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| NFORMATI ON CAPACI TY FOR EXI STI NG COMMUNI CATI ON' TRANSM SSI ON ¥
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
i s directeWOt/58083ar at us, systens and net hods for expandi ng PETYUR99a8H1Bi ty
of existing comunication transm ssion sKstems to carry information, ;
including but not limted to tel evision broadcast, cable television,

m crowave syste I i i i S} F er closed
circuit arid bro a&l\? E‘W@M%*‘é@g"éﬂ %@ﬁ%g)ﬁ?ﬂﬁ t he
Federal Communi cat i GQVMMUNCATIQNTRANSMISS SYSTEMSr comerci al
tel evi sion broadcasting in the United States. Naned after the commttee
that created it, the National Television Systems Commttee (' NISC')
standard is the approved nBAGKGROUNDEDFITHE INVENHONI ssi on of tel evision
signals in the U S. This television technology is an anal og system wherein
the picture conponent is transmtted in a vestigial sideband nodul ati on
format onlthe t I98nd the sound conponent is transnmtted as
frequency nodul ati on on a separate sound carrier. In 1954, the National

Tel evi si on SysTheprésenminvémion'is alifeeted ld yppaeath s newnishmd M&Rody for @Rparing
include color information by increasing the utilization of the 6 MHz
spect rum BEeAMIE P ISKISHAG coBMUpICAtign @RSMAISEPD sYHempTsearsy Hfermalians inchiding

"anal og" C . i u i r.oation can take on any,val u
bet ween t @%ﬁﬁnﬁ%ﬁe@na&%&i@n%%a_ tﬂ@%’.léiég‘fl%?f’h Céo‘ﬁ'ﬁYweoglﬁ?e S’\‘i%s%%glrﬁwg
possi bl e. teldV@sion, FiNd beoddahgd i@ bihecloSed cilcait 8Ad balbRt Sistamngt h of the
transmtted signal with black portions of the picture having the nost power
and white portions of the picture having the | east power. Periodic pul ses
are incl uded aBagkgraundyr eat er than those used to represent black areas in
the picture. The394 DUhe FedREOTLAEINRAtions CbMehitsid (FRUC9dbFRY stadald® for
synchroni ze the transnmitter and the receiver so that thé picture is shown
corr ett | ycammetwaldelepision Hoaddasting onthalUrdted Statesni Namednafien|tbe sornodttati that e

the left-to-ri .ght ace of i es on the screen while the vertical
synchr oni $%gted r\g g &éﬁo@gg[%iﬁvl‘%?lb g?sﬂ@ni ﬁemtﬂatts%f {I\gﬁ%}lﬁs&a@gg isdhe ppproved
picture. * 66> W0, 991 / 1 cat.h ; .
" CRT W a o, pysrrey 48, Eapldetil of AR, Sepdfin R 008 FAY lPRion
t el evi si otechrsiogy & @ andldg Sy steqs svirereie tircpicture dumaporient Sitiaibihitied iA apleesgiabr
coating on the inside face of a vacuum picture tube. The el ectron beam

scans t hesidgbandaedulainnaformatondthe visuplcarmsy and thy sound gompersni istransiidesbas The
t h of i s | t L,opal th h
oF e PholdBy LR ARl Sl b8 fn 0SB KRR TRl MR

in the pi Cotingitted MRothphtiblgt i extendbd tthe NTSCT tsystemb @ rthélade ReloaCimesilatishesy by
electrostatic forces or magnetic forces. Mst tel evision display devices
used nagnincreasimgftheutilization Ohthed Mizspestamm penypieddwyi the televisien thangelve t he

| ect b t he .l ef.t .side of th f.t | eti. li ne.
DU ng thi et TBE S stBanflh i Bhmbee udebh B Hidie 2 Buiy e
prevent UBAN{aR8 dathrgivalid Biwedh t]gxf: i aad h%ir_ﬁ%%me@n?ﬁ {W€inite bt

interfering light. The period of time during which the electron beamis
t ur nedo of values aeel pesdibldie Thia pidtureninfdrmbtiemks refated te theastrengthhef thehieansimitted on

beam reaches t he ttomof t screen,, it st be returned . to the top of
D ha oy acHiend VoA B PaenS FloEe BCE hakdea e st APEEr nflwhid gofiong 8 the

hori zont aly; 38 Savidethe 165t bOReP CRIRIMSpulb& are included at powers greater than those
used to represent black areas in the picture. These pulses provide the timing information

required to synchronize the transmitter and the receiver so that the picture is shown

25  correctly on the screen. The horizontal synchronization pulses coordinate the left-to-right

placement of images on the screen while the vertical synchronization pulses coordinate the
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top-o-bottom placement of the pcture. A




t 5 blanked to prevent disturbing Iight patterns on the screen. This period
is called the Vertical Blanking Interval ("VBI"). The VBl is nuch | onger
than the horizontal blanking interval. The conbination of the two bl anki ng
i nt er val swo®agbist ut es approxi mately twenty-five ' percent ofpci/ogosiosses
scanning tinme. This tinme may not be used to convey anal og pi cwip T he
scanned picture area is termed a "raste?". The raster constsh hal f

20 pictures called fields. Two fields ke up conpl ete plcture which is
cal led a framdhe esthods BYdubeE GHE )e‘t’/aéntgHGé‘ﬂ’qail deplaghiqvicer ysed ar hegh Yelemg has

Lhe 00! §Eledd flevidlie LdRlefle ol Ereh SN Aol dehiPlyRLiElY o BiERoP "

second. ue using two fields i's ca

reduces ¢duginkl drc Ry m@fdetfhee offageacoliil picanasabeli Tig: bROEW Bkim sEhes MY hieal
Bl anking Interval 25 It was determ ned that other uses can be nade of the
el ect r onhdsizonkdl iycandi vegticatly to dismiay @ completeviBrageayTisestiengtdh afdhe glecyromahmg

test signhals that neasur i.on characterjstics fromthe signa
sour cb 1B TR eePar o aEie e sk Rl R by R kit e and eete S U The
VBl may ghsentosf Lb?ﬁ@ttrte@s qareh)é piealieg JhenatfectiBRr 66 4RE Il udnIbtah &af de The
30 data signals may be of two or nmore |evels which are resolved i nfo data
bits by apmpnmbisheit by electrostatse fadcescer magnetii fpre¢eal " Mok teddvision displayj drstxcea; few

dlscretelevels th ata detecti.o ircuits can discrimnate against
si gni fi cH3fd feglgc“% s dlaggeds ﬁpﬁ%wn LCABITeS HEer or ‘@H&"e%e elpgirom Psapg 7

PCT/ US99 m e | o
Vi sual sf’gg)%gfoatlhte gﬁ‘?’ or rr% ? lgra fr#glt g?rﬁi)%?g# fscl elp%)%tced uﬂ'ﬁlg%bn&? gt lao °
firstoat bedmtmestthe wsedt & oVBilaxil(Hd @npnek'érarumlmhaa‘ﬁe&mum@ﬁ?& m@eﬁho%bﬁbr

Nat i onal Bureau of St andardsﬂél NBS') proposed to use the VBI for the
di stri buts¢r9¢n and Qlept’eéélﬂ@é interfgring fighhatlihg rpasiedi anmedurrnﬂewhe@ the |edsgitzsinon

net wor k s art ef.fort thl |,t| ive, di not .resul t
in a ser 4]85’.0 hﬁ‘i&h tboéﬁppgx\lg!’?é& %afor A Brglertrgn beam
i mpai r ed Tea-EH@S thik bSttoMYr it RreeRON st BE SetBfhed @b Wé t%kIQﬂ' ttetcrééteto Healih the
| mpai red nmet in Nashville, Tennessee in 1971. BS and ABC subsequently

dem)nst r@tcmdssaof:apd(mgnpmgxreser Visteasain Bsl llltmmjletal Caatsd dbe clevtrear beanil @Rt Hen
1973, i neering de nt of the Public Brgadcastin em, (".PBS"
D i o ARBERI ALY CRRIg A BRESTE S A SeEepio TES PaiRddd BJeq the Vertical
depart e ér-tﬁﬁé “ at ﬂﬁw, r i S
vvolrok t heIBt I?—%{E ese r%’ed e Tz'%n})'?i]?‘ el dlfl gdr;t@eotI }l&?é%n?%ll lg\a/flﬂlsll}l %tg{\}g&?t'al

for the tThansdmisisation of thd: asved bt:mbjngonﬁenvallstEmtsUmtésedpﬁ‘b&hﬁﬁellynt\ﬂélﬁﬁ-ﬂvien

1979, the National Captioning Institute ("NCI") was founded to caption
pr ogr anmiPEEFeRIRS thetotal seanaing tae.c Ahis dingsy méléﬁf’ﬁ *emvs&& to popvel @nalgg IPjeturgsOs

cont 1 gur at | on '35 R HFoEE afbe BERAR A 7656° Nipt dulfy bl BE pop-palr

Sem condyidigres CAlldAdiadd. OTwé fieldie \idieupaa c‘d?ﬁ;bletéf;ﬁ&@fd WRicBaptiiwa LR&AEeOne
m crochip for use in television receivers. In 1990, Congress passed the

Tel evi si digldbaothereven seat tw while the etherifieidniapst thatoddesgan dines/i Jherfieldscatever s

of thirteen h. di ago i ay._neas ater incl

decod ng PG AL SRR el Beo JEARAL TS R BRE of il o FRL i Catiea
tel evi si ofhegae® 4l fodB&ds tNERICke 6F thOMIRRAVIIe éd?ﬂs&vfx&%&hﬂ@fﬂ?ﬁt I'n 1992,
NCl, the FCC, and the Electronic Industries Association ("EIA") devel oped

captl oni ng techni cal standards. The 1996 Tel ecommuni cations Act requires

t he FCC tlhepYertickbBtamking kdenvabui ri ng cl osed 25 captioni ng on Vi sual

pr ogramm ng but all ow ng exenptions for programm ng that would suffer an

“undue burden’ly whb@efelfiRd thatRith&Nised can sisiraadey&ttﬁ@ﬂete‘étr@ﬁlweﬁftxngch@éed#or
because it is turned "on" or "off ' depending on the user of the television
r ecei ver exdnpke thei VBdumayhleansadgtoi capryi anatngt testasignalh dlsxd mdasungridie tsmsmibsidne

spoken words need ot be di sturbed by text. on their screen he CC
Dot om S hHmrBESEsET dhe b PG 40 NS Iediae ARG Alp o NE PRE P A8e ARSPOMGce

careful | L& ¢ LRGNt Ml bdrPWe bty BRAGI 882 MRRI red
to read ﬁfyéggﬁh%ﬁ( B1 Ry N0 SELEN & Ay SERRETEMIE KIHUEAd, BRG] B! TH
convepsatdamnsipedis AayHeasfawarg mmdevemma:lhl avasesolvedtin®r date bty bptappopmate.

Mor eover, . those who cannot understand the spgken words may have

Xt .
transl at E¥CHRE.0 SIPRE] ﬁhené’ﬂgl% PIgRYS e of Jugt H"afe"( H’&F"%F‘feéﬂ Itbﬁvdﬁﬁegeﬁ?‘if&”am
The CC sy e 1 t; t of
(ransm o nsaits SFE Sistinhal Ml ShoPiRil WO RRESR dfhe; afloPGH SR BRACIREE,
The data rate for the CC systens is 503,500 bits per second of binary (two
IeveI) data. This data rate is expressed as 503.5 Kilobits per second
("kb/s"). This data rate allows only two eight-bit characters to be
transmtted per VBI i ne. If onIy f|eId one IS used about two I|nes per
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to words can be conveyed per mnute. The rest of the VBl line is occupied
with both a burst of seven sine wave cycles of 503.5 kHz clock run-in and a
uni que "start bits'' pattern placed at the beginning of the |ine. These

si gnal s syrwOPYF08E t he detector circuitry. Since FCC rul es pCofusg¥ossht y
Line 21 for captioning, the rate of transmssion is slow, but ,g}aﬁﬁgu for
t he purpose. The on-screen CC displ ay corsists of a maxi mum of Fitt r ows

O o Pl P 363 s, Tk ) PRSP HEERBR, Bl tyoRol™
usual | y t righsdediatttfeteacehow t he action. A text node provides scrolling

text. Further details can be found as part of the ElA standard nunber
El A-608 whi ch iThei Writndppaigs Sest Btiempted tenesethh M far anidarg@uspeseseim MFO when

designed a | en elgctroni c.ciLeuits for the car tion of =
transm ssitgﬁﬁ&é?%i%ﬁ"egg %P‘éafasefﬁ%s&ﬁ%%sﬁ%sesfhﬁg\éﬁ for'the distribution of
physi cal | yr&hial fiRRaRfrmane MRlichwWiBE © ThHiea BaY GRkidiE KelwoP 'wdsG gmfe?frﬁ,m&he
i ndustry sought to mnimze the cost of the equi pnent. An extrenely

conser vat ieffortdaivhileathes inateativetdid ewt iresek plars sereice] ABG recommended ra Ziptigninge
techni cal chall enﬂ% The ¢l osed captioning signal carries four conponents:
two capti GRTVASS fOE Higisariae imparedyo t ext channel's. The first captioning
channel is synchl.oat.zed.t; 5 1.ng..S : els .
carefully match ehglr\g/ll 3“8%‘8 #gorgg%ggéd °§a3?{egﬁf°§g%éhg‘ﬁngf%@ I’IIO airdl? "qa n

synchr oni 2¢ghvilleeTédmdsdek li@d921 . pThe NBSand ABC didsdcfuentl P denpadiehtdd e captioning
captioning standard El A-608, to allow use of |line 21, field 2. This would
add twd adeniceortabalianded §rllege dm#are|1972ndnt 1873atht enginesringedepatimantnef the A

fifth cha . has_been a t Wy Extended Dat rvices.30 ("EDS"),.
EDs wi || QP ErdpRastind, o7 86y CPBRaLIv RS Re T lomind aToh SRR sy e be

i nformat i qanddd by BR depanmehd éededl, ElicaVioR MdOWKFare INHENNErACh Q& FSthis
wel I'). The channel's nanme and WO 991 55087 PCT/ US99/ 08513 5 - ~r MAR 2002
call | ettersrkanke iFGT udsedvedl tng 24 ph field ranet o tleg NFHC rtelevisiomi signalubdr the
title, length, .rating, elapsed tipe, types,of Aural_ services _and captjoning
servi ces JdFASTESKRdE C%ﬁ‘g&ﬁpﬁl%{si ® ﬂEDé%&F%oSt?tﬁ%Pﬁd]e(gﬁ hén 78 fthy Nagignal
"V-chip" ( | ' Vi Wah, kS ol t iJ

par ont B countiobfHe JREARIATNCES, R toaRisH)1oWabiith bioarthSinEtd @ ARG EERbEe
deem obj ecdficapridiifg. Rutheiearlg 4980 Seas RuebaelTBbies cattitd :acapieninglecéded in set

energency advisories may al sgo be transmtted. Cable system channel | ayout
i nf or mat i JAPWPPY geafiguiglippietelling tfomtabopte 32A8nndn he8heNCInaprtractad dom Thde

k ol - > L . K . .
hsoct at ec RS R ral ARl PR SRk {HRAL clitop gl P b idn NP Ble i,
"channel neRpPisiE’ rdteiefs. t InS1999¢ Idngress v dethcOY&ldvisiont Detddet Oir@ad) eaget

top termnals to consuner electronic products. A_subsegpent VBI data
t r ansndlssi mandaying dhrat newdelevision recejyess ofthirtrendnehodipgenal displayandasureyor gagaérces

to television users. The Tel et.ext syst can gisp! up .to. twenty-fouy. rows
of forty cRAPdE aplon itodfe Kitie ARt MO, (o3P HsiBeddaratie filign
the U.S) @rvidth feBbi9¥lsPeP Pedt Gré BoverelEbE X teqitbmbhty RVIOYENCINGE FEC, and
transnission systemfor nore conplex ~ 5 data, Including the "downl oadi ng"

of sof t warthe Edectronjsundustries Asspgigtiom( EdAlcdavelbuped captivaingtechnit¢ad standarde sTheer e
still relaglve expensi ve, byt |ess expensiye than at the, ti nme .of

ht roduct | B980T HeRARBRResEansn et sfbttes 1hr G rigr BORYRNS JRSS TavRNg clast
transmgssi WY el h L1144 }gép@é- i LY
conmmer Esisal ?@g}ﬁ%ﬁ%ﬁ%nﬂ@? Hgleﬁa %&%’gﬁgiﬁtaugﬁ%é\at loﬁgtfgqggg;ag%ﬂ]% itzlgti ﬁBe\nﬁt h
exper i ment aiffet amfismdueduedenommencing in 197?. The British Broadcasting

Cor poration (" BBC‘é branded their Tel etext service "Ceefax" while éne .
| ndependent Br ob &lasehGapiemng (CG paystern a5 called(‘plosed hecqysgdt 15 ¢yrged gon” or
France develsp . s [ . a
transm ssi oAr{? s@e ¢ g%“@%ﬁﬁégﬁ&&%ggﬁé %iﬁ?%éﬁ%f?e%é&g;aggm gg‘é‘f@%&ahgﬁﬁ& rﬁ'gnfg'gg em
cal l ed " Teandd®bse whb @ldére@hd fRGspoke @brdsafeed Wbi Be)didurbEdapNieks on Thdr shagpmsese
system "Captain," featured "photographic coding”" to accommbdate the

Chi nes&0 Kafih¢ Céhsistem suppligndatete manpanetsednmaiamg lannlgetcincuise that place casefullyas
had difficulties.in the U .S for a nu r,of. reasons,. The.pri nci son
for the pr BRLTRaE e Blevision ol Al 6 bineIBPARELigritEs BIoarrlrtBh of PR
strategy. Wthout this, the systemcould not be supported. Additional
difficulties included the high



30 cost of nmenory at the tinme of inplenmentation. Wile a Tel etext page
requires only about a kil obyte of storage, that small anount of nmenory was
consi dered too expensive at the tine WO 991 55087 PCT/ US99/ 08513 - ~ MaR
2002 of . deeebsmsent. Further problens centered around the oguatidegeesizt he
graphics. The | ess expensive Wrld System Tel etext ("WsT"), _béi?ﬂ? (rtznnz_he
British approach) had crude "Lego-styl e"4 graphics in its basi he
ot her contender, the. Norgt ica Rresentation Layer Protocql Syste

(" NAPLPSPRYgaY o Wﬁ%&'a&e@g ﬁ?‘ieo‘ﬁdb‘:?é%‘}ﬁ o 'sfe_Z?V%aB‘ s, Morstuae; thaes
pai nt ed &S knnBlutdiFsiBd BEBpol MSbids Réhy i EXGEHBRAELY G REiF Rl RE Saddhabe
tried the patience of the average consuner. Still another conplication was
t he FCC soltB@3heleniayifollowdhapiograrmwd hetGh dpstein, uses vérytibe speekeitplimorier to.
deci ding the eventual w nger. One, of the standards was WST) the other was
t he NAPLPBUSRREUE JMRICT RhtiTAGHRISSIAD PYBnProBlsHISeFuCcHr 35 reflecnausT andanteepiing t v
of data r i i i rea.,of
San' Franci Gt Bl 482 rhidiol IR CRYRBISTE sU5 00 i bel feepifoP Bhary, Bl 5P

NAPLPS s ydalte MTy @ath rratebiseexipressed 25608 Snkilobigy pebdeond @ Kb/om VBKis @4 rate
degrees of nulti-path inpairnent. 'the nore robust WST system was not
tested i rllomatonbnye eighibit chasagtersito be trapsmitied pexs B dine. Haondy Heldaang is ased. of

Che 11 oqune ol lifdh pet sEhahET Be WY, O e SERANS0GE Y3 A suatriigkt e
to Zero (ﬁeNﬁ%fn)tebﬁf_"ﬁi’e)évEﬁE@Word #98va/Eharabadrd 1dghdG9 PlioWed 18f 2 ShQBLthEY BHES

of clock run-in (sixteen bits)) followed by a unique eight "bit "fram ng
code, 10 f ovbmiseah by caiveyedperbningten f Theoestrafithe ¥ e dinamdocaupiag wathcbool a burst of

thirty-two eight-bit displ . .Because forty characters are displayed
in a Tel SC¥A _Sglp_%waa? Ct/i_’slﬁ{) °§¥F&W§kﬁ§ ik IR AP ABIqU S G IS e BaER PR af
Iine, Fh?théﬁﬁéihhﬁ%g%'ftﬁé G FRRL %faﬁl%%yﬁélkﬁ&i e Je%r%frcﬁi%? & RYE rgls On
an additional~ supplenmentary scan 1 ne: us Tive scan ['rnes are required to
convey f optotecovslydiing it for Tawtivning, ahs rave W dranedission i§ ishoev, aadliaitquatd for the

suppl enentary scan lines. A page format of forty characters by twenty rows
with an aRHIPeSeorihe omweagear CEOHBPlaY copsists ofja epkienme ok fiftaenrrows rafghimegvo

iy fiel i d bi
ber | Pne. SersEt sotthe i pPRSySlat brafey S dr, <IE aRF hidEEe Sour PRL IS
dat a rat erwvelirotiaf fiftednX The middfe ro0Q dePasualy Pahspanéid to ARV e dctibhS fexVBl

are possible (Line 21 is reserved for captions and the first nine |lines

f orm t he mede iprevidesyserolliogitextt i Burtiar| datai)s ganebelifoundaasnpart wfitho 1A standerd s
of data for full VBl utili.zation. The WSI system.nma data | ocation,in
Che VI | RHROSIPIACHUR Fhichs SreoRibratt B bt hE PR PO S SRRy ES S0 oo
data in e, SRERHERTEENOM AEiFouitToP ] dORRGEPb FalRiiksichP dEfidTBlcResShérIvery
protection scheme. Since the instructions in the header are Hanm ng Code
pr ot ezt edexpensieas Siree ghysiballygchaliengedodonstunerserere tixitagget nearkét SonCCaiysedhs, | f
the signal i,s,of low, k6 WD 99/55087 PCT/US99/08513 4 MAR 2002 quality, it is
not st or etheilRdusERRSPYEhtan miniRize the cast oy thg.cauipment GpeytremelyLonseryrtive it d
data can i‘t'zHUsI] b L QRS erTol L. @ good page of
data is b{}?ﬁ {t%ﬁp. it%lﬁgcn%{vgg} %@Eﬁ %ﬁéﬂ'?‘gzﬁééﬂ%& vot ?ﬁ%ﬁfegg%r oach to obtain
very robust tr@hsrlssed @apticking tigndbomnies ifouli ddnponeats: bed westibdine “Wahnelsd

t he evol v;ugg set of Antiope. 5 Telidon, and NAPLPS systens is that the

| atter thitk tyosteshwhamelyselihg sk captioning channe! iyhiyckgpizedelenthe Visual

{1 ano scP el oM FERMF SAMAE ol fic O TR SR8 e T oo

packet i zefothghehrdizeyery system based on Tel etext called the "PBS National
Dat acast Network". The standard Tel etext data rate of 5.72 Md/s is used
The EIA filed a petition with the FCC to expand the captioning standard EIA-608, to

allow use of line 21, field 2. This would add two additional captioning channels and two
additional text channels. A fifth channel has been added to carry Extended Data Services
30 (“EDS”). EDS will carry a wide variety of additional information. Precise time information

will be transmitted to set VCR clocks (and other clocks as well). The channel’s name and



t o yielding 9600 baud per VBI line allocated per field. The Datacast
network distributes the sane signal nationally. The goal is to generate
revenue to hel p support the PBS network. The Datacast signal has a w de
vari ety ofwgosssesci al applications. Currently, the StarSi ghpcFgsddseid C
Program Gui de ("EPG') signal is distributed via PBS. Wth the advent of -
Tel et ext service, the FCC was once agai A (as in the case of- #hMAR

addi tion o{ col or) ‘foré%g to de%i de between advanci ng new and useful .

tel evi si GAl J&FaiT 818 TBGIHESCUARA PANAYFERRIOGIE LMRAMALOR SHERIAS HHe.ilenmh.dating.ces
on the o n )N dTh Z1.0 r y=To) exi st t ISk Q.
receiver g f E?t?ﬁig?e (’)S @rsn%fghé\%al %gggé&?nﬁglLagégrgkgfsgﬁé?ev%tsdi gﬁenrdg!(j:gal\gé%# 35&.10.

di spl ayeEDdelsbelnehuess teadataatorahs e-gipdiVitdée popayeeingi aBeeal) whikgass t he
top of the displayed picture. The FCC anmended its rules on May 20, 20 1983
(53RR2d imenged & pasilitate parppiak eentrolt ofoehildrerosn ageess He pregramuming sthatnparents
"avoi d poteptial degradation,.,... on.some existing receivers". \Wile CRTs
omai # ¢ OBt fifken SBERAGRLL CRukic SR BineB ey sl e apd donecncy
variety QlviieAeCrihydaNs ARStradsenitte®d CadidispREAYcHRinGEIUGSut VB Ront HAMLRT €
free of the constraints of retrace. However, television signals mnust

cont i nue providedpor that hthe eghanneh quuibep dpdicatbr cranofiseaphe oxoreatfahitia@ Sthannéll i on

CRT di spl. devi.ces owned .by consuners. Thus. the VBl remains a .¢ritical
ot P i G BB HOCFgRE th e ey S3pciatehcih Wt P ionck Msfiatche Thls
i nport ant ‘LSt te ] : 1S 1.S. 4 LS.
Voot or el ARl BEhg ihesdtne “OfanRBInRbiAF Yere PSR URNEBUbFe frbtheic
bel owo Tehbleisat p tmindiamnamsumeeeleardnicyeddudcs.o a spectrum of signals by

nmodul ating themonto carriers of different freguencies. This makes it
possi bl e to t rArfghsequerinyBbdatanEanseisran systesus| Jeletad.” wepimengdog7provide

PCT/ US99/ 085,13 to0. U [ n elgctd [ i t Q. choose, j ust .one

si gnal foa_r"cﬁﬂ%‘gc8%%1°ﬁ§?%£%§§#§%ﬁ‘§§f§' 'I]ﬁ]%sfe:fréf %OA(}%I%’?% (%,%1’} ?bsépaﬁr“éoq_@eﬁ%?“b?%rsi on
Mul ti pl exbig of fortyMatactdf et @ spedfiddtion Df BREHEY 26 Wl wadidlected ff ihefl. SYon the
mul ti plying the base band signal with the carrier frequency, a double side

band si grielevisinudcresn. Theletektsquicklyrayetyednnte afransmission sysiemdat mone oémples
mat hemati cal .sine 5 (or ,cosine) fupctions. Fromthe t hemati,cs of .

71 Gomomeaty IReiHEna b A Raribe O SREAE 0 GORBMeRy s JTeg® FURKNGeOIE 310 ds
the sum C\Lhén""@le&?&{i&e?vereo@l?ll ?&lgﬁﬂﬂrﬁxﬁ%ﬂe? baf 18daxpetivd @Rn2Rt B RirRe &l

to the sumof the angles o pl1ed cosines (sines); the other has

an angl e iatyodictipo of ke GCsyerance of the nultiplied cosines. Thus: cos(A)

cos(B ~ COS(A - B) + 2 cos(A.+ . ) .
(B) _ ’f‘eletext i)s a more aggr(esswe fBo)rm of data transmission which has been successful in

Europe. but has failed to enjoy commercialization in the U.S. Teletext originated in Great

20  Britain with experimental transmission commencing in 1972. The British Broadcasting
Corporation (“BBC”) branded their Teletext service “Ceefax” while the Independent
Broadcast Authority (“IBA”) called their service “Oracle”. France developed a packet-
based Teletext system called “Antiope” based on a transmission system called “Didon.”
Later, Canada developed another system called “Telidon” which featured higher resolution

25  graphics. The Japanese system, “Captain,” featured “photographic coding’ to accommodate
the Chinese Kanji characters and the Japanese Kana character set.

Teletext has had difficuities in the U. S. for a number of reasons. The principal
reason for the problem was the failure to find a successful commercialization strategy.
Without this, the system could not be supported. Additional difficulties included the high

30  cost of memory at the time of implementation. While a Teletext page requires only about a

kilobyte of storage, that small amount of memory was considered too expensive at the time



osin( A sin( B) =2cos( A- B) - 2 cos( A+ B) One of the sine (or
cosine) functions is of fixed anplitude and fixed frequency. This frequency
is much higher than the other sine (or cosine) and has significant power.
It is call WDS08carrier" because it supports the conveyancCHUS?H8513
information. The information includes a conplex collection af 4om?r AN
and cosine functions. Miultiplying these 1I5 functions together 'y dg um
and differ eng| | f.i.0l i r u in version
of the i neorecy PRRCHT aEuERr pRefK hBleaBhARP I RES"of B bBkE TS
si deband, expéhsives World 8ystemEDetegal WITNdabveh the dahdapmbased hhelQuad he
carrier frequency. The unfortunate consequence of this is that double the
bandwi dt h “bfgeield nisaphiesi th i%5i ¢ fosmy eqltier ether Stantender,s thel Nairtnaimetieae

a base bangd bapdw dt h 4. 2 20 1 »up to 8.4 Miz woul d be. required
fo i r ansmivestniagh ey e trofial T8 (iR el Bl Riciet tegotbive SrapBirs Spger um
per si gnalthitSatdakiddhe phiftedlitsBldBRqhe Sred0 7&URING iBledB&Re]ySto rd@la}/é ¥Ha§ fikd
than in the absence of doubl e side band signals. Since tHhe sane fntormation
i s presentthe patiatch ofi thelrantkge donsurserpoSsilbdnetier @mplieutiad lwasfthe HCC's 1983
information wth just one sideband Howeyer, at the tinme the NTSC system

was cr eat &geisiondna PY”.c,‘WPtSF";?dQ&Slﬁ’I With fheemar ¢ Jﬂﬁfeldﬁc'ﬁﬁ\ﬂéhﬁééﬁptpw BReNt@RE X t h
Tany vacuym %ﬁ??%ds \l%' WSwﬁeybﬁleﬁlv&%tth&ﬁLﬁg% WEBR dY AR &%ﬁid%,eand

effectively S systens 1 nto consumer electronics products,

state of et GyNET& Tof Réltabilrpiol Vataarkaptioh WasQhe SinAErobleatt DM ks in\i¢! Bay
have found such systens prohibitively expensive. Double sideband signals
can bd0r ecwsre pE$ani Franeipgep|anlyiabeyti teendafive deresnt of dpstaliatianst efc ther NAPLRS s

i s possible because. th (N of the power curve of.a double sideband

WD 591 55083 BT MeRoy el - Thartentel iffened; fpmovriqtnedemessdh i ga
exactly. AnfpaifRleRiT BR MBR rBBEke WT syfsn 9RE abiiedrd it 1t edvircinR@ftion - a
"vestige'' - of the | ower sideband was included, a sinple envel ope detector

could still be Boted) Sndecletext dys¢ros haena datarretusfed 7227 2nMibi mwhichnd 364 times
acceptable, The filtering requi,r the receiver to c ensate for this
e oaesths ARZanka) SCARSHE fateng &5 of fhef&eﬂﬂgwe/@ém EER A AR R
of the.telgyi.si ' : » [ tiaial sid

s tracaty o oh A e, CRRZC) Bl itiaf SRR K52 g Qns Sl B0
vi sual cardgycks dfeclogk aasemt(sixtdey bint fllonateby £ualqQy dightwernffofinkHodend

| .?5 MHz being attenuated at a prescribed rate, and the energy below |.35
Mz bei ng feewed iby siytesp hits pf ggntrot cadesand ecpavioasi of thisyswarrightalit displaye

L P, O RS RNATER ST e

ot her si gnak $ranéittel € o4aing) tHe fddftfonahélghlestarfeers ifdnn foudtews Qif @6l add put
ot hers. The receiver acconplishes this %r;ocess with a frequency sel ective

filter20 Than areadditionahsupplersentanytsean baeokhs fiverecandings mrg requisegd kaesoriviey tiper
receiver is_intended. to select di.ffere t 5. prograng at different tines.
The. des grfodF AEFBRLANSPICRMECY IR B s aeduBn B P e, Sea GRS PaEe
frequenci egringt SOIBPlyChafiitbrs/ BE tRERYI6RE withar? hd KEiDRHI S haRRE 2547 df%ntwuﬁlﬁg gn
a fixed frequency filter that” operates at an Internediate Frequency ("IF")

and adj usttwohehasqeers,r iequises tweaty sik diettk linesepbr glageaf WST riieletextt ol hchpayload of
frequency the fixed filter. The f] xe equency filter is called the |F
Trer Dol ing allospirdmeansdnat iEene Yl Bge imsach &elﬂ\ i giogates) AN
frequ y ' TRy =al 4l : j ; e i .
As pr gé\}icou?éﬁ/* g?‘sjgﬁéégg@@%%%\b%ﬁ%ﬁdpﬁi%{gg ff‘g,‘hg’?@gﬁ??? éér?gl:oﬁ%([“g?éégt ?Sor?\éeg sum
and di f f erfoncapfismsgareintheefirst aihdi livgest foem ahé ivegicap egichuonizdtiohr psesh giedding a

t he frequency of the LO and al so subtracting the entire spectrum of
frequenci emakimym pheS3 kb/s pbdaie feryfull MBI utibzatiatyuency i s chosen so that

either the sum et he difference set of fr i €S _pass rough the IF
Filter. The ad 18 JETk “over bl BRGuR Roalin i RE VL QA Roy b GR b pRE 1.
is both sti@édMocdtRind@nd aBid)s\stir¥s 848 tin el Afde! Mi€mory place. This allows for a very

30  simple error protection scheme. Since the instructions in the header are Hamming Code

protected, a measure of the quality of the received signal is obtained. If the signal is of low



The process of nultiplication of the spectrumw th the LO cosine wave can
be done in any non-linear device. It is usually done in a bal anced m xer
that cancels out the LO frequency. This part of the receiver is usually
called a "MX#55087r) in older literature, the 30 "first det cRETWYSI085ND
99/ 55087 PCT/ US99/08513 t o - ~ MAR 2002_Conprom se "Conpati bl e’ %llz -
Tel evi si on Yet another inportant char actéristic of the tel evTéi 81#\ '@Ikal IS .

the clustering . of . i f 1 can rates. This

ol ust er nget i pERE BB, (OhTAG I !l RSMed a5 % ril Barh e
peri odi c RaR bg asduhuldBd et tdpettiorsCathé ph@SuntlinEeSodCpaes toFldatads ®hjlEsr Bishas
made it possible to interleave additional information.” Interleaving was
first usedlsagpasiblageossd yvalingn appreachon®brain Nerytrebes itansmissigst em was
extended to includ olor. A subcarrier a 3.58 MHz, is | ocked to the
hori zont al scaﬁjkﬁeaﬁlég%e'ltﬂaglfﬁsef?c‘é*&”ﬁ?“i é‘e% ahd dhs evelving, 85t 9 fe Antinpg-
fall bet &bt I ' i s
tochni que S oneSo) APLP sEEhdts Bt Aflebel Brel PRTEN AT bl Mo 2
t el evi si oITheCdiape doers esaracérizetl Hssasgnehparadusi bechysei therenip | net mappiap dzhwesiethe
receivers built before the introduction ff col or had Vi sual bandw dt hs of
up to 4.2 tgpsmissipn schameARdMemernARA\CIeAR I95alPBSk and white pictures. Wen

col or signals i , recel i f y
The col or oi gnat pas AhRMST S pakRfnRd LN, SR b, o THRL cfidtthe
appear ed apB3 NBYdrAY DpgichaNetabriai The standard MedatetadatDtfe of B3R Mb/Pisolegm
was overcone in |ater nonochrone receivers by introducing a notch in the

f r equéficy yieldipg 680 thoud ppV Bl diae mlleatest pemieldol e Batgeast nethoek distrimuesethee
was a | oss of resplution agd sharpness. t ernativel the Vis bandw dt h
o monoon e sebrdisreliyadhe BORLE BRned RifRe Tl strrenghi s aont

at t enuat edrpe ThirscabOQgndl RS RYUSNAIBNESOMABREE aFATBATBN. SESrrétilyOWRE thidgaHi WO
types of receivers, color and nonochrome, to cohtinue in 20 production and
recei ve t Hidectmmi Riogram SuidsutERPGT )ssigraires distribhedodosPBBf r educed perfor nance

i n new nonochrqQme receivers d degraded. p rmance i n ngnochrone
recei vers manuf%&hheadyset gf iglﬁﬁét W‘Fﬁ’dtaﬁgcgg“@ﬁ 0Bgt agaip faseinthg casgplsthe

conpat jbi 'z{ghyio\q'a& &3&5 if&%f tQ c%@iﬁe rb%{vb&aazl%vmaﬁng AR uruCRIQSside L&Yl on
into a market al ready populated wth nonochrone~tel evision recelvers.
Consuner s gnhidterfznisndedte@ntad nsefolh @onumications i seevisesC @nt thitu@de t Rarfic GAES
service while consunmers who purchased col or recejvers derived nore benefit

from t he SaéEmiging,adverseTpifects RREXBML elsyisialY resetvess enlthe othes diapd, Eeaia

vas. i SontIang LaReyyEf s e rdbled, MRCHARE B b b E B MhR°

shown t hatdifdimaliimedr the SofRbf Sesdisplayedpisee. MPEé FOU amendeasiedniés &PMay 20,
conbi nati ons of red, green, and blue stinulation. These three signals can

be al g¥¥br ai%83l (53 RBSdb] 19 th rpesmit iphased mkreductiony ef; the: Reletrsh sigmebte “avoid

i nformation, a.ng t\/\odazi]o-cal led ' coh.or WO 99/ 55087 PCT/ US99108513 " - ~r
MAR 2002 cRdgriiabeiearadaliop .. ,08 SQE ERISUAR FSPEVRE | nf or mati on to const r uct

col ors. The hun@mileXRTsSreHRf] the Phifiaty UBpla9 deiced i ARRIméd Q&dirdnRRGReducts, a
Accordingly) the color television systemis designed to maximze the
fidelity ofarfetyesfinomiCRT ddvicest avo usedte displdyf pickinese" Maing ] themr are rfogtudfathed
in quadrature to egch other. on the 5 ,col or subcarrier.. Quadratur .
modul at | orFARSEENE G TR cHEWeYtTe YRy SteagiaBEstIoRtauCTHY FerReT the Frisiioe
ot her.,dn j re; i r 1

ci gnai 2 SR Bbrox HAER B0 AR CROT AShiey ALY SERALEY Sl T
si ne functtheVBiTemaing aycritiegrpaetsof piatelevisiod digehlf r om t he nmat hemati cal cosi ne
function. The multiplication of a sine function with a cosine function
yields a pair_ of sine waves with angles equal to the sumand to differences
of the twoVestigiakhdiderBand Moduylation

Another important characteristic of the analog NTSC television system is its
Vestigial Side Band, (“VSB”). modulation schemc, described more fully below. Television
30 channels are combined into a spectrum of signals by modulating them onto carriers of

different frequencies. This makes it possible to transmit many of them simultaneously and



F(t) sin( A) cos(B) F(t) ~2sin( A- B) + 2 sin( A+ B) Wen A= B:
F(/) sin( A cos(A F(t) C2 sin(0) + ~ sin(2A)J = F(t) 2 ~0 + sin(?
A) 15 If A =B then the resulting signal equals the product of the

modul at i nNWOSI9GAR”, F(t), and the sum of the sine of zero anBCTNEI%IBHE of
twice A (which equals B). The sine of Zgro is equal zero and iﬂ Rp B are
the sanme frequency, the result is a sine function at tw ce the frequency.
Sinmple fi r ' t f [ . . stheft
s Ber o) hpEFediRily I Re R N eBaR A eyt R th By dnd k" Thi
hand, thenetiddt isRhailedFregnendy Division Nuleipfexivgt ( PDMY) eWhen @ @il 1€ ntulabei r
sum frequency and anot her cosine at their difference frequency. F(t)
cos(A) eaw(Byarserpy ynuligplyngstha basegyand signab a(ith the BpyiepisanerBy, Edoyble sids( A)
cos(A = F(t).. . ~5~.€ca9s(0}..+.2 CoS(2A)J = F(t) ~ ~1 + C 2A) ~.25 |.f A .= B
Chen 1 nobPibHiepfl ARG ot i€ a3 ectbdee oo Bt an Ahah ety Sitgnal
F(t), s angotda8ins Hin@liodd) EFroRSIE endtherB IR TG dden &S tHaem @it Ec‘!ﬂtﬁﬁl dF th¥Rifeh
equals B). The cosine of zero is one and, |% A and B are F e same

f r equencygr dohimey figgtions yelds dhessume of twe tosimesatOnenfabe tleeehtsaxfitbatcsym fdsian i s

al so easily separated from,the pbaseband frequyencies with W 99| 55087
PCTI US99Ff SfS‘E)aj tRHe %@bﬁpgierﬁ%gs? t %?‘&I“Pibg cp#ines (sweplathe otherhasangpelene
baseband i i - o h ubl e frequency cosine is
filter edeg"?f(ti“tl$ %ids?ﬁrglr%ggée]gﬁsthfs%("ﬂg?lfé’ead&g{/rﬁ%h?gﬁ%us detecti on because the
carrier frequency and phase of the rieceived signal is synchronous with the
| ocal Iy supplied signal C%ééh'@@(@éﬁﬁpﬁﬂséﬂe B+ =mosiHet+ Bdnsequence of this
synchronous nultiplication of a cosi‘he wave at “the carrier frequency and

t he nodul ated cosine signal is a deqnodul ationjyielding the original

i nforifrat i on signal at bsigeBhnginéSlergens(4s B)i- scof(ronBlero frequency to the
hi ghest i nformation frequency. The ltiplicatton of two sine functions

al so resul ts iGhedsiThelsiha{orasdsing) fumetibmy ielofifiked amplittidaiane dixed flefi@ergy NThis
carrier. In this way the quadraturc t o signals are separately detected

wi t hout if¥equericariis mpuchi igherathan dhehether singpd epsine) adnast sigrificartipomsy It is

Tel evi si on ng _Tel evi sion .sound i s frequenc dul at ed .on separate
carrier GRS camiefebeeat FatPPos T FNCTGh Al e Eioh ShE SHAFER Dound
was addegndiQadsg doBAptdl ToREctRMSbE Beher Niné SHT EAIRN furRfionS OMWARLHpNih} tikesenas
again enforced to avoid the chaos that mght have t 5 resulted fTrom
obsolist i fgndtivas eogettter mipldsoumntamsd/differancd frequasiesi The 'hodtiplatatibh eraxessonesylts

t here were con%rom' es t.o_nonaural rec iver@FV\hen stereo soun@e s added.

