sl ope .chanpel pass response characteristic of the transm ' | .
The dashedJa Pﬁég'@gr ve WD 99/ 40721 ﬁéﬁﬂsﬁ}nﬂ{}%
PCT/ US99/ 00130 7 indicates the

| ess-t han-nom nal Nyqui st sl ope _t hat reSults from usi ng the | ow cost SAW
16 and 18 indicaleSthe lgsrdithanamominalNyquistslonerthat resitsdremiusingthe lewgostse f or

oo 2o SIE AR s b e b S >
dependent P2 g},ﬂﬁn&h&@foﬁinﬁ{h%atﬂﬁmﬁﬁlmrmé cirves Sidul® b RéboghPeB RS S -used. .
ned, ecause o ele

As mentio t ss-than- nom nal bandpass characteristic
produced bpeis tdppesehtativeésnlyandither hitBalf shapes are dpetidentpa thelpeedisionatd on, a
certain level of intersynbol interference will be |nt roduigl%ldi nto the

transmi t't ctiie anmbar of thefltesing elgmantsuseds s mputiened; hecanseo ¢ssthgn-sich -

i gnal” ovaroreRel basine daritetr prodlckd e e SAW L FRO AR D T (e

tel evisi Onexflﬁé‘tﬁ' AT of e REVRALOR, /1GMaiP RVEESH infer§Rmbol lihidPeetadck Yl ded
receptlon. nt

3
I's manner the invention permts a | ow cost, high
per f or manciatreduceddnto thentminsmitted signaticHobever, e$ discudsed aboxe, tesamountofer ance

conponents and applyin he signal to_a digital receiver that has.th
capabi | i t yamfsueh Lgﬂ rengey tpgether v ?Pé’rﬂ"és%@ma“?ﬁ?% eS hol d.

What has been described. i . gE'E];EIQH] : rﬁ{ﬁ%c LNg.a . .
di gi tal te?veﬁfitg é&n’l"éu gn(?d:l %romzégl(kjlbgl al’ st%li} é’gﬂﬁg‘%gt‘@ﬁf‘g{e&ﬁ'a- tgltvg?/i sion
receiver. {oprofide@eaoperfeetsihslttranslation afd esvepties. Iothiswmatiesythe véntion -
embodi ment of the invention will be apparent to those skilled in the art

Wi t hout depermitsradomr east, high perfermance encoderiremaedudatorhy delibasatelyoselectingo be

limted On{egse% %ol(ejrea];llcg ggmbgnetn ean(if a%'plirﬁng the signal to a digital receiver thathas the -

capability of compensating for signal impairments below a given threshold.
What has been described is a novel method and apparatus fof translating a - -
.digital television signal from a digital source to a VSB digital television receiver. Itis
 recognized that numerous changes to the described embodiment of the invention will
be apparent to those skilled in the art without departing from its true spirit and scope.
The invention is to be limited only as defined in the claims
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What |s Cained Is: 1. A nmethod of operating a digital signal |
system f orwoepm7gi ng a digital television receiver having coPEE3ISo%/m0130
circuitry capable of correcting inpairnments in a received signal that are"
bel qw a predeterm ned threstsol d conpri sing:

devel opi ng a conpressed basebandywiidiits @lafhed #d:; : encodi ng the
conpressed baseband signal in a grven format for digital transm ssion; and
nmodul ati ng t he engomethodmfppemting alshgitd] sighalisystem [forssupplting a digitaRF-carri er.
for direct application to the RF.input .of the digital tel.evision receiver;
t he nodul delewigion repeiverdaving fpmestion prewtny capanie f fofre a
produces inpairnent s i nsmtted signal that are.less than.the .
pr edet er mrgﬂvﬁﬁﬁ%;&%d“@d whereby the correction circuitry is
capabl e of correctp&é&tgrm,ddrmﬁsh@[amomﬁrﬁngduce_d I'n the nodul atingstep. -
2. The nethod of Claim 1, wherein the encoding step includes data

i nter!l eavi ng, dat alevelopingiaciompressed baseband digitabsignald t he addi ti on-of VSB . -

field and segnent syngs, .and furth c | Si-ng. . er.f.ormng the
nodul ating step aﬁnéq?‘%ﬂ’ﬁdiﬁgfprf’ﬁa’?se%ggé SIgnr‘%.n %E%M&f‘g‘f‘f‘%m 1,
further c | sﬁg} suppl yi ng the encoded- conpr essed .baseband
digital s%‘ﬁ% r 3‘8% a first filter having a response designed to
cooperate with a saedulsigthe encodedicompressed basebtund digital signal encsnRF - or
produci ng a | ess-than-nom nal qui st sl ope. 4. The method of claim

1, furt hercagendor direay application to the R inpyitpf e digiialdgleyision TemyFBssed

baseband di gital sjgnal [ - ' g ' g;pp Se .desi gned
to _coc')per'ate wth%ﬁ@%ﬂ&ﬁf@%f&%ﬁ@é&?ﬁgé— nfngingg%%ﬁ% | @grﬁ'i"n t he
digital t GiphitmentsGh thedtrar@Riitedsihal that @8 1628 thaittie piddetermipfed and .
provi di ng ‘adj acent "channel rejection at each end of the signal bandpass.