But the fBt3 pERiM of 1Be JBRETREPS RIped RRAYF qReetAIHIEr BIEapRisyt i°9 upper
mar ket pl €, d ‘heC t i ol.or.. y bl e
crer oo oo al Cadd TRBEG Fhal Al tho RS i Bnd? plled Mt CREPARID
that i nclfysd@endyhe Thenuafortbhate 2@nbafuenandf rthighis thatidduble athacbamdatdthasfetiend.

The difference of the left and right channels are doubl e sideband,
suppr essdafosmation pigaglde requbgdo firresV isusl signalshave g basetband handwigt of 4-3 4

frequgncy, ol T . .1 ] .10y r al
Seco;]jzg Aut_? g\% H%’rdc?gt}rse{;ﬁ? ﬁﬂ&%?ﬁgﬁaﬁ@redﬁg %@ﬁg%%‘%nﬁo%%@t g&’% oéﬁ%gg_%%mégr rier
at five tisipsSthidmudR spé@hin?|pes sigRall isetitetheYtotal MambeP of passikik signalisandrd
for second |language or other such gr poses. ?5 A vcry narrow bandwi dth (3.4

kHz) " Pr diraited thaal inGharabesrce]af dqublpside band digratse dSinee dhe sarae rinfermationsjsy

d a half ti har i | scan fr. It d for teleyjsi |
"t er comRERRER Git Seppards, i E posHR B e L A M tniefatBqnithapd ot
nodul at edigubaRd.t BRywkver, MHtheC ik itRE NTRIE sy stdrf v 2 1$¢Hidd, RESH BRI SvodlE Hale and

aural carriers is tightly controlled since nearly all television receivers
depent$ orhadhtoshave ba¢n omgibingntedveitly meoplvaceum iteresi SWhide thday’ sjedttoaids sould

oscillator to béi n %Pe.s?ugd.gpe%t rrum down to baseband. .This ,techpique is
cal | ed c¢asily and cost effectively build such systems into consumer electronics products, the state

of development of the early television consumer electronics would have found such systems

prohibitively expensive.
Double sideband signals can be recovered with simple circuits called “envelope

30 detectors™. This is possible because the outline of the power curve of a double sideband



WO 991 55087 PCT/ US99/ 08513 - ~ MAR 2002 zhe "intercarrier sound" method of
TV receiver design. Sincc the final nodul ation process is that of frequency
nodul ation, the TV receiver uses a 'limter" circuit to strip off any

anpl i tude wodeissaszon. ' fhe TV receiver then becones insensi tPCTAUSINOENY

anplitude nodul ation. 5 Earr Analog Attenpts at "Conpati bl e" Agx C@ﬂz -
Tel evi sion As NTSC tel evision approached its fiftieth anni verd @ﬂ] or

tel evision r hvers bec a.commpdity. ,Low cost receivers which provide
excel | entSBILTOIEE Db rRDDe LUTRTRREY A B HleBERlss offS qude b b iined
stereo soyRdif £peicAn AG vieSiget’he oRQRe Idiekri IRBLAE Wa3hélulQ, 4 Sffhid RAEIGIO
per screen size inch. Wth only around 100 mllion television households ,o
in the U &tgctdrhmmubd stile bé nseskandsthe dist@ion mittdduced wet enmisiaband eceptables Bind
150 m || ifon VCRs. In adciiti on, about 25 m | i@n col or new tel evision |
recei ver sHUGTHETEGUEA 25U IEPGIYST tReRAMRERS2tS for i Was modestand affqrdable Jhés age
tel evisi ej P 3 At Jdmat 15,1 i en
Wil bo COMPERCINERSE B von TORhadd of FPRRSR Guthy | NESCGEE I3FEETT,
by side vgiddbdnd (vestigial filleBdnQ) ixitherated ever afiltéd thRtSreaRUA thel gt 250 kHz béloek
7,100 mles worth I 5 of new sets are sold in the US each year - nore than

enough t othgyigghstrricp bepgsassentiaby pinatieuatednpaargyrbetwesn Ko iz aad Jr28t Mlzand
the indusger i ' t _ .
b oduct ;i AREIRLE APLARUENbED AEPRE It AR, BOSW RS LS AR

sear ch f ofpagednew servi ce which woul d require new products for the living
room Japan | aunched the devel opment of Hi gh Definition Tel evision (HDTV)
mor e tthan twendll 2ongumers telgvisiond sspperindovadion @l Ibudh wpdn athe iwellpinovai t
of that goal. Broadcasters also,h difficulties.. The re face i.th a
Cont | nui O meEEr OB TE S YoE 1 0PI VI DR R STR PG PR Db B3
channel up Y3 Btothe? i YeReRBLRTEH b3

nobi | e co?nlb’ruyc%?icszsgfl ons.(\d{%t sa |als?i ed,&teﬁ’e cog ﬁ%ggfgééﬁgh%%ﬁggﬁ@r@ggaa#
demandi ngothersn Tie recedyee atcomiplishes théssprocese withraoketp@atiesetective ifitet. STielddsiat

t hey need that_ spectrum for ex‘oansi on to HDTV. Wthout the demands of the

: \ ! ] : h
br oadcast @k ®is filtgs bepermes immsnsalyompes complsraif the teesivers duendsd 4o selpet diffengat
br oadcast ni.ed h il P . et ve
epect Fum PORRILHCELRRY B, Jo6e WeGghRr shgtlicynatiind TSl bR WAL
HDTV syst g€l of gleqnerti¢snis bapmlex and ahdcoflod@E Aqr alfekiatd ppprosuhdisNy Qigkigh a30
Sanpling Encoding. MUSE is in operation in Japan and consumer television
recei ver sfizggd frequgmoyofikgothat pprmatesos/ @ btgmediatg/fireqeney €dimeped adjust the

e e bt SR e SR el B e SV BRER O SrA B
required fBglentP GitEECaRédDiheNIF fler.fit in 6 Mz, b) be conpatible with NTSC

and c) not cause. undue interference with the NISC service. At first all of
t hese2¢ equi r en®ht secstvenawves thespentiupt by multiplyiag érhy, a suiteblefeequencyoiosiae fed on

two out of, three criteria.. Th nly failuy,e was conpatibility.. The first
appr oaphe?nt’)o YEXPi %ﬁ‘l&?ﬁn‘beth‘écagé%cr’%ad?ﬁ ﬂe“#&aﬁp%’g%‘r erxgagrgamb’ﬁlyr é’tsﬁ‘ilsﬁf gPihe
NTSC Si 9N@uiistdiisg résufts! R RNBRAGSY of sivhand | diffédenc it Rdeled) hdalirgdme tnbigd PET
signals to the NTSC. This automatically satisfied the conpatibility

requi r enespectrnnh dfaftieduienciésiot the frequéncaad et 2 and labsb subteactiap e ertirg wpdetruim

the NTSC channel could be used to enhance the reception on pew. receivers.
These hel aé?regue@ﬁkﬁﬁétrqm]éheefaéétﬁqvﬁ@m BherL ot reaHenay; Bche%nesg thatieither fe Skt

ratio,fro ey 4 ol ] i It
was ofpect! (iagtGticd sd of eSHiafies At BPSRR HFIE L PInd BBttt B YL
Tel evi si opaysk Qfremdigrhls tolbk stlreted apbdibisugight fiied and veryrensdfietitiiTV

products allowing a nore rational 15 transition, The well-off and the eager

early adopt er s Thewreressiptmuliiplicmion ofthe speckrum wish thesl ©-coping avave Gar be #prdve

their reception with c atipl.e | DIV recei ve unt.i |. f me
down suf fi P%PPﬂ}il’lﬂSarbgem\?ﬁedeﬁ;}gﬁ‘r‘%lryd%%eel.n aAB‘ﬁﬁrﬁcSS rm%‘%pglgf g%%c_g %a%ﬁqg%/pl)“g?s
have di scygg@chcysiTils Pafl WIdhtdeeRer & isuslly 28lled ATBANGrObr, G lolder NiFeratiel, thonal
anal og and even'digital information in a television signal. These 20

appr oaehesfitstdetectot”. achi eved commerci al application because of practi cal
deficiencies and the subsequent rush to digital HDTV. The objectives of
nost of these approaches has been to carry supplenmentary information to
enhance an ordinary television signal yielding an I DTV system In sone
cases, these approaches are part of a H gh Definition Tel evision, HDTV,
system 25 U. S. Patent nunber 4,882,614 filed July 7, 1987, issued
Novenber 21, 1989 and titled Miltiplex Signal Processing Apparatus,

di scusses a nultiplex signal processing apparatus conprising of a second
anpl i tude nodul ator for nodul ating a second carrier which has the sane

N L Y - o e N S r N -



30 anplitude-nodul ated nultiplex signal. An inverse Nyquist filter is
utilized for preconditioning the signal so that it becones a double

si deband si gnal when passed through WO 99/ 55087 PCT/ US99/ 08513 - ~r MAR
2002 the r AQ@PUEO8T Nyquist filter. P, nultiplex signal procBEEHSIUISE
recei ver has a synchronous detector and foquadr ature distortj] nmRi Zauzati ng
filter for denodul ating the main and nmultiplex signals fromthe recelved

mul ti pl ex%,ﬁp&lﬂ% "ﬁ#{ééﬁle’%aﬁp"r@%@ oh€ceiver will. produce a

conventi o T J tortion (crosstal k) caused by the

5 quadrature auxiliary signal. The present invention differs fromthe

i nvention of U Y. arfesliee nimponabie chata88sti8 1df the sbudsian siinghiif itcartuswaing. of

Firstly, the presen inventioq‘goes not depﬁgd on the use of a synchronous
r t

det ect or iCRSEEKORG RABMONIEH O 10E REAR Jalg { hAIS, JUEEYRE 15 ¢ ChBSCENINSE ople tast

t he anpli i gnal, ol S ] ' I.S

i nventi On%b@%d@@%’é!}nﬁfh&?ar{%}}% @ag'se :arr]x? qﬁttr:]?grﬁ??%n%(ﬁ%gr?a%%?&"ngﬁglrslsﬁ%hvré{r}ge The
Nyqui st f ichisedringtoftdnergsi lgRahadeduposiblt bsirt@itave additiond iNvemagén.f Idé@avand a
spectrum processing nmeans to predistort the signal. This is inportant

because t heascfitst gsedendwniageaushpavhen the ppangickronte telavisions sygemdess pxtdnded to

Rat her, a. ist filter is _one. whj an, anti-s tric characterigstjc
around | CPRBRLFP.1 Potreist Al g MR AT I BRR i HS Tpkpfial i Thtrtoo
does not hav&etd Recludrell B G héhcdNRAT falt Debhedoms | RiRing NAEAS! QLkiels| fof tran
satisfy the Nyquist criterion. By using a Nyquist filter in tThe signal
source, i tmérechmese cignaéniTkist technigee allopis| calor rtelpvismantattiev Ecahpdtibde” with
popul ati on of receivers expqsed ta the signal. This.is accopplished py
Pl 0usi Mg achBTao ISR SPR . ¢ g PSS Eka s FmPRI s g P e sog e
in those r | VEhS: l | S| : f

r epr esent arf[é‘ ?e\%e\fﬁﬁ/’gﬂﬁ é%fo*f}t?érﬁgo@%%%glrﬂgﬁc%ﬁ %ﬂf‘ﬂi@%ﬁe@ag?gﬂ&;ﬁ gglupttobd'é% V\\//elng] 30
them in pripoaliowsd o viehesharp blasie bad white phture® pWhthi lorGigrabcwerédhtodadag,
conbi ned signal would then be optimzed for the popul ation of receivers
exposed t dhessaeegivarasuffard frognrdasgrawlf r die ealaesignebwaantleadegnatelyrigiectedrnty t o
tinme as t popul ati.on of, recei viers changes. Thir he receiver . of .the
present in Erﬂ?‘?eérfc%é? anst a%eéreg %fu_ﬁd?%\?ﬁg é’aBFrél_t %Y‘Tdh\{'gntbélfiaﬁ??yéﬁ ﬁ@tsfi IT{}‘éSr.
Such asf i | §r8blefPYvals NG FRChite ili1gieP middghiohas eecelVefs By MubltcihgEn¥Rd kiR 25
signal causing difficulty in achieving the maxi mum data rates possible.

| nst ead, tfnequenesmsponsevie elimdmaté muchof theheolpnsigndler Thegcanselpenst giasla less of an

aggressive filter and then suhtract.s th i.staorting.yjdeo signal fromthe
acei ved SEHHNO 350 ShyBNRet AGEALTS s, Vot greatidth o ndhdiBpres receivers
di stortiong,d ,%he&qﬁ%glhmh@c&b} Sighald %e;egeteﬂua&b%' 0% 154,38 ceBRhdIpALSS. These

avoided. In the specific case o . S. Patent 4,985,769 filed rch

1988, i ssumtplamises \alldded the 148 ¢pesantdreediserss calbednd Mdroridome, T cBhgmed in
Processi ng paratus”, the patent!s pri na\rxg, obj ective i S@it o conpatibly add
si de pinel Rrodyction aqdgecaiysthy samg sigaels. {ut,{Hia Sate b e, cophaf redygsdoprissmgnce
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exi st s onl mahufattnedtbefdre piey inoddwdtioh € colotieecpivesl s. It is tine conpressed
which raises its frequency content up to full [um nance bandwidth. It is
then inserted i hhis compatibilitnvas criiead to thetvatignal dutrediictam op gelor telendsipndato a

before horjizgntal, sync_pul cwilihe ctru f.this sigpal has th
cormonent . SFRh il pSHNES will amBuSERhE LA efisitn e 1 ARt
The hi g fnoediRRAY IAGhbAGArdNS rédeiversbeuntiniet b hérass CRiviéd Whilet@nblifers who
quadr ature channel created by U S. Patent 4,985,769. Since the signal

exi sts onl purdoased goloheeceiviers dseived thond banefit fiotethp saret signals. Thasdrehstowd abed
in time. This tinme stretchin %Pwers t he freguency content s.ﬁ &hat it fits
into the a¥PMabicRlBARERINL U RS BTN IPIRAFHEPTRR ZFRTENCT 394 L ARYF BGFets &,

50, ‘1901 air T oo er b EenatiRed i Bholbidhl MvanE D ealbl o omi zes. €t

30, 1991 an evi sion Signa rocessin
t he quadrat ure Risvarsh hisashowii ehaf eiechmRarb wisuals sysgms can \se¢ tmasalcolbesnpased| on
V-T, conponent to it so that the correlation between the video and .

i nt er f 8 ene@mbigadenstof teds green. jagd blyeguinaations s Thessithres signals @ariretesRsaispIlTY
receiver. I8 t j t i { i i “
Fecei ver s ColnBiskd fuBd llp (F CORVEFE e Hoch M nRirklatiBn, dhatild afed cotpr
characteristics of filters at the receiver and transmtter. The term
"transmtter” is used in this docunent as a generic device which nodul ates
a signal for transm ssion through any nedium It includes broadcast
transmtters which are normally connected to antennas and relatively | ow
power nodul ators used in cable systens 20 and ot her nedia connected to
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system for inmages and sound is anal og, |Inmages and sounds start out as
anal og signals. To be enjoyed by humans, the signals nust eventually be

di spl ayed as anal og signals for eyes and ears to enjoy. Unfortunately, as
signal s ar sv@9®s598ri tt ed over | ong di stances, they encounter POI/E899/08513
distortion, and interfering signals which degrade the quality of the inmages
30 and sounds and eventual [y make them filrst unpl easant to thé MAR=2002ar “or

dt ble. If th [ i t , digital
S gnal's. | RerEReeS S shlic PP Rl R R oGPt PO Thobias o b inosr
2002 is i REAQEHCOEoldrs e fRSRYETES] ARcHHAREPS She Bdbr RldvisHPSRILA r?f ldesigncd to

degradation of the signal can b~ avoi ded using practical anhd we

under st oosnadxamieeitipifdelitiiof fesinaolar. an anal og signal into a digital signal,

t he anal og signal nust first be sanpled in tine. The information science
theorist, H. Py c ‘I%\‘?Hﬁcf?*}?&t S{epal ags grdrlated ig quadrafuse i pach qthernethey
at | east 1 : TR S J - i i be
perf ool y orSe QUSRI U ShTol BB, (oiciR Lt ey Wbl BRAL Sfifday)
anal og bedaums ehetdikgt. darhe rekdvanqaadyatuel deesctidh eleanlyesepatates thavoisigmld. Z€His | f
each tinme sanple's strength is then nmeasured and the resulting nmeasurenent
r epr esent SEPFJIQN Huhtsed GF simpls radthgpatiGssi dhe mahemangal sinen finchign sis giagtyhas
been converted. int . f t i m t. 0 eci si.on. nunbers have
a1 xed nagpers B SRR I Bt fRfent ol MipgioR, RCREL DAL o2
number i s feRIRAMINES cbiind fBc yieldefa pairsoflsafel waARS TR arPl@c@uallidUbe sthind
information to be transmtted is no longer the original anal og signal or
its tiure shifgreectsvétieiten ofiginat funstions. ake on any val ue), but rather another
signal that conveys the limted precisio bnurrbers dgscri bing the strength
of the original sig S e 1S tion of. jgnal by a ~ 5
limted precision nu érsm4)?§gﬁ§§§ gﬁPfaEz %BE‘&N@W ggllﬁ&‘geé%L @onsi dered to be
a degree of noise, called quantization noise. The anpbunt of quantization
noi se can bWhemde=8rbitrarily small by using arbitrarily higher precision
nunbers, but it can never be reduced.to zero. A mapor advantage of the data

si gnal approach is5 that \techniqu Xl st r! preventi aty fur

degradati on of t¢|® 'sﬁ'rghqgl'Foggl)Thﬁéé? Trﬁ?lg@grz&sﬁ?@i‘@ _nﬁﬁ%'eg Oﬁgg’@?‘?ﬁ
represent the sanpled anal og signal nmay have a variety of fornms. Mbst

i ndi vidual s are accustoned to using a nunber system based on the val ue ten.

That is, nunbers co nly. used, in hunman transactions ytili the te
numeri'® synbol SI?AO= ng?heée/thg,resg}tmg, S‘@,r;??‘,l“aés, H‘Srﬂﬁo .Ct?ﬁﬁ? ‘Pgé‘ﬁétl‘rf%ﬂg%fﬂbggé
ten or degj f : St ) t e : .S
hat t o vERahe SYEEPR sheldf o RGhd HALALL S hOwRcH AEARI5C THEUTAD i
pl ace i n tdgealsiero and off A mndiBears .thelbeme freduienopnshe pdsaltas hamedinhgtidrhat teycebihc
val ue. The_ next pl ace tﬁgt he left has the synbol value tines ten, The next

place to tfRAueRs: Pawple Hlemsywatiby separatfotheibgacband dreguengiesg Alhteptds lefinis Zpys

t he nunber h : four tinmes ten plus five tinmes one
hundr ed. &fts%?%e{@r%bfﬁuﬁ%%%h%g%gEﬁe@éegécgéutbreat ed using just two synbols, O
and 1.20Such a 30n $hesdthen Hand Ché hadtiplicator obtwo Edsiviy fuincthrzalicds b lcosias athkit
two fundanmental synmbols. In such a system higher values are represented by
t he val ue sugsfreguency and anothessesines théir diferengadisiuengy. WO 991 55087

PCTI US99/ 08513 ~ s - ~r MAR 2002 the nu _'(r) Agai n, t]he ri ght4nost | ocation
has the synbol val uer{)gess(ING =I [ t Fefd N g]he synbol
value nultiplied ti ng'g)tv\os,( zr c%%?gl ep?? Zp{bas /g véa}ﬁm o%(Atﬁe) ocation to
its right. The next location to the left has the synbol value nultiplied
times four, “endbid:e the place value of the location to its right. The
next location to the left has the 5 inbol vgﬂl ue nu tiplieﬁ times eight, or
doubl e the pl acegpygl | oGk { rL@hh.| _THE) & £t i nues
w th each new plgglz ﬁ%&ﬂffﬁ’%ﬁ?ﬁé&&f’ﬁ@ 1519 ¢ h@/#) stmg02m€§%(ﬁgjr]y

nunber 101 is valued, starting fromthe right hand side, as one tjnmes one
pl us z&ro timeslftAvg B then dhecreslting sighalris egid tp dhaypradyct ofithe mudulating sgnal,

process c e dto ermne 4 he value of .an i.nany T
advant agea}g(ft)t’) l?f'ﬁ 35‘?/5% r?gglﬁesc(ﬂnet %t;%er? ﬁgé/ “Ecaﬁosgg %fet&"ées énﬁvgelﬂ&g%%alls:—rgl)'e hig’r? d

I nexpensi Vepstiel sfefcSis DAE ahflaf ARRCS afYf thelseak FiegaéncHOihe @esuldis @i Ghime tuRlionan
be mnimzed or even elimnated by sinple and cost-effective design _

met hods. Aatciwicsuthe fedomamayt | Thigdh easily agnarate fromnthicchasghand fsesmencies Bl og
signal must faithfully reproduce all values of the signal and add a m ni num
of distortion and noise. If many circuit elenents process an 15 anal og
signal, their individual contributions of noise and distortion accunul ate
causi ng signal degradation. A binary circuit, on the other hand, can have
two well defined states, "on" and "off', which are easily distinguishable.
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element is nostly "on", but not conpletely "on", it will not be confused
with the "off' state. Thus, inperfect performance of the circuit can still
faithfully represent the binary values. Only when the "on" state approaches
hal f of t WO a%808§hed val ue or the " "dff' state is al nost halPCTA8P9/08513 he
"on" condition can confusion result. If ];)hi s degree of defi_(gigrﬁ(ﬁ%j
performance 25 is avoided, the two stat d¢ can be discrininafé Zp%

si gnal perfect esql f. i l, ansm t i ffer
oo nor Sungfed ek cAR A 1k o R B PR ph SR Bl O ey A0S e
as | ong grequbficyl ¥aisd Rt ffered bet. " This Hb@kS iy CAASSALABHOR d¥tRoN bedause 2R
the "off' state representing a binary "0", can be reliably discrimnated.

Event ual loparrierftdquenenandqphase of tie wreived sigoal is synctronaigorith the lbbally suppliedwo
states beco cegipfu ed. %‘[ .ihe systemis 30 designed so that the signal is
regener atS N3 PFSOASMOAPRIG St r uctive | evel of degradation. a fresh binary
si gnals can be i : ] | : , !
causeé WO 99?%%(@)%1{75&%;&% /@e Uggghi%ggnldgl%@?%mgb%%% n?;%n%%éwgqgan\{{bgitg?% ?{)n
can be cdmggueh®l yandetibyadulbldds cpsine esignat ain  Hede-mpdalatich aneldingi theabyighianber
of tinmes allow.ng error free comuni cations over arbitrarily |on )

di st ancednforpragon i thbasgbanda dregusiicts: i€ LrIBnFre srespenit h t«arrg¢ dijghest

signal s. :! .t he ta f di.gi. Si gn LS.t |1 ,8i d.
expense dpﬂoﬂr@%ﬁéﬁ Ee@%égg'i s?@?egm%&%%l ooge?‘k(?)n%lﬁgf h{%ﬁé ouarllssefrgsuo Mt el
Cor por at i d¥todebiRhEhé hefbrrgunosdriEihed Yn evesivie lcu@ley.e [H ehis ivalyt BE RUABATRS |
the nunber of digital transistors that nmay be stored on a single integrated
ci rculit ddgnslseare sparatelydetestad withows intedfering withgacteothaunber of digital
transi stors approxi mately hal ves during that same tine period. This process
Sod65a78se AR ARRERAS Iin to continue for sone
—AS—0 gexatpte H-s—prenorena, the first personal
conputers introduced in the early 1980s used an Intel brand Integrated
Grecuit, ("IC'TdletisRh donad Hﬁi‘fﬁgh&l t Moldiaied adifl a Aeparh ! cali @NBhS [sOF Fixed 1SS
Pentium conputer I1Cs of the md 1990s have over five mllion digital

transi st dvidiz abens th visialldamigs. WVhelh gletesl soupd iveissadded ta the thlevisiquesysted. ithe
consuner products <affor, le prices by.the end aof the mllenniu The
e expebdEea robERRS Bt oyt Ay (e chaos gt uie Haye

must {sai tbddy QRS ihd the NidtiHg! s%um@gﬁerﬂf 68 HeRitF gt Shigftalire
That severe constralint has prevented analog circuits from progressing as
fast or awefeaompromizeptembhauraindcaioat whed sterécsounietasadiied. t Bar thadetbdnafie of
digital signals and ci rcui,c{s | S ghat they can be mathemati.cally mani pul at ed
in a ver ylOCEARSHBRISt Wath FeRs! emfls to 8¢ peFitivG ndienmansiagegave jisgermseyal dp mgth 1
transm Ss‘i‘c%Prrp%{in%rc%l&a\iﬁ OGSk & oQ&Yﬁd"”O correct such errors. Note that
there are only two posm%le pes of ‘errors. A binary "1" synbol nay be

damaged and cofwedd and i implerhented Wy figst craatiigh spéctnbihasingludes the wamalf thay
be damaged and converted into a_ binar nbol . No other alternatives

b
oxi St20 1 ERAdaght Souachannels afbasehanst, cThexdidtsnensh of therlo 20! rihf ehangels det i on

er ghi n sy st BB Aol By AL op B S0l LOas pEPRERE A henn e
or an oddfrasEhey (pii 15,784'= IVA8BHS). A litniledDan@RRAK ELd AR RorauPd] FeLERISABA

even nunber o f ' " synbols in each group of eight synbols, then a single
t ransmi ssProgram (‘65AR) | channed ig frequeney modulatedrdnte achrriet at fyertimies theNwirizontaht

if two errors, occur ess i kel ent, t systemw || he fool ed
ot SRRy  BheHER chimms it iR Grccond Fanilas Chqthar ot plypos,
the damgg Wi haR0R BandRidR (54} “PRfFeRRInhl EXadiRrr IR R he kS  holilatRl ot

condi tions %%*ogtaineg a{ t&e g??%e ofeannappen ed sjﬁ%o?ﬁﬁhat tgkeg Jba

t ransm sscariet atrsixaad a daglfi imes hddidntarehn fregque®y/ sRois ~usRCToUteE91 Q8 pladit zo
= ~ MAR ~n~ circuits to process at both the transm ssion and recejving
ends. Mor BMTeammisRicatipgs e Shis CafiTecrraples SpRotE sohen Hgaussey aqdugaied onto the

al gorit hnyg, c J . . ] .

o oo TR 0 BB TSR 15 0 U DB Pl G S
non- dat a sinedadiyadibieRvidichadeteit érs ldapénd oicthBasRéonshig! Teadistial Aatier is used as
additional 5 processing is required at both the sending and receiving ends
of thaot r thedatal siseiliajeafnbring the| soundsprstruadanm igybassbang; gihistechnigudisscalled
that they are anenable to nethods of conpression that reduce the redundancy
in the information and allow nore information to be transmtted per unit
time. A further benefit of conpressed signhals is that they require |ess
menory for storage. One exanple of data conpression is the techni que of
"Run Length




to Coding." If a data signal contains a "run" of the sanme synbol, a coded
nmessage can indicate the length of the run with fewer synbols than sinply
transmtting the basic synbols thensel ves. For exanple, if the signal

i ncl udes tRigrdoyses®” synbols, fewer than thirty synbols are rpeginidoggssi9 code
that fact. Another exanple is the use of special synbol tables %Ij’ﬂ far
the information to be transmtted. Inforvati on groups with a hi

frequency of occurrence are assigned short digital codes and information
groups wi the “antersarrfer sgurehcpedpd o i resaiver desigrasSings éht fitked mashidtivnrgotesnger
codes. The rse.code is an.exanpl e this technigue. .The Lefter. "e’ is
Che most 1 CaLEh EFg ek mpRALPT ThE TRLrdasfr RS Binlise i’ Shmidhab’  ne
shortest MongsidCod8dulbfieh.” d0he TINUBALSE ARGl BeUdRiddatdsORiReCHS aﬂyC!.}abmae
frequently and so are relegated to the | onger series of 'dots" an

' “ dashes" modolabon.A. Huf f man devel oped a nmet hod of creating such conpression
codes. "A Method for the Construction of M ni mum Redundancy Codes" Proc.

| RE vol . : ! ich ig.dncarporated by reference
herei n® TREIYSHARGAUSHHIS & ompiDie HQVANCEAJL@WSIOAKes it possible to

i npl enent a great deal of processing in software on nore general - purpose
processors. Thasa¢gseeeRivision RpHoEHRHNG AR EnMSEMaryOtRbE felediSiofdeLd QY
much of the processing can be assisted with dedicated digital circulits.

Li ke anal becasiegnadramovditgn Limivwneosp redegvess svharheprowvidb eextelbons pictured asd impatiant ( or
tel evi sion) .frequencies, they nust be nodul ated onto a %arri er. The

si npl est FttfeAtUrehsUta @A SemPE coptrahnsiersa spunduantiariag dorthe hgareng imparsd self o

the car i gfr 10fad $) Bl SRR UaeShER " WillP ont ] MESlinaPo0 itk P el TG0 he FOs
the goal is T0 recover the data. , as Is-usual'ly the case, e norse and
di st ond i oin the UNBJéske aleUh eRictss ORZHBMIllion tdl&dsion Sdcel vERpndaF0 rhifisdn YCRshén
data denodul ator is to WO 99/55087 PCT/US99/085 t 3 ?I ~u~~ renove the
nodul at i oaddifionabauedd mldioscotaiagweiglpyisionsreceizers mar agound et liemnewry GRs
data into cle | ogi c | |s. This,dat.a extraction.is rformed with, a
Yol fer~ ot st o iR Busroit RIGRBh SN P ol B RrotRatL Lo
I's a Circiidy Wwiddhcre& Al BE coMtfinkd B catifdiabos 1BEREHE WITOT e BISS-TI&!RT STded
voltage level called a "threshold.” If the input signal is 5 above the
t hr eshol dbyisidei would siretalk 71d06 naiflest bevetaltinmesgraundahe earth. | And 7.106 hiddsowortine
t hreshol d, .t he si naléés gsijgne the other logic.level. The out gut f éhe
sl i cer'Si s ObREY sghyaresold 1 B Vssaghaean 7 BOrehap SRuehAR $Ofoast df £pasha CRRRE P& |
t he out put;. 1.5 n i i QL i . di :
begi nni hg " onty Al s aRied oR, BF ey hag Hhoprb SHROH ARl tpap, e
circuits mnhaketqmeid. e A hewlpgdict lie desperaely preedéds frysurtieal aufr the dhdustrye . Japhre
sanpling results in 1 o data pul ses, t atq,ﬁre sui table for %ﬁgrf‘lh\?}'r' digital
| ogi ¢ pr o8 tig search fer ey sprvirceWhish Wankd requirs desRrogicts {5 the lixing room.
representi LE ool Efob PyafibhGi dl o } I of
desi gni ngJ 1 gtjllaita gﬁ&kgé?%d%\%;}%&?etng%ﬁg}f ?"H‘gf‘mﬁeﬁ%}s‘%ﬁ’?Wbmq{é‘?h%yth%g‘%ﬁ
20  years ago and spent over a billion dollars in pursuit of that goal.

Broadcasters also had difficulties. They were faced with a continuing loss of
spectrum to the communications industry. Their once 83 channel universe was cut to 69 to
give spectrum to cellular phone and mobile communications. Not satisfied, the
communications industry began demanding even more spectrum. In response, broadcasters

25  insisted that they need that spectrum for expansion to HDTV. Without the demands of the
broadcasters, the spectrum would have gone to communications.

While the broadcasters wanted HDTV and had the political power to use it to
preserve spectrum, the consumer electronics industry desperately needed HDTV.

The HDTV system developed in Japan is called MUSE for Multiple Sub-Nyquist

30 Sampling Encoding. MUSE is in operation in Japan and consumer television receivers are



which this can be done. If circuit elenents were found which had ot her
nunbers of very stable states, entire logic systens could be created around
them Consider an electronic ~ 5 elenment that has four natural states. Wth
four statedNOPURSOBT ts coul d be represented at any one tine WPERUSRY0ESHr
foll ow ng conbi nations: 00, Ol1, 10, and 11. Simlarly, if an_gl g@mr ?mm
element with eight natural states were available, it could rep e ree
bits at a L : t S\ td . ' i

than one. SRSl Byt B0l MOSE |+ Shno BERIP dsRucl s todRESTRER: FBAS, |
nmor e t han MM® of ®dedwidthhiThe RAE puuldwh ewet safiget@uitdhént S0 Mhe RO rbyired

| evel s has not yet proved comrercially useful in the design of logic
circuits, that th@ﬁé&ﬂ?eama}: @ ditun 6 Mfﬂ%é’)tbeami)%éﬁlfbwlf(b\fNagCa.an@WémOGm'Eyset.vvo

| evel st t ed bi ol tigme i d. . Such t
can tol or spaaEutRle SIS NTRE &S AkiS H o AR Ebrireptastia
strenggh %p&%iﬂl@.ﬂﬁ}kﬁ:‘”@ﬂd, Etgiééﬁ%tdhlﬁﬂnécp&ix Bwo dut SilrdeNGitshd, PR BB fahilife

signal representing logic "0". In the case of systenms such as Tel efext,
wher e t he wmicompagbidity.i s anal og tel evi sion, the noise | evel nmust be

constrained to st |l evels that. do npt roach half the differepnge

bet ween t he st rﬂggﬁﬁt PPAs ess'iogst‘?ﬂf;g}"gﬁg%g gﬁfﬁeﬂb‘r?‘ﬁﬁﬂt% wete bagad opfetaimying et h
of the si i Jr G e t o - NOJ..S r in
o Unacoe B SERAERAENNpthientdty 6 IS AR ROl Bl fer S 1o
mor e | evellge BASheThcunmatadatig satisfiet tRe dampatitsitigi requireraéitednddesdoty| fatthen,

three "level slicers” ecd);al |y spaced between four |evels, would support
four 10Woadwamagthapdire sty seanels in the NISC) channel jcould be used to zgnhance el s

of signal. Four |evels of sjgnal ld.transmt t bi. f, dat

o ml ¢ ane8trePyonoR BEeSvay P foss Soel bty R reasediBe Yilihett o PieBre 12aigm
spaced bety\Rasactgh@d krotd RAITSE S 3 sHEPY. dnSlRRA esdIMiGEwas Alb LRNRaME Riwa of
data. This technique greatly speeds up data transm ssion at a nodest

i ncrease iempeyuhgireenintarowpiatexprioguct Acalled d mpeareidvRefinitite Televisiore ((EIT6) daukd
with nore n two | evels i onverted ,ba two | eve|l data using |evel
slicers ar{ﬁpﬁ‘afgigepcwwa?rt TS ad; gmg%%if\?ﬁspm@%@l%e&e@@wg ragigna!
circuits e ocr f ' | j RV
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the hybri dap?)lax%g?sl comprising of a second amplitude modulator for modulating a second carrier
which has the same frequency but differs in phase by ninety degrees from the first carrier.

The second catrier is modulated by an auxiliary signal to obtain a double sideband

30 amplitude-modulated muitiplex signal. An inverse Nyquist filter is utilized for

preconditioning the signal so that it becomes a double sideband signal when passed through



?5 and the NTSC signal would carry the sane programm ng, at two different
resolutions. This conprom se woul d keep the owners of ol der receivers from
becom ng di senfranchi sed. And since no systemthat puts both NTSC and HDTV
into the sawe99sddlz was proposed, two 6 MHz channel s woul d seciiushrossia
required. This approach had one major advantage. If the tinme ever when
all of the NTSC receivers were old and név ones were no Iongerkpfﬂkfg%ﬁzhe
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the application. This progress in the area of digital TV bandw

conpr essi oncdiees regpodetiad the signalat Thisas ascomnplished byisngplyelsing gt doynrhéreialgC
i n Decenber, . 1@9 . Using this standard, a,si n%I e HDTV chapnel can nog be
transmi t t yailitlniMyquigt Bty Bgsterumenlyussd mmhese freelvers sigiindlit PoFsiBeNpy
rather th ; ;

Cabl e 5 Wl R RaS e Bty senEE NGl E TRRAEY nith Ind AP Beoween
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|l ong for the realization to hit hone that tisf HDTV signals could be . .
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Del 7nition (digital) TV' (SDTV). _ )
eliminating filter. Such a filter may introduce distorting phase shifts in the received data

25  signal causing difficulty in achieving the maximum data rates possible. Instead. the present
invention filters the interfering video signal with an aggressive filter and then subtracts the
distorting video signal from the received signal to leave just the auxiliary signal. In this
manner, distortions introduced by a filter in the auxiliary signal path are avoided.

In the specific case of U. S. Patent 4,985,769 filed March 23, 1988, issued January

30 15,1991, and also titled ‘;Multiplex TV Signal Processing Apparatus”, the patent’s primary

objective is to compatibly add side panels to an NTSC signal to make it wide screen. The



Actual ly, SDTV is a misnomer. Because of conpression, the bandw dth of the'
ori gi nal baseband signal as well as the received and reconstructed signal
could exceed the 5 4.2 MHz Iimtations of the NTSC channel. Additionally,
the chroma resol ution can be substantially increased and nearly all of the
NTSC arti MRI%588n be elininated. Really nice pictures are PETASH/SSI3
Alternatively, SDTV does not have to hayge as much resol uti angdARTR? It is
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sense to i'nclude any information which may be in need of transpdrtation

f r om one fiequendygportion axiststoedy in thej tiro¢ peried bfithd sdapsndls. it sdirhe compeossad on
progranmm ng .and i ncludes conputer pra ns, digjtal .information, |nternet

i nf or mat i"g’d?h EALRES A1 fTRAUARGY Caniey up tw{ﬁ@ ﬁ“’@w‘?“%l’%@h‘(@%d‘fl? thengpeerisddptq o
anot et yalaflohihB ke ﬁgﬁ! Q8 8536l RS ald sk Hefite 'tREBhAN SFnd MalseS NAf
capacity between multiple prograns, 1t I's possible to apply

" st at 5 st ispedtrumibf this edghaidias ubeD.C nednippnesy efthoRklel padeis! rhif & calRaade sinte
further increase capacity. The trade-off between quantity and quality
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analog TV t0 5 broadcasting conpréssed digital HDTV. It is expected that

t he transwirmsllynomfecttian datetnasedaglalifede low [powen moidnlators asedriangableesystems
before a cqnpl ete transition to digit hi gh definitiaqn occurs. Sone

bol | e RGN edia TGEstEdfp W&}F’Ngweggcf\%’?‘ﬁsf’b ermEHa- Ot hers hol d that it
may never be conpl eted because of the vast installed base of anal og

recei ver Pigklesnald ability of a technique allow ng lo sinultaneous,

non-i nt e%%sm ssion of digitized NTSC-resolution signals) within
t he sane channgl as an an NTSC si.gna d result in.a two-fol or
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be enjoyed by humans, the signals must eventually be displayed as analog signals for eyes

and ears to enjoy. Unfortunately, as signals are transmitted over long distances, they

encounter noise, distortion, and interfering signals which degrade the quality of the images

30  and sounds and eventually make them first unpleasant to the human ear or eye and then

unusable. If the analog signals are converted to digital signals, a negligible amount of noise



signal to nore effectively hide data itself, reduces video quality. Thus,
the challenge is to 20 both hide the data and not inpair video quality
whil e retaining signal robustness and the potential for an econom c

i mpl emrent ¥ ossoghe Nati onal Data Broadcasting Committee ("pEBGSI MBS
formed in 1993 to establish a single standard for data transm ssion in .
visual . The NDBC i ssued a Request For Ptbposals ("RFP') and hzﬂ%\?ﬂad down
the selection process to two contenders: WavePhore 25 and Di gi deck.

Labor at or§ ntediiced s the COMETLPRArsEss: Ryt dbsubseeentrdeasddation of the sigonmagbe
("ATTC') in: - ' b3l ' <1994, In April, 1995, the
NDBC sel é‘k?téfgbggsg?gé@c?‘gﬁ‘aﬁeg %%egé@?ﬁtgé.mﬁ\ueiune, WavePhor e convi nced the
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t he noi sefu%g)lo({eéﬁggaﬁﬁﬁgy%ﬁ?%h?ﬁystem The data is synchronous with the

visual carrier e horizontal line frequency. As an odd

mul tigpl e of orEhelivaitédpretRipniuiibeeised to fopreskiitahe sanpled hitdogl sigAali Mayehdveaves
bet ween the | um nance and chrom nance bundl es of spectral enerqy. 25 Data
i s not sehvariply phiprmpe Mast indiddualnare seeusiamaddio usingfnymber sy demadaged qmihet y

bits of data are.sent i li.ne...Ther e 24 vai | a | j.nes r
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symbol value. The next place to the left has the symbol value times ten. The next place to

the left has the symbol value times one hundred, and so on. Thus the number 543 has the
value three plus four times ten plus five times one hundred.

A similar number system can be created using just two symbols, 0 and 1. Such a

30  system is called base 2 or “binary” because it has only two fundamental symbols. In such a

system, higher values are represented by the value assigned to the location of the symbol in



PCT/ US99/ 08513 "' ~ AR 200i. WavePhore shuffles the data before applying

bi - phase nodul ation and filtering out the | ower sideband. Shuffling the
data reduces its visibility in the video. nn adaptive equalizer is used in
the recei vMO 99485088 or advant age of the WavePhore approach i sPETHEI¥NESS
Inserted into the video, it can be conve%ed t hrough the vi su_ah ,qs& nt hout
giving it 5 further attention. The WavePtiore VBl system and the ore
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for adgdi ngydbaivadle @uﬁigpﬁeacﬁrﬁ&aéi%m, belsybis it@étlﬁm@%ﬁe%ﬁhe T&hﬁoﬁr%igg ?i hen

pl aces the new carrier in the VSB regi on of e signal. To accommo
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traditional 750 kE]z below pictyre carrier, in the Digideck system it
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Di gi deck eallut sf aiicbinew mmibarer the "D-Channel". The data signal is clocked
synchronously to the tel evision signal for ease of recovery and for better
hidind®in zo tAbkerdyemagerne bijagy damberseiseihgb they| ean be peprasentsd bin simplptande
equal i zer. A conseguence gft t he aDOgageréﬁl aLs t hat irqitg;{st be inser.teddat
the transfTPEF'S TEIAAE" D ALYRP ¢ REFEBIF Rogftagﬁ Jrertionqan be puimzed or
WavePhor e egatséIffiinated BydSmbid aHd QiHERSctRR MR s hEtREdsS - ARiTB: KRIRnAGEch as a
approach will allow the broadcaster to determ ne acceptability. 25 Overscan

Techni quesransiithie rwhigh tproeeséeavan dndlbgrsignal dnusnifaickfolly Haprodesd alEntabres aifnient

Cor poration's syst I nt roduces .a pulse {n fhe video between 9.1 and 10. 36
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of the vi digmalf degrddasionmA binagy airguit @hathe Seher dand ocandeiveitivoosdll aefinedhitated, D
is used to neasure thz view ng popul ation for statistical purposes. A fifth
system byoEnandecaffio/Iish arscasidy disgingeishablesj The den’t plate Ay represepkethr bgnany

This — WQ 23LPA0R nilstht YSRP 40 4R represent the binary rimber “0”. (The opposite choice
is equally valid). The important point is that if the circuit element is mostly “off”, but not

20 completely “off”, it will not be confused with the “on” state. Similarly, if the circuit
element is mostly “on”, but not completely “on”, it will not be confused with the “off” state.
Thus, imperfect performance of the circuit can still faithfully represent the binary values.
Only when the “on” state approaches half of the assigned value or the “off” state is almost

half way to the “on” condition can confusion result. If this degree of deficient performance

25  is avoided, the two states can be discriminated and the signal perfectly resolved. If, as the
signal is transmitted, it suffers some noise and distortion degradation, it can still be perfectly
recovered as long as the two states, the “on” state representing a binary “1,” and the “off”

state representing a binary “0”, can be reliably discriminated. Eventually, sufficient noise

and distortion is introduced so that the two states become confused. If the system is

30  designed so that the signal is regenerated prior to this destructive level of degradation. a

fresh binary signal can be substituted for the degraded signal and all of the damage causcd



system al l owed data to extend fromthe VBI into ali areas of the picture
v~ith the inage being constrained to a variable size box surrounded by the
"snov~% ' caused by the data. This system was judged too intrusive.

Quadr at ur enlgpdorssosds di scussed earlier, the patents and arti g@SUsRIoedzadded
5 suppl enentary analog information to the tel evision signal i @ eumature
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si debands caseofsyaieals sich hsrFeletext, WhePO(h2 308K signal is analog television, the noise level
must be constrained to modest levels that do not approach half the difference between the
strength of the signal representing logic “1” and the strength of the signal representing logic
“0”. That amount of noise would result in an unacceptable analog video picturc. Because
30 the noise is much less, more levels can be accommodated. In the data receiver, after

demodulation, three “level slicers” equally spaced between four levels, would support four
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reconci | i ogrr@rhaasign b deali witlaonlyawguewsiat ure or ot her phase rel ationship. If
the circuits are designed to inherently include appropriate delays and
phase shifts, a separate delay circuit or phase shifter circuit nmay not be
necessar yDi 1 ORjrcuit or phase shifter can be absorbed into the
other circuits. The 20 output device nay be an Internet device sonetines
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cable line, or a mcrowave transm ssion. Accordi gg I s an object of
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not expensive to manufacture and distribute. IS a further object of the
present i maestited tlbeahqghcqude\mstofahs Inags mranabgafoan asd tigOloswes frequemoits in a
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transm ssigop lﬂgﬂq{fe{hgsenergy in an NTSC signal is in its low frequencies which include the
synchronization puises. By digitizing the low frequencies, their major power consumption
was eliminated. Yet the burden on the digital circuits was relaxed because only relatively
low frequencies were processed. The high frequencies remained analog and contributed
20  little to the power requirements. The lower data rate digital signals might also be less
susceptible to multipath, while the higher frequency analog signals were less effected by
noise. The remaining problem is that this approach was no longer “compatible” with
existing NTSC receivers. This problem was solved by allowing the concept of
“compatibility” to include the technique of “simulcasting.” That is, both the hybrid signal
25 and the NTSC signal would carry the same programming, at two different resolutions. This
compromise would keep the owners of older receivers from becoming disenfranchised. And
since no system that puts both NTSC and HDTV into the same 6 MHz was proposed, two 6
MHz channels would still be required. This approach had one major advantage. If the time
ever came when all of the NTSC receivers were old and new ones were no longer produr

30 the NTSC channel could be reallocated to other purposes. Even before that. the requ’



systens and nethods that is conpatible with e:cisting NTSC technol ogy. It

I s anot her object of the present invention to pro vide a transm ssion
apparatus) . systens and nethods that allows the quality of the video to
remai n hi glo obrsdes7i s a further object of the present inventpefisygspyi de a
transm ssi on apparatus, systens and nethods that maintains a high data
rate. Cbjects and advantages of the invé@htion will be set fﬁ@m’;‘im;pgﬁrt in
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an idealized and typical TV receiver response curve. FIGURE 1 d is a graph
of the st¥r&8“aural baseband spectrum FIGURE 2 is a bl ock diagram of a
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conventional television receiver. FIGURE 4a is a bl oc | agra
t el evi si oQuicklynamwist ofethe veridusgaoponentséwitbdhe exdepson of thallasdngseaM USH sgigmhase

nodul ation. FIGURE 4b |s bl ock di agram of .t he conpensat or  subsyst em of
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enbodi nent of the present invention. FIGURE Sb Actual voltage waveform of

NTSC basepiatmieesvi dho reaut was Badesisiondtozsrog gl ofShgr systemsl as acpgptaide Smdery the

PCT/ U8991((:)08nailt§m that a “Grand Alliance” be formed allowing the proponents themselves to decide

upon a single system. Thus the political battles could occur behind close doors under the
guise of selecting the “best” of each proponent for a single proposal to the FCC.

15 Recent developments in the television industries have focused upon the transmission
of HDTV, which requires a substantial increase in transmitted information and, therefore,
could greatly expand the required Visual signal bandwidth. Nevertheless, the television
industry has created standardized “tool kits” for processing images and maximizing the
efficiency of transmission and storage of the resulting digital realizations. An important

20 system for accomplishing this is known as the Moving Picture Experts Group (“MPEG™)
standard. MPEG consists of a collection of techniques that can be selected depending on
the nature of the application. This progress in the area of digital TV bandwidth compression
has resulted in a national standard being selected by the FCC in December, 1996. Using
this standard, a single HDTV channel can now be transmitted within the analog Broadcast

25 TV channel assignment of 6 MHz rather than tens of megahertz once thought necessary. In
the case of cable’s well-behaved spectrum, double the data transmission rate is possible.
Two HDTV signals can be carried in 6 MHz.

It didn’t take very long for the realization to hit home that if HDTYV signals could be
compressed by this tremendous ratio, NTSC signals be compressed as well. Multiple NTSC

30  signals could then be squeezed into the same 6 MHz that could carry one HDTV signal or
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Filter 532 (bottomtrace) FI GURE 5d Actual spectrograph of the output of
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5e Actual spectrograph of data signal at output of Conpensator Subsystem
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Transnitter Q07 before VSB Filter 509. Tap trace is_ of ordiha = and
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after VSB_ Ei per trace is the NTSC signal 1 o and |ower trace is
the vi sual(ﬁgg@zﬁquﬁg . 'FIGQURE 6a is a block diagramof a television
transmtter wi tAvudBNEDITWES hogsneiee MBediegolabmpiedsibReth¥i Sdidwidhosakhe-
according to another preferred enbodi nent of the present invention. FlIGURE
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digital information, Internet information. and any other signals which can be conveyed from
one user to another using the technology described.

15 Using techniques that share capacity between multiple programs, it is possible to
apply the “statistical multiplexing” used in the telephone industry for decades to further
increase capacity. The trade-off between quantity and quality offers bewildering choices.
The American consumer has long voted for quantity over quality.

This same technology which makes HDTV in 6 MHz possible allows multiple

20 standard definition digital signals to be stuffed into 6 MHz. Movies have several
advantages over video in this regard. Movies have twenty four frames per second versus
video’s thirty. This distinction alone is a twenty percent reduction in data requirements.
Movies have the further significant advantage in that they can be processed iteratively. That
is, the movie is run through the processor several times with adjustment of the processor

25 made to minimize the creation of artifacts on a scene by scene basis. Very good results
have been obtained with movies at data rates of 3.0 Mb/s. Quite acceptable results have
been seen at 1.5 Mb/s. When compared to the video obtained from a commercially recorded
VHS cassette, thle digital results have some advantages. Since the HDTV transmission rate
is around 19 Mb/s (in 6 MHz), six 3.0 Mb/s movies can be carried in the same spectrum. At

30 1.5 Mb/s, double that nur;lber, twelve, is possible. Since cable has a more controlled

spectrum, it can approximately further double these numbers leading to perhaps twenty-fo



when data is in quadrature. WD 99155087 PCTI U599/ 08513 - ~ MAR 2002
FIGURE 9a is a block diagramof a television transmtter with circuitry for
abating interference due to quadrature data. according to another preferred
enbodi nent wef gofddgssPr esent invention. FIGURE 9b is a bl ock dipgghaiyeds; s
television transmtter with circuitry for abating 5 interference due to
quadrature data as a function of visual 2kevel, according to_;ngpkegung
preferred enbodi ment of the present invention. FIGJRE 9e is oc i agram
of a tel emoyiesnint p aMElw t tIdus FEsHR 16i ¢\eni mpye porctiedaini pieptdmmt ehdtensenstatistical t o
quadrature ﬁgﬁa .as a function of visual |evel, according to another

pr ef er r ed™EHHOG &Nt of the present invention. FIGURE 10 is a bl ock di agram
of a systemth s ed HIorveh @ IR |s a
bl ock di agram ?‘w ?ﬁ%ekgggt em of FI %ﬁéﬁ%&sgﬁ%r%{?%ugn anlg?s(ggsag at g‘r?éi%d
signal . FoGURE nk2d ifer aa Wtapsikonli pegicd nbaveen shreddenstingnitienipragertl GhiReg 8TENch

FI GURE 10, 15 to.generate the .a nt signals inreal time. FIGURE 13 is a
bl ock i aBeafsastig RIpRgssed figite telating the anpbunt of abatenent signal
to the visual i -an ggqg . ,
present invent ?tgﬁEkiﬁc%%%&?g@?gﬁ%“%'lﬁﬁpﬁ?%?&aﬁ%fgg?t el e{}g&glﬁgé ?%rr}g?ﬁ‘)t ter
t hat predisirobtford heomplsetrasitomnpatigitdl high défmithdrSecoued. ofomi Galbve tactidi ng
to anot her preferred enbodi ment, of the present invention. FIGURE 15a is a

bl ock di afiRRsiQ may takeaesy ne timenhensdold that it gy insiersbe qompletedircause of
modul ati op,.0f, & NGsiBii P bak?bf 'afthlog” feleiVRl! ! ThE \Q%Lila%aﬂtit?"' of a technique allowing

10 simultaneous, non-interfering transmission of digitized NTSC-resolution signal(s) within

the same channel as an analog NTSC signal would result in a two-fold (or more) expansion
of channel capacity in the existing broadcast frequency assignments. If more efficient
means of bandwidth compression emerge, the simultaneous transmission of HDTV and

analog NTSC is an attractive possibility.

15 Prior Art Methods of Adding Data to Analog Television

Sub-Visual Techniques: Under-utilized portions of the NTSC spectrum can be
employed to “hide” data. In many cases, the process of hiding the data is incomplete and
results in artifacts under certain conditions. In other cases, the preparation of the NTSC
signal to more effectively hide data itself, reduces video quality. Thus, the challenge is to

20 both hide the data and not impair video quality while retaining signal robustness and the
potential for an economic implementation.

The National Data Broadcasting Committee (“NDBC”) was formed in 1993 to
establish a single standard for data transmission in visual. The NDBC issued a Request For
Proposals (“RFP”") and narrowed down the selection process to two contenders: WavePhore

25 and Digideck. Laboratory tests were conducted by the Advanced Television Test Center
(“ATTC”) in Alexandria, Virginia in December, 1994. In April, 1995, the NDBC selected
.Digideck for field testing. In June, WavePhore convinced the committee to re-test their
system after WavePhore made improvements based on the results of the lab tests.

Meanwhile, the FCC issued a Notice of Proposed Rulemaking (“NPRM”) in April,

30 1995. On June 28, 1996, the FCC approved digital data transmission in the visual portion of



FIGURE 15b is a block diagramof a television transmtter that superposes
25 separately nodul ated nmultilevel data onto the aural subcarrier. FlGURE
16a is a block diagramof an aural data receiver with a high pass filter.

FI GURE 16bwogsshdrock di agram of an aural data receiver w thpeTNgoissiitype
filter. FIGURE 16¢c is a block diagramof an aural data receiver with
baseband equal i zation. WD 991 55087 PCT?4US99/ 08513 37 ' "' = AVMAR-00Z .-
FIGURE 17a is a block diagramof a television receiver, according to
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Dat a Denodul ators and Data Extractors. FIGURE | 7c is a bl ock di agram of one

versi on ofrulehéo albeiv aneidlanyt data methbathe Dewad porttamesthe T SGtsagiat in &ardosmats.

bl ocks. F RE.17d.is a bl k. di agram o t el evi si r jver with

P ovad datobtecppiat b YesoFathaRm L Brnton BEA &5 WiehehiCh macs lopne
present i ' | {FEo 55 RE ' | - L.an..of -t he
present i %gﬁﬂeg#nag lGURE %?aygg%t)ﬁ :ogﬁeﬁ%&gger_?%‘é %géreﬁw%ﬁgﬁ%?‘ lgéké\dénv% th
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20 is 1@ blconductidafeldnests of thisdeesyemtuizeinPhackiagon, Wi Chog AMETa, Whekhel @6 and
WIJLA. channel 7. This same R & O encouraged others to invent ways of embedding data
in the analog visual signal.

WavePhore: WavePhore utilizes a teletext-like system in lines 10 through 20 in
each field for a data speed of up to 150 kb/s. WavePhore added substantial error detection

15 and protection bits to its structure to protect against multipath and other transmission
problems.

The WavePhore system begins by reducing visual luminance and chrominance
bandwidths. The “luminance” is reduced from its theoretical value of 4.2 MHz to 3.9 MHz
and the upper sideband of the color signal is reduced by approximately 300 kHz. It is then

20  possible to insert a data signal in this region at a carrier frequency of approximately 4.197
MHz above the visual carrier and a strength approximately 20 dB above the noise floor of
the visual system. The data is synchronous with the visual carrier and thus with the
horizontal line frequency. As an odd multiple of one-quarter the horizontal scan frequency,
the data interleaves between the luminance and chrominance bundles of spcctral energy.

25 Data is not sent during the vertical and horizontal blanking intervals. Thirty bits of data are
sent per video line. There are 240 available lines per field (not counting the VBI during
which the signal is blanked). This yields a raw data rate of 435.6 kb/s. After error
correction coding, the raw date rate is reduced to approximately the T1 rate divided by four
or 384 kb/s. WavePhore calls their system TVT1/4 because the resulting data rate is equal to

30  one-quarter the telephone T1 data rate.



insert signals according to the present invention into nodul ated tel evision
signals without 20 first having to denodul ate and then renodul ate the
signals. FIGURE 21 is a block diagram of the application of the present

I nvent i onywPsgdshge Si mul t aneous carriage of nultiple prograngBushass:s
Directory with an anal og NTSC tel evision signal. FIGJURE 22 is a bl ock

di agram of the application of the preséfit invention for trrelpZMARaﬁﬁU}fage (;f
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anal og  NISG 551902 t'br,\esg,lag@g) &Bg@&g}i&F_ FIGURE 26 is a bl ock diagramof the
application of the present invention for the carriage of high capacity data
in digi tal foDigidack: diTherDigideckgysiem addsca Differeqtial Quadretuey Rhaseesdfti Kepn

channel's while carrying standard anal og NTSC signals in those channels.
DETAI LED(

SRR Pigal carrying about 500 kb/s placed one MHz below the visual carrier. In this
regard, it is similar to the European NICAM system for adding digital audio to analog
television broadcasts. This modulation places the new carrier in the VSB region of the
signal. To accommodate this, the lower VSB slope is increased. Rather than starting at the

15 traditional 750 kHz below picture carrier, in the Digideck system, it starts 500 kllz and
drops more rapidly. The carrier is about 36 dB below peak power and has a raw capacity of
700 kb/s. Forward error correction and other overhead burdens reduce the data capacity to
around 500 kb/s. Digideck calls the new carrier the “D-Channel”. The data signal is
clocked synchronously to the television signal for ease of recovery and for better hiding in

20  the video.

The Digideck receiver also depends on an adaptive equalizer. A consequence of the
D-Channel is that it must be inserted at the transmitter site and brought there by an alternate
path. Like the WavePhore system, Digideck introduces some artifacts. A marketplace
approach will allow the broadcaster to determine acceptability.

25 Overscan Techniques: Other systems have different drawbacks. The Yes!
Entertainment Corporation’s system introduces a pulse in the video between 9.1 and 10.36
microseconds following the start of the horizontal synchronization pulse. The data ratc is
very low, about 14 kb/s. Its application is to deliver audio to a talking toy teddy bear. A.C.
Nielsen uses line 22 of one field of the video for transmitting a program source

30 identification. This ID is used to measure the viewing population for statistical purposes. A

fifth system, by En Technology was denied permission at the time of thc R & O. This



Reference will now be made in detail to enbodinents of the invention,
exanples of ~ 5 which are illustrated in the acconpanyi ng draw ngs.

Wher ever possible, the same reference nunbers or nunbers with the sane
trailing diwovwsasgt| be used throughout the draw ngs to refepCrasssnesssane
or like parts. FIGURE 1 is a representation of the conposite NTSC
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The Need for Data in Analog Signals

As the digital age dawns, there is a vast need of data transmission capacity. At the
same time, there is a requirement to continue the provision of analog signals to serve the

30  huge market which has not yet adopted digital methods. While the 250 million analog
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El ectronic Industries Association ("EIA") fornmed a subcommttee for the
pur pose ohodwatmor sthiemg. SWhibel 8\ISB 'is useldopbraailcashrida¥8 Bswasndevaiped deregrblon
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Corporation_ in a project overseen by Cari 15 G Eilers. Elers (C G
Eilers, TSAMNARS: incanalogetelexision signalsirporesotithesiayy data qapagity can be harvested for

payload purposes. This approach has not been well explored and offers a significant

opportunity. An additional advantage is cable’s availability of multiple channels to carry
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data. The data carrying capacity of a cable system is just huge!

The Compatible Digital Cable Upgrade

Most plans to migrate to digital video do not include wholesale replacement of all
channels because of the horrific expense of the digital set top boxes. Instead, there is the
intention of converting a few of the channels to digital and leaving the remaindecr as analog.

30 In this strategy, the channels converted to digital will have previously been occupied by low



Transactions on Consuner Electronics, August 1984). The cited paper teaches
that to obtain respectable stereo signals out to the thermal noise ratios
found at the G ade B contour, it is necessary to include noise reduction

t echni queswb%/tsgb ,System design. Noi se reduction is achi evegcgmswﬁsﬁse of
a conpandi hg ‘'system which is applied only to the stereo zo subcarrier pair
(L-R). This choice was made because nost; of the noise is iht‘ g2 n the
subchannel . The originally authorized sound channel for NTSC transm ssion
was nonoppumeiratidr equiessc \Sureatibesst wishingito komtineakitiddwsasdroicofvili-nédd kdzitalThe
BTSC stereo signal jntrodyces, additional signals and spectral conponents to
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of the coPFSIERiss tBat dafthoas bimGollegied fEom male 204h oht ehnSIRY TegbiFedel |eb Aate
occupyj ng - 1 [ PrRARe BRI RS 1R i

r ecep%/dl onca'([aohﬁgﬁl?eB‘? rb lleceltocgfs. Tﬁgnpi | ot %grg%gegé%Y?s%rééggnsm tg)ﬁggagact

t he hori zehanatls f Mahgseechaynglatan bd In gitker SDTV BhevauHDIBE. oh this tappropet, aill of
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t he BTSC si gnal,,. The 126 redi i Q si dehand ,anpl i t ude
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strong simlarities, for the purposes of thi's invention, between 20 FM

St er eo antighssS@ncdlive efe@ncs’0(@CR) signal god assotiatadi reexives thardyogpb onil be adequate
transm ssion_in the FM ro&dcast bg}r}? nd there are now strong sim |l agieti es
between t HeAdisvachqdesired Pemiommangs habifiransmisstescand, Qthgrseptigasdn nigie ta

t hese,t ec (oJc1 [ i i for
tho r 2bporieiize Hifialfitb: Sl dBodiRh IEIRHR chPRofther i BBl ot Be hERIBHLPT,
concom tant visual performance so as to deliver a conplete television
program 25 effectively made SUMMARYUOFITHE INVENTIONmNce i nconsequenti al .

In the case of _FM stereq . . L
The present invention, overcomes the problems of the prior art by providing

apparatus, systems, and methods for expanding the data capacity for communication
transmission systems. The present invention transmits additional information in the NTSC
25 visual format by encoding data such that it is not materially present in the video or audio
output of conventional television receivers. The present invention creates sidebands about
the visual carrier that occupy an information space that is in quadrature to the sidebands
carrying the analog visual signal. The present invention also transmits additional
information in the NTSC aural format by encoding data such that it is not materially present
30  in the audio or video output of conventional television rcceivers. The present invention also

transmits additional information in the NTSC Vertical Blanking Interval format by encoding



broadcasting, the service range of the transmtted signal was reduced. It
was determ ned that the public interest was served by the introduction of
st ereophonic transm ssion to FM even with the reduced service range of the
stations. widoovdshg7 be appreciated by those skilled in these petosédmsiy he

i npl enentation of Data 30 within the Aural signal as taught herein may be
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(commonly known as the Nyquist Tilter) before the detector, where the |

si gnal i skniomneottbdsef ofoordinaey fkilbanldlaest astse dihewsigrahds thive ramplifed samd| domindieed
response i s zero tenuat i a |l us 750 kHz fromthe visual carrier,
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i ndependent of the sidebands bearing the NISC signal. 1o The present
i nvent i orpreseqt nygntiemineludeg ibe elempsts afltheeRhase modulaionjemnbedimsnyanharf the

frequency. r.egion of .the NTSC.signal". This.invention identifj ods
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nodul ati on of the visual carrier. Another enbodi nent is known as the
additive techni que, whereby the quadrature sidebands carrying the data
signal 15 are derived from an independent generator and conbi ned additively
to the anal og visual signal.



I f additional information were to be applied in quadrature to the carrier
by the first nethod descri bed above, it would be partially converted to
anpl i tude nodul ati on when passed through the Nyquist filter. This is
because t hewampstsosude response of that filter 20 varies at diPCTAISONGESI3
frequencies. So any departure fromthe cgéri er frequency would result in -
hori zontal perturbations about the zero point 116 of FI MAR 2B0di ch
in turn, yel i agy S| evel at the qut.put of .the
Nyaui st 1] el SR GREE TS 26ittepihy SLARR ey Dl R RHHBH Rl
vi sual pi Gipl@néltgigaet s by the anplitude nodul ati on detector in the TV
receiver and will appear as undesired picture conponents. 25 If additional
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is a bloc j i t r=AVIRGY N L S
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Modul at or i3BlddesThidecdidr rpeipridingr a idatat ggmedildyr andfai @itd efirdicorPthat eggacenkhe
negative nodul ation (i.e. the carrier_ is nost attenuated at white |evels

and | elst digttaninderaptignr frery amouipHh < Biei demodiater. pulhse dgcodinghgysEnarfyrther

iml | evi,si .. The vid f for.
Convent i onariube) 8 pBpE fesbich e FRARECR olebf bt B MRycherfoipir
another | gl @ik pHEE P ICEUIpIDBE althald mcﬁe@h&;g;sietﬂxmuisqwuaaﬁgge SBp ler om

a Visual Reference Gscillator 205 shown here, exanple, as a
sour ce. ~fVieudl wardiervald, dahgrkforeidia- phadal witle dhey iepcraded sviguad | data signalbd il silbrbe203

is applied to a Visual , Jransm tter 207 . where it is to translated fromthe
| F frequerdfpresiate éh%rﬁﬂT‘}Yt 0. BDBRR oS 209TTE CORSCRICRRR M 48 PrORAEEHEy
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shapes the spectrumso it appears as shown in FIGURE 1 a. This signal is
t hen appl i @epdrasussrer otheruphase relgtipnshir Mithe giroyita ap designed tauphgrenthy incduder 3

presents an Aural si,gnal. { denp, nd FE dul at.er_ 215,
ot cal 1y bt B90Pand ol S8 Phbertion ool B SLLIGRY B Gichie payor
Sound Ref epenéessabti Thededy ditcliiedr phase iifiértal bé absdybld infy e otterBirtulss. Viteual

Reference Gscillator 205 provides the other input to FM Mdul ator 215. In
this exanpbapuSiaying e bg ahbdernekdavidesometimey caliedsh WonldaWidesWebh gppliancgYorvHz

cosi ne wav ource 217. This 20 _source is. coupl.ed.to.the Visual. Reference
Coci 1 at or MR SReE) founlF o 3 P tmuiy AR EHa) Rirofes ah iR el ces
are fr equemsa/?yaﬁ hh&n feffr id8dOuh \%E’stré%in tiemSpatndo M Megul aéate, ZhiclS ak S
applied to a Sound Transmitter 221 ere its frequency is translated from
the | F frecemind gable linteor SometbwaveNtsdsthission. 215 to the transni ssi on
frequency. Al so, thg. Sound .Tr anSﬁi tte}: 221 i ncreases the %O\éfr | evel .to

| evel s suffici eACCPGMENLEHS A PHIECHE! ithe RSt ipveRtiansto piRvidesp Jrapsmissiqn, o,
appliedsto hepstd dof I NR% e S phhdddS Thdthsshd aCidasityi sual
si gnal 95 Th%}h{:égat %’ng%f)tésl?g;gaﬂ i"%ggg% Fgc} f%gévaltér!\%Ar?( nltrll%lé 2213Bt 2??0 radiﬂaatleg t he
signal to tdmparisoansedstimrransarissiodySlaRis. 3 is a bl ock di agram of a pri or

art television receiver. Antenna_termnal 340 is connected either to a
cabl e tel evi si off is yglanothes objechaf Histrseseat myentiasy toyre WG RARNSMISsIQR 2RPAGLUS.
tel evision_gi | $. f. VI S} J < such as for
exanpl e f r%&%\[’]g{@g‘&%ogggl a?regsﬁog?ﬁgeg}sg{eﬁ%) ?’ ghrﬁféag{gr%é@g@h%bgt?bmve receivers
are possi bl e asygld furthef objeBUbS the present invention to provide a transmission apparatus,

30  system and methods that usés digital technology.