5. The nettheethol;cl ai m 1, wherein the tel evi'sion recei'ver conprises:a

digital .signal rocessi ng system and.an, anal SC signal. .processjn
Sygtem and ?urt hgrwherebyth%co t?onglrcmtrylscapagl%ow ; en%paumcgfs 9 -

introduced in the modulating step. S .
2. The method of claim 1, wherein the encoding step includes data - iszisic

) e RE SERPY Y

interleaving, data randomizing, error protection and the addition of VSB field and
seément syncs, and further comprising: - o
performing the modulating step at a low power level..
3. The method of claim 1, further comprising:
supplying the encoded compressed baseband digital signal through a first
filter having a respdnse designed to cooperate with a second filter in the digital
television receiver for producing a less-than-nominal Nyquist slope.
4. The method of claim 1, further comprising:
supplying the encoded compressed baseband digital signal through a first
filter having a response designed to cooperate with the equalization circuitry and a
second filter in the digital television receiver for generating a nominal Nyquist slope
and providing adjacent channel rejection at each end of the signal bandpass.
5. The method of claim 1, wherein the television receiver comprises a digital

signal processing system and an analog NTSC signal processing system and further

* < L M S *

SUBSTITUTE SHEET (RULE 26)



WD 99/ 40721 .
PCT/ US99/ 00130 9 conpri sing

generating th dulated RF digital signal for applicationt &6 2l
processi ng' 215?3\ of the television receiver. 6. The erg? dggf claim

1, wherein the RF carrier is applied tg the RF input of the di gltal

teI evi sion receiver by a coaxial cabl e’network. The rdn; d of
claim 1, compmsinggenaratingitbe medwlated BF @Bﬁﬁlrﬁlg%"g for apphcatton to thg glfﬂ(iyl ng the
baseband signal, et rmned arrier frequency to generate a double
si deband B’t’?ﬁﬁ?%é’&t?g?f&‘g}&w&?gl AN using 'a filter to renpve

one of the sidg b&ﬁgémg thod Dl ﬁvMﬁ?exﬁ'tHé‘R'F&%qeﬂE%pﬁaﬁohﬁeRFmputof

| ess-t han- noni nal pass. 8. The nethod of clai'm7, wherein the
filter isti déiGlackvisioarrecaiveriby doeaatpﬂsablcamtwoﬂaess t han- nomi nal Nyqui st

sl ope. 9. The nethod Qf cl er .t he correctlon C|rCU|try
conpri ses equal?i zEbe methadp F’éﬁ‘%’rd" F’Bﬁ%&ﬁﬁpﬁﬁst?rc@m s 10,

Thenet hod of claim " Dask AN e@ﬁﬂ{ 0 the RF
i nput of the di gi?‘é‘iﬂi{lﬁﬁgﬁélongt&e{{ verwo ehét roegcast te wiylﬁo

channel . generateadohble%laebshe@uﬁ eaiﬂerrsmca@apressed di gi tal  baseband
signal to~a digital television receiver that includes correction cirtcuitry

capabl e of correcusmgalﬁmatqmqudethésdemszwgﬂ\éﬂlomhé&sﬁtﬁm a
pr edet er m ned threisho , CO gﬁlh &%@ a source of conpressed.
baseband §F‘§}ﬂ ¢ the less-than-no Bder for encoding said baseband’ si gnal
in a given di g'st aﬁ‘h&ﬂgﬁ%dofclmm7 wherein the e %4 SAW ahd WhertiAthe'g Sai d

encoded baseband sign on an RF carrier; - sai d nbdul at or

having a bﬁﬁ&pﬁsbhﬁkﬂﬁﬂt—ﬂﬂhﬂmnﬂpbﬁqubwopeoduces i npai rnents i n-the
transl ated signal that are below sajd predetermned threshol d; and _
means for dired: fhamstiedef claiml.waereu g comgeHan GIECHRY ROMPHBR.. of sai d-

di gi tal teIeVLs on r ej | rection circuitry is capable.
of correctf W rﬁ#ﬁoﬁui&g‘éﬁ&; said nodul ator. "7 12.
The system of Cio%u Théinetu&a%ﬁmmspl»dhaemﬁemﬁneﬁisdpﬁh@dweletsawme on- .

recei ver each include a filter, and wherein said filters cooperate to
gener at e RF ppat of thealigitad mlcltahomycpﬁlw oyenp broadcast television channel.