WD 99/ 55087 PCT/ US99/ 08513 - ~r MAR 2002 signal is conveyed to an RF
anplifier 348 that increases the strength of the signal to |evels
sufficient for use by the subsequent circuits. The signal is then applied
to one i npwb9965087M xer 350 that shifts the desired signal tecTis®9pssss band
of the IF anplifier 354 which . follows further down the signal, path. The
spectrumis reversed in this process pl adi ng the 5 aural ca"r'rlta&A%TZBEi’ | ower

f t han the visual i The_other .input to, M 350 | i ded
by Local  Qsci | 14t o 24dbonateBice| & e prSentinVenyor £3 iovidedh famsisiopaprpiatis.
adj usted {QiHAURR &&ﬁo&qah{i@@oﬁ@gﬁmewim e%Pﬁi‘ﬁFgWﬁS@@ecHﬁolBé nsl ated to the

passband of the |F .anplifier 3 The signal is then applied to Optional
Adapt i ve Equal Itzieran®8®r obfest @btthe padsemtdiapertion opmivideca t3H6missionodpparaqus, r ed

for the operation of the receiver. verthel ess, under t O conditions of
nul ti - pat Y SERP r'f‘%l‘f“ﬂd%‘lhﬁteéﬂeot“ﬂl‘ptég qg'?ﬁ‘tﬂpt{l’@r"t‘&’d’rf? remaindigh-onal Adapti ve
Equal izer 3 56yC gl ki i J: i O

Adaptive Equal aor SEER DbRENLE tho Rkl Tulehiof ¥ BRLAL s aonich HiBragus.
af t er Det ¢gtedis aidGhethods that fhaimeaingd dkighlday ralere di fficulty and expense. The

| F Ampl i Fer 354 also includes a Nyquist Filter with characteristic as shown
in FIGURE 1 c. Obisstsadrsl advanaganef fhc| inwgnsignsyidinkg set forth e past umthe dessaiption

applied to tect or. 358, e 358. i n | { tude. det ect or, that nmay be
an envel o‘ﬁ’gggleﬁ)ilgf” ran amsy[l?)%% h"?%l(r)lé%sf’%éleok"icf?od? %ngdeacr&g‘[ogc?ropm?’hg‘i lc@??ﬁdbh s

varyi ng apRefideSofothe ifMnR6QP dhk iodfectf andnRAvEnthydRest tAE 1HlRhE6H Vit be PORiZ04 bRy

of the Detector 358 is a baseband signal which is then applied to Video

Pr oce$s or aBgoedmbycmepnepéirtbe ¢lpmentar andu sombimptioe ppartishlatlye psingpdabutf on the
produci ng a ié}ére on Video Display Device 362. The ot her output of the 20
Det ect or 2SN ClgiMS ed to a Limter 364 which strips off any anplitude
nodul ation that may exist on the aural signal. The signal then contains
only frequency nodul ation and is applied to an FM detector 366. The out put
of the FM Detector 366 is a baseband Aural signal that is applied to Audio
Anplifier 368 The signal fromthe Audio Anplifier 368 drives Sound

Repr oducer 370. 25 The preuvi ouslégdescri bed aural recovery technique is

called the "intercarri erBRBERPESERIDUONQF F@IEeDM\MNQSQnaI under goes

substantial processing - especially in cable systens - which shifts

(het erpdynes) i i SEHENRS st sionl SMalizRE6! ors (also
knownlgs conveﬂ%rsi ﬁ]lls?;#zaé]}{atero Sﬁg%psgélggggegﬁrgﬁaée ng% perdf(?agltl', t hey
have phase i nsFdOURRE ltes adragihofthe obpueofofldt redpanse lexisian@ceiveral carriers.
The intercarrier receiver 30 principle takes advantage of the precise
frequency diffEVGHEE beiswasaph pleanifealized andityRifahll VIgseiYes FeSPOBSDFUNR t he

audi o signal t 3 C i t N the various WO
99/ 55087 PCT/ U&@%ﬁgga gj‘h@ﬁﬁféggtfk%z%%gg@%?@ngfs% é@fdr%ot h carriers the
sane way, the FMGEIREAR id £blofk diagram 6f Nebnventidiial teldsfonliradswiiRances. This is

anal ogous to "common node rejection” in differential anplifiers. A
vari ag2bon of t FEGPIRdY3 inmblpckidiagranbetia eanvantionat television regeiveque i s cal | ed

the "split - hod. t D h, . th I .
o astel o RELRE el BB SRR bR b SRRPRL o' e
subj ect ed \ial dighdl uSig (pRadeSHBNRatidlci dental AM conponents and presented to

an FM detector Simlar to that shown at 366. When "split sound" techni ques
are applied, tRGUREHD siaghlatk diegraot oftbe eordpensatop subsastymmfdGLiRE4a.of t he

visual carrier. j he aural carrier is freg frompropertjes of t
Visual carri or FISURER A iheSigite G pretsaiationt OEibe SRENBILR vanoua powts o e
processi n J ( fggym. ng) along the signal chain. These
sourcég o?:i se'?gzgﬁ #?‘{/S%Egﬁldgfpiqﬁcl udgﬁ't he transmtter, cable heterodyne
processors and RIG¥RBSais aslock dagans oH4 televisio aansmgitter with dayenteddad ax then

devi ces, such as cabl e subscriber term nal devices and the tuner of the TV
i tsel f. Piasel sigerl|usingaddedrapadrawresidehands, seeardingito apother prefegicd sstRdRsn

of a televigio ﬁ%r ns g er (the generic term"transnmitter" describes
br oadcast Otf?tgen‘gs]r G[n?énrvghésn'v\el | as cabl e and ot her nodul ators) including

data encoder 43§GURE GhdA&idalt Golthgki whlefRMESENTST BadbalidRidto Wut oh Bapetanant
invention. The transmtter of Fl éJRE 4a includes a data source 427 (Return
to Zerdd, RAdeoBomgaSReturn to Zero, NRZ), Serial to Parallel converter
"SIP* 429, Digital signal 'to 20 Analog signal ("D/A") converter 431, Low
Pass Filter (LPF) 432, Level Control 435, Cock circuit, 433, Phase

Modul at or 437, Conpensat or Subsystem 439, Level Control 441, and a Vi sual
Ref erence Oscillator 405 at some suitable frequency, here shown by exanple
as 45.75 MHz. The Data Source 427 optionally includes either software or
hardware to random ze the data so that it contains essentially equal
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data. Such hardware and software is well known in these arts. Residual zero
frequency and near-zero frequency (d.c.) conponents generated by an
asynmetrical anount of |ogic ones and | ogic zeros can produce undesirable
artifacts wabobhsspge di scussed nore conpletely el sewhere. Fl GREu469/08513
illustrates an apparatus, systens and net hods, wherein the visual 30 -
carrier is first inpressed with the data3in a special nanner-a'cmﬁd'?%to
this inventi onﬁwen modul ated with vjdeo in the normal manner o SC
practice. The Wi sPGNAFHYE YRitagsANaERIPERD 8F tise-tevgbglaiaogsthg auput of NaR
2Q02 the. % i at I.Lude Modul at or
j(ﬁﬁ?&b t%/[} H@&) §t9dJ5tQGc é@tﬂ:gﬂe (g L%Q?Ls@ Fﬁﬁer%&i@ot@ﬁq (It:ljﬁgﬁ

403a onto e Vis carrier prov erm nal as the data

si gnal al ready FIGURESs$dAdpahspetirbyragiatof thnewger ofA3SB Dt MddulfbesENa®diot 0
the Visual Transmtter 407 which translates the signal to the radiated

frequency dawblesigaband mpdulatadNBZpdater | evel sufficient for radiation. 5 The

signal _.is then Q o,the VSB Fil.ter 409 ich s es the spectrum
accordi’ng to Fl%@ﬁ%%ﬁ%‘ SB%Vgﬁ?thOffiﬁtaﬁ}gé‘ab%%t tioﬁgﬁf‘?eﬁ?m@o SHRFm
411. The Bg9ehrnd NFovastaSource 413 signal is applied to one input of the

Sound FM Modul ator 415. The other input to the Sound FM Modul ator 415 cones
from the Sound REEREreAi dpeeiragraphi @t owtpathof ¥Visualipransmizyer cOTneafoicoW SB19

to the Vi erence to cillat 0~ ,indirectl r h Phase dul at or
437" 50 as e T Gadsdr oirionr STSC Spe eritie ok Bn o, Doy Giendls nep
bel ow t he i nst ag, R ctVihiSdhady H LY se) Ty ol ﬁ:gf%' 21
transl at es thea@%g{éﬁhuumct o's#he“@? rﬁf rout pui'?ﬂeg %%ngﬁpe??gggésn%g e %%@5314
appl ying idndtiowtteacetibdte vigmhdaabigail. Conbi ner 411 which adds the FM sound
signal to the visual signal befgre passing it on to the antenna 423 for

radi ation. | S HIKUREanpprdlogk diagram: of tefpvisitmbansmitien with dlended mgihodscef
prior to the wvi,sual t ). . ite o r.is also valid bec e
t he properet[rl(?beesd db %‘ggﬁg%%l}}lla {S{ggglyg‘l? go(r?n&g%emn@%ﬁfeﬁlR%%Fle@ee.m Oﬁl"f‘ﬁ'i‘ sgtua]e
exanpl e, thesenf vefiiéd.er described is sonetines referred to as "low | evel

modul ation". That is because the visual signal (and in this case the data
signal as wel | )FIGURBMb et blockadiagrage of A tranemitien mtilizing aliffenentadatarsources fort s
final power 2q.anplification.,Under these conditjons, .each additional, stage
from t He. B ARGl BRGSO Soder S Tasrina et o i eeb st Bowsr &
linear nodgyaihrddidriaX@Righpui@ frequency translation and spectral

i nversion occurs wthin the Eﬁ sual Transmtter 407 of FIGURE 4a, to place
the | F signal oRIGUREdpisradpedkatiagriin dfraccansmityer wittedquh ambedded ih auadratype faress

descri bed above could al so be applied to the oscillator in the Visual
Transni t t el IVl snghiogousdaiectess: t ransl ating the visual signal fromthe
| F frequency togj I i
consi deration iogidn(g eegt%(;£ ?E?ngfag%‘ﬁg%%%&gggé%ﬁg? P@gg}eﬁ%(%?d%dﬁgtqsuﬁgg uel{%fsr
wi t h rmspetelevisiodsheith quasi-syochpubusdgemdrsand t hat a signal including the
phase nodul ation information is made, available at the appropriate frequency
to bl ock 417 t oFV¥VREAmilkustgates the luminanes sighalay the Instanb s Hms whemths qerper 30
Anot her ne f t] V] | signal for television transm ssion is
iadand SRGHR A Melindh®,

called "hig eve 1 on s case) the visual signal is applied
to the last act FMRURBWSE illudiéardOieStfigactell U0 Mihihadee Signal whyhRa 2@kl sihage
of the visual transmtter. This requires substantial amounts of visual

si gnal . HoQwadeatureds pddedr st ages of the transmitter are required to be
operated in thej i md erm.tting. nore efficient and higher, power
RE anph 11 cat i o OYREGRIFFFss BE hibbencPdiehal Sasube S aomAotanoE e H e
encoded dap@nsdligiiastegdan be conbined at many places within a s tel evision

transmitter of this design and / or its conbiner or antenna transni ssion

l i ne provi ded t REKFURESestlagmtessiubereonexperidnoed by tliergneelbpodetedtot. he phase
nodul ation are |] d of sufFEcient ndw dth to pass the encoded data
si gnal . Fpomthéiéﬁﬁéﬁlﬁ@ tahla A erarh @ Hhet5aros aRerionked P ARCCBYRIORE SRR
of theoret| r j i npl enentations at the disposal of one skilled
in the artwt?’%h%%rg%it%(ﬁﬁg}ag??ecti ve conbi ning of the encoded data signal and
the 1o visual nodul ation. The data encoder 425 of FIGURE 4a will now be

di scussed in nore detail. The Visual Reference Gscillator 405 generates an
| F signal, designated as fiE, by any of the many nethods well known to
those skilled in these arts. As just one exanple, a crystal oscillator in
the 718Y series produced by Vectron Laboratories of Norwal k Connecticut I S
wth Internet Web Site: www. vectron-vti.com operated in the normal manner
intended by its nmanufacturer could be used for this purpose. This signal
woul d normal |y be a stable, pure cosine wave of frequency f,F. This signal
is then introduced into a phase nodul ator 437 whose design is conventi onal

o o, o



Site: ww. mnicircuits.com which will permt it to operate as a phase
nodul ator at this frequency. Conpl ete phase nodul at or subsystens are

avai l abl e from several sources including Anaren M crowave |Inc of East
Syracuse, New York with Internet Web Site: www. anaren.com The phase

modul at &YO 29858087s dri ven by the signal supplied through LPPCPRISABIBSWhi ch
band limts the frequencies of the datgl si gnal and conveys it'1 0 b vel
Control 4.1 435 after which the signaf is passed to the | Brd AtRpLZ

termnal s ofpifR93SE BRI dhhm T efeVilibh i dftinet LiiittulWPERNBARR, AT €
nodul ated, just a single data bit 1s present at one tine on the appropriate
t er mi nahsrfefenthaise twbquddadtore d87. andrdihe 18] Motierveefeered4dAbatigicathef the
converter D/A 431 performa trivial version of their normal tasks or can be
om tt edPreCRHENEMYPIci rcuit 433 steps the data through the S/P converter 429

and D/ A cony, | Jo[¥] designs.. |f.four phases, are

modul at ed by TOEE Biad el Halesh ot MIGINEE T Riner uarclbu bRt Rl oss1s
-~ sMARneHenbe tdvie aloequndtiteret @fla tad PEIA R of QIsthbYevel, PaceBRiVE 16 andher and
presented sinmultaneously to the D/A converter 431 which converts theminto

appr oprprafeaed embodianesit obthalpogsent igmeritonf or i nput to the Phase Mdul ator 437.
I f eight ph moduyl at ed by Phase, Modul at or 437, .three copsecutive
bits are coﬁﬁgﬁ‘{@%%f:ds ngil%ﬂtl‘l Fg%r$f%v‘@*%°EHM%P{‘@F W ‘%ﬁ‘?&’ypgé%ﬁ‘t"é%j 5
simul t tde n tRer i :

appr op??gggggfx%tr??el ‘lgv%llgdgsﬁgﬁeogﬁé i agn%ﬁrgﬂ%t% ?ﬂ ;‘)/ES?Q%/ ggv%ﬁeé%ﬁg@é@kﬁgg ﬁ?tgf or

437. Theefetted einbodintdne opthepeesendiuberition. i S t hen passed to the Conpensat or
Subsystem 439 of FIGJRE 4a. Data is simlarly passed to the conpensator
sub¥yst em 4FFGHRE d0rien blagksdiacsara of g sxsted thatieachepiaddadstensingapatemenu39 of
FlI GURE S4anailss shown in nore detail in to FI GURE 4b. The Conpensat or
Subsysté% consist of circuitry for adjust the anplitudes and phases of the
si debands crg@fieREIN it AebloEddlagian 6f HeOH8ESn of FIGUREUﬂ?gc&rM@LHrﬁénalfé% ter
451 desi gned using normal nethods well known by those of ordinary skill in

t hese aabatemeagsignalst one exanple, a surface wave filter operated in the

nor mal mann I ed iits manufact urer Saw ek atio | ando,
Por da w ¢ FIGHRENGS ool Gabtat Wﬁ%ﬁ?gﬁ%%ﬁéﬁmé e ERsRE b <
pur 0OS €y, BndrhieRE abAtthehiREndRTh 9 dnRNd constructed out of discrete
conponents such as 1 nductors and capacitors using a filter design software
program suchFISHJREOI3 dea blockadjhgramr of ahotller cystem, fdersiging wiet imbuiteohet

Wb Site: ww eagl eware.com_ The anplitude versus frequency characteristic
of the ¥ptfmest spnal & the visuplievply ag%ﬁfém@st%mthetbewfw@ldemﬁochmﬁetr gathenTsC
tel evi S-rg&nﬁ_ﬁ&ght‘{ and has the 20 sane characteristic as is shown in

FI GURE T¢C. e output spectrumof the Nyquist Filter 451 is shown in
schemati ¢ f OFIGUWRERI4GERDIek divgramlof 4 ftevisiot t@afitel that iprelistortsthephastgh F

in FI GURES 4b through 4e correspond to_frequency conponents in the spectrum
and2 hecqmpasnent of theeNTREycalemsipralf acpending te aotier prsferresd embalirenypf thehe
Nyqui st_Fi | Iier 4t51 adj usts the anplitude versus 25 frequency spectrum of
the I'F ?IF%C(?UWEW%i ch is nmodul ated with data. At the output of Nyqui st
Filter 451, FlURPEGh!iSEbIRk @XRehIFRCRIEVIHEh 8HPiREOHRESHREIM3 $inkdr Ak had
passed through the IF Anplifier including Nyquist Filter 354 of an ordinary
t el evi sinodulaéareofthe aumlicarieswith piudtideivel datdl GURE 3. The resulting shaped

spectrum sig ' uhl e si.deband nodulated i.n, Mxer # 1 453 upwards in
P oquency  uoPRiURE, 8813 Ca Jipfic dierdimy o Flsiod’ Sarartisgi, i, SR oe e
mul 14 pl & 1 LRASLIRE ohlo8RY SRSY subcatfier. ThI S 1S shown as the
freqduency%enggnr?tggﬁté 7“?} l?in f:’| GUR% écl)d. Connsél(l:tcfngtr?r457 bet ween Vi sual

Ref erence  VYGUYRESHAGYa BIOEk WEQEA0) 8HdiBairdl data receiver withla Higle pask &ifter. 405 of

FI GURE 4a and the Local Oscil]ator #1 455 ensures that the Local QOscillator
# 1 455 is ablGARExSbts ablack diagramyof an gural dafa receives patha N pquistdypectilésr. and

Under st ood b RTNRES 18 a7 AT REFL “Barhft, & pHEMRE e Yedkflor ahy Bockind

sat i sf agqali¥atiopp! ementations are wel | known. As 5 just one exanple, a
Mni-GCrcuits SRA-1 nodul e operated in the normal manner intended by its
manuf acturer, Mni-CGrcuits of Brooklyn, New York, could be used for this
pur pose. The structure of Local Oscillator #1 455 is well understood by
those of ordinary skill in the art and a variety of satisfactory

i npl enentations are well known. As just one exanple) a Vectron circuit and
operated in the normal manner intended by its manufacturer could be t0 used
for this purpose. The nodul ated out put of M xer #1 4S3 consists of the

| ower sideband 475 shown in FIGURE 4d at a frequency (N-I)*f,F, (which is
the difference between the frequencies [{Nf,~ - fiF }_ (N1)*fiF ] present

o, M a Y Y o - o



si deband 477 and | ower sideband 475 in FIGURE 4d are mirror inmages of each
ot her The upper sideband 477 in FIGURE 4d is nerely a frequency transl ated
version of the output 471 in FIGURE 4c of the Nyquist filter 451. The

conbi nat i omo0d/5408e transl ated signal 473. 475, and 477 in FpGpRisediehsis t hen
filtered by Band Pass Filter, BPF # 1, 459 at frequency 20 (N+1)*f,F to -
remove the undesired frequency conponent’s 473 and 47S in~ H*QJMMG{!I}'W ch

are found at t t .of e, M.xer #1_.453. The upper sideband 477 in

B CRe g our GOt Ak, 18"a, btk St of o tievinlon dRekiar s 2B mEL it anethery
Fl GURE 4 ’ i g : i I RE
2w th D@ HELERRAEEN e edchl [ichiflin WAGHIEAGYor HRDAA DAdddors! 4

const r uctl@ala Hgiragotsechni ques wel |l known to anyone skilled in 25 these arts.

Commerci al ly avail abl e software packages conpute the el enents necessary to
build filters HG&Rlad 7BpE arblogi diggramefoa telguisioncreceiver withgedit gntepnediatam i s

provi ded I =N ktil .0 I PE #1. an be
bur chdsed SsERd; BaFfnglo MIheMrenel o BindR P MMt ivRiliof i il
Filter Cqopde\Daed DEmstuldiorfaridsPata Bxvadtorsk Wi th Internet Wb Site:

www. Kl m crowave. com The process is now repeated wwth 30 M xer # 2 461,

Local Oscil | atiBGURE 4673, 1sapcbleindigesam ¢f onerverson 89, thehemtensd miothenPatacan
be identical jn principle-10 M X t 1 453, Local GCscillator # 1 455, and
Band Pasgerﬁ’?c{u&tgrs_a\'ﬂ% %’g&ﬁor?’g‘[ﬂc&%/ 08513 53 #1 459 with the exception
that the LocalFiGeRE | 8dofs adod0AigRahabea Rlevidiod4e&ver (WHR) infprofdad aBRF #7?
465 operates at the IF frequency, tar. The nodul ated out put of M xer #?

1 consi strecoykrt, Recarding to anadiedy prefeged emhodi@oRbT the pedsert ifivemtjoancy f, E)
(which is the difference between the frequencies [t(N+2)*fiF, _ (N+1)*f, F ;=
f,F] present A%GHI%E 'lﬂﬁ)&onf‘éirg?ﬂsﬁ& gegjyerymplsragntation of ghe pregens imiigplien.si deband
481 in Fl GURE enAE - (RN Blee I Hqgi i

frequenci es prI‘e}?ent Z?g '{Sﬁdgl%?ﬁ ﬁf ter]réné%eé{ds()d%?c er%i]g,itﬁ %%’ ?E‘gérllgfofj%%?q_rocal
Osci | | at Qhe #2nshissibk etduency conponent (N+2)*f, F shown in FIGURE 4e. It wll
be observed that the upper sideband 481 and | ower sideband 479 in FI GURE 4e
are mrror i neJE3IRE 18kt listimg of FpneLeveh fofes o the pansmissipn dfidafy GURE 4e i s

then filtered 3 ' 2,0 465 at f ft
the uitdes: r ed ORI 18S RaTishnf ol Pt Bl Cotcrfar e ahensBO 8P ianq o " The
out put of the NGURE #9Zedéibes the usOVE indudE Hepdirtthe dndodihPdRMEattetoSprovidées

and is a replica of the original phase nbdul ated and shapéd signal” 471 in
FI GURE 4aiffereniialvimmumdtyite nbise,qlistoxtipn, Quhipterferetic® ta wwddaBUREnale. Wi th 471 in

FI GURE 4a. B Filt #2 465 desj tru d i
t echni qugs V\IZ In}ﬂ(ﬁ?é( I:I')(Q:I\}ﬁ 2‘te éloﬁl%ﬂﬁ%aflgslﬂf I qegfﬂ%?‘gfgyf‘%ggrgg%?‘%s&ﬂ‘%sﬁ?ﬁr s: ‘%I%Fijo
avai | abl g,0f §¥RAIE a&ﬁﬁ"éﬁgggé ﬂgﬁﬂéb@rﬁ iﬂﬁ‘ﬁlti@h %‘ig%édlﬂﬁﬁ@ﬁééﬁi’ioh%iéﬂdlsl Withédet ers

such as BPF FiTter # 2 e such filter design programis provided by
Eagl exar dinsf havingtoakemod@atr apidahencbiddubatathe signBBF #2 465 can be purchased

commercially f lJier f such f lters.. This si.gnal has been preshaped
(conpensat et) ROURE i arblpek daepm of daeepiliaionof Hemprsent (avenhaR It g.
Nyqui st Fi: 4 i j : YA i ‘s
Ny iimhRanedad caiflabd ol plof a3 IS SRINAT GhaltRAIPSCIlEvision, |
I f the redignater enploys a well designed visual detector, its output wll

contain no additional anplitude nodul ati on conmponents resulting fromthe
data. Picture BHEYIREA2 82 blpek disgram of deeiappiication et thet presane prvesHoR dersthgot

Naur Bt roerage AhHble g belhod il B DpOR RO, St LR} F Horbol BT

Thi's i s i4Aaaf DasdtoRewRl afaddier RITBCAekOTsiontsignathape of a Nyquist filter is
not defined. Rather, a Nyquist filter is one which has an anti-symetric
charact eri sti cFK/URBAR3 s ek idiagrém od ubks application of ther present iisvdngiondyr the
i near, but .it d eslgojt have to be. Agc'lnfi nite nunbetr .otf oss,'ké)lle d
char act er{3P3&8sO QIHURF PLISFAM FRURGES NS 1dalq FQWIFSSoYSIngsy aﬂ%f“ﬁg MUIRP §YNg an
filter i ndiEtPi%uﬁR% HeORd ovRUEGRal t'efevI%%frPéB%ﬁn&@Wﬂ@'c%ﬂ&in?%té#ﬁﬁr@aﬁaldgtﬁmc
representative of the population of recelvers exposed to the present

i nven1d ondignals ogrthbse chanmels.s acconpl i shed by sinply using WO 99/ 55087
PCT/ US99/ 08513 54 the commercially avail able Nyquist filter nost comonly
used in those receivers. It is also possible to operate a nunber of
representative Nyquist filters in parallel with the signal split between
themin proportion to their presence in the popul ation of receivers. The
conbi ned .



signal would then be optim zed for the popul ation of receivers exposed to
the signal. This 5 can vary frommarket to market and fromtine to tinme as
t he popul ati on of receivers changes. It will be appreciated that a single
conposi te WRANSEM87fi | ter could be designed and constructed WREHYSWOSFary
filter design techniques to represent thg average performnge oﬁ hg,,.

Nyqui st filters found in receiver in the market place. However, i §UYEi | ter
may have to bershight by idhiGkediagiath 6f HedpPNEalBY SElR' RESRL ﬁﬂfénf?e/rf%rt {he
as the population in a narketplacé o chang in order to optimze the

resul t. |tamiagd obhighppresoiuivegrogram souecesiandigizal dosn mhd aistiiaaingi tuelatacaverbe
used in cable televisjon,system raciig ce and with other delivery nedia with
appr opr i af@e ﬁﬁé?‘fq@a‘{cleﬁfﬁé‘? Wf’éﬁ‘egh‘é@ FABING Stapdard sanglogdNT§ Cesigals iméhasst a,
the resulf el¢i sual carrier anplitude is unchanged. A perfect envel ope
detector w not respond to the data 15 nodul ati on. However a synchronous
det ector respoRUSURE 2hes prodpckCdiagRan0bf tHecapptsatidnddk the §réRht Mvehfiéh F&the
axis. This vector changes in relation to the data nodulation. Additive

| npl ement eartiage P aURE %é pregramreibh dighet sasplotionfsupplementarysinformatiansnidigien

i ncludi ng,.dat g. encoder 525 according,to.a secon ferred enbodi pent, of
the. presofim RGHLEH oV ooer sl TRyt SFeinels, Bhis Ghictimerieian sBeiog o,
Rz, or Nonriset 4bmalé th #h8EOchabiiidy. Wi th optional Random zer 527, Serial to
Parallel ("S/P') converter, 529, Digital signal to Anal og signal converter,
531, LPF 532, EGEREC2Miis albledsdiagtaoc ki tierapplitatidn3®) thBquédeat Sivdatidafat hESB)

Dat a Mbdul ator 537. and Caq nsat or .Suhsystem 539. FIGQJRE SA illustrates an
appar ¥ usCaiags 8?%’ | R d&%f‘"é‘%ﬂ'@g?ﬁhm 1suihyting s data Qver epe ghsevsral s

in quadra ) t Vi §ﬁ§l ' - [ {al manner
accordi ng{etf%ﬁ?lﬁf? Eszﬁ?'ﬁl?}lesn‘?@genéaa ﬁ%ﬁgﬁ&ﬂ@ﬁg@%ﬁ& gsﬁ P éﬁ%}s ﬁﬁfgrﬁ‘%tsevel
Control 5.41 and then conmbined in Conbiner 547 with the visual carrier

which is nodulated with video in the normal manner of NTSC (or other
tel evision standard) practice. The conbination of the normally nodul at ed

visual carrier and the sideban®ETMILERDESGRIFRTION 2 according to this

i nvention and placed in quadrature with 30 the visual carrier is presented

to the Visual E%%;%@eﬁ&ﬁlrndﬁ? |B? Igrgig_etiﬁ_ﬁgéh%n%&%o{ii&e%&e?ff tbﬁ@l%%ﬁﬁ%q.gc%%rhgﬁs of

channel utilize IS anp he conbi nati on o Vi sual

signahs  WRidOAre 308 traktd ih WROR/chpanyiftg drawiMAR WHEORvapbstibR, fRtsameirgRainct S
passed through the VSB Filter 509 before belng conbined with the aural

signal inn srigrmsnbers withghe sante tiegilme vt wilh be fused thaedghoubthe drawinRhdee
| phase shift as necessary so that the phase

Shifter 543{‘ itm%ﬁrts addi. t i ona
rel ati onsATEF 80T FMGBY HSHRATS) suppressed carrier of the data sidebands

presented to 5FEQURMErs @eépredentdtidn 5tdhe b&ng&iﬁwﬂs@wéﬁs&ﬁ spB&ruth Sddalsed
carrier presented to Anplitude Mdul ator 503. The propagation | engths of

the vari oims teobpsedfitates (Tyrei M)i nieelvisual sgredingrfor NESC analog nnsmessionnfyr
The cof  ebroapt eumeNEs Bl Esveil pidtand Aefiokis fapquatieh, By she papession of
20 e TR RIS {15480, N FUE, ORI i
adj ust ed ohitheugktigibbsidebamd neniatationpacd dnl angslitpdecmodulation detector detect the visual
information embedded in the signal.
If, instead of the situation illustrated FIGURE 1, the television signal was full double
25  sideband at all of its frequencies, then the modulation of all of the picture information and
subsequent demodulation would utilize only amplitude variations that are in phase with the
visual carrier. The desired information would contain no phase-modulated components.
Thus, no energy-carrying guadrature information would be present. The available non-

interfering “information space” would then be found in quadrature with the main carrier.

30  This “information space” could be employed for the carriage of another signal, either analog



observation of the incident and quadrature conponents of a synchronous
detector placed after a Nyquist filter. It should be pointed out that the
out put of the Conpensator Subsystem 539 found on |ine 545 can be applied at
any place jdokgegyi sual transmitter chain after its AnplitudgeMrdphgdi9r 503
provi ded, however, that its phase and power are appropriately matcheé to .
the circuit. Mreover, the signal coul d3be conbi ned spati al I“y’ttMR)LﬁBﬂZa
separate antenna system provided that the anplitude and phasing

consi der a¢i digialpd bundersthe conditionsmeentipaedabnye; ot Asplitiedyleduated WM bsighal.

t f visual t i t - | ow | evel and high dul ation., Th
| otant - elsiie &R Aad fh Bouble FioeBisy SR AR e Tl BT 8 S Pbw
20 level pnEubel ScbARRSAE 8i¥ferent thibfhaiicRNaR s&lon8 Rh&atvredul hat

O 1¢ f |c§baté.dtt%.§
within the Visual Transmitter 507 shown in FI GURE 5A, a frequency
t ransl at i opticamatly speptasséd icawreer sorthwgonau(a tinetyl degreed)etd Fhsifipsalcanmier) hiee
appropriate RF frequency. The encoded data si final c¢oul d be added to the
fr eque%cy‘"f‘?lgg@cﬁtciaﬁﬁ'gdéep these &yo b"tijteﬁﬁﬁd%ﬁ? ¥ ﬂfre?!d&ﬁﬁgs e gﬁ epmfeyed within
consi der af er [ ' j : kU t he
oi debanda sy PR e BERCT XSbFHRNE A limiftphlts SRRy BT SR E Sohe | 12
conpensat oavs Wiasiyig tiein HPRasecarigtt Withewsseet be the sédeivedt fghdl.hr Dhegbotplit bhehe
het er odyni ng el enents of the visual transmtter identified in block 507

provi ded, SYRSWEOpeHs detgalor i gropepiasgl imthe easingi efethat pbass ansle: o Whevethgrrhase
anpl i tudes e preseryve code t L,anal e _added to,an
Sthge | n CHREE aRent PO oo Lo RARGIE oiB) 2nf LR A iR moLL 08kor
mul ti pd i Cat irARInAGR U Howader] Wenaht phb&0asgl8ds smbayodegmes,t thet ERIRNEP ARty
signal injection are linear and of sufficient bandw dth that the sideband
st ruct ur edégregsr eseerveand tha\ouger 0BT HOTHOBOWY deBLtoB i56zero.~ ThdRefodd)2tvithe
data encoder 5?5 of, FIGURE SA w || r{o be .descri beg. A Vi sual Reference
Onci |1 at ofySHEPNRKS ReFIATse PR APSIRIng #li, SFEET PRASE GRd (haPUier oReratine at arphase
exanpl e i ks bt dedRes R dEithst, WRY chth HAGRNALETL Vi -
met hods V\g}lp ilri?gvm%q;ttg te ogse ski | Isetdalmne?ﬁlelsegb}h gﬁbﬁ\s t%&@&ﬁ?@%ﬁ%‘pﬁgﬁya
crystal ogwirddegieotivé in-pHase atkBjtadeature signalad The dirftysyheodnan detdcabh opedaing @s  of
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it
manuf a¢t uPBgse wiguthg ey yel] exiactionlysths dpiopaationthpm the @Klabarwémr%rhi%; kuithg pe

a stabl e, ﬁp%[%gg%h@ﬁiaw\é}?e gefﬁglﬁd; %ﬁﬁ%ﬁug agectgpmh%icgmlon!}zthtenﬁfhrﬁl?@grgggnbat a

shifted in ecessary and then I ntroduce

Modul at or tHe3 didebafie WhRkhgwetes cfeattdeby i theadecott geRtratornd @his apgcobmx trhigees Of
normal skill in these arts. As just one exanple, a double 1o bal anced M xer
such as t kshMades enploypd Sorghamodwntionofdhe twe eelor differensovignals amaHedrature

Mbdul at or s e FY M SonGl i SE e ASRSRe Rimbi o SHORESE sy e
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535 after ich the signal is passed to the input termna of the DSB Dat a
Modul at or usgirthat aireomingtyt degrdes \pbase shiftedrfrdml each dbthgrusthay isithedeccatters arairbi t
is present at one tj on the appragpriatg termnals of DSB Datg. | at or
537" and  t ALRERRRG o, TEF B 9eIrAtF AREVE) BotofhgeRBrSsderoPrar i Lo it
tasks or qafrebeisdpkthusfler SR RICIITMgkeci PresthCRSork Rk silsauanyblze & P
converter 529 and D/A converter 531 Units as required by such designs. |f
four | evelQAl; eacinchntiert ie dmiplitudSEnddadaedvbthe amplituld modulation o5 sedistretedesls s

are converted to parall el f,O@m by S/P converter 529 and presented 30
si mul RaneSISE it reprepents gigtalAnfosmation or 531 whi ch converts theminto

appropriate fouhel 846l television situation is much more complex than the above-described
scenario. The television vestigial sideband “VSB” signal is shown in FIGURE 1a. This

FIGURE is normalized to the visual carrier frequency 102, which is shown in the FIGURE

as 0.0 MHz. Because the television signal is vestigial sideband, it is neither all double

30 sideband nor is it all single sideband. Baseband frequencies from zero Hz to 0.75 MHz are

modulated in full double sideband and appear in the normalized spectrum of FIGURE la as



anal og signals for input to the DSB Data Mdul ator 537. If eight levels are
nodul at ed by DSB Data Mdul ator 537, three consecutive bits are converted
to parallel formby S/P 529 and presented sinultaneously to the DA S31

whi ch convyag bgisshgtem i nt o appropriate ei ght | evel anal og si gpeysisbeissiHput
to the DSB Data Mdul ator 537. The DJA converter converts 25 bits simlarly
for other numbers of |evels. The outputdoof the DSB Data MocukaqAR 2887 is

t hen passed to the Conpensator Subsystem 539 which is identical to that of
t he Conptwsgagion |86 Sy {-OmM3Nddlzp GORE Miblz) TRasehand fteayenciest fremd | 25 vibkacte

d i bed in, Fi 4b | |, 1 his.si i on.__This signal
nas. been’ SR € iR, fy SHIRHoNE abCapee® i s Blodlizad BySei
Ampl i fi eprGOREULH B0 iy fgiont 108 koY (35% RH2 o Ru@dREIE:)f omadbidy rrlﬁ&uencie_s

recei ving device, the spectral shaping caused by that Nyquist filter wll
be eff ecfrowe(§7hédHrzew. | k6 Mhkr) raee diansmitedpinoyransitione tdgiokes anh eppaar sinathe

detector, its. WO 99|55 | US99108513 - ~ ~~ 2aa~ oytput wl] contain
o adti { PORBAL SRS Sk DA HEFEBAENI LS Famr { ohdhF Hnd FeMHdnd
Picture [ h L1 eV i b ' 3 : ge
Waveformﬁ'ggH ﬁ#g% Igglsze :f%cr Vi g{ggk‘%gc?l 1(s)b e‘%ﬁ;’?ﬁgﬁ‘g S{%%gge!{c?e%g&&‘tﬁé 5—%% he top
trace of FlI GURESORE &b dizplags tthmbutpol dfagre idealizddoderedonthat wauld e realiatd byt

t he out put of Data Source 7.and the bottomtrace of FIGURE Sc is the
act ual vergRjEngdhemsperirum of FAGHRE) I (orated gt pags qarmerelrequency )Nt @ qosknet | me

delay th hethe filter., ' | h..of the.output
of Dba DREHE S R e’ e Elhendng o, A1l SOSEh, A, SR hnetdl iRA D
Se i 30 anrR§dr/ 0 W IO BOVRRA s 6 dBltove SheddiRtgyoin tAe/LiBHA] @ freGROMRARIBHAE 1.25

Subsystem (B9 due to NRZ data. FIGURE ~f is an actual spectrograph at the
out put oMNzZ.suBVicrthasvwltageis PeFetiun thef weeivadbBighal becaus® dhatThatibn pft thece

Is of ordinary NTSC and,fhe |ower trace. is of t Vi sua ta Sjgnal.