11. A system for supplying a compressed digital baseband signal to a digital

television receiver that includes correction circuitry capable of correcting impairments
in a received signal that are below a predetermined threshold, comprising: .

a source of compressed baseband signal;

an encoder for encoding said baseband signal in a given d1g1ta1 format;

a modulator for modulating said encoded baseband signal on an RF
carrier; . _
said modulator having a less-than-nominal bandpass that produces -
impairments in the translated signal that are below said predetermined threshold; and

means for directly applying said modulated signal to an RF input of said
digital television receiver, whereby said correction circttitry is t:apable of correcting
said impairments introduced by said modulator.

"12. The system of claim 11, wherein said encoder and said digital television

receiver each include a filter, and wherein said filters cooperate to generate a less-

= ¢ L KM s o

than-nominal Nyquist sloﬁe.
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system of claim 12, wherein said filters and said equalization circuitry
cooper at ew@9om4072r at e a nomi nal Nyqui st sl ope and provi de adPEEASI N3 hnel
rejection at each end of the signal bandpass. 14. The system of ’
claim1l, wherein said given digital fdPmat is VSB, said conpressed digital

signal is in MRBG TRe HstédbecRitt 29ewheri s filvraidsaidafalizamn 2 data
interleavor, error protection circuitry and neans for adding VSB frane and

field syneﬁ-cm odopemtenogncratmmanml Nyquist:slope and provideadjacent channel 15,
The system of claim 11, q\iﬁgr ejn RF carrier is applied to the RF input
of the di g?JP%HOQ@Ieé@? &ndy Eé@“@ a3%- coaxi al cabl e network. ‘ 16:

T SyeLem ot e Thd breiBE Blain I, dnichh bl hRnURRAI B AICVIH, RITDY 1 505

a digital si gna processing systeniand an an si gnal processing
system angq ﬂi{ib?és@éd\d nplslgmm thPFE:fdingsixdlenwmaﬁcludesgﬂlm sandidnfizer,

application t he gl tal processing systemof the television recej ver.
17. The syasdawnnmérlaawen, AITonprofestion eircuisniandaneans for adding VSB framg|and field ng

neans in said ator f vel opi n oubl e si deband suppressed carrler.

si gnal fréﬁ?%saﬁ‘@‘ﬁ élﬁ‘zfﬁﬁlo@? ‘ﬁ ﬁﬁ'&ges atloWpOWer. ¢ it o neans ¢oupl ed’to

sai d multiplying ”ﬁ'ﬁ@%ﬁ&ﬁoﬂ%ﬁfﬂlﬂt w&ansﬁmwneﬁﬁ@bns@mhememﬂs to
al a _

devel op a VSB sign for produding said | ess- than-nom nal bandpass
18. The swftbeﬂ@tabﬂemvmdﬂmm«lwaceauddabldmnﬂsans conpr-i ses -a“SAW

filter and wherei n_said ban ss Ji.ncl.udes g . gss an,-nom nal ui st
sl ope. Tﬁﬁé¥§?§t"gﬁf 14, xyherein s mMﬁm‘ Fﬂé‘of,‘d?‘l‘eéwl%%‘ms%w try

%ﬁ?é;i?iﬁ%%ﬁ#%%é%ﬂ“‘% halGENISG aljrbbtebbypemnd |

tcﬂgm'?gl | NRyfieréin saitPmodslated RE digitul ﬁgﬂﬂx&gMﬂf@@hﬁm&wa{gxﬁbl evi si on
processing system of the telev1s1on receiver. -
17. The system of claim 11, further comprising: )
multiplying means in said modulator for developing a double sxdeband -
suppressed carrier signal from said baseband signal; and -
filter means coupled to said multiplying means for substantially -~
retpoving one of said sidebands to develop a VSB signal and for producing said less-
than-nominal bandpass. _ . _
18. The system of claim 17, wherein said filter means comprises a SAW filter
and wherein said bandpass includes a less-than-nominal Nyquist slope.
19. The system of claim 11, wherein the correction circuitry comprises - . :
equalization and forward error correction circuitry.

20. The system of claim 11, wherein the RF carrier is applied wirelessly to

the RF input of the digital television receiver over a broadcast television channel.

—_—
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