Fi gure ~§p‘?"§'“ﬁh‘sa§?‘é}§? S&{?BE‘%‘* Sipdulptr s &@F r9@8“F{lllezt é?O@og?%%b%%POW%lce
is the | [ LS at06; Wi : ol ic| |
e appr o SageRER B I Bon M sl BRebRd RN, U Mo okl o

5 tel evi Mldn te Y ASeMHu alst ihae ndord evergly tharhdre nedmal devel. el aompénsa@pfor abisi at e

nodi fications. Wien Quadrature Sidebands derived_by DSB nodul ation of the
vi sudf caistoripn.dhe recsrgr emplansadtifterecalist 2 Nygast Blien anshownott wealizednformt ude

changes. t | | .t

ot ant RS Bl pehE e Rherey, GOt hCSRRARAAN S MEDKE 8] i BROURE 1o
The | engtiiOfiltdrienompdlBCihbedRddh thdRcditaWriond deRelic, and Ghapek it sRAtru@Xbs 1S
20 unchanged. A perfect synchronous detector will not respond to the data
nmodul at i give dauakiveatmentrio @bhvitsquprciescsamiedin the signale sShheriiyquist: filéer aigaregsively

strength a&fem}a?e% thé Ss,yglr}afisnti\atvgr%tnqgfe than 0.75 MHz below the picture carrier and, in this

~

20 example, linearly attenuates the signals in a region 114 at frequencies between 0.75 MHz
below the picture carrier and 0.75 MHz above the picture carrier. At the picture carrier, 116
the signal is one half of its original value (6 dB attenuation). The amplitude characteristic
of the Nyquist filter is anti-symmetric about the carrier frequency. Generally, filters with an
anti-symmetric characteristics are termed Nyquist filters. While this example shows a linear

25 amplitude characteristic in the region 114 from (-0.7S MHz) to (+0.75 MHz), the
requirement is that the filter characteristic be anti-symmetric about the carrier frequency
normalized to zero in FIGURE lc. The consequence of such a filter is that it yields a flat
output in the detected signal from zero Hz to the upper end of the band. The horizontal
dashed line 118 of FIGURE 1b displays the amplitude of the output spectrum of the Nyquist

30 filter of FIGURE lc. Practical television receivers utilize a typical response 120 more like

that shown in FIGURE 1c. The amplitude of the upper band cdge is rolled off in the color



Summary of the Additive Enbodi nent: The present invention's data signal is
doubl e si deband anplitude nodul ated onto an optionally suppressed carrier
which is in quadrature phase with the picture carrier. if both the video

si gnal and whned/§808sent 35 invention's signal were normal douBCEUSPHBBENd,
they could be separated wi th synchronous, detectors by conventional nethods.
Since the television signal is not all dbuble sideband, but vestaloRal?

ince the televisio s i ut vesy |
i gt ¢ bR R HEFFSY kR he Boldf A R ORI minab L oSl

correct anppikeiindfidrdcaipaichadl e for detection. In the course of its nornal
functions, this filter would convert a 30 plain double sideband nodul ated
signal (w th ophisidepersliente tedattinskigubdtwieen ghe|tranguhettarcarelatiie oedetwey wast Grsa

doubl i deband, si | . with | ical sjd ds... Thi. Wy f d. WO
Goub o 51 e S 40k 41 L AR SRl hERERNS Tl neul Lo,
have ag U'@‘Q@FSCQ)Q BRIMIRE Whs hﬁbs@ﬁ\ﬂeﬁﬁy‘éﬂﬁbt‘é@ b&hﬁe redem @lalﬁr IRhsford &HdCfthers

anot her way, even though the data sidebands were initially placed on an
opti onal | yFinkmpabssad (€aM.i Glasfund,clfundsmientatpualdT elevisientEngineeripg cMoGeave-dtill i er
at the originatjon point of the signal. after being operated on by the
recei ver' égié/)quilgtthﬁqw,ﬂéwﬁars E’cl‘éW?‘S&EStlﬁpﬁ@F‘&f‘F&&%‘i‘P%%@W?ﬁ@@%i‘@Hﬁqa“\ﬁﬂuI d
includeuy\lﬁﬂt SOR . i.d Spiacddl St S : et
effects 01B t eﬁ qui sgqﬁ{lltr?ceewe?’% 3 ?:8 |§at§§s§é;wglpl?%e?' plrfelZel%)g(g{%%?nato gth
| t A rel at ir@esler,theftranb@itier Handpass gialld -be anide ahough RECRRE Aoy fréfidnensRsdivabl e

for the present invention's data signal. Consequently) quadularity would
not bd0pr dessesellith oWRe ih othre Werdsy af shoakd Femplgiely brasketr s apteivarcharaceristic.

signal. This prqblem,can be averfed b roper Ly b 0 api ng~t he .spect r.um of
the pr esemmﬁ ﬁ\?g}ﬁl mw&a?sa S irﬁéleéYer's_ teBﬁ%{gm\A% ) tm%g_%‘g‘e's gpher E{J\gﬁ’cﬁ‘r‘?«g s
recei ver' sini\kealist erhplob&l todaydoul st%hﬂﬂbﬁ'i@qi?&@ﬁlt eMRddN kASRAT AL TEmsMitidn
the visual carrier and possessing equal anplitude sidebands wll be

obt ai ned. Atteteatidrh€SBA'Qowds tconniddred Hyr theniNTIShendiadiftivissenl Aoy desduss ofind
m ni mal cross coupling of the quadrature signal's, engrg i1l be presented
to the re@é?%?l'csm\?f‘g%%“?ﬂ?t Jowss Pnfiqﬁ%%f B}aégﬁﬁ%tr?%@ﬁ?w%ug ake FEPNEP 4SS
will RSPl RARAN kit B8 ihplethehBfiod HFRnSlofB ranlihidleR® SHREGhYE wdlhd bE2€S
a synchronotis "or si m lar behaving detector ich inherently Ts ITnmune to
quadr at ur gust heoashfittert fee tpleeSmt statiore aihd dopefully gnitlionsi ofl rebeiverssant nlde y

i gnored. The pre-shaping of the present jnvention's data_si gnal is done
W th a corBefapnamicnenitor KneusPBIcaRence Richess dgpiams svast Well aindersippd daeatheve

of those f q it I,.on recel - J QO r

rvent on Sl SFaPER Pl Bon FEEAKEN SoRAPRIC ol Ruddiunth REERETDY,
of di ff er aBlatively Havg@ndye déeteétofs. | GRsford acfonad &s tHie relatgsidhipoqt like Z i*logk tahe
result can be inplenmented either with a parallel confjguration of Nyquist
filterd fdeyw Whilsitheiglevision trgngmission pr dapendans ypemthihdoek askkey” gelatiprship,
respective filters in e population or ,w.th a upst filter desiqaped t.o
opt 1 m ze irEeicEEet o WEsLB e dieh 3 Rrafiebier oo iR rteminniarhand TSPFL eficq
Phase nodulpgdddady o sl digiva slgialsenent ati on When Phase Mdul ation is used

to enbed the data, the resultant visual carrier anplitude is unchanged. A
per f ect envel opéinkef®cGoFink [Televition dnginedring Sdvend HditiomdiMcirawHill 1952)
Neverthel ess, a synchr.ono detector responds.tq,the projection of the
resul t ant G¥0ESr X’ESW@ s}uge}ang)gaggmx_sqaﬂps ‘(Fé'c‘f’ﬁé’ '@‘l‘?ﬂﬁ?fg’ “4en°%?sa‘l“i TSP he
data mdul flgi 80kive Oinflol&des h&\é%uamgnﬁm Qa6 hs Which B¥RERE Sordiptdhotdea
doubl e”’si d%barn “r’f%ijltﬁﬁ‘gt eg gt Sthe vi sual ecarri er fr(laquency ar erwgseg to élrsrbed
t he data, thbdepthsifimaduiatioadhereases.afandtcodtnuin\0OBoafy56817t, BETAdIS99 AdBEERs- ~
MAR ZUQZ changes. But the prqjection of the resultant vector on t e_reehIF|
axis is urRshesiyed with yestieial; sidshand transmdssinm: arst 3 URimporiagt w@ﬁ%ﬂﬂ“ﬂm e
data modul ation: however. . envel t. j i ng
strength O§pe?1%%mree0§5?q1§rﬂ p&eé&%rﬁaéﬁ%c%%eﬁ r'ga‘ch?g%‘s'ﬁﬁe&?&@?e‘%‘? ?%Jr%?tc& evi ces
tend to us@rotighea Getvesidor SBédaade MechipdihnflterDised iR R/ iaRsnidsibe s prasticadly
pure synchronous detectors, a blended inplenmentation has the potential of
bei ng Bor ercalizedninl mostdelavision transmiftess as @ group o himpetoeBRANSALS| ATFANTENEEOY by
a pure synchronous detector,is sitable. Practical t he ano f se
i 5t ur bancinsERt ey feoenand buafiendiins and oyl infes MR oBTRbate R
television receivers is sufficiently high that it precludes the application
of high quality synchronous detectors. 1o FIGURE 6a is a block diagram of a
television transmtter, according to a third



preferred enbodi nent of the present invention. The transmtter conbines the
techniques of the transmtters illustrated in FIGURE 4 and FIGURE SA. A
degree of phase nodul ati on and a degree of addition of quadrature sidebands
are enplw@egls4087 optim ze the result. The reference oscil | &Corussd/gssas s
delivered to all portions of the additive systemis derived fromt 5 the

i nst ant aneous frequency and phase fouffd at the output Of qqmzﬁﬁz

nodul at or .637a. Only t ne leIe ts gre.introdquced.in F_I@?JRE . All ot her
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are Del ay %ﬁé?}%}ggzg@%ﬁmﬁrfﬁrﬁl ég%%é? l 48%%%?%&?%%@20%%? 'h%égggé'el ay
el enentise ¢fectoofamptimde hat phae earbmidds agrosy thdatansmting age réeivingulasmon and
t he enbeddi n%]of data_ in, cluadr ature sidebands are properly tinmed. Since the
pr opag&ysb he tikhe reqoneigshifithe avadulenity i1site beipreservede Ruadularify mERE thaddisends

on the t ai s of i si ans he. del ay. el engnt.s, wid | .have different
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el ementosthE@dhal . d. TR ey ldegrebd) pRaséadhi Bl % tAE obBSHHNVSPrds il cHiB0uselidh
exanpl e, by transnmission Iines or by a digital delay el ement 25 preceded by
an Al Dfewring thessidehands of the sesgndynfanditioncsshvert er. These are all means
famliar to. thaos illed in these arts. It will be_cle to .those skilled
| ntheoe ar 18 iR frbe Sroadfast WIRESOR SHER COBImCRR s Elesuonic ARBRBIE el 2y
El enment « AN b I i I | Seal tial., Jdt is
possi b g@{k@&rd&gtégﬁt{]gé elH:a;E% ermnﬁhn?@@g%@\%}tegﬁj éb gﬁeoﬁgﬁﬁgﬁﬁﬁ e%%é‘%rtdrgv‘é’ pat hs
W tihoutpemmhiangodugasthgy afd saceptin oh endedayndnelebBicapsiuatii OThetesulie oBqhigyst em

Sonme | ocations may be easier to i n'{)I ement than others. WO 991 55087
PCT/ USstirgawrg adepted by et COin-earhe | Whsasamagteprablaumethed of tiansmisng stereo

di f f t Dat : f Ne. t] d_addj ti hes. |
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of nodulation for separate data signals rather than as a reinforcing
mechaniapproacts was §inss\iavéloped LBURE Z8aith Galdier C@poratins &t a projéditoiverdeerl by Gatll be

appreci at t hat.. ot h ods hi evi t he Conpen r .Subs 439,
5585 G Sbaberha BUTD bof G EIRESTH MEHEa8ae a5 ehTeh:  BepB STy SHYoatbeE

ossi bl ' t i Lan. di: gt [ e
i r oot | Hact o i BURRpARE. AGRR1SRR0 Therkifd Blpet ytdefis 020 0
shi f ti ndtzamdedpet@bledytarencsignald bat ¢ nhe tirdinal nSige tretids fhd #3the Grfda, Band
639b. Likew se, Digital Sjgnal Processing ( 'DSP') nethods can inplenment
the safenioUhdt ISoRRCEERENAIPaInGlide inpisgiTedudtion teahpiques i t@m@w@15%®P§Pt al
o) et SR s AN o Ind L el o R RIS D AR ihefigh LRSS (U BB L0

anal og conver si oh echniqu fordinar

skizb| isAbédr@érepait (ISR). YTRi4OhbIRe Slasahadecie e mddt bf e fdndean inthéducdbirkh882. 614
which is incorporated by reference herein, yet another nethod of reversing

t he ef fsubehapnelt heThg quriginally] gpotiged \soumd uchanied foay ATISAY dmanemissiva prassent

' ti ich facilitat jent f. ' i1t '
opr os SRTAPBE JrEERL R RUAR S prak o s e TheBEBE HeRre
pr esentsidray fitdddQPesSadditttinal sigﬂﬁ? 5&1&‘ %&(’gﬁﬁgﬁdgﬁ’fg%@vts % e ‘EurMBrded TeRES!

sl ope was first proposed by ) Epstein 1 n January of 20
1937 ard7 &FR§€3683) inposéfTGEcificatand gn the wtdization of thel BTHE sigmat.eSomeed t hat

t he sarrﬁ and s'}_rrilar .techni ques can be used in cable
25 those specifications inciude:

. The instantaneous baseband subcarriers must at all times be in

the range of 15 kHz to 120 kHz.

. Baseband information above 120 kHz must be aggressively
attenuated (40dB)
30 . The arithmetic sum of all non-multiphonic signals between 135

kHz and 120 kHz must not exceed + 50 kHz of the aural carrier



tel evision systempractice and wth other delivery nmedia with appropriate
nodi fi cations. Concernin4 Quadul aritv The basis of an essential el enent of
the present invention's techniques is the ability 25 to maintain a signal
carryi ng dwioen9isso8an i nformati on space which is not nmaterial IPETIUSORESEI ed by
nor interfering to the information space_delivering the NTSC tel evision -
signal. This process is nore conplex th&h it might first appéafARI12002s wel |
appreciated that a sign be,placed.in guadrature to a doubl e.si deband
SPonal . Thi's e tne baohte SR AGAEAH R 8 At Pidaiet BeleRBE 25 on)
system used wi dely thiepghout tel econmuni cati ons networks and 30 one of the
fundanental s enabling color to be conpatibly added to the NTSC tel evision
WO 991 55087 PCT/ US99108513 - ~ LI AR 2002 standard. The issue associ ated

wi t h mai nt ai ni Hg impsisieal ofithesqaddedasignalds wisulks iara spediBt ocelmaucys almmit thevdusalal
signal is nore conplex. The. NTSC vi.sual signal operates with three separate
and di st i Qﬂgqrékl?rbﬂlabwﬁﬁzg:egfsé@1n1ﬂ|-1ergrtev1|%gs %‘?“gﬁ’ IG®SEM-he anplitude of
bot h the uppergntRE i i nS ak LiBieF eQl {,S.,1C e
doubl té Si debanFoII regi gl\r?egsoi %?ﬁg&gftgﬁ‘R%@?éa.coT ehgleec%ciggr%gall gikgzﬁgusfeﬁ Whi ch
t he anpl INTS€E wmievidien.| obe anplgbdusdarepeatt ta staebdiengpatab nwaipatdcies e thegi on

is known as the trg sition regiaqn _1% of FIQURE 1 a. The third region in
that por tSO8HPOaeENts REtheaanal ars ipRiasizerh| {he g R) shamel i 2epeehaying depdy kit in
transm tted. | ' t ' e Sl egi RLGURE
1 a. The ‘ggé’éﬁﬁgﬁ‘? %@{”?‘2‘6‘? ? F‘%‘Q’i‘)@g&?er egnﬁ%%gkarﬁgéél E}ga@g?gélﬁlﬁglggnljegﬁ%%éﬂ —[thc(?J
conf or m teiot heser 124 isoRdsinitted & the hadiwatl fleqhenedyae sl S2YVELHR]. THY firfodel @nal
consequences onto the television signal. One principle of VSB transm ssion
i s priédi dhe ailotgamier He telngpne detersionrf the giresgnes of khestered evigral and Spgrermitm

bei t d h I .called th iver' i fil . Ih
double. olErgyrY PLE hibrBat ArrEr nuiin b SraesBtrrle oSt ol Shpes® s
i's undoneryaé bf@gisb/qyiasaodbilé Eﬂ@baﬁdhﬁﬁgam %ﬁdﬁldt&gsﬁﬂb?es’é&?@é(r‘?i%tegigh?lls%\hihsi on

dé
signal to one of nore or less ~ 5 flat anplitude response across |
muf t i - octspeeiak probl pmceBamnts eeduce the siffegisadf Srisebdiid Separste Aural Reogram

transmtter and the Nyquist filter in the televisjon receiver are realized
i n real wdiFa%e) fé&gﬁﬂgaﬁﬁweaéﬁkﬁﬁ fl‘%“ﬁ?‘i)’dﬂ%&‘%‘ﬁﬁts'lgéal\P&PP&FPg)ﬂ@ tfapspision
anpl i tude, @0 I, gnal L r il .t btle
vari alisi ons terlltggll%g ugéli FBnr(B: rr?seqlﬁgnf?f gﬁﬁ)ltb%e%t uéﬁg%ié?%g{dh?@ug@.i c}?\]eo 'ﬁfﬁgssﬂ

pi cture, doneywhaeedieed frpquiehay tesponseplimited i IpkHAeThePrieRonaPChamad1Id(aisi t y
to permt the correct operation of visual data signal of the present

i nvent i ord lowgr @pglityrdhanng| that cam be spgsd | for de Jrapsmaission sofepdie i elowd spRgdt he
vi sual sitg[é%' si debands produce a resultant phase shift noving it away
fromthe desired vector. When this happens in the picture, its inpact is
essential |y i nNeRs@attRid ade. st\Ihg Msithilarstic3C ke iplrgobes ¥ff thikinveatidh, ®etweent he
visual data path of the present invention, these unreconciled errors result

in cri¥ss PM Biergel andgBBSCt hhedE Q. simtimeiagpoautherized steaeophiogigatransmissionnipact

of this effeqgt .can be .largely, mtigated, by int.roducing so hase

cor r ect | e REREAT Pogi g indFe aif oG 5ile S I-EE bPTASRY (e SORA0E 45 48t ¢
the area GQREAPARIHEAPISEO YrchitBctaR! MHisth bPtheSd feEhiidiodits feb@itddh SNEiREt L@Ritohon
of quadul arity. This correction can normalize the errors of the VSB filter,

vi sual trehtwi ehdee sange foothwl sespestive signelst Ha thy gascadf Bd'SEh dweregnirementftound
in the many, Nyquist filters in the television's.which are Eélrt. .of the

r ecept i onMBBYRIN & GOBROMItaARL YIS PEHRTNASES Q8D ) elisies 2 complyipfelonigion prrarie,
EnNange MeKd YRl Fhad Pl tddnehdid HTBh A RRce RUGIeARnBA0Shr HR1HA BOFRFLERED
and, “da al de I

t he visua ta signals wthin the visu tector, the data signa
can have Broaii¢ting, the dervive rangd b thel wamsmittddgsighal wWdsereghicedent was\deterinired

presents 312? ?hreagu%?ib irslt)géste erzsxs ﬁgrgecﬁ;.qk?edisnt;ogué?iow (g? szteerecgpmoiic transmission to FM
even with the reduced service range of the stations.

1t will be appreciated by those skilled in these arts that the implementation of Data

30  within the Aural signal as taught herein may be applied to an isolated FM signal such as

those found in the FM Broadcast Band with similar successful results. The FCC specifies a



5 inpact. The nethods of FIGURE SA are included in FIGURE 7 and
enhancenents are provided. For sinplicity, FIGURE 7 conbines all of the
sound processing elenments in one block, the Sound Transmitter System 72| a.
Ant enna 799 9968BBi ner 711, VSB Filter '709, Visual Transmi tRGH/USAYA8S13

Conbi ner 747, Anplitude Mdul ator 703, ,45.7 Mz Visual Refgrﬁm Qg | | at or
70S, Phase Shifter 743, DSB Data Modul at or 737, Conpensat or ubsyst em
739, Dal@rusQid (7 i lb@at%tdf(&ﬂfhkeﬂ%'ﬂgﬂ{ﬂqz&fFM%ZwigsPT?l%gsmgtﬁ‘cl_éﬁjes ris€fo 4r3~)
and C ock Cenerator 733 will be recognized from Fl GURE SA. wever, in

FI GURE -oppofilnitk t& 88pasasthe gturgloDplaedigrtad tatghe by ehesnapplisatidthios FMvBoadesact i on
wi Il be discussed in detali L lSeésow. Pr Oﬁ)fr sel ection of C ock Generator 733
f r equencyBlRhY WaIIR dPHBAIYRE POIR KequeRsy and ampliglidceiselation fiame adipsalasidionsdeo

. 01 R 55,00 4ok, Al RUARR AP EM Rl

i nt ersl eayetewdst h t he spectrum of the video. These nethods are well known by
those skilled in these arts and are the same nethods used to interleave the
col or signal TBhisebaltmarkiaft dmeriearybrpadesstinghas beem spopatibilinal AdyeedioantMrhe
clock fre .uencli/ ftrlovmiCI orcgei ener af or 7123 can be sel ected 20dt0 be .an oazld
mul ti pl dA8PSh A IHRESIPR TECR TR R ﬁg 3 BIL CPHMDY. @8R TAnsTreEE sdBhF Jatioy

Thi s Wi ltefevisinl thfsni RS THWY reaffird WBnphibiBty B S keporfdAN BESH AR iofBRr CROVEY'S
t he baseband visual signal to C ock Generator 733. The baseband vi sual

si gnal iadoptickesf artyenesotfecinadegycar ri er and hori zontal synchroni zati on pul ses.

A wide variety of tim techni ques are possjble to ensure that the C ock
Genelat or  733% eé‘?fg‘?%@i%ﬁfﬁ‘&ry %{’%F‘?Céﬁl}éﬁﬁk‘? WRICEIRAGE) qriteri @Wr@a@v@sm@los@- dat a
spect f Urhtinldidifed bt AlanSREGHEY B cIREmPLLAEA) SR Elevisibn (RLWAL have
further attenuate, any spectral conponents o t Re- dat a Si gha that réfai n
in conflbeeh fied Notdh@osd atmingspechultiplicilh ©fdeghsiques fore iy anpRkinenb@isa of

spectral conponents nust be bal anced agai nst the reduction in reliability
of dat a feeRiverer yn spng GAFPS opFosaMic cefistraiks havevieayltaddaelevisiproteceiveisiteing v i n

R T R R e

tel epi si QIhcsRINE BeingUeft 96 logbragt ﬁ%r@@%&gﬁ%é. Ol RSB fred REYhGYSE tRf t en
h f 55087 PCTI US991 08513 63 , ~ , ~ ~~

constructed wth tapped surface WO 991
~~| U~ acooetrit of thddvagion perérmancendhei wahtfottaly. t echni ques and are well known to
those skilled in these arts. If the data signal inpacts the visual signal
during the rise_tinme of the visyal, sigpal's synchronization pul ses, under
some ci reBERYed SoHgst ) e 4SY8r oDECEMMY | i ng of the 5 scanning of
the i mage may be perturbed. This would result in a small displacenent of
the scan | i neiirehens@inp dekeriplive NRatkfidNWhich tRSuMY pRICERIT BOsBRd2€ TV NFL hose
cases where this phenonenon operates on the effective synchronization

tim ng, speetraldguérsionuponrianslgtiomso and)droch ther final aransogssion {ingeencichowll be

ci rcunst ances he effect_can be alleyiated by holding.the datg signal to a
knowt? st’&fllé‘f?:fiurinS TREESENRE a&hf 15 04 PSRt FS ReHgTm etqfé“&sgtb?ﬂﬁ&mcﬁ Bise PFtor ¢

othist j : | dafiia2 .10 u

appr oxi rar B U TFERY  SaTHEAREL DA s, HE Bobdb® O Riblefent e

i nt o t hepoysssing ateledeband, bet odtht math esbratconiptexityopProdesditg raeliRtrelaked thd he
synchroni zation pulses. The data flow.is regulated in an Optional Data

Buf f er 7@teultydesign ehadlepgasiand) thys fayprably iimpacts theccenomsicy 9d| theslsaignt obherg
which is_{] A t > . r . b I

timng, iftﬁ%gggﬁeglggé&atggﬂ %J%@J{%%:{?e?sgﬁﬁfa 3‘2%@5%?%%6&%@\%% r?%&c? ?focsltll fél&g l ik\ﬁ%ehd in
t hesgs ar fssit Rhb® IPpduendial, Ky, nad Qe iatalllmddben kélevitioh ir@Rivehe UhlBsotterisg

whi ch the data should be held to a known state. The Optional Control Signal
Gener at omditatedgiedolioveing infermafion rglatdsshevrieciunrte thelbroadrasioR Y gavicyreesat.

Ge t 733 dth ti . Buf.f. 789 to.st t t dur t hj
Cine | nter val Tarpetesstufi i, abligtal GRiomsgoh i b ATTHE Epist ofaln e e
DA 731 blal offfl eyl ir{m&&pﬂs_rzrﬁﬁr@guﬁq%%gtstihrorﬂ.ae&hisoﬂot Rgleti Aty PEscaf

data i nposed € quadrature signa Dat a Modul ator 737. "Level
Cont r ol ifvithe avijeostusput lo€ camentidnal fteleheitian irejetvere d Ak niissussed abovpagetaverifdeo

channel . I n practice, .this level is adjusted for the nini mum appunt K of data
si gnad (H|T§§D anpies fﬁi?‘@wﬂ'} vifsoeRysty Sprapsnsats for fh?ecf%m gﬁf tffwgi? éfJePﬁ%d
service area. Only this minimumis used in order to mnimze any inpact the
dat a




25 signal may have on the visual signal. This data signal |evel may be
different in a cable systemthan over the air. The SIP 729 and AID 731 are
not needed if only two states of data (one logic bit) are nodul ated. These
units are wasesssagy fur nore states. It will be appreciated pOBUSITBSE
techni ques can also be applied to the systens of 30 FI GURE 4a ga b

991 55087 The Conprom se of Conmati bili t 5 PCT/ US99/ 08513 - Wﬁ d'é. he

FCC d oth bt tit h h t f | at ~
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described hérein. A simlar 5 exanple of this dilemma occurred ring-t
adopt i on kifizt ISack ebopessagomlis plovadedvinsa é‘xﬂbﬂedcd:mnbinl@ kmonacks” drENY i3 fileFHC -
standard jn 1953. At that tinme a fair nunber of e~ctant receivers

exper i enc‘é‘?:foﬁfr‘% detestor nwhsre i Binsignal iip vatied from the bfo%@ﬁﬁéPF‘Hr@“ apg@vdiere
signal:s ghy g%?%&eiegﬁ&éé i SHEN aﬁe%guoﬂé u tbe th e o 9%, 4ing 9%' grg]e-@alﬁna'

to NTSC tran SSionresulted in roma or ma e| ng-m xe

hi gh freqyemyatltwwsaﬂc;anrcegn@ﬁppaéadh DISh :ﬁl:@@arso ki2i s col or-producing
information significantly deteriorated the high frequency resolution of

many depl oyed EpRcohpnveatien jcs¢aies pideldnde raboutiansoplising ysﬂugneqssqdn@ml@tnced

terf f. duct t hat t t
monochr onfPieB ts dichRBRS 6 he VREl Sl o TS Bt B SERn Gatry b Rige e o
deened ackoRARR £visQil dalesipRilVahe ehiiéend@itiof ekt HY¥etanas BeAmEUhé NI CC SLRAl.

receivers. In as nmuch as nodern television ~ s receivers réealize therr
si gnalo pr Bhepssery inventins’sotisualwdath aiggel sdeblaeds exisiginahe doutie pidebard frévatenthe

cost differenti tor technjques is virtually inconsequential;
it is exp@@t%ofathst%ﬁ?a@a 1%/ BV ENURT HdF“‘F S va ey %fod JFEPRBHTIRE: this

richly i ”El‘gj@&d Ohd Br e @%@%ﬂgh&%ﬂ ad i iae fGulRYE rﬂx{xétl%h Wh%x,le f? %pciata

det ect or rat egi es redice t e cross coupling ar

ment i onedsigh41\e applied hﬁbugh piiase atvAlubitidAtofTh@WVadudl eartibd Baothesl umddmﬁem is
elimnated 20 as a narket pl ace deci sion. Abatenment of a Data Signal'

| nt er f er ekeevn as theraddifive hechRisaue, Waereby, theAupdrpyure sidgbandysarrying| the dgtiacsrgnal
d t h t. h
e VBT il e A SR AR S SR oy B RTERRIS S o

t he quadr g@ggle spectrum so that it becones doubl e sideband at the output of

the receiver's 25 Nyquist filter is not enough to prevent sone subtle
i nterference bHcaldéteonab informatiopyesse ¢d bel epplisdoinsquadtaturedd thea¢amrieobye the first

tibil t . _An det ect det
SoPL i SCSHEFISAY 5 SRS ol iShoBRetBL S Bl il
| ud d
et e agsgal it oy T B ORIBITI Ll e

smal | 20 nt eafiesrae differing fitquenciei scea@ndlepﬂrtatedfmmahe eardeBfrequracy ol rcaslk in t

and nmaeke it .undetectable on the scre rs_may, .under cer
horizontal perturbations about the zero ﬁz pomt rﬁ‘é of % U§E 1 g whlljchdin turn, y%e?d

sa
corresponding varying signal level at the output of the Nyquist filter. These amplitude
variations will then be interpreted as visual picture elements by the amplitude modulation
detector in the TV receiver and will appear as undesired picture components.

25 If additional information were to be applied in quadrature to the carrier by the
second method described above, the symmetrical character of the sidebands would be upset
by the receiver’s Nyquist filter. This would result in an undesired cross coupling of signals
from incident to quadrature and vice versa.

Due to the preceding effects, the data signal to be added includes equal and opposite

30 amplitude correction to cancel the effects caused by the receiver’s Nyquist filter. This is

accomplished with a Compensation Subsystem.
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phenotttena. One solution to this problemis the introduction o f an

abat enent signal into the visual signal (injecting the abatenent signal
into the woosdsogarri er) at baseband itself or into the visweal/usbgosi3 at
sone appropriate RF frequency. The abatenment signal will tend to cancel or
at | east reduce (abate) the interferenc€ to the video in 5 et efberaiilsi ng

cl asses of de s.mani festing susceptibility to.this phenonmenon. The,
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menti oned above. As previously nentioned, it can alsO0 be 15 seen that this

corr ect i @he sthgniriput buthg Avmplivde ddodidator 203 kemeFfrdmna Visupl Befecmde Osaillatdre
shapi ng del ay were appropriate.t i ng aboyt .abatenent. F|GURE 8a is a
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20 it would be possible to describe all points in the RF spectrumw th
respect to the IRE netric. FIGURE 8c illustrates the inpact of adding a
signal in quadrature. Point 884 is the d.c. or average value of the signal
added i n gwaeesses?. A consequence of the d.c. value is a shifaT/Us$pIOBsI3phase
of the resultant vector tip to point 886, If the length of the original -
vector (872 to 882) shown in FIGURE 8b i*¢ projected on the 'névMABs%ﬁﬂQant

t 872 1o 886 [t 2 i J hat th i gi nal tor' 872 t
552) 1 engvendit Forgeseblo RE srips R ST R el i pRBin i b2 de 7 Fe 2
to 886) hagnbiesniol @BYLHSREul¥qidAe cHEGtANTR: BehNE8IhaPhpiIRdG8DmRNApRRF 2 A
receiver's synchronous detector which can identify the original vector (872

to 882) wMixerriEdpthad shifs tthe dpsirgdesignal rtoahe tphss bad o she IRaamplifiet 354 (itch t o
R86) on t original. vector,h (872 to,.882) and yield the visual signal
wi t hout iﬁflewégrégﬁréi%v Ridyal patho e BB Ve aed iy { Brocest planive tipe

orror *" YR GIETE Relkef e Grs kT BRCAREh e (TR dufr Hik SMngP3sdis
state i s prddiriddiby [aaldDsdillater 35heThe frdqidnoy ef wectaval Desidiatoe3s? iy adjudtédtad. C.

| ength of the distance between points 872 and 884 to the |ength of the
di st ance fusHEHdgsaEd channels spedrusy o beeanslated) todhe passbend of sheyHivapglifier o

892). Ar iMmer.. r i | i h K i,0d nal
veotor (851 Hecuye I YAeH GBS (S ORBERAAELE R ERSRS. Tie ORfio) 26
vector (8FqudlioeB38) i®Mdtheqairédiferathey @pénatiod Hf2thk OreB8&Ver. aNdevsitBbldsst der
visual signal without interference fromthe d.c. level plus the data pl aced

i n quidr atandgiondnofe mudti-ppd ded acttain athgr dypass pbrldstentionhdhd Epgiohein ddaptéct or
(872 to 892) .and in error. Wien a data signal . of sec state i s added
b quadr SERAES 85 gamRaitiPaty G e dhbreEReo 3¢ Guteel Adedies Eausfizene
di st ance \Q%Sn i - : L e en
poi nts 872 an 83%8 %2mﬁgﬁ%@n?§\;‘b§%{bﬁa?tsrécﬁ)gg\%l?%%fge% (I;Beégédg %@% PE@%&' S
synchr onotensilietabty atorediffibulgaand depenisé.y Tihb dF okinglified 3 4 aksorindiBde? 4 Ny§@ia)
will respond to the projection of the new resultant vector (872 to 8.100? on

the ori gi hidter vath gharaggenisticoagshown iy BYGEYRE e ihsuamplifiedh and \{lteres, signa
i nt t " I i i . Al
envel bhe TEFbRIT e Spfict o 5EH oI D800 S BaR G, Ak IR e 1

be in errg enpRIdehRIR S& syrthfdnops aabétﬁﬁ}'ora)dat‘ebfo@ﬂw&xﬁi‘bi@%@h% dhdunts of
instead | ock on the |ocation of the resultant vector (872 to 886) which

i ncl udes thieeprppgrties obthesthtyngs ©f detsaivonh e Minegfutpuieof the Desertoryd W ¢sa haseband
erroneous .result. for,video. ,Th nchro s detectors respond to the, 20
or 0f oot oftet Wiish ihen pied J Ve B Ech Bptes S TRRUS sodpomat
vector w pfuheRgrdl for ppeERRIBEPictude én Wd&fﬁ%pla?@c@i&fﬁzhemé Sthér AL Df (R84

to 890) will lengthen the detected signal by the distance frompoint 886 to

t he pedj ePetegtor 358 isapplied {6y Rinnider$62 \which stripeeffany agiphitude rd@hijatiohithdt nay

poi nt 896. .Data,of the secqnd sta 884 10 898) wll shqrten the detected
Cgnal - by RTINS AU SeRtlo G sTeral B85 Coeial ey BralerexRonrlaRL b s GRS
8100) ontg %thﬁ&é@&m(s%%z T &ifiBlt Hih€ IM DeRelo?'368104 badthabe Abtal sipaBOmaH P! ©
to apply the abatenent techniques of this invention to mnimze o

el i m nat eistdpplie¢td aatdio Ampliftr368 Ahemigmb o thetAudid iAmpiifier 36Balrivec Sound

conponent of the data as shown in FIGJURE 8d. Here the data signal vector
(872 to sRepyoducarddp. advances the

25 The previously described aural recovery technique is called the “intercarrier sound”
method. The television signal undergoes substantial processing — especially in cable
systems — which shifts (heterodynes) it to various frequencies. Since the local oscillators
(also known as converters) in the heterodyne processors are not perfect, they have phase
instabilities which modulate both the visual and aural carriers. The intercarrier receiver

30  principle takes advantage of the precise frequency difference between the visual and aural

carriers to bring the audio signal to baseband. Since the local oscillators in the various



phase of the signal vector (872 to 882) to the vector (872 to 8114) or the
data signal vector 30 (872 to 8106) retards the phase of the signal vector
(872 to 882) to the vector (872 to 8108). A synchronous detector will |ock
onto the @g edsasgy vector (872 to 882) and respond to the  PE/PRIdARODR’
PCT/ US99108513 68 projections of vectors (872 to 8108) and (872 to 8114)
yielding no error in the video. 4 n envis ope detector will rdsMARI2802 t he
| engt hened vector (872 to 8108) which is in error by the distance between
poi nts 8n@Ressarh 8ffe@ botht ¢asriers e amedwercthsr itgyatTier pendiple whilc lout shesa

error by .the dist e .bet LNt 11 nd 8116. 5.1t will Db
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error sesoundy nethedhvbl tyweappeoasht only(the awrgl eorsgeneht sraxtractdd tfen dre IFf sighedr e

is a d.c. .conpopent ieh 1.s not abated). FlIGURE 8e denonstrates that the
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vector (872 to 882) onto the resultant vector (87Z to 8120) reveals that it
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signal is.at, hlLack lLe 0 ata v o) 72.10.8118) yields a.
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(872 to 8128). Projecti .the visual vector. (872 1o 878) onto the resultant
Vector _( eaudisy Freahiaioh 0Rure. pithas table SSbHEER ERBIFaL g s AHIShLEE O R
poi nt 8134 o €128. When 30 the visual signal is at 50%gray |evel 876, the
data vector (é 2 to 8118) yields a resultant vector (872 to 8132).
Projecting the visual vector (872 to 876) onto the resultant vector (872 to
8132) rePhake rhbdblationilmplementagioad by the di stance from point 8132 to
8134. When the visual signal is at white |evel 874, the data vector (872 to
8118).vyi el ds gﬁg%t n e 2.t 1 : I k l.sal ctor
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resultant vector is different for different visual |evels. The consequence

of this inclading datg eneodSe A2Pameentding tona first preferred smbodiment| fnthedpissenin
s . o ! e
only ope irlEhfi Ohé SrRRfeP of FIGURE A tnffefleSh Al 3 TRENm B 203, RO

exper i engedNdy Raturf ¥ 20, NRF) e Sefs) toOP4&blle] @invertdterS/PT 128l Digitdl avglat 60
varyi ng degrees of success. It is well known that viewer subjective

r eac®d on Anglagraignal €A d comvertes 4 tlow Rass\HikerdLPFR43l, Level Gontrol dipeCliogent s,

it has been .det.ernined t hat 9] 55087 [/ US99/ 13 r=a. ..,09 '~
1318 PERRAETS! Phis Ybdithior 497 CompoRRr Statam L Lele! Cafteotaaiamda; o
appl i cabhgsfad Hefereatd WakillaRdr 408eqt dodld siiaBReirbqiech hete SROWA Yy EgnplO%or ay
| evel : Abatenent will occur el sewhere and the result will be nost

sat i sf ac#6r’ip. MHz.v-Thel Data Gowree St250dptidmally tinaludiesveitheatsoftiviach ormdmidware to

abat ement i et is,determ ned by.the er. of the invention and can be set
Co pref eraomize e dglso dfiatclh Gamtains, ssTTlally apRlmHMbSrs 0L I98IE (OAG VERES aPdor

expenken v when i 4 :
carr i'gr gég%ﬁ?gmg?alg&[ g@ﬁﬁ?@m%ﬁn& pi ct%’?gﬂf él\?/é &g@%ﬁﬁﬁ%&&xr%th%@g&bﬁlt S.
~0% G ay datuc Bughdfardithre Rid software 12080 Ghéwn O thessarae RdditiuaREero fictsencBlaadk
occurs at 120 IRE Units and Sync tip level is at 160 |IRE units. The col um
headi ngs nEatezare freguercyr(diet) qompansnisigeneratgd iyt an sy mpraticat gmavnbalieeBeonfsvi ng

been to dr for approximptely 28 | RE units. At eac evel of vi d
Por enoh 8 BeicoferBEBE® brafRE hakfiaplS atifhd widn FRCRSUBIE! ol KofiBRiA0
det ect or elsewhef@®UFRSURRMaIQbtrRes hn _a%)ﬁh@atﬁé, GyEems And trh@h6t! vHeRdie khe visual

i ncreases, the degree of non-linearity also increases. 1t will be

appr 66i atcedtiepyis finsgmpeassed withithe date inrat pecinbmannereocdrding| toghisanvdngiealandas
been shown for oses of illustratjon, no iJatation...,Mil.tiple |evel
data ot gni R FIRASEER yiden in Wil aangd PE T SE PRGN T bf sippu S
principles without requiring any new concepts or inventions. Digiital Data
Si gnal Benefits: A substantial benefit derives when the quadrature

nodul ating signal is digital. The wave shaping circuits 895 of FI GURE 8a
may be replaced with the new el enents shown in 20 FI GURE 9a. Because the
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35 is then level adjusted in Level Controller 997 before being conbined
with the visual signal in Conbiner 9103. The function of the Del ay el enent
899 of FIGURE 8 can be nore conveniently served in FIGURE 9a by the Digital
Del ay el engyh 998sbd7 however the anal og del ay of FI GURE 8a 89 -wpsdomsszovi de
the required function equally well. The ROM RAM Addr ess Sequence Cener at or
911 3 produces a correctly tined sequencet9of 30 ROM addr essee $CMAR1<'2002 he
ROM contents, after _appropri at48 del ay, may be converted to an anal og signal

and subt r st BasebprsnVigro S9WeD 40bdpardilairddhy enemplitide Modunlatpe403mentoghe

WO 991 55087 PCT/ US99! O s r ' )i £ .RAM 9107 .
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recewes its contents by downl oading fromthe point of origination of the

data vi a RenulDat & Dedinlcd dtequenayuand amplifies. it Be aapayeert Ineclentioded for gudidtorar e

expect ed s.proliferate rlid,w on tratiqns of various classes of
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of these FhGURERIY arVHhOSE if ® PR TehSinbhy B LoRibAfd-@g i permts their

optim zation on a regional basis. Also, the population of various cl asses
of receivers' daeddasebandnBoundh@mges élEsighalnis.appliedvitd lonb énpundéribe Sodnd Fouin

t he di scussion of FI ES 8b .t hrou e that e systens of F|GURE Ha and
FI GURE 9a lf"r‘%’sﬂ:r—“}-% € OHhE dRpY P gEF g?“'ﬁ&%f"&ﬁ‘&fa@fe‘%ﬂél cofmrs HomttBeroRungt
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nodi fi cat ?%her%ﬁ%c §%g%t0}ég&§/e®tglﬁgng§t% Elﬁgnl%f g?‘gﬁ’gﬁ%ﬁd %o h%erJé}?‘QE%%r "6t he
Baseband Gssiliator 308riaeir&0Y througHtPhaddh®lodakelar’d so e prooide taheuhaselande

vi sual source 901 is converted to di [gi tal formby Analog to Digital
convert er osdiligor whichdis gitwaysetS Ngndelomsthe isstapsanepus atuslocardm freqRamyAddhess
Sequence ne or 9113 ich . respponds to this input ,and to the data from
the Seri al 0{“6& ?&?W‘éﬁ“ é).é\ﬂ}}rgwlgt}ﬁs 8%9 .SP%E‘NW p‘hﬁﬁ g\gﬁrregs%m@é‘qﬁ@ﬂﬂ%‘ HEPEY or
9113 coul deffe AP BEEMNORRe bihePieRHITALST CEmURYS41 P\WhicH2HIOMRE F‘F\%%Hﬁ!desigﬁél tgan
be a table of addresses which are arranged in rows and colums w th one of
t he two i tipuvisuad sigael befiorepassing Mjonlte thelasteondn 423 forpadiai@l. ect s a col uim. The
addr ess sequencge . then addresses 20 appropriate Jocations .in. the & RAM
9107 Where thecrgi‘-“gief‘%mp ePriELaRt 4bs dhass nm@}aéﬂdatde%ﬁ?pqge#gwr i‘%@d’r‘%{i‘.‘
The remai f th i : Vi, 4kS SGL I i at] Mt h
I GURE 9a e ofhEKBRERE adtris MG MIShatalEnfE aGfer B SRR paidh
abat ement sgstealre siulplipative.sivihis exhnple, phopatsmiter d&ctibel iisematimes géfatred But
t he shape of the waveformis 35 unchanged for various visual signal

st r engt hs 1o paviaw &yt medubbton’]. s Thats heeaysethenvipual signabandon thiyzasetiecdata s

el ectroni I Q ol ] n, i t. f er f L0 i
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Sour ceo 90 hniphdicash. f | Badért tRe€ Wontlitidné, Oeddhe addisondl ¥hEe Hrdmh ethanpbiht Wdeeref

t he Abatenent Signal 9101 dg&)ends on visual l|evel as described in FI GURE 8e

and 8f. Tmagdasionf isnBrst applied should benapatedani adinsare mads. i fn 4his agxammie, of

ways. Non-Jinear networks using resistors and di.ode n_i npl enent

s er. FIEAUETESfanslgton SRt BVERiAD pefs i o \Afal TRuERellir4dF ot
VD 991 S506GREE 498 kB4 IF signal onRMAROR AHE SRR, THSIAR fhodhiaatis.
MGawH || 1970. (Library of ngr ess tal og Card dufber 74-90024). which
i s i ncor pqradessidésgribat ahovaceuldaisei be. appli¢dotorthe psodllator inrthaNisuelyT taosiditgi 407

converter can be used to convert the videqg output t he Basehand Vi

ot @S0l Eed i WHRREae Vil Al amathe i fBeeacR S B SesoRd dEF

val ues in Lchs : | og
{or mwi ¢ 0 oot Hrp 884 hokvatAnbeXbngalaliGfe ade 6 e AINBRAEH aTalhpkpde 1 20
t hose of ahélsidabandskiith rdspedt he tiee figal oliyutrsiggival and) thac hadigrmabn gecliding the phase

i npl enenting abatenent is to determ ne the contents of the ROM and or_ RAM
9113. Det dnefulatinn infermasioneisenadespypilablerdd the appmpriaee fequenghde Rleck fhe 9101

of FI GURE 9.. ine Q] I etermned in a variety of
ways. The ’g‘i“gﬁg’_} Jhﬁéry}te'gcé"g:%%ﬂﬁaﬁ%gg’ﬁ%;ﬁé_ 0?1 g‘or etical principles.

Al termgtively, Ahothémehod&ifeientratfy @Mtual Ginhl for JeROBicnNRABMAGsonTRNYallEY PES
of visual detectors and since synchronous detectors nay become common at

some poi nt“high levelemodilation’o alicthist case.sho yisHaldgnal ipeprlied do vk lashadivegower 5
estimate regarding the type and anmount of signal shaping to introduce so as
to mnimze the total amobunt of artifacts seen by his audi ence. The

determ nation of the abatenent signals is perfornmed separately and need not
be in real time. The abatenment signals may be dependent on the type of
detectors in the receivers. If there are multiple classes of detectors in a
mar ket pl ace, one strategy to mnimze the inpact of interference to the
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del ayed in delay el enents 10125, 10127, 10129, and 10131 and subtracted
fromthe video outputs of the various receivers in Conbiners 10133, 10135,
10137 and 10l 39. These processes generate the appropriate error signal for
each recei ectively on lines 1 O 141, 10143, 10l4a a =y 4 e
error si gr%‘?gwgsrﬁgpconbi ned in proportion to the inportance gg’r)c')’?%}ﬁseﬂ}-
various detector classes in the |ocal msarketplace. The wei ght*mqmz‘mi ts
10149. 10151, 10153, and 10155 nmay have the sane structures as the |evel
cont r ol sstage Bf BeRBughtranswinte@o | BEO&7 upSTIUbSa8!i d3Giinmof visual signal. 2Howesead

9a. 9b. and 9c and ser t roportion 'he Prror signals in acgordance with
t he irrpoPPaleB’{écroffta&%e?f\r/ theo fral bidHg equiEedelo B¢ opstaed dpstheR tipgar mode.
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Conbi ner |10157. The result is the abatenent s{_ngnal found on [ine 1010l at

t he olt ptleisiomdrapsmiter 1§ 1this. deasigns apdit/ pert ite gAmdinen ey Huenngewansmipsien dinel og
formor convert in _Anal i gn qQ .Digi.tal .signal A/ onvener 10159.
Unen conbBMIEd T8 P 5TRRT ShsRaAfio.tnd iRlsPliaf bt e iss MeduisfiSh 486 Bher g row
and / or oRAMAZERPoMdwididdpafahe Sdoded dafdGigrlal. Bidrh tlﬁefo%)é;&x%ﬁ'é,\aéngﬂetm@atn the
tel evision receivers 10117, 10119, 10121 ) and 10123 10 o GURE 10 may be
r epl acedbwisedn thatstherereae aglugwbgnof theorticsli angt practinal irsplanntatiens etsthktdispgpsal

el evant Op el 165 P4 PN DEGTIERiS BT DBES o e SHored dect G aibite:
and 123; tful ated or nodel ed on a conputer or other nore

conviﬁi eﬁ%sqg?/nrnru allﬁcf)wn of their effects. The weight factor elenents 10149,
10151, 10153, Tasdiaflddrdndandls be FIOURP4a Wil kot bariscubsebanrmpleadetsil. WiTHe a
conput er program whi ch searches for the 8‘%ti.rmm abatenent signal. The

st r uct ur &igal Refgopuce19scilipipr 405 generpies anolf sigpalpdeyigrated s fmobe agyaeh theal |y
i npl enented in sioulation. The, abate t signal 10101 js a function_of the
baseband vty arhod, ufh APwn S uBIGHR In el Brir AR it S s, el

si gnal wRk&lato il REePenEiaRfiesOprodhisedby Vetton | 15abdRitEFdsesf RBriw Al ChordieclibidURE
9a), then I;IZGURE 10 |§Sn:sed wth a desired basder:)a&d Vi sugl | evel -qn'c:iottrhaaly
exanpb e, vath2lBnérgetahyeb Sitel wiew.véntronsdrican, eferatedrimthet imemab atagnemintenidg
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abat emren433ivgnat défign is amvantianat bnd wellifundestold bynthoke bévietmallskil th diet art.

equi valents are determ ned by Analog to Digital converter 10159. .
Feedf or wekSdiuaerecHamplsiageiFealt @BrRsr darbied NSy way yunetY degrsy POWEE SPiftsTed

in a,pan t nfdQurat i o j eal
o 20T g 118 pREER Rpschy bE AR HRHE: fN0t BHRbIPRh Sk W Ribihet Wek?
ot her ar &qg: ofww SHihidiCEiidodd) Swhidh REllSRMitat Wepératwdss b iphade modealatork@nhiny
Harold S. Black of Bell Laboratories in the 1920s for the reduction of

undesi r edregnencyr t iGompleteyphase JBaRlateCTNsysicossare availahlaRfrom-sevygral ptaurgass on
t t.1 tal, tel | . ok —~RE 11 .sh he. I RE 10
bt ook ANnE et RERSeye 158 of Pt Rete Y Lot B R R e
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bl ock 1116 for generating the signal with artifacts and the bank o
r ecei2§ er #326Vhidivbantidimits the fequidiciesarfdh&d4dtd sizBalodndrFdoBYRES il @ Level Modtok4 dr

i mul at i f th i i ch find the abatenent signal 10101  Th
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into a semomd dppripeiaeieahinaly 6f Phast NMddalitor 43%idnd thbeS/Heloayerteritdeirah the

vi sual signal having first been combined with the anal og abatenent signal
11101 i n copMestendl Al 43l irerfognenirivial versionefibeir nevaaldagisiasican bgomitesRELGRK

bl 11 1.63..i,9.F] GJ | ow.  Li i t [ f Ny
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FI GURE 11hy0fiRhateSigné.N If Rk phhd®®ard AR daRAIISHE Phase! MBaklatod AB@ fWd1eohsecer’ a
function of visual levels and are therefore optimzed. It wll be

appreci ated that the sane and sim |l ar techni ques nmay be used in cable
tel evision systempractice and with other delivery nedia, but at different
power |evels. Feedback Abatenent Signal Generator




20 FIGURE 12 shows the conbination of FIGURE 8 and FI GURE 10 to generate
the abatenent signals in real tine. No new el enents are introduced and the
el ements retain their identification nunbers fromFI GURE 8 and FI GURE 10.
Care nust g égsesy to ensure the timng of all signals is copefotoeskuss i s
a feedback system and care nust be taken to ensure stable operation and -
avoid oscillation. It may be necessary t3d reduce the data ratek MARZ08Dat
t he propagati on tines of tage é?ﬁg ous, el ements _are not significant conpared
to the daPHs asrenwined o rpralehiormhy 3/P coRyeriss 43P g Pfﬁsﬁ@tegﬁﬁmlmawsw tot the
syst em of . ar Ay thout the del .

DA e, 437 1Rk, RREHE thetlio SRBBHAL A 304 8% 2675 inma o

experi ence circurt e nts. I npl enen

hi gher datathgreass Mdiatovoti7d Ieighx prises arefotbibied yPHags ModulRbEMEN gkt on
of these methods. 30 Since FIGURE 12 operates in real tine, the abatenent

si gnal s deensepntivedbiy arey conyertadote drrallel famm |y /B eonverere 42 earaf presented
optimized,. VD 99| 550 /US99/ 08513, 74 " ~ 2002 1t will be
aBpr ecl at élg%lﬁgfo%heé)stirzmﬁg%fmsv Fﬁ?rl r ngﬁn‘ioﬁﬂ%@%ﬂl }Eo BRRIQPTiRfe E1ght devel

tel evi si opnA1YS bigRAIR T&Cinp&Etoane PhadeMOdIStor 48T 1 TRE HutFRel Lfafdrrient
power | everlls.éEl%vel opel E‘):orrgensati on As di gcussed rg@t ggthtegwlgls%ﬁggfaéﬁ i

t hr ough 8thentpassed o thet Comperisatoe Sehsys®myh3d obFH@EREdlat Daiptis sinikarly ipassed to
resul ti ng output of an. envel Qg‘g detector is a_ function of the instantaneous

vi sual si HigRomnepsator spgysigatt & for ofhes unaberspf Phasess| GURE 11 and FI GURE 1?7
h t O, i : i l.
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Anpl i twde FMOURE40r THeATEnpensaton Bubsystedddotisaoflcicuitey fadittheantplieudicandi ve
i nput of Conbiner 13183. The other input of Conbiner 13183 cones fromthe
45. 75 MHzPhases af thesidabangdsccreaied i the spodubimg praeessultjoeludes 2 Alyquishbiltee S|

13183 is shown .at. 13181 and..is.a | e \si deba dul gted signal with the
vi deo m)dafsé%rfegnusfq%orrpggmgtrh(?ﬁ]s ﬂegqﬁgmy tﬁﬁ%?e&dofﬂgl?rx ,‘ﬁéri‘/ﬁFg? Ay 4 dust
towards Z@h® &amplera durfaloWavat filtel sfera®UNGl thd'adrhbe nioieF MRHddINDYCits
normal ) as shown at |13181. This output 15 13181 is applied to one input of
DSB nodul atannfatBi85. Samtek d&oeposatipral off rQrandoe Glaridat weith Dimgemal  WebArSiteog
converter 1331 i s, passed H; ugh ebP 1332 and wavef otfmshapi ng circuits 1395
and i 43t hAVOKABHIEkCel 9% RENYS igﬁai IS PRROSEN oY il es aeombd Rendptigngdgand i s
applied t b . at qr - y
be t houghte o%%?ﬁg%ﬁ%ﬁ%%’ @%ﬂﬁ’%’ﬁpﬁu&k% Slﬁ%ul:?bgrﬁ%‘da%@? g@%,ﬁd ngkgnfgﬂegégﬁgtﬂg
out of waseftwarn rbgmngchias puotidedby Edglewarkhef Nurtssa) Geergeneviyintndt Weldat a
signal exists in twd, phases w_th re?pect to the carrier at _connection 1345.

Wi | e t he SHRasBdWragkWarecomnd haginlitudeeversysdieayency; shaspateristiceofjhe Mvapist
0 | T .
Voct or wnoiich 3030 8% G jdhid SR, iork BPNTSEYeIMBI Rk L B it WREhe

abat enent sa&he¢ bidradteridtic ak heshownddFIGURBeElay & Phase Shifter 13189 nust
operate to reduce the output of conbiner ?5 1347 due to the data input
signal Q This The ewpynsnerawadof thevdiyerist Filgnadilnis ehavouiin sch@natisy farme inise

Phe o hor FIGHERR: of 7L "UR RoigPOBfiedt Bt Erin FIETRES R bdidlede ©f
through stgREdpatd db ?ﬂst%ﬁe&@ édiaporitsYinOiRe 9peéthafl tndt Rk Hiddel Iwiers RIBSL cdnObe

ground is present at the input of DSB Mdul ator 13185." These steering
di odes f ufieurdom the cirowitnof FEGHREh ébra(Tihe AV yquitst dilsered SAaddjast8 the amplitude versus he

o e R 1P s R Pl b 22 B Yo 5P
abat ement Ny IFi a5 11 flel Poctrum has experienced the same processing as if it had passed
through the IF Amplifier including Nyquist Filter 354 of an ordinary television receiver,
such as depicted in FIGURE 3. The resulting shaped spectrum signal is double sideband
modulated in Mixer #1 453 upwards in frequency using a Local Oscillator #1 455 whose
30 frequency is an exact multiple (N) of the IF reference frequency, fie. This is shown as the

frequency component 473 in FIGURE 4d. Connection 457 between Visual Reference



wo 99rsso8~ PCTI US99/ 08513 ~ MAR 2001 the rise and fall tinmes of the data
encoder output Q at 134 for the conpensator to have optimal effect. It wll
be appreciated by those skilled in these arts that other circuits can be

I mpl enent %W'ﬁﬁ@ acconplish this sane result. Wen the Vi spahrnsdogogshsi s at
white | evel, the maxi mum signal cones out of DSB nodul ator |3185. Wen the

visual signal is at sync 5 tip level, t§e nininumsignal coned 58K AiHZDSB
Modul ator 1318. This is according to the teachings of FIGURES 8b through
8e. The FRuseillriosdt0sbaf FHeWREstgrd the hegal i @egiltason &Y ASScensuras| thag tig7 Laeal t o

Del P hj 13189 ise. adj ust bef bei

subt 1 2ot PAH RO s rttol Pt AuBPEr N TuRaLEE pF Tetersiee sGupSocthdumpase
signal s pdlafepRRipRare pRdeivedBeTarsauéllf MRReRraf] 44%isaRal 6idMtosd 8PAhosk of S
the sane for each state of 1 o the quadrature data signal Q the

appl i cat batinaf skileinathataenant a yagetsl offsatsfatthey oupipmentafioriSedraywell Rinage As
Shifter 13189 is such that the |I' si ﬁnal | ways subtracts at conbiner 1347.
Thi's tedlsbent peamplat # MRH-CoRTUits Sthyhanesile, apGRted rin Shshrermad Ananosr stepsdedi n

Figure : ' ' ' f
b Phor pi B2 s Hltddibegier, MitCHRUE BF Braclaph M Yok cobid jptsdd o s plitpose
Subcar ri Fhe civaqperesstliceal Oscillaot &l 456 ivesk andérsbot dyithsse oMordinag)i kil &ythe

~susceptibility to quadrature and other energies not in phase with the
i nt endedaw #ndiaeyarigtyl of safisfaciuydmpleme{aionssire Hrellnovg). s8Fp iist ome srample, a

t hagor ean,_Theor e rd e i di;. s sion relating t
Al R 53 22501 RFGHEAEPpaRa hBE sRRBXmhlhel ihUGERT RS hglBasileph o b
carriy@r ULl F thid PurdKC, THe AO&IThEE i0RipuR BAMILGEN 4 TBof skt BF theSlogRAbidetng
carried in subcarrier form An exanple of this would be the col or

i nf or mat #3H showprin FEGURE Hdtah abinegienen NdN T fpmrdwhichnialtee differerciertetwednuthst i s
time divi,sion nmultjplexed.onto the.synchronization,signal. That..is, a
m ni mum S‘Fqgﬂ‘c“e&r{&hg b A 6})*Er il.é?}/eéﬁ%ﬂaégh%?efmﬁ@%m%’zaﬁr éleﬁg-‘r?dﬁ%rlpper

sub-carr | e ' | O GAIRE ’}Yéa ' ' Ch
signal s E@Ebg‘r&‘d“e’?\'\%‘%&%’i@s% rmno?ﬁrag%at | wxg%yéﬁgﬁgfgggb @EB&%?*P, sgl?rl gf(;trlllte ered
around afrequéncids prassmbandhd teemiwdls wf Mixdr #3, W5B) and ttichEoddl $isciititer #Eyssem

the faithful reproducti on*of col or information depends upon the
pr eséf vafiieguensy compsaentt NEfir I8 shown dniFACHRE\dn 1t mall baobseryed thas th paper

o gl ikl i SRR RRRER I U RSO B RO T8
occurs t RppdtHiddbagd mwdﬂmmﬁdtimeﬂarm Reqicdep aaflsistbd WalsforPdf teaskigitur e
subcarriers at the 3.58 MHz frequency. If this carrier changes in
99| 55087 4Pt FIGKHBEMR5df3he Nyquist filter 451. The combination of the translated signal 473.
475, and 477 in FIGURE 4d is then filtered by Band Pass Filter, BPF # 1, 459 at frequency
20  (N+1)*fjp to remove the undesired frequency components 473 and 475 in FIGURE 4d
which are found at the output of the Mixer #1 453. The upper sideband 477 in FIGURE 4d
survives and is a replica of the original data spectrum 471 in FIGURE 4a but now located at
a different frequency. Compare 477 in FIGURE 4d with 471 in FIGURE 4c. Band Pass
Filter #1 459 is designed and constructed using techniques well known to anyone skilled in
25  these arts. Commercially available software packages compute the elements necessary to
build filters such as BPF Filter # 1 459. One such filter design program is provided by
Eagleware of Norcross, Georgia. Additionally, BPF #1 459 can be purchased commercially
from suppliers of su;:h filters such as Microwave Filter Company of East Syracuse, New
York with Internet Web Site: www.klmicrowave.com. The process is now repeated with

30 Mixer # 2 461, Local Oscillator #2 463, and Band Pass Filter #2 465. These components
can be identical in principle to Mixer # 1 453, Local Oscillator #1 455, and Band Pass Filter
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If the receiver inplements its ghost canceling at baseband after detection,
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circuit 1794v. Parallel data to Serial data converter P/ S 1796a serves
the sanme function and can be inplenented in the sane nmanner as Parall el
data to Serial data converter P/ S 1796v. The Parallel data to Serial data
converter RvO9I®BssE96a puts the data in serial formto be presentusd/issii he
user on termnal 1798a. Alternatively, the data is presented to Data ~ 5 -
Mul tiplexes / Demultiplexer 17106. Data KBl tipl exes / Denul tT'pQ MAR 2802106 i s
optional and can used to.assenble data fromthe aural subcarrier and the
visual car¢haBges; iy Be projeglipn gk the repyltanhyeqiqr qfy the r%ﬁ ax|sdahnghangethsd RSKieFy ed
N these atksnbhal. LEaBt AN M RAlendto 4A ArbATiIAgRd" RIRLEY 1 9dlSocan
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FI GURE 17adetetadravilaresgnd it@ thei chahgdiag Vieerigtic af thBlrésakamoveboker val , in systens
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the data in the visu ath and th ata in the aural path_.are . .
synchr onour P Soedl Racg i ofimbs GeftEbeds kool BfeirbR sty Aty e i
1792a is rﬁx‘&élhﬂ@s@he Epﬂlﬂﬁﬁorﬁbphigﬁqh&it alhéhroddus dBREtopaSe connection 17104
provi des the clock signal to the path which does not 30 have its own C ock
Recoverty bl ock. FIGWRE Y 558 dlodRCIiagea® /of 36 kedevigon tranbiAfRer.082otding so poddidodl e

to operate two Qqr re television channels with the present invention's
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contribute to denodul ation errors. Instead, part of the output of Anplifier
1782 on | i reserercescillatog siguplsedelivered 2o gl pastionsiafrthe additive systemds detives from20

fromthe nQn-.phase shifdied out put _of Phas cke 0 1784. Th th

out put 1o " TRaTRAEpety fisB R B pilse SARREa RE St WS A8 AEHBatEFo7
baseband vpaHatwoshednabmeis @fe ings8udetlih FIGUREZS AU BHRS SiewRhis 4re FEWASH thRer
portion of the video which is in the sane band 1 o as the data signal. The

remai ni ng EIGUHBE #a or FAGURE SA wrubeth) randrifaye etbe viamie  flmctionse aad tstroetureb tasi s
conveyed on line 1713Q to.the subtracting in of, conbiner 171 32. The

ot her inpu_f"et"ﬁ’“?lh’ézeé‘ifﬂﬁfin_ CIPPIHEVE ST Qfﬁﬁjqi?é' ﬁ)«f—w ﬁ%a'@n F{%Heélii"?i@A
The data kel THY fipdsar Hibse HERY efinehtsSy &) etk Bl IheWRIGEAIhE o 4 38 RskeOn
line 17112 to the Data Extractor block 17116 of FIGURE | 7c. 15 FIGURE 17e

i s an kopl emdnlatibn and die embiaiding eftdata én quirirathre sidebapds ateeproparip ameedl Sincsi on
receiver. The visual and gural signals are not detect sed for their
nornnal putSoReRagatipey e yaugh fhe Yanqus Sighit slsments in %@%@ c\ﬁP?Wﬁist%n‘e

ol owi ng. gLiTent e Qbshisdine SR LIGRARO P Rlve ki en WL of BBl rbrhe LGl

Det ect or mter 64, rocessor and Vi deo splay Devi ce
1762. Det epbssibld Anfplemenvitions. i Thabdélalgetbniants eam bel implenleatetiuitctai earidty d¢fo
serve as a non-linear device to bring the aural_subcarrier_which :
techniques including, for example, by transmission lines or by a digital delay element
25 preceded by an A/D converter and followed by a D/A converter. These are all means
familiar to those skilled in these arts. It will be clear to those skilled in these arts that the
precise location of Delay Element 649a and of Delay Element 649b in their respective
signal paths is inconsequential. It is possible to locate the delay elements anywhere along
their respective paths without changing the effect of the delay on the operation of the

30 system. Some locations may be easier to implement than others.



contains AM data down to baseband frequencies for conveyance on lines 1776
to the Data Denodul ators in 17110. Such a device can be built into a much

smal ler and | ower cost set top box or other snall cabinet since it does not
have the pMQW3¥0%nd sound producing devices and their expenB¢TVESERSFower

consuni ng conponents. 25 Non Binary Miltj,-Level Codes Wen lTM?Em ssion
path's noise, distortion, and interference supports only two

signaling, onef 'hlf:' ssﬁ{eéﬂt%f'ﬁdlﬁqﬂ'Gl?%lthgesd?\tv@rm@?en'lfDétQ ARads° Por,, t{\ﬁ Rhase

representation o inary signal intends to convey a ogl ca

| ogi cal " modulauamrayndSaidgna/bszparcmchesanmmnEmLmemssudmaeaA frae af@oe Odig@ehion.
together to formbinary words. Traditionall y eight bits are called 30 a
byte. OccaRd suergrences é)‘uW‘le? possikle dawwaa eyemil %Freamms o r%éar usema mepg WA ch

bonand onr{REY gt mERRERARP Lodatalt U aRiite FanerBaii s 5 Milorege pregihiictp s

transm ttgd)wnin[r[sj,umahl y organi zed into bytes. FI GURE 18a shows the
famliar two |l evel binary code considered to this point. The order of the
bits are defined to progress fromlLeast Significant Bit (LSB) to Mst

Si gni f i cafithes Compengation Methodscation in the streamis assigned a value or
wei ght. The weights in the binary systemare as below. The famliar deci nal

systemis al soltskhioMbe ssprydihted tHadBtida ntetlodRIot adhik¥ing2the Conapenat@dSibstfeda =
32 26 = 64 15 MSB 2~ = 128 10~= 1101= 10102= 100103= 1,000104= 10, 000105=
100, 00010639, 15380@3%09114)6&%1@ BISHIRBB 48053, batand 6bi respectively: are mswteewuhout

consi stin ul d Y 11111 128+64+3 +4+2+1 =
255 and | FERE TroaAfips of Rl St sad beidhis ly Tsfigni b g 6 e
val uegy asacchiplitfled b4 freq@@ncdSshifting and heterodyning in the ComRensator Systems 439,
10, 000, 000+1 00, 000%+I 00, 000+10, 000+1, 000+100+I0+1 = 11, 111, 11l "The bi nary
syst em has§39. lféQatand 6339bbdhbewi@e,&)igitmli‘ﬁignaltﬂtecasmu'g ifDSB)ahethodsaantimplement
synbols: 0, 1, 2, 3, 4, 5 6, 7, .8, apd,9. ..
the same functions as analog circuits'but limiting themselves to digital elements after analog
to digital conversion and being followed digital to analog conversion. These techniques are
well know to those of ordinary skill in these arts. Yasumoto et al teaches in U.S. Patent No.

15  4,882.614 which is incorporated by reference herein, yet another method of reversing the
effect of the Nyquist slope but without the advantages of the present invention which
facilitate convenient use of Nyquist filters which are representative of those found in the
receiver population exposed to the present invention's signal. The interdependence of the
VSB and Nyquist slope was first proposed by W. J. Poch and D. W. Epstein in January of

20 1937 and adopted by the NTSC as early as 1940.

It will be appreciated that the same and similar techniques can bc used in cable

television system practice and with other delivery media with appropriate modifications.

Concerning Quadularity

The basis of an essential element of the present invention’s techniques is the ability

25  to maintain a signal carrying data in an information space which is not materially interfered
by nor interfering to the information space delivering the NTSC television signal. This
process is more complex than it might first appear. It is well appreciated that a signal can be
placed in quadrature to a double sideband signal. This is the basis of the QAM (Quadrature
Amplitude Modulation) system used widely throughout telecommunications networks and

30 one of the fundamentals enabling color to be compatibly added to the NTSC television



When the transm ssion path can support nore than two levels, it is
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t he sendi ngpredite aresudtanophase shnﬁtrmbang 1ttawdy| ft‘(&ﬁyhe/\dldsired)eedt@q UWhenl tm héﬂpens
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famliar tq ttg Uve™ v1g\fxal(2{afg M%f ﬁt@ Hesén? utJéﬁz?&n these unreconciled errors result in cross

25 coupling of the data signal into the visual signal.

The impact of this effect can be largely mitigated by introducing some phase
correction in the data signal’s path so as to reposition the sidebands in the area operated
upon by the correction circuit to the intended position of quadularity. This correction can
normalize the errors of the VSB filter, visual transmitter and broadly replicate the typical

30  phase errors found in thé many Nyquist filters in the television’s which are part of the

reception population.
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20  to be an odd muitiple of half the line scanning rate to accomplish these objectives. This will

further reduce any residual interference. Connection 785 conveys the baseband visual
signal to Clock Generator 733. The baseband visual signal includes the color subcarrier and
horizontal synchronization pulses. A wide variety of timing techniques are possible to
ensure that the Clock Generator 733 is operating at a frequency which will interleave the

35  data spectrum with the visual spectrum. The Optional Comb Filter 787 will further
attenuate any spectral components of the data signal that remain in conflict with the visual
spectrum. The degree of removal of these spectral components must be balanced against the

. reduction in reliability of data recovery. A compromise is struck between reduction of
visibility in existing receivers and the robustness of the data for new data receivers. Comb

30 filters such as Optional Comb Filter 787 are commonly used in television processing,

origination and reception equipment. They are often constructed with tapped surface
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It will be appreciated that these techniques can also be applied to the systems of

30 FIGURE 4a as well.
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a two bit ﬁé&#@%m‘?‘g{ Pemeds, st aL PR 1 JHBELESnEFSa Rt Rl gt S| KRR hg
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the present invention will adopt detector strategies which further reduce the cross coupling
artifacts mentioned above. At that time, abatement signals could be reduced or eliminated

20  as a marketplace decision.

Abatement of a Data Signal’s interference in Non-Synchronous Receivers

Many if not most television receivers do not use a fully synchronous detector (e.g. a
synchronous detector with a long time constant). As a consequence, even the shaping of the
quadrature spectrum so that it becomes double sideband at the output of the receiver's

25  Nyquist filter is not enough to prevent some subtle interference because certain types of
detectors will maintain some susceptibility to quadrature energy. An envelope detector. or a
detector with some envelope detecting characteristics, will cause the video to include a
small amount of unwanted, interfering components from the quadrature signal. Many. if not
most, viewers' receivers “./ill bury this small interference in other noise and distortion and

30 therefore mask it and make it undetectable on the screen. Some viewers may. under certain
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Level Control 897, and, if necessary, delayed in time by Delay 899 before being combined
with the analog baseband video in Combiner 8103. This Analog Abatement Signal 8101
25  appears on one of the input terminals of Combiner 8103. Depending on the propagation
times of the signals through the various paths, it may be necessary to delay the video with
Delay element 8105 or to delay the abatement signal with Delay element 899. It will be
appreciated that the exact location of the Delay Element 8105 and Delay Element899 along
their respective signal paths is of no consequence. They may be placed elsewhere and

30 produce the same result. The delay elements and level adjustment elements are

conventional structures well known to those skilled in these arts and can be implemented in
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that the resultant vector (872 to 886) has been lengthened by the distance between points
888 and 886. A receiver’s synchronous detector which can identify the original vector (872
to 882) will respond to the projection of the new resultant vector (872 to 886) on the
original vector (872 to 882) and yield the visual signal without interference by the d.c. level
30  of the data signal. An envelopc detector would respond to the lengthened vector (872 to

886) and be in error.



It would be possible to provide a control on the receiver, nost likely
operated from5 an on-screen nenu, to allow a viewer (or service
technician) to select frommultiple abatenent procedures stored in ROM and
[/ or RAM i nWOrH8/56@87ei ver to find the one nost suitable to th®OTEEEIY/085H3
tastes of the receiver's owner. Since the_abatenent data can_bﬁeﬂmmm ;
downl oadabl e, nodified versions can be pr%vi ded from an i nstrufrent Ich
ei ther uses a i al n OL¢ QF l.atas 1F [ | conto an RE signal
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it first. dist@YREDbSBeshdwintafrar andu890.syEhe mespltanidvestarhisdeow dB72dd riP2h.hi 4. A
Local GCscillator 2002 at an appropri.ate frequency 15 supplie xer 200
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only the i of the signal. Inmediately after M xer 2004,

Directi ongqﬁ%o%%f%eﬁd%és separates a portion of the signal and conveys it
to Phase Lockedwhenp ddti kipnalOdfda wdtoad smtois aided dm quadratd, ahe quaddiitd vector

carrier on |l ead 2016 which is | ocked in phase and frequency to the visual
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i nvention). The output of the Data Encoder 20525 is provided to Conbi ner

2020. The respandttoche Pagjectioncafcdtbe neos@sultant veasprt (872ab(8108) ew thpr anvgidaldvecor
Abat emrent Jignal ner at 20995 sim |l ar, to .t he, Abat enen i gnal Gener at or
of FI GRE @B2¢0B85h gy ek beghnt Sieiph Slibt HPGHERG FaBabe fnicret gHar 96
gener ajor 8%4%; gfala@d ) ﬁﬁ@&}numvw élﬂebopweféet %‘ﬁ%ﬁg@d‘ t@mn@%;h@ﬁe% vector

baseband abat enent si‘gna If the methods o are used to generate
t he abat eng8f2 tsB oD land Gptin exrar. WD 99/ 55087 PCT/ US99/ 08513 100 L. ~ ~~
, ~~~7 Abat enent_Si gnal Generator, 7099 w So requires an input from
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2022 al so @gmeand gieldyiin aiedneddS tesultlfer videhi Mhebeayhehrbncusafetecwidiradpond’d2Bei s
a visual television sig;al with ?ﬁadrature data and optional abatenent

si gnal 3 | proigctipn € theydate yeatersd 87 42 89PeandeBiid érs 8 HI0) pntsthe vecon avith tedes. 6

could al so d t d IS i gn 'Nglok f
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brings it to the appropriate strength for the purposes intended. It wll be

While it is possible to apply the abatement techniques of this invention to minimize

or eliminate this effect, a preferred approach is to eliminate the d.c. component of the data

as shown in FIGURE 8d. Here the data signal vector (872 to 8112) either advanccs the

phase of the signal vector (872 to 882) to the vector (872 to 8114) or the data signal vector

30 (872 to 8106) retards the phase of the signal vector (872 to 882) to the vector (872 to 8108).

A synchronous detector will lock onto the original vector (872 to 882) and respond to the



15 appreci ated that subsequent frequency translation can be applied through
the inplenmentation taught in FIGURE 20 so as to place the NTSC signal

encoded wi tgv(gl?;,go@,s provided in the present invention onto aPGl{./Bg&r,@gb
frequency. Scaleabilitv An inportant aspect of the present invéntion IS its

scal eability to accommodate 20 differingegransm ssion path cendiiMARIIAs
wel | as various application data rate requirenents and econom c
const r ai nt projésdaheabiédterg (8Thtes8 80 mmd B7X wcd birdg .vididing troyerrdrhiartke ividebheAn

ability to utilize three, di fferentlég)@tsh% fg%; data transn ssion; the visual
carrier, tgRveippesetecigrryidlrespond o pthergd- ¥erdpry(872 52 R108) Whishjnimsrrenhy
enpl oy nmul f.py; ' ' ' At ' :
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of two. Thaserordyitheidistansobdtovesn paintsi3d 1adhd 8plexed i nto hi gher data
capacity paths or demultiplexed into many snaller scale paths. The

resour ces from Huvitl b eppseqiped thatima bendiimited\systamathe datanvestorokes inpt sixdy

for still hi.gher, data r : f t hs of the present

| nventi on wifs mrecdtishs FEE BT aR8 ¥ e ¥PUB oty xeiet s Fvern hese
present i nygREiiRR Wntihubl® MRARr ¢8Rting {0a WAvESXBE o (th@Brrdf s@in6Y 3n ehbElopt de
range of capability and scal eability accommbdat es many mar ket pl'ace needs.
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ext ent 15 al veasdr (87@ toHialriHBI $rojedtingi the tvisual senger (872an 880) onto the resultant vector

(872 to 8124) reveals that it is lengthened by the distance from point 8126 to 8124. When

the visual signal is at 20% gray level 878, the data vector (872 to 8118) yields a resultant

vector (872 to 8128). Projecting the visual vector (872 to 878) onto the resultant vector

(872 to 8128) reveals that it is lengthened by the distance from point 8130 to 8128. When

20 the visual signal is at 50% gray level 876, the data vector (872 to 8118) yields a resultant

vector (872 to 8132). Projecting the visual vector (872 to 876) onto the resultant vector

(872 to 8132) reveals that it is lengthened by the distance from point 8132 to 8134. When

the visual signal is at white level 874, the data vector (872 to 8118) yields a resultant vector

(872 to 8136). Projecting the visual vector (872 to 874) onto the resultant vector (872 to

25 8136) reveals that it is lengthened by the distance from point 8136 to 8138. The

lengthening of the resultant vector is different for different visual levels. The consequence

of this is that full cancellation of the data artifact experienced by an envelope detector is

possible with a fixed strength abatement signal at only one visual level. Abatement (i.e: a

re;duction of the data artifact experienced by an envelope detector) occurs at other visual

30 levels to varying degrees ot: success. It is well known that viewer subjective reaction to

interference varies with the visual level. In some experiments, it has been determined that



off the-air receiver or provided over a cable or simlar television
delivery system In sone instances, it is conceivable that nore than one
path nmay be available to a receiver, each of which is carrying the sane
program nmatWei%96508T n t hose cases, it would be 15 useful to i BERMUSINOSEH s
redundancy and to grade the availability of each of the pathg, F@?regy :
assuring that the nost reliable signal Wis identified. As teﬂ"é/ oh™*
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I mpl enentation of this di ry.. sy. s the u a.teletext-like code
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inserted to allow those who operate on the signal 'to leave their

i dent i fi cablunmsheadings.aré faddiff¢erendievels bHdata wath FIGTURES I8bytheowah Serhaving been
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the stiPuctdirwn & approximately 28JRE wnits; Sxgechlevehafyidepsanddpreachdevel ofigata, the

99| 55087 P 99/ 13 | ' ~ = ' ropation . i It apt.
because t RO &t ersenied o BF divaroBs <L B bdiPued I ke g
conbi nat i IGRSRETUAS tHRl dtPledlSnérBases) @hSdddree sifipnlRlcadty H¥FRcERRFINI NY
multiple 6 MHz channels. The | ocation data provides the instructions

necessary for tlhwill beappreiated by phasg gkilled imihietartp that atwo deviel data aipnaklmsdrean e
out the desired. data str . 5 There are nultiple .protocols for, .
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Desi gn", buvdatiohs. Spohn, McGraw Hill, 1993, |ISBN 0-07-06-360-X, and
"Network Security" by C Kaufman, R Perlman, and M Speciner, Prentice Hall,

1995, ISBN.0-13 to ,614F3 -1. _Many of the protocols described in these and
ot her texlﬁ%ﬁ%@&gﬂ%—gﬁﬂ?—@@e for conveying the directory information.
Entertai nnent receivers are turned off for several hours of the day. During
that tine, A substantial benefit derives when the quadrature modulating signal is digital. The

wave shaping circuits 895 of FIGURE 8a may be replaced with the new elements shown in

20 FIGURE 9a. Because the data signal is digital, it can only have a finite number of kinds of
interfering additions to the visual signal. Once these are determined, they may be stored as
digital representations in Read Only Memory (“ROM”) and / or Random Access Memory
(“RAM™) 9107 and recalled at the appropriate time and converted into an appropriate analog
waveshape with Digital signal to Analog signal (“D/A”) converter 9109. The analog signal

25 is then level adjusted in Level Controller 997 before being combined with the visual signal
in Combiner 9103. The function of the Delay element 899 of FIGURE 8 can be more
conveniently served in FIGURE 9a by the Digital Delay element 9111; however the analog

' delay of FIGURE 8a 899 would provide the required function equally well. The
ROM/RAM Address Sequence Generator 9113 produces a correctly timed sequence of

30 ROM addresses so that the ROM contents, after appropriate delay, may be converted to an

analog signal and subtracted from the video. Depending on the signal and thc types of



the signal reception and processing equi pment woul d be programmed to scan
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the spectrum whi ch nust be dedicated to supporting thes anal og receivers.
The present invention avails itself of the affordable conplex signal
processi n (MO&96598u si nce the advent of tel evision and appl i BETURPH08513
processing to nore effective use o 5 the7tel evision and radio S@ﬁﬁtm The
present invention discloses apparatus, sy%tem;) any net hods "Wt p It
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wi t h | ocatThese echnigngs ame welltkinowmao thyise efiotdireay slatl.in Senartsl nt er net

applications wi] | see.speed . jnprovenents of nearly a hupdrec t 5 tines. All
o Pt hi o capabi | T emaimERchalsBaTa By urrneabeam ot SEioHARGTe B8 Soranie!
facilities,aR@nNiSnd OF RAMD18f fective. The present invention sets forth
apparatus, systens and nethods for applying date within the spectrum

occupied by: 1) the visual carrier (that radio frequency carrier ontc
whi ch t he Déwemining therAbatemenig®iahal s applied), 2) aural carrier (that
radi o frequency carrier 20 onto which the aural information signal is

appl i ey, and 3jud \Aée}‘ﬁ%né rsi‘é%ﬁl&ﬁﬁ@?ﬁﬂ {»‘fﬁlg[@aﬂ[x@g PR N %‘?%Iéggtﬁasa may

comuni cati ons pat entifying cation of these

r esour ces. beTBaemiiasdin ai varent obvagnalihessighed rhayabe rdakalawd ba3ee ront heortitaland
wi thin cable) of additional programm ng and data resources which are

expect ed tRFiNsEplgR| Alteraativelpdt %y%ssiew@mﬁi;mmw prograns and services go
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selectively to I'ng viFewers by con on acce chni gues or

suppl i ed fgdcomBohfhéPAl BheqioiRNH Ante, ARSITBaEdaRGr sHIRIIABE BSGRIdYtoBERI Mk BEst
equi pnment. The present state of the art in digital video conpression is
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expect ed t BaforindB SONHPATER R d Webd ndtlbeQMVrdaB iRl The WadRerOlghalNEdY bEIGHAGM3
on the type of detectors in the receivers. If there are multiple classes of detectors in a
marketplace, one strategy to minimize the impact of interference to the video may involve a
20 compromise abatement waveform that may not be perfect for any one receiver, but will
minimize the total impact on the population of receivers.
FIGURE 10 illustrates the operation of several receivers 10117, 10119, 10121, and
10123 with differing detector types ranging from pure synchronous to pure envelope. The
signal origination structure of FIGURE 7 generates a signal that will give rise to some small
25 amounts of artifacts in the various receivers. The baseband visual signal is appropriately
delayed in delay elements 10125, 10127, 10129, and 10131 and subtracted from the video
outputs of the various receivers in Combiners 10133, 10135, 10137 and 10139. Thesc
'processes generate the appropriate error signal for each receiver respectively on lines 10141,
10143, 10145, and 10147. The error signals are combined in proportion to the importance
30  of the various detector classes in the local marketplace. The weight factor units 10149.

10151, 10153, and 10155 may have the same structures as the level controls of FIGURE 8a
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signal . ThYOXSY nufti-level signaling in the VBl could adtFHEHEPNEI3hal f
Megabit per second to this nunber. This fkesource could be us“gd% rEBUlﬂe
provision of three 5 conplete MPEG tel evision signals while: [ taneousl y
transm t t iy 9an 9BN3h@PDct BhE®\EESEORD BidpBalon| te BE6r Wighklsetl atdoAganc8CRItN eths-
This dramatic inprovenent in spectral efficiency is not found in the prior
art. Si ncenpdreanacwériheinicorepoading| dadsed oh desywrein dpematketdadeaserved by the
cont i nual I)y fou it desirable o regul. ar and, bandwi dth. This -
acconmodatEEMevl éﬁ'éﬂn‘@"goaﬁ}rﬁw My phamp egte@f WHB o SURRIR POMIIOMELFTaPr 2
revenues hlls%cﬁ’l'éﬁ’vfréﬂdagcf Q'Bﬁ‘h')@ﬁhte?ia’éhﬁ{tﬁ&tr' Ofrhesk GarfRR! aﬂterﬁ@rﬂd%gﬁp are
expansi on can easily reach a thousand 'ars per hone passe rban

ar eas swhecambinad iraCombhiee 1 QY. f Theeresuleis wine dsatement pigaslefdund de lingn OUOHat the
Currently, many able s ns_are unable to provide all of the progranm ng

desi red b9utPHb‘? rCppiagy Qa‘éss Thigpuipyycan eighgr beayed 1 issanalog fosmar lsemservednm ng
| t t t t
B oadcast " LaPR ULl REal SBhuCAD. Whieds 194 S50 WART ohved Ao {f tofhy €

di | enma ofnfepnpeivdicag theart@eusadrinithe R AN adpiok RANI@H 08 %8 meaeglaadBSarﬂmc.
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FI GURE 21 shows three Program Sources 2102, ? 104 and 2106 which incl ude
vi deo and digital eqyivelents aedatermingdehy M@pgmbmﬁabewsn@rﬂ%ﬁ?ts 2108, 2110 and
2112. These Di gltal Corrpre53| on units 2108, 2110 and '? 112 could, for
exanpl e, > standard. A wi de variety of MPEG
di gital encodtrig © omercially ranging fromadd-in
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processors costngaWdﬁ)@éﬁn%m&yhbﬁﬁmneéf inj @) manrer that creatssia deedfapyardar d
(call ed the a |n $ t
aFg F %%%69523&4 H red T‘ggtghé o?%ﬁ&@?%ﬁeﬁﬁm Z%%dérrst%% a8

Data Tr ans I Oon roa

(800- 249- J;Qﬁﬁﬂced Q\lldtlibr?dica%C&eéﬁrﬂrhhﬁxcitﬁﬁﬁJ t'EheaﬁeQnmblt aorkablas ikt dedeakat g of
1.5 Mo/s. FIGURE 21 utilizes the present invention's four |evel signaling

i npl ement ddareld $fBlapk of Bsll diaberatories im shen R0 dorsthy redustion gE yndesingd §tﬁa¢meat a
Encoder 2114 yielding a 3.0 Md/ s capacity which can carry two 1.5 Md/s
signals. The aural carrier nethods of the present invention as previously
described are illustrated in FIGURE 21 as Aural Data Encoder 2116. The
Aural Data Encoder 2116 can 25 carry an additional 1.5 M/s digital video
S|gnal These S|gnals are conblned |n TeIeV|S|on nDduIator or Transnltter
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~ ~ MAR 20Ut power |evels and conveyed to m crowave antenna 2136. .
Program Source # 4 2120 includes neans for inserting the signal fromthe
VBI Data and the Directory generator ? 122 of the present invention. '"this
i nformati onW®9%35887% ed to the anal og i nput of Tel evision MdRGHBIIEES13

Transmtter 21 18. Al of the components Qf these elenents are [ ly -~
described as 5 part of the present invent7iqon. At the recei vef'l‘t)giﬁ?/(zﬁﬁzhovm

on the rig ' i L OF AR SOU Gonv 1
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and convert themto NTSC signals for ordinary television recéivers TV
2128, TV #aBatemeByigrahd0MBi.# 4 2136. These ordinary TV receivers may al so

optionally be t VCRs, haye V built into themor have V used w1
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alternative display devices such as those associated wth persona
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present invention. 20 On the ri(?ht hand si de of FIGURE 22, a Decoder
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which is cqn t or. di T . aadhe Digital Video Disk (also
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only foj 5 the regREND sAU®S thel édtnbindtion 'GHRGUREBNAAFIGURME 535 loBRerE tRe

personal letter. In another instance, the recipient nay have a desire to
recei ve i nfabatemdntsignalsiio realitime Nvenévalelemedts are infroduced and tthe elemehtsi notain

reci pients. I n_ yet :anot her ex I se | nt ernet or .other
sinilar serffiE WWW%‘WW%‘:@‘E%Q%%@%J%Q@' Eﬁfedﬂﬁﬁ bedgkeRde gesurey
infornmatio : t o Cl-Li.Ge T ORI C

oquested ang tinfihe VI sighad R{okicty | P 2 TEHOAEY ofith ahBTAR: OO Len 1o
cl ear in thestel stablé operationeandravsidndscillatiemt it amayabesiecesiayas seduce hise darzrate so

expandi ng need for data into hones and offices. Mich of the data servicge
provi de® t ohaltheprenagation imes obthe MBS elaments arg Bot significant coppated tq thy %@ e

request of f un . r aQf (r;gé )
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result in the downstreaminformati on being severely constraj ned by the

capaci ty of implempniatien may wperkte at higher data spegis thanawquldrbe expesigneedewiih g sireuit of
t he networ Kk, as st udj.ed ﬁb'¥ inf%ﬂ tion theorists such as O aude Shannon and
ot hers. Thal™R'§MeRANPROL tEse, ‘the | aws of Physics and is not going; to
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whi ch have 20 not reached simlar limts and thereby enabl es nuch nore

sat i sf act or funstiow pfeisualirynisiand sretbergfaseaptimized.i nf or mati on are transmitted
continuously, the recipient can solicit information on a subject through
the selection of key words or simlar identifiers which permt their
receiver to extract the desired information out of the circulating data
streanm(s). Additionally, the information can be organized into "nmagazi nes",
"chapters”, and 25 "pages" which are listed in a system of indices. The
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utilized. The present invention enables Push Technol ogy over broadcast an-i
cable to an extent here to fore not envisioned by prior art nmethods. It is
expected with the access and speed provisioned by the present invention
that new aM #¥5687sophi sti cated applications for data servi cBETANSP908Sher ge.
.As just one s interesting exanple, the 9/4i ewer of a televisi O% g may
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t he Decoders 2130, 2134, and 2138 of FIGURE '' 1 and the Decoder 2234, DVD
/| Decoder 5 ''238 and Wb Appliance 2230 of FIGURE ?'? included tuners as
part of their structure. FIGURE 23 draws the tuner explicitly to enphasize
t he appli ceiggnsesthus in FIGLRE ?3. Tuner # 1 3350 services poanagetssid52
whi ch extracts the data in the channel - tuned by Tuner # I° 2350 and conveys
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30  Modulator 1403 as shown in the FIGURE 14. A signal from the Visual Reference

Oscillator 1405 is fed to Amplitude Modulator 1403. A signal from the Visual Reference



115 CLAIMS 1. A systemfor providing information to be conbined wth an
anal og tel evision signal, wherein the analog television signal is a signal
relating to a visual signal and a visual carrier, the system conprising

conpensat i owoodorsses7t ry t hat conpensates for the Nyquist filtecrajfeocssszt hat
occur in an analog tel evision receiver; a nodul ator for nodul at] naﬁihe -
information onto a carrier, wherein a sidhal containing t he = &f MARe2003n i s

[ dr at t - i er. at i nt whigh_t he i nf ti -
cont'a, ni ngUssar 18 G0 AR i RS whkeg e FubS rnd Gpeitoe by deevel
whi ch the EBARSIMBE1O9 g HPRERINGMIpct BNakwbForabEmBRY: PERD. CRNRENS 3o n?% r

the conpensation circuitry; circuitry for creating a corrective signal
count er acVisugl Befetamas Ospidiator dH0Y isfalso Eflfte Masiable Gdir Amplifieraiid20h and appiéed

anal og tel evision sjgnal,; d cirrcuitry, for conbining the corrective signal
with the a??a?rt’i@%?‘:e%%‘fbéﬁg@?wéﬁ'xzr 1%%9& which asymgeulated;withr a Jpgicallyninyereed
conpensat i [ LhE My {<D A ' ry. tem of claim 1l
wherei n t hRa Sl Wiidh LEKHARED T N hrbiirel 14287 sl SRS Bnst 0T,
the vi sual Thigrisithe .logicalTbempijsén rofothe cdnabdedldamb asigian (TR 6@phi 6F tRBIQUBR Ch

the information is nodul ated is the visual carrier. 5. The systemof claim
1, wher ei nbalpreediMixar 14303fis arrijedde ithrsegordinputcef Gembingn b 9P urkhgegoal of these
conprises: .a pluralit v e: i [ L ts; | evel ,contr ol

circuit coﬁ‘fﬁ“ita ¥ go P h°yed“§% ttﬁr/ggrle?l 5‘{%} 3&@@&%@! %\ ésﬁﬁf)ie%oa%firvﬁﬂal data gignal 1 ghe e

del ay ci r CilighaltR2naednbp dadhslithdd Rddlatei 14001 t THIS|siphal itHén AppREP S Gl double
coupled to the delay circuit. ~ MAR 2002 116 6. The systemof claiml,
wher ei 10 t hbalaiced uViixey 4209 cwhigh iis gnadubated sdthi endy stherehirorhassignel ondimer 142 a

N o TR T NN TN
to the |evglaseqRl aflpliide@fithis double sideband signal is adjusted by Phase Shifter 14213 and
Level Control 14213. The correct adjustment of Phase Shifter 14213 and Level Controller
14.4 14215 is so that the chroma information when combined with the output of Amplitude
15 Modulator 1403 in Combiner 14219 is at the correct amplitude and phase so as to represent
a faithful recreation of the original composite signal applied to the input of Luma / Chroma
Separator 14191. This is first accomplished by adjusting the phase and amplitude of the
chroma when no data is applied to line 14205 and the visual encoded data signal is off. This
adjustment process reconciles the correct amplitude and phase for the chroma components
20  when recombined with the luma / burst information derived by Luma / Chroma Separatbr
14191 and supplied to the Amplitude Modulator 1403. The output of double balanced
Mixer 14209 must be filtered in Filter 14217 so that only the sidebands generated by the
chroma signals are passed on to Combiner 14219. In a standard NTSC system this Filter
14217 will need to extract the region 41.57 MHz to 42.77 MHz and should display
25 maximum attenuation at 45.75 MHz + 750 kHz. The circuitry of FIGURE 14 when
correctly adjusted and operated can effectively reduce the phase perturbation introduced by
the undesirable properties of an envelope detector on the color signal.
A similarly constructed circuit could be developed which operated in the same
manner upon the aural carrier of an NTSC television signal. When properly adjusted and
30  operated, this circuit will remove the sympathetic phase modulation imparted by a certain

class of detector on intercarrier sound signals. It is possible to build a single compensating



a second delay circuit coupled to the circuitry for creating a visual
carrier; and a conbiner coupled to the second delay circuit. 7. A system
for providing information to be conbined with an anal og tel evi sion nal ,
wher ei n théwgﬂdéﬁ}g{tel evision signal is a signal relating to 5“”%3@459
signal a visual carrier, the system conpjg sing: conpensati o g MARI 2008 that
conpensates for the Nqu st filter effects that occur in an anal og
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carrier to create an information - conta| ning signal; circuitry for
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tel evision signal after being conpensated by the conpensation circuit .
The syst eameoftifedtpresedt incenthinciassdse franchl datectors woulddauhatagads t he i nf or mat i on
onto the carrier conprises Ci rcuitry adapted to nodul ate said information
onto the rrier erein, th th - containing signal is in

quadr at ur L he information - containing
signal is conbined with the anal og television signal. 9. The system of
~claim 7 in whi &wte:hchenfidiomang discansioni dwyarq:fbaste frephehatoin fher rptsaseed RF
nodul ating the inf or mati on.onto the car thF hase dul at or adapt ed to
create a gPQ?I“Hm tYISE  Lheq SiSHal sCarmRuLS ¢ é%e’ FAt gg“c she jayral  cagiegpr
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abat enent rocess for provi dirn or ma e co

with ao alpdcqgn{.ghmdpn signal, wherein the anal og tel evision si gnal | S a
signal relating to a visual S|gnal and a visual carrier, the process

conpri sing: nodiditanaly infeemptiemaxt ialse betasidad cen the rauralhearsem of the gNESC
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conbi ni ng thadtethe cAMe oiadutationgmay neit the fulk depthl withvet eonrgptong thegmahl peopttam
15  information. The allowable depth of modulation is limited by the worst signal to noise ratio
to be encountered in the service area of the broadcasts. To be approximately equivalent in
both program material and data performance at the FCC “Grade B” contour, a downward
modulation depth of about one half voltage (6 dB) which corresponds to 33% modulation is
appropriate, but other values can be used. At this depth of modulation, multilevel data
20  signals may be employed increasing the data carrying capacity of the channel.

More efficient use of the available spectrum is achieved by multilevel encoding with
more than two levels of data. (The term “multilevel” means in this document more than one
level and includes a two level signal as well as a signal with more than two levels.) In the
system of the present invention, 2, 4, 8, and even 16 levels are appropriate for different

25  signal quality environments. Other non-power-of-two numbers of levels are possible as
discussed subsequently. In an NTSC (type M system) the highest chroma frequencies
utilized are 5.43 MHz above the lower band edge. This is arrived at by the visual carrier
being 1.25 MHz above the lower band edge, the chroma subcarrier being 3.58 MHz above
the visual carrier and the hfghest frequency chroma sidebands extending up to 600 kHz

30 above the chroma subcarrier (1.25 + 3.58 + 0.6 = 5.43). If it is desired to maintain the



conbining the information with the analog tel evision signal after
conpensation for the Nyquist filter in an analog television receiver. 12. A
process for providing information to be conbined with an anal og tel evision
si gnal , wheWeid/5%82 anal og tel evision signal is a signal rel RETH§IYBSE
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signal after being conpensated bg t he conpensation circuitry.
an otherwise previously permitted encroachment on the chroma spectrum and a more robust
signal can be decided by the implementer. A unique advantage of the signal of the present
15 invention is its ability to be adaptive.

Typically domestic television broadcast stations operate at a power ratio of 10%
aural to visual (they are allowed by FCC regulation to operate between 0 and 22%.) The
process of the present invention uses a nominal depth of downward modulation of 50%
which effectively reduces the instantaneous aural signal by up to 6 dB. It is believed that

20  this further reduction of the aural field strength will insignificantly impact on the aural
program signal’s availability. Practically, viewers will have already abandoned reception
for want of a better picture long before the earlier onset of loss of sound limiting is
perceived. Empirical evidence with a small sample of television receivers suggests that the
addition of the data signal of the present system does not reduce the limiting of the aural

25 channel below its threshold, even under conditions where the visual signal has lost its sync.
To illustrate this point, it should be noted that in the early days of television broadcasting
stations were permitted to operate as much as 50% aural power. Significant improvements
in sound system processing have allowed a reduction in the aural power while
"accommodating BTSC programming. Recently (1997) discussion has been underway by

30  some operators of NTSC broadcast facilities 1o reduce their aural carrier power to 5% (-13

dB) of the visual. A sample of people interested in this work have nearly unanimously



a visual transmtter; a receiver adapted to receive signals fromsaid
visual transmtter; a first data denodul ator coupled to the receiver. 16.
The system of claim 15 in which the nodul ator for nodulating the

i nfor mat i oW he carrier conprises circuitry adapted to nsamsa?/@sshl
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An alternate approach to producing amplitude modulation of the data onto the FM

20  aural signal is to separately generate the required sidebands and carrier components and add
them to the FM aural signal. Referring to FIGURE 15b, the data signal which is provided

by the Multilevel Data Source 15503 is introduced to the AM Data Modulator 15505. The
radio frequency port of this modulator is fed with a low level sample of the FM modulated

aural signal available as set by control 15511. This sample is obtained from any convenient

25  point in the transmitter aural signal path. Since amplification subsequent to AM modulation
must be linear to preserve the AM information unaltered, this point is best chosen after the
frequency translation and power amplification of the Sound Transmitter 1521 as shown in
FIGURE 15b. In the AM Data Modulator 15505 the process of data modulation as in
FIGURE 15a is performed. The resultant signal is adjusted in strength by control 15513 and

30 directed to Comparator 15515 where aural program signal without the data modulation is

subtracted from it providing a signal consisting of the additional components required for
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normal TV FM demodulation. This is an example of how an abatement process can be used

to improve the performance of the data channel of the present invention otherwise impaired

by cross coupling from the NTSC aural programming. The use of baseband equalization

10 (case 3) eliminates the need for thesc filters and thereby avoids the production of the
undesired cross modulation products and the need for correction.

The data capacity of the aural channel is a function of the bandwidth utilized, the

efficiency of the modulation format employed, the minimum carrier to noise ratio to be

encountered, and the degree of employment of error correction

15 Numerical Considerations for Aural Data

Bandwidth required is based on 20% data “excess bandwidth”. The TV chroma signal is
protected from the data signal by filtering at the frequency listed as “‘lowest baseband

frequency”. Some configurations are less practical (2 level and 16 level) and are less

preferred.
20
Data Rate # of levels  Nyquist B/W 20% excess Y total Lowest Baseband
BW occupied B/W center frequency
1.5 MB 2 1.50 MHz 0.30 MHz 0.90 MHz 3.60 MHz
1.5 MB 4 0.75 MHz 0.15 MHz 0.45 MHz 4.05 MHz
35 1.5 MB 8 0.50 MHz 0.10 MH2 0.30 MHz 4.20 MHz
1.5 MB 16 0.375 MHz 0.075 MHz 0.225 MHz 4.275 MHz

Carrier to Noise (4.08 MHz B/W) calculations are based upon 6 dB depth of modulation.
The 36 dB C/N case considers aural carrier to be at -10 dB (broadcast mode) while at 43dB
30  C/N (cable mode) - 15dB is used. 2 level data operates at basic S/N, 4 level is 7 dB worse
and 8 & 16 levels degrade 6dB for each increase. The effects of vestigial filtering are not
included.
C/N = 36 dB C/N(102dB/Hz) - Nyquist dBc - modulation depth - aural A
Data S/N = C/N - MLFAC (Multilevel Correction Factor)
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levels MHz __dBc Depth __auralA _C/N__MLFAC_ data S/N

1.5 MB 2 150 61.8 6.0 dB 15dB 262dB 0dB  26.2dB

1.5 MB 4 0.75 58.8 6.0 dB 15dB 292dB 7dB  22.2.dB

1.5 MB 8 050 57.0 6.0 dB 15dB 31.0dB 13dB  18.0dB

15 1.5MB 16 0375 55.7 6.0 dB I15dB 323dB 19dB  13.3dB

Approximate performance vs. S/N - - - 15 dB S/N theoretically will produce 10  BER.

Performance Characteristics at Various Aural Rates

Data Rate  # of. Data S/N C/IN Margin at NTSC Threshold

20 levels Bcst Cable for 10-8 Best Cable
1.5 MB 2 242dB  26.2dB 15dB 9.2dB 11.2dB

1.5 MB 4 202dB  222dB 22dB 52dB 7.2dB

1.5 MB 8 16.0dB  18.0dB 28 dB 1.0dB 3.0dB

1.5 MB 16 11.3dB  13.3dB 34dB -3.7dB -1.7dB

25  In cable television operation of the aural carrier 10 dB below the visual carrier is

permissible and will provide 5 dB of additional margin. {47 CFR 76.605 (a) (5)}

Data Receivers

Figure 17a is a modification of the Conventional Television Receiver of Figure 3 to

include the ability to recover the present invention’s data. First the data on the visual signal

30  will be considered. Directional Tap 1772 removes a portion of the signal energy flowing
between the Mixer 1750 an‘d the IF Amplifier with Nyquist Filter 1754 and presents it to the
visual input of the Data Demodulators block 171 10 on line 1778. The other input to the
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15 backfeed to circuits not intended to receive them. Altematively, the directional coupler
1774 may be used instead after the signal goes through the Optional Adaptive Equalizer
1756. (The splitting of the IF amplifier for these purposes is not to be confused with the
split sound technique described earlier as a method of television receiver design.) This has
the benefit of allowing the Optional Adaptive Equalizer 1756 to compensate for

20 transmission path deficiencies. The second part of the IF amplifier 1754b includes the
receiver’s Nyquist filter.

If the receiver implements its ghost canceling at baseband after detection, a separate
ghost canceller may be employed for the data signal. These techniques are well known to
those of ordinary skill in these arts. See “A Tutorial on Ghost Canceling in Television

25  Systems”, W Ciciora, G Sgrignoli, and W. Thomas, IEEE Transactions on Consumer
Electronics, Vol. CE-25, No. 1 Feb 1979 Pages 9-44.

Figure 17c shows the details of the Data Demodulators block 17110. Band Pass
Filter (BPF) 1780 restricts the energy to those frequencies which carry the present
invention’s data. Note thaf the bandwidth of BPF 1780 goes slightly beyond the 750 kHz

30 double sideband region of the NTSC signal. Because of this, it includes part of the visual

spectrum which will cause some degradation of the received data. This is not considered
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20

25

packages previously cited. The signal from the BPF 1780 then travels two paths. The first
path takes it to Phase Locked Loop 1784. Phase Locked Loop 1784 produces a stable
cosine wave of the same frequency and phase as the visual carrier. Phase Locked Loop
1784 may be implemented with a wide variety of integrated circuits or using discrete
semiconductors. Just one suitable example is the TLC3923 chip by Texas Instruments
which serves this purpose when operated in the manner intended by its manufacturer. Phase
Shifter 1786 shifts the phase of the output of Phase Locked Loop 1784 so that it is in
quadrature with the visual carrier and therefore in phase with the present invention’s visual
data signal. Phase Shifter 1786 may be implemented with the Mini-Circuits PSCQ2-50
previously cited. The second path from the BPF 1780 leads first to Amplifier 1782 which
provides appropriate signal strength to drive double balanced Mixer 1788 where the cosine
wave from Phase Shifter 1786 is also made available. The Mini-Circuits SRA-1 is
commercially available and is a suitable mixer for this purpose. Since the phase of the
output of the Phase Locked Loop 1784 has been adjusted by Phase Shifter 1786 to be in
phase with the quadrature data signal, Mixer 1788 can recover that signal.

The output of Mixer 1788 is, in the general case, a multilevel signal. It is
simultaneously fed to a Clock Recovery circuit 1792v which recovers the timing
information from the multilevel signal. Clock Recovery circuit 1792v can be implemented
in many ways. Just one example is the Elonics EL2019 clock recovery integrated circuit.
The clock signal times Level Slicer 1794v and Parallel data to Serial data converter P / S
1796v. The Level Slicer 1794v determines when threshold values are exceeded by the
multilevel signal from Mixer 1788 and therefore what logic values are estimated to be
received. When more than two levels are encoded simultaneously, more than one logic bit
is sent simultaneously. The Parallel data to Serial data converter P / S 1796v puts the data
in serial form to be presented to the user on terminal 1798v. Alternatively, the data is
presented to Data Multiplexer / Demultiplexer 17106. More will be said about Data
Multiplexer / Demultiplexe;' 17106 below.
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Next the data on the aural carrier will be considered. As discussed above in
connection with FIGURE 16. that data must be accessed before passing through limiter
1764 which strips off the amplitude variations. The signal is then passed to Data Filter
17100 and finally to AM Data Detector 17102. FIGURE 16a and FIGURE 16b discussed

5 two possible forms for the Data Filter 17100. In addition, a third configuration was
described in FIGURE lé6c. If that configuration is implemented, AM Detector 17102 1s
placed ahead of Data Filter 17100 and Data Filter 17100 is realized using digital filter
techniques. Clock Recovery circuit 1792a serves the same function and can be
implemented in the same manner as Clock Recovery circuit 1792v. Level Slicer circuit

10 1794a serves the same function and can be implemented in the same manner as Level Slicer
circuit 1794v. Parallel data to Serial data converter P / S 1796a serves the same function
and can be implemented in the same manner as Parallel data to Serial data converter P / S
1796v. The Parallel data to Serial data converter P / S 1796a puts the data in serial form to
be presented to the user on terminal 1798a. Alternatively, the data is presented to Data

15  Multiplexer / Demultiplexer 17106.

Data Multiplexer /Demultiplexer 17106 is optional and can used to assemble data
from the aural subcarrier and the visual carrier into a larger data stream. It will be clear to
those skilled in these arts that the other methods of data carriage in analog signals can also
be used in conjunction with these inventions. Thus, while not shown in FIGURE 17a, data

20  carried in the Vertical Blanking Interval, in systems devised by others such as Digideck and
WavePhore, and in other subchannels may be combined without further invention to
provide a higher data capacity. Conversely, the data conveyed in the aural channel and the
data conveyed in the visual channels may be subdivided into lower capacity data streams for
purposes which are not demanding of the full capacity of these channels. These

25  muitiplexing and demultiplexing techniques are commonly used and understood in these
arts and require no further explanation.

If the data in the visual path and the data in the aural path are synchronously
clocked. only one of the Clock Recovery circuits 1792v or 1792a is required. Either choice
is valid. In that case connection 17104 provides the clock signal to the path which does not

30 have its own Clock Recovery block.
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e of the dafa signal and e to demodulation errors. Instead, part of the
output of Amplifier 1782 on line 17124 feeds Mixer 17122 whose other input comes on line

17120 from the non-phase shifted output of Phase Locked Loop 1784. Thus the output of
the Mixer 17122 on line 17126 is the synchronously detected baseband visual signal. High
Pass Filter 17128 aggressively removes the portion of the video which is in the same band

10  as the data signal. The remaining signal is that which would interferes with data detection.
It is conveyed on line 17130 to the subtracting input of combiner 17132. The other input 'to
the combiner 17132 comes from the Mixer 1788 on line 17134. The data signal with the
interfering visual signal removed is presented on line 17112 to the Data Extractor block
17116 of FIGURE 17c.

15 FIGURE 17e¢ is an implementation of a data receiver which is separate from a
television receiver. The visual and aural signals are not detected and used for their normal
purposes. FIGURE 17e will be recognized as FIGURE 17b with the following elements
deleted: Sound Reproducer 1770, Audio Amplifier 1768, FM Detector 1766, Limiter 1764,
Video Processor 1760, and Video Display Device 1762. Detector 1758 survives in abridged

20 form. Its sole function is to serve as a non-linear device to bring the aural subcarrier which
contains AM data down to baseband frequencies for conveyance on lines 1776 to the Data
Demodulators in 17110. Such a device can be built into a much smaller and lower cost set
top box or other small cabinet since it does not have the picture and sound producing

devices and their expensive and power consuming components,

25  Non Binary Multi-Level Codes

When the transmission path’s noise, distortion, and interference supports only two
levels of signaling, one threshold is required to determine if the analog representation of the

(Ll »

binary signal intends to convey a logical or a logical “0”. Binary signals are transmitted
in succession and grouped together to form binary words. Traditionally, eight bits are called

30 abyte. Occasionally, four bits are called a nibble. The number of bits which form a “binary
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transmitted, it is usually organized into bytes.
FIGURE 18a shows the familiar two level binary code considered to this point. The
order of the bits are defined to progress from Least Significant Bit (LSB) to Most
5  Significant Bit (MSB) and the location in the stream is assigned a value or weight. The

weights in the binary system are as below. The familiar decimal system is also shown as

well:
LsB 2°=1 10°=1
2 =2 10' =10
10 =4 10% = 100
2’ =38 10° = 1,000
2 =16 10* = 10,000
=32 10° = 100,000
2 =64 10® = 1,000,000
15 MSB 2/ =128 10’ = 10,000,000
So in the binary system a byte consisting of all 1s would be valued as:
11111111 = 128+64+32+16+8+4+2+1 =255
and in the familiar decimal system, a string of eight 1s would be valued as:
11,111,111 =
20 10,000,000+1,000,000+100,000+10,000+1,000+100+10+1 = 11,111,111

The binary system has just two symbols: 0 & 1 while the decimal system has ten
symbols: 0,1,2,3,4,5,6,7,8, and 9.
When the transmission path can support more than two levels, it is customary to
attempt to utilize levels which are a power of two and to consider multiple bits to be
25  simultaneously transmitted. So for example, if four levels can be transmitted, they can

define two simultaneous bits:
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Level 1 represents 00

Level 2 represents 01

Level 3 represents 10

Level 4 represents 11

5 And similarly, if the transmission path can support eight levels, the eight levels can

define three simultaneous bits:

Level 1 represents 000
Level 2 represents 001
Level 3 represents 010
10 Level 4 represents 011
Level 5 represents 100
Level 6 represents 101
Level 7 represents 110

Level 8 represents 111

15 If the transmission path can support ten levels, it is possible to do something quite

different. The levels can directly represent the decimal system:

Level 1 represents 1
Level 2 represents 2
Level 3 represents 3
20 Level 4 represents 4
Level 5 represents 5
Level 6 represents 6
Level 7 represents 7
Level 8 represents 8
25 Level 9 represents 9
Level 10 represents 0
However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to decimal will be

required at the sending end and a conversion back to binary will be required at the receiving
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5 and many others and familiar to those of ordinary skill in these arts.
Similarly, if the transmission path’s noise, distortion, and interference supports more
than two levels of signaling, but not quite four, then three levels can be employed. The
tables of FIGURE 18a show how to proceed. The familiar Two Leve! Code is shown on the
left for the transmission of four bits with the MSB on the left and the LSB on the right. At
10 the top of the columns, the “weight” of each position is indicated. The “Sum” column is
formed by taking each the columns contents and multiplying it by that column’s weight and
totaling the values for the row. The three level code fills the center and right columns and it

is created in the same manner. Here, instead of the two symbols of the binary case, three are

utilized: a, b, and c. The “weights” of the columns are the powers of three:

15 LSB 3%=1

MSB 3% =27

The three symbols have multiplying values of a=0,b =1, c =3. And so, taking
20  some representative rows:
aaaa=0000=0x27+0x9+0x3+0x1=0
bbbb=1111=1x27+1x9+1x3+1x1=40
cece=2222=2x27+2x9+2x3+2x1=80
cbaa=2100=2x27+1x9+0x3+0x1=63
25 However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to three level code
will be required at the sending end and a conversion back to binary will be required at the
receiving end. This can be accomplished using logic design principles found in elementary

college texts on logic design as cited earlier and is familiar to those of ordinary skill in these
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It is also possible to consider the four levels to represent four different symbols ir
10  the manner in which we proceeded with the three symbol case. The tables of FIGURE 18t
show how to proceed. At the top of the columns, the “weight” of each position is indicated
The “Sum™ column is formed by taking each the columns contents and multiplying it by that
column’s weight and totaling the values for the row. Here, instead of the two symbols of

the binary case, four are utilized: a, b, ¢, and d. The “weights” of the columns are the

15 powers of four:

MSB 4 =64
20 The four symbols have multiplying values of a=0,b=1,c=2andd = 3. And so,
taking some representative rows:
aaaa=0000=0x64+0x16+0x4+0x1=0
bbbb=1111=1x64+1x16+1x4+1x1=85
ccec=2222=2x64+2x16+2x4+2x1=170
25 dddd=3333=3x64+3x16+3x4+3x1=255
dcba=32100=3x64+2x16+1x4+0x1=228
However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to four level code
will be required at the sending end and a conversion back to binary will be required at the

30 receiving end. This can be accomplished using logic design principles found in elementary
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10

15

30

considered to represent two simultaneous binary bits.

Similarly. if the transmission path’s noise distortion, and interference supports more
than four levels of signaling. but not quite six, then five levels can be employed. The tables
of FIGURE 18c show how to proceed. At the top of the columns, the “weight” of each
position is indicated. The “Sum” column is formed by taking each the columns contents
and multiplying it by that column’s weight and totaling the values for the row. Here,
instead of the two symbols of the binary case, five are utilized: a, b, ¢, d and e. The

“weights” of the columns are the powers of five:

LsB =1
s'=s
2
52 =25
MSB 5° =125

The five symbols have muluplymg valuesofa=0,b=1,c=2.d =3 and 3 = 4.
And so, taking some representative rows:
a2aa=0000=0x 125+0x25+0x5+0x1=0
bbbb=1111=1x125+1x25+1x5+1x1=156
ccec=2222=2x125+2x25+2x5+2x1=312
dddd=3333=3x125+3x25+3x5+3x1=468
ecee =4444 =4 x 125+4x25+4x5+4x 1 =624
edcb=4321=4x125+3x25+2x5+1x1=586
However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to five level code
will be required at the sending end and a conversion back to binary will be required at the
receiving end. This can be accomplished using logic design principles found in elementary
college texts on logic desigh as cited earlier and is familiar to those of ordinary skill in these
arts. The range of values which can be conveyed in four time periods with five levels

extends from 0 to 624.
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throughput capability of the Vertical Blanking Interval (VBI) by the inclusion of multiple
signal levels of more than two levels (The term “multilevel” means in this document more
5  than one level and includes a two level signal as well as a signal with more than two levels.)
in a manner nominally otherwise consistent with current Teletext and VBI practice. The
application of Teletext signals within the scope of the current art places a logical one and

logical zero at levels which equate to 0 IRE and 80 IRE respectively.

Under conditions of normal television reception the video program to noise ratio is

10 generally in excess of 36 dB. Under these circumstances enabling circuits can be built and
operated which can discriminate between multiple voltage levels. These levels can be used
to generate additional data states which multiply the effective data rate from that of a two
state system. If as an example, eight states were used the equivalent data rate would be
tripled. The prior state of the art failed to utilize multilevel signaling of more than two

15 levels in the VBI in spite of common complaints regarding excessive access time. Concerns
regarding multipath reflections (ghosts) may have contributed to this deficiency in prior art
systems. Lower signal margins between states would produce a system which was more
susceptible to inter-symbol interference from ghosting. The current state of the art in
television receivers includes ghost canceling circuits, some designs based upon the Ghost

20 Canceling Reference (GCR) signals. These techniques mitigate the impact of ghosting on
television reception. Cable television systems are generally operated in such a way so as to
be materially free of ghosting. In both the foregoing examples sufficient performance
margin exists to permit the successful adoption of multilevel data of more than two statles
and thereby the increase of data throughput over a two level system.

25 While the placement of signals in quadrature with the visual carrier requires care to
avoid interference with the television image, no such problem exists in the VBI since its
timing is such that no video is present during it occurrence. Thus at least double the number
of signal levels can be expected in VBI signaling that can be used in the quadrature methods
of the present invention.

30 As previously discussed, current Teletext signals convey thirty-two eight bit words
in each VBI line allocated or 7,680 b/s per VBI line in each field. While there are twenty-

one lines in the VBI, nine are required for the vertical synchronization signal and one is
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If instead of just the VBI, all the lines of the signal could be allocated to this
purpose, no Closed Captioning would be needed and only eighteen of the 525 lines are
unavailable. The 507 lines occurring thirty times a second with thirty-two eight-bit words
would yield a bit rate of 3.89 Mb/s. If eight signaling levels are used, three bits are

10 conveyed simultaneously and the signaling rate increases to 11.68 Mb/s. If, as discussed
above, sixteen level signaling is used, four simultaneous bits are conveyed for a bit rate of
15.59 Mb/s. While main thrust of the present invention is the compatible addition of data to
NTSC television signals, it will be appreciated that the visual data and aural data methods of
the present invention are compatible with a full-field teletext approach which utilizes two

15  level or multiple level signaling.

It will be appreciated that the previous discussion on non-binary multilevel signaliﬁg
applies to the VBI and Teletext applications as well. When the transmission path’s noise,
distortion, and interference supports more than two levels of signaling but not quite four,
three level signaling can be employed. Similarly, if the transmission path’s noise distortion,

20  and interference supports more than four levels of signaling, but not quite eight, then five,
six or seven levels can be employed.

The circuitry to implement these approaches is a combination of standard teletext

decoder clock recovery and an enhanced level slicer which can discriminate the number of

levels chosen. The level slicer is the same as found in FIGURE 17 of the present invention.

25 Differential Data Immunity

FIGURE 19a shows the manner in which a Digital signal to Analog signal converter
can be implemented. There are a wide variety of methods of accomplishing this function
and a plethora of commercially available integrated circuits which can be used for this
purpose. FIGURE 19a illustrates one implementation of a two bit system and is for

30  illustrative purposes only without limiting the choices of actual implementation. The MSB
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for example, current In; 1920 is one ampere and resistor Ry 1922 is one ohm, then output
voltage V, 1908 will be one volt for each unit of current from current source I, 1920 and

two volts for each unit of current from current source Iy 1910 as shown below:

D, D, MSB LSB V,

10 off  off 0 0 Ov
off on 0 1 1v
on off 1 0 2v

on on 1 1 3v
If MSB data input D; 1902 and the LSB data input D, 1904 step through the
15  sequence 00, 01, 10, 11 then the voltage steps shown in FIGURE 19a as 19126, 1928, 1930,
and 1932 will result. If voltage thresholds Vi, 1934, V5 1936, and V5 1938 are set at

0.5 volts, 1.5 volts, and 2.5 volts respectively, then a receiver will be able to determine
which data was sent by the methods shown in FIGURE 19b.

The left side of FIGURE 19b shows one implementation of a slicer circuit using a

20 differential amplifier technique familiar to those skilled in these arts. There are a wide

variety of methods of accomplishing this function and a plethora of commercially available

integrated circuits which can be used for this purpose. FIGURE 19b illustrates one

implementation and is for illustrative purposes only without limiting the choices of actual

implementation. When the input voltage Vi, 1940 on the left transistor 1942 is less than the

25  threshold voltage Vi, 1944 on the right transistor 1946, the left transistor 1942 is off and the
right transistor 1946 is on causing current to flow in load resistor R 1948 dropping the

output voltage V¢ 1950 to its lower value. When the input voltage V;, 1940 on the left

transistor 1942 is more than the threshold voltage Vi;, 1944 on the right transistor 1946, the
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h& () - 4! 196ebd thresholdvsttage Vip,; 1958, threshold voltage Viyy 1960, or threshold voltage Vi3

1962 formed by a resistor ladder consisting of resistors R1 1964, R2 1966, R3 1968, and R4
1970. If the voitage thresholds Vy,, 1934 and 1958, Vy;, 1036 and 1960, and V5 1038 and

10 1962 are set at 0.5 volts, 1.5 volts, and 2.5 volts respectively, then the outputs of the three
level slicers 1952, 1954, and 1956 are as follows:

Logic Inputs MSB, LSB 00 01 10 11

Input Voltage Ov lv 2v 3v

Slicer # 1 L H H H

15 Slicer # 2 L L H H
Slicer # 3 L L L H

The “L” in the above table indicates a lower voltage or a logic 0 while the “H”
indicates a higher voltage or a logic 1. It can be seen that Slicer #2 1954 directly indicates
the value of the MSB. The LSB is at logic one when Slicer #3 1956 has a high output or

20 when the combination of Slicer #1 1952 has a high output and Slicer #2 1954 has a low
output. This logic is realized in Logic Block 1972 with logic Inverter 1974, And Gate 1976,
and Or Gate 1978.

It can be seen from FIGURE 19a that if the output voltage Vg 1924 encounters more

than one volt of peak to peak (with zero d.c.) noise, distortion, or interference, it may not be

25  possible to accurately recover the levels transmitted. As long as the peak to peak (with zero

d.c.) noise, distortion, or interference remains well below one volt, accurate recovery of the
transmitted data will occur.

FIGURE 19c describes the use of unequal steps in the encoding of data to provide

differential noise immunity and differential immunity to distortion, and interference to two



10<<

10<<| XOBAOYS<& ()-: !\ WWAOUP<P<& ()-:!198A0%<=<& ()-: XzX60P1! 6LFYA0%hVh& (
- llLF‘V&O‘V%% - 1 LFY%40%h>h& ()- |19%0%

h&' ()-41119 ' ()-4!11 %0%th4h& ()-4{zl "P1 F10%& ()- 10 HCH“’UJ?BWHSSM 10

h hi,)F%0%h h& ()-!;,)F9%0% h[ h& ()-!(,JF%0%hHh& () - LFY%0% h‘%

W dEAPL F109%f #109& () - sf#109%& () - SLf #10%& ()- ° 109%& () - S1oWg Luue

@310%: () gg?%ﬁé{l (AL QUE b MIE A s(ohrc%fl#l%@béén OB ol NrisSeranive

f#109& () - SRVMEENPL F10%»S 10%&

109&' 1 | Z:

109 | % 0 S%%g/ea%g ! pg%%ﬂ,ﬁag%%yaéﬁg%&&gzg ?ﬂg%g 0@}%‘3 ’i%yé?‘??@"ﬁ 5 P2b@
L3%4.0%4| & (his!daiddés e-drkek step-rii Q9B i€ ad 1@@&%&%&(%& HESS Gnd b4 074 |

& ()-nHzXJI<@ 10| | 10| [!\)Z9%0% | & ()-!1)Z29%d0% |} | & ()-!;)Z%0%]| o] & () -

Z940%4| & (MSH t®ee0vhe| Bpige (Immunity<@ the LSB. The threshold voltages are adjusted as

igi i Y% 0%,1\5&&@2 & Y ﬁf%é )ﬁaﬁéoo/a%%f‘ n(xg)q a%&lth(a% the’ ngB/& Hw MSB remains

m’/(iO%&' : 040 ] K J0%;e
G ()- 10 %@%‘%‘ééﬁ‘%&’%&“m)dfﬁ“éf\ef'é"va%‘f}&-@ f*&?&%%%ﬁﬁ? Silea U

U&' () - ! FYd Dte- diftiserft)al Yﬂ/dﬁi%umty may be selected to be any appropriate value for the specific
W& () -F1Yvdo%eU>U& () - F!, [ YW 0WWIUR () - F! (Y0 USU& () - Fi #(}[ 9+4
10QUQU! DlZ@BRj‘ﬁQ‘J@d&' ()-t11179%0%U>U& ()-tf)Z2%40%

U& () -! 61) 298 0% G d A;Sp'rgcol/étgg/‘ihat the principle of differential data immunity can be applied

10  to more than just four levels without further invention or research. The four level example

is presented here for simplicity of illustration rather than as a limitation.

Future TV Receivers

Future television receivers can take advantage of the availability of the abatement
signal to adjust the abatement signal for their particular structure.

15 For example, a fully synchronous receiver would not need the abatement signal and
actually would suffer by some small amount from its imposition. Because the inherent
performance of the fully synchronous detector is at an initial high level. the slight
contribution of the abatement signal in an adverse way to this class of detector is not
consequential.

20 Referring to FIGURE 9a, 9b, and 9c, the data that is used in the transmitter’s ROM /
RAM 9113 can be made available to the receiver in the digital data stream. In the receiver,
it can be converted to an analog waveform, correctly timed, modulated onto an appropriate
IF frequency and subtracted from the received signal. If the receiver's detector needs no
abatement, the signal is restored to its original condition. If the receiver’s detector requires

25  a different kind of abatement, it can be constructed locally within the receiver correctly
timed. modulated onto an appropriate IF frequency and added to the signal before video
detection. These same processes may be implemented at baseband, but with more

complexity.
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5 an on-screen menu, to allow a viewer (or service technician) to select from multiple
abatement procedures stored in ROM and / or RAM in the receiver to find the one most
suitable to the needs and tastes of the receiver's owner. Since the abatement data can be
made downloadable, modified versions can be provided from an instrument which either
uses a special connector or modulates the signal onto an RF signal which is conveyed to the

10  receiver via its antenna terminals.

Heterodyne Processor

It is desirable to be able to add at least some of the data signals of the present
invention to a modulated signal without demodulating it first. FIGURE 20 shows apparatus,
systems, and methods for doing this. A Local Oscillator 2002 at an appropriate frequency

15  supplies Mixer 2004 with one of its inputs. The other input to Mixer 2004 is a modulated
television signal. The output of Mixer 2004 is at an IF frequency. The signal is conveyed
to a Visual IF Amplifier 2010 which passes and amplifies only the visual portion of the
signal. Prior to reaching Visual IF Amplifier 2010, Directional Coupler 2008 separates a
portion of the signal and conveys it to Aural IF Amplifier 2012 which passes and amplifies

20 only the aural portion of the signal. Immediately after Mixer 2004, Directional Coupler
2006 separates a portion of the signal and conveys it to Phase Locked Loop (PLL) 2014
which provides an unmodulated output carrier on lead 2016 which is locked in phase and
frequency to the visual carrier. The output of PLL 2014 is phase shifted by an appropriate
amount in Phase Shifter 2018 so that the optionally suppressed data carrier is in quadrature

25  with the visual carrier. This is similar to 525 of FIGURE 5A (or any of the other
implementations of the Data Encoder of the present invention). The output of the Data
Encoder 20525 is provided to Combiner 2020. The output of Data Encoder 20525 is

. optionally also provided to Abatement Signal Generator 20995 similar to the Abatement
Signal Generator of FIGURE 9b (or any of the other implementations of abatement signal
30  generators of the present invention) which generates an appropriate baseband abatement

signal. If the methods of FIGURE 13 arc used to generate the abatement signal, Optional
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employed to add visual signal data.
Using the methods of FIGURE 15 and FIGURE 16, the aural carrier data is
processed in Aural Data Generator 2024 and modulated onto the aural carrier in Aural Data
10 Modulator 2026. The output of the Aural Data Modulator 2026 is combined with the visual
signal in Combiner 2028. Mixer 2030 is supplied with the output of Local Oscillator 2002
and heterodynes the combined signal output of Combiner 2028 back to its original
frequency. Band Pass Filter (BPF) 2032 restricts the signal to its assigned frequency band
and amplifier 2034 brings it to the appropriate strength for the purposes intended. It will be
15  appreciated that subsequent frequency translation can be applied through the
implementation taught in FIGURE 20 so as to place the NTSC signal encoded with data as

provided in the present invention onto a different frequency.

Scaleability

An important aspect of the present invention is its scaleability to accommodate

20 differing transmission path conditions as well as various application data rate requirements

and economic constraints. Scaleability comes from two factors. Firstly, there is the ability

to utilize three different paths for data transmission: the visual carrier, the aural carrier, and

the VBI. Secondly, each of the paths can employ multiple signal levels ranging from two

level binary to multiple levels in powers of two and even to multiple levels which are not

25 powers of two. These various resources can be multiplexcd into higher data capacity paths

or demultiplexed into many smaller scale paths. The resources from multiple 6 MHz
channels and FM signals can be multiplexed for still higher data rates.

Some of the data paths of the present invention will be more robust than others.

Some of the data paths of the present invention will be more costly to implement than

30 others. The wide range of capability and scaleability accommodates many marketplace

needs.
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inhibiting existing equipment in the services expected by their owners.

s  Directory

The communications infrastructure is becoming increasingly more complex. In the
case of thc addition of stereophonic transmission to broadcast, an indicating light was
typically displayed on receivers to indicate the signal was present. With signals not directly
related to the programming material such as some of those envisioned by the apparatus,

10 systems, and methods of the present invention, it would be useful and convenient, to survey
the resources of a channel and to a larger extent, all of the channels. within the range of an
off-the-air receiver or provided over a cable or similar television delivery system.

In some instances, it is conceivable that more than one path may be available to a
receiver, each of which is carrying the same program material. In those cases. it would be

15 useful to identify this redundancy and to grade the availability of each of the paths, thereby
assuring that the most reliable signal was identified.

As television signals frequently are conveyed through translators or cable television
headends or other facilities where they are translated in frequency, switched between
multiple content providers, and otherwise altered, it would be convenient and useful to

20  identify which resources within the signal are being exploited at any given time so as to
permit the current operator of the signal to decide upon which signals could be added,
deleted, or passed through unmodified.

This assemblage of information should be carried along with the aggregate of
services and be made readily available so that operators of / or receivers of these services

25 can conveniently determine which resources are being utilized. At least one implementation
of this directory system is the use of a teletext-like code on a VBI line, for example, line 20.
This code could be implemented as binary or as multi-level. A progressively added sct of
data words would be inserted to allow those who operate on the signal to leave their
identifications on it.

30 The directory can optionally contain information defining the source of various data,

the purpose of the data, the structure of the data, and its location. The last piece of
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or multiplexer to find and separate out the desired data streams.

5 There are multiple protocols for communicating the directory data which are well
known to those skilled in these arts. Texts covering these techniques include: “Computer
Networks” by A. Tanenbaum, Prentice Hall, 1996, ISBN 0-1-349945-6, “Data Network
Design”, by D. L. Spohn, McGraw Hill, 1993, ISBN 0-07-06-360-X, and “Network
Security” by C Kaufman, R Perlman, and M Speciner, Prentice Hall, 1995, ISBN 0-13-

10  061466-1. Many of the protocols described in these and other texts are equally suitable for
conveying the directory information.

Entertainment receivers are turned off for several hours of the day. During that time,
the signal reception and processing equipment would be programmed to scan the channels
that are available and record in non-volatile memory the results of its survey. These circuits

15 consume a negligible amount of power and would operate continuously, constantly
surveying the data resources available. When the receiver is switched on, an up-to-date
inventory of available ancillary services on all channels is known. The receiver could also
be configured to permit an immediate update of the available resources on the channels. It
might also be useful to electronically maintain an historical record of this information for

20  diagnostic or othcr purposes.

The Progressive Word

Television signals are generated and relayed through literally dozens of intermediate
facilities before their eventual delivery to an end user. These intermediate locations may be
places programming and ancillary signals are added or deleted according to the interests of

25 those doing the relaying and the remaining available resources in the signal. Keeping track
of the path taken and the signals added to and deleted from a television signal is
cumbersome and includes many sources of potential error. The present invention enables a
technique for clearly labeling the path taken and the origin of signals. Accordingly, a line of
the VBI is reserved for generating a progressive word which captures the imprint of each

30  user consuming resources within the channel. The dedicated line is set to a black or near

black level, nominally 0 IRE. A number of techniques are known to those skilled in the art
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black in the RF domain results in a shift upward in IRE level to a state nearer white (100

5 IRE) thereby creating a logical one. The first user of a resource asserts his presence by
producing a word through the use of the PN Modulator stating who is using what resource

through a brief prearranged code. A subsequent user of a resource first examines the

progressive word already written to see if the desired resource is available and adds his

information immediately adjacent to the occupied portion of the line. The described

10  technique permits imposing data onto the specified line without demodulation and
remodulation of the affected signal. When the use of a resource is terminated at any point in

the signal chain the information asserting the condition of the resource’s use can be returned

to a black or near black state indicating once again the availability of the resource in the

channel. Most current production televisions offered for sale within the US have decoding

15 circuits which recover Closed Captioning signals transmitted within the VBI. Receivers of

the progressive word can be patterned along these designs and this feature may be an

extension of their functionality.

Applications of the Present Invention

Until recently, traditional broadcast and cable based television reception was

20 accomplished exclusively with analog devices which were direct descendants of devices
first realized in vacuum tubes a half century ago. The requirement to provide cost effective
products at the onset of television technology required trading off spectrum inefficiency for
product cost reduction. Currently there are over 250 million television receivers in the U. S.

and over 150 million VCRs which operate on the analog television standard known as

25 NTSC. If the average depreciated value of these products is just $200, the total value is $80
Billion Dollars! This major investment by consumers must not be disenfranchised. Not

only are there a large number of existing devices, but they have half lives of more than a
decade. Additionally, about 25 million new television receivers and 15 million new VCRs

are purchased every year. If the average value of these new products is just $400, the total

30  expenditure is $16 Billion Dollars! The present invention provides for methods for
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5  the television and radio spectrum. The present invention discloses apparatus, systems. an
methods which permit the inclusion of many megabits per second of digital data compatibl:
within a television signal. This data resource can be used for multiple purposes includin:
conveying several television programs with stereo (or surround) sound or providing data t
computing, information processing, or display devices. The data capacity may b

10 simultaneously split between these applications. The data capacity will be used in total or i1
part for enhancement signals which improve the quality of the analog channel or to provid
information relevant to the programming carried on the analog channel. The portior
allocated to one application versus any other may vary with location or vary with time at ¢
given location. Some Internet applications will see speed improvements of nearly a hundrec

15 times. All of this capability happens compatibly with existing Broadcast and Cable
facilities and is very cost effective.

The present invention sets forth apparatus, systems and methods for applying dat:
within the spectrum occupied by: 1) the visual carrier (that radio frequency carrier ontc
which the video information signal is applied), 2) aural carrier (that radio frequency carrier

20  onto which the aural information signal is applied), and 3) the VBI. The present invention
also provides a communications pathway for identifying the allocation of these data
resources.

The present invention enables the transmission (over the air and within cable) of
additional programming and data resources which are expected to be well received by

25  viewers. These programs and services go where ever the hosting television signal goes and
may be delivered selectively to subscribing viewers by conditional access techniques or
supplied for the reception of anyone possessing the necessary receiving equipment.

The present state of the art in digital video compression is based on the Moving
Pictures Experts Group (MPEG) digital video compression standard. Presently, good

30 programming can be provided in data rates of 1.5 Mb/s. Since video compression

technology continues to evolve, it can be expected that improvements will allow better
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television signal. The use of multi-level signalmg in the VBI could add another half
Megabit per second to this number. This resource could be used for the provision of three
5  complete MPEG television signals while simultaneously transmitting an analog television
signal for use with existing receivers. This dramatic improvement in spectral cfficiency is
not found in the prior art.
Since th? advent of cable television, system operators have continually found it
desirable to regularly expand bandwidth. This accommodates new channels which are the
10  basis of generating additional revenues while providing consumer satisfaction. The cost of
bandwidth expansion can easily reach a thousand dollars per home passed in urban areas
where coaxial cable and fiber networks are placed under ground. Currently. many cable
systems are unable to provide all of the programming desired by their subscribers. This has
resulted in some subscribers finding alternative entertainment options such as video tape
15 rental and Direct Broadcast Satellite (DBS) services. The cable operator is left with the
dilemma of expending large amounts of capital for system upgrades or watching the
subscriber base decline.
The present invention enables the generation of additional program channels without
bandwidth expansion. That is, the need for physical upgrading of the cable system is
20 avoided. Moreover, the cable television headend cost to implement the present invention is
modest and fully supported by the benefits. The special equipment of the present invention
will only be installed in the homes taking the new services and providing corresponding
new revenues.
In the same manner, the present invention can be added to over the air broadcast
25 television providing additional viewing choices and solving the capacity limitations of the
prior broadcasting art. Multilingual programming can be expanded into communities where
such needs are unmet or under-served.
While it may appear to those not familiar with the technology that the current
broadcast spectrum has many vacant channels which can be filled if programming were
30 available, quite the opposite is true. TV receiver prior art has technical limits which

preclude the addition of more stations. Many television receivers cannot separate adjacent
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oppostte side of the Local Oscillator frequency from the intended signal. This undesired

response is found displaced from the Local Oscillator frequency by an amount equal to the

5 IF frequency. Other tuners have non linear characteristics that respond to harmonics or sub-

harmonics of the tuned frequency. The use of a single channel in a market may preclude the

use of up to seven otherwise useable frequency assignments for other purposes. These

constraints are considered by the FCC in the adoption of its Table of Assignments, better

know as the television channel taboos.

10 The present invention enables more programming to be compatibly and
simultaneously carried with the existing analog television signal in the same spectrum.

FIGURE 21 shows three Program Sources 2102, 2104 and 2106 which include video

and audio presented to three Digital Compression units 2108, 2110 and 2112. These Digital

Compression units 2108, 2110 and 2112 could, for example, be implemented with the

15 MPEG standard. A wide variety of MPEG digital encoding equipment is available

commercially ranging from add-in cards for personal computers costing a few hundred

dollars to extensive processors costing hundreds of thousands of dollars. An MPEGI

encoder card (called the Broadway Card) for use in PCs is available for $799 from the Data

Translation corporation, Broadway Group of Marlboro MA. (800-249-1000). Quite

20 acceptable resuits are obtainable at data rates of 1.5 Mb/s. FIGURE 21 utilizes the present

invention’s four level signaling implementation of the visual carrier as previously described

in Visual Data Encoder 2114 yielding a 3.0 Mb/s capacity which can carry two 1.5 Mb/s

signals. The aural carrier methods of the present invention as previously described are

illustrated in FIGURE 21 as Aural Data Encoder 2116. The Aural Data Encoder 2116 can

25  carry an additional 1.5 Mb/s digital video signal. These signals are combined in Television

modulator or Transmitter 2118 with an analog video signal from the Program Source #4

2120. In cable television practice, Television modulator or Transmitter 2118 is a low power

modulator whose output is combined with the outputs of other low power modulators and

put down a combination of fiber and coaxial cable 2140 for delivery to subscribers. The

30  same is done for Multichannel Multipoint Distribution Service (MMDS) except in this latter

case, the combined spectrum is translated to the GHz range and amplified to appropriate
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5 part of the present invention.

At the receive location shown on the right side of FIGURE 21, signals from the
sources are conveyed over cable 2140, MMDS microwave antenna 2142 or Off-Air
Reception Antenna 2144. The received signals pass to an ordinary existing analog
television receiver TV # 1 2124 with remote control 2126 Television Receiver 2124

10  receives and utilizes the analog NTSC portion of the signal in the usual manner. Separately,
simultaneously, and compatibly, receiving circuits in Decoders 2130, 2134. and 2138
operating according to the present invention as described previously extract three additional
digital programs and convert them to NTSC signals for ordinary television receivers TV # 2
2128, TV#3 2132, and TV # 4 2136. These ordinary TV receivers may also optionally be

15  VCRs, have VCRs built into them or have VCRs used with them. It will also be appreciated
to those skilled in these arts that the output signals of decoders 2130, 2134, and 2138 could
be connected to alternative display devices such as those associated with personal
computers.

FIGURE 22 shows a particularly advantageous application of the present invention.

20  On the right hand side of FIGURE 22, a Decoder according to the present invention is built
into DVD / Decoder unit 2238 which is connected to ordinary TV # 3 2136. The Digital
Video Disk (also called the Digital Versatile Disk because of its ability to serve as a high-
capacity replacement for the CD-ROM) is a commercially available product with great
promise but some consumer resistance due to its current inability to record. As a play-back-

25  only device for pre-recorded media, it has limited appeal. It is also modestly expensive
since it includes decoding circuits and memory for MPEG processing. The addition of the
data transport apparatus, systems, and methods of the present invention to the DVD player
greatly expands its utility and value. Consumers with small or even non-existing DVD
libraries can obtain great utility from the MPEG decoder in the DVD player by providing

30 the built-in MPEG decoder with signals of the present invention. This synergistic
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combination greatly increases the value and commercial appeal of DVD players while
yielding a cost effective approach to introducing the receiver of the present invention.
The Internet and similar data services are constrained by limited transmission
capacity of the prior art. In one instance, data may be received which is intended only for
5 the recipient much like a private telephone conversation or a personal letter. In another
instance, the recipient may have a desire to receive information. which while specialized, is
of interest to multiple recipients. In yet another example, the user of the Internet or other
similar service may wish to search a large data base through key-words for information on
or about a specific topic. The way that these data are requested and received is quite
10 different. These differences will become clear in the following.

The present invention also addresses the ever expanding need for data into homes
and offices. Much of the data service provided today is of a highly asymmetrical nature.
That is, where a simple request of a few hundred bytes generated by a user of the Intermet or
similar services results in the downloading of a much larger file. These Internet and

15 Internet-like needs when served over telephone networks result in the downstream
information being severely constrained by the capacity of the phone network. This
constraint is limited by the physics of the network as studied by information theorists such
as Claude Shannon and others. That is, it is limited by the laws of Physics and is not going
to increase. The present invention substitutes apparatus, systems, and methods which have

20  not reached similar limits and thereby enables much more satisfactory service.

When massive amounts of information are transmitted continuously, the recipient
can solicit information on a subject through the selection of key words or similar identifiers
which permit their receiver to extract the desired information out of the circulating data
stream(s). Additionally, the information can be organized into “magazines”, “chapters™, and

25  ‘“‘pages” which are listed in a system of indices. The recipient of the information indicates
which of these are of interest and they are captured and stored locally. This is referred to as
“Push Technology”. Unless the amount of information is very large and circulation very
rapid. its practical value is limited as was the case of Teletext. As we move to an
information based society, i't is expected that Push Technology either standing alone or in

30  conjunction with other programming sources such as radio and television will be broadly
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s interesting example. the viewer of a television program may move a cursor on the screen
over an object and “click” on it using a wired or wireless remotc control. This action could
link the viewer to additional information on the object designated. That information may be
historical. encyclopedic, or for purchasing. Other Web sites may be automatically accessed.
If for illustrative purposes, the viewer designated an article of clothing, he may choose

10 color, style, size, method of delivery and make a payment choice. These actions may be
implemented in a small sub-arca of the picture and allow the program to continue without
interruption. It will be appreciated that while these sorts of actions were possible with still
pictures and graphics in some versions of the prior art, data capacity and speed limitations
made it impossible to apply these techniques to moving pictures of ordinary television

15 programming. The present invention affords very high speed capacity which will enable
such advanced services.

FIGURE 22 shows the situation of FIGURE 21 with one or more of the Program
Sources 2102, 2104, and 2106 of FIGURE 21 replaced by Data Sources 2202 and 2204.
Digital Compression units 2208 and 2210 reduce data redundancy and save transmission

20 time. Note that any or all of the Program Sources 2102, 2104, and 2106 of FIGURE 21 can
be replaced with Data Sources. In this illustration, only two were replaced and one digitally
compressed program was maintained. The Program Sources and the Data Sources can be
utilized with any of the data transmission resources of the present invention. On the receive
side, one or more of the TVs or VCRs are replaced with personal computers or information

25  retrieval and display devices. Ordinary television receiver TV # 1 2226 continues to utilize
the normal analog NTSC transmission. Ordinary Television Receiver 2228 is connected to
Web Appliance receiver 2230 which converts the data received into appropriate screens for
display on ordinary Television Receiver 2228. The Web Appliance receiver 2230 docs not
'have to include an MPEG decoder. It does however convert the received data and Web

30 Pages into suitable form for conveyance to the ordinary Television Receiver 2228. The

Web Appliance receiver can also access e-mail and other Web services if it is provided with
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10 10!'S) Y46H& tme 'iR)the future as that technology continues to evolve. Decoder 2234 serve
Personal Computer PC # 1 2232. PC # | 2232 inciudes a conventional computer keyboar:
designated as “qwerty” in FIGURE 22 and the usual computer peripherals. Decoder 223
may simply convey data to PC # 1 2232 or may also display video. In the latter case it ma:
include an MPEG decoder. Altematively, the MPEG process may be implemented in PC ;

10 12232 as hardware and / or software.

Figure 23 shows how television channels can be combined to carry greater capacits
than any one channel can carry. Program Source # 1 2306 provides signals to Digita
Compression unit 2312 and Program Source # 2 2304 provides signals to Digita
Compression unit 2310 and Program Source # n 2302 provides signals to Digita

15  Compression unit 2308. “n” is an arbitrary number. A large number of Program Sources
and Digital Compression units can be assembled yielding a need for a high data capacity ir
the transmission channel. In addition to Program Sources, Data Source 2340 provides datz
to Digital Compression unit 2342. Statistical Multiplexer 2314 merges the data streams intc
one based on the statistics of usage of these various sources. The use of Statistical

20  Multiplexing allows more data to be carried since Program Sources and Data Sources which
at a given moment have need for only a small capacity can relinquish excess capacity to
Program Sources and / or Data Sources which urgently need it.

The data stream from Statistical Multiplexer 2114 may exceed the capacity of one
channel’s Visual Data Encoder 2320, Aural Data Encoder 2322, or VBI Data stream 2324

25 Then, that channel’s Television modulator or Transmitter 2328 will be over loaded. In that
case. Data Distributor 2316 presents the data to multiple channels 2318a, 2318b, and 2318n.
This is done in a manner so that any signal from one Program Source or onc Data Source
goes to two or more adjacent channels. These channels are summed in Combiner 2334
before conveyance by cable 2338, MMDS microwave antenna 2336, or over-air

30  transmission by the separate antennas of the multiple Television modulator or Transmitter
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includes a directory which is used to identify and allocate the combined resources.



'T 10% & ()-K 3$10% & ()- 33"10% & ()- 3y @10% & ()-' mA0% & ()-

S#1096 & ()-kb| [:vUA10 3 &6@10% & ()- K YALO% & ()- Y2-#10% & ()-

12940% & ()-' Fs*-#10% & ()- (Z9%0% & ()- ghijvvU41l0 10% & ()- #310% & () -

310% & () - MWOIYSHE" ' | @ gl0W & ()- , @FYH0% & ()-@|[: vus10 BETFUSPBHE3 () -

L10% & ()- Y10% & ()- Y SHIOW & ()- ' 19@10% & ()- Y g 10% (ﬁﬁR 2002

SLT|[:vU410 110% & ()- |-#10% & ()- @YOH0% & ()- |-#10% & 8&

YSHLO%W & ()- Y (dezcritral 4 1 belfm& 7 (

7109 & () gW%s c%e cI #10 IR ené#%%r@f%%& ;(J;%arﬁs lsQ/s/Peig‘\s a)nd method:

| #10% & ()fer expandxﬂa@%& a(apaclgy m@%m&h(s)smn*svstems&t @euldsyaﬁﬁaaema@ (r)ose skilled 1r
Oghi j vU410 10 " 10%

i gclsg%% &?ut JEt th&gsﬁﬂi@%aével}tagé Xﬁ%%é%%awe Oq@& ¢ %lwi‘b also be 2pDEKAleE thyt

LSS 1 AL SRR i P i B

&4 109/X#NitHin the %bgmb&n( pf {1 dreserf irfehtiord)! TROAXEMSor is-furtlerIYRH b tho -
Y+ 10VVKENE! ( ) - OMGIVK! () & 10%MKENE ()- , & LOYMGNE: () - ~@ 0bUALO

7y#10% ! &'f@mowmwmowx#wuowx#m 91 TOYMWKENE () - 8@HLOYWMKEME, () -

19! 109KHNE' () - O- #10%KHNE: () - 2=| [ : bU410 7 , @L0% & ()- , @10% & () -

CHI0% & ()-Z L -#10% & ()-Z y#10% & ()- yH#10%"& ()- S|[NA41010"10" 10"

fR@10% & ()- f&@10% & ()- f&@10% & ()-' f&GH10% & ()-

3L$10% & (). r|[: NAA1010 9@ 1096 " S& ()- @ 10%""S& ()- t 10%8"" S& () -

TH1008M" S& ()-' S10USN"S& ()-  f110%5M S& ()-{:|[:NA41010 F 10%8""S& ()-

MAOYS " S& ()- THLOWS " S& ()- YI %40%" & ()- ' SHI0US"S& ()-

0A0%8 " S& ()-mi | [: NAA1010 * 109" S& ()- (@ 10% " S& ()- 9' %40%BN" S& () -

USHI0YEN" S& ()-' H#@10%SN" S&' () -



3"g 10%6""S& ()-67?|[: NA41010 4f 10%B""S& ()- 310%™ S& () -

F1S#1006M" S& () - /940%8""S& ()-' - SHIO0YBM"S& ()- S, g 10%8"" S& ()MLMARJ 2002
SYWM0% & ()-3 10% & ()- !10% & ()-10S " S10SM" S10SM"'S' 9SH#H1098M" S&' () -

| L6Y40Y8 " S& ()-xJL wB |[:vW410 )f 39%40% & ()-" f 39%40% & ()-"

f 3040% & ()-" f 3%40% & ()-"' SYW0% & ()-3 8SYYA0% & ()-3B tuws10
z1090"0& ()- ( !10% & ()-(10"10"10" Of *39%40% & ()-"6f 3940% & ()-"
#f°3940% & ()-"a3|[:W510  $Sy nmdd0% &1€)- (SUW0% & ()-3 SW0% & ()-3
SUA0% & ()-3" 39%40% & ()- 3940% "1 & ()-3QF ghi | [ NA41010" 10" 10"
.YF1Z%40% & ()-° yF1Z9%40% & ()-" f(Z9%40% & ()-" )f(ZW0% & ()- Sy

nd0% & ()-i# @|[: NA41010 )SL 9%40% 'Lg(- SL %40% & ()-4 Sl 3%40% & ()-G
SI3940% & ()-G' " 10% & ()- !10% & (%— ' $dse$f $g$| [ NA41010" 10" 10" y1
9%0% & ()- $yl %0% & ()- f,) 0% & ()-" )f,) %UW0%W& ()- SL

0% & ()-4 $$$Q°@Y&e?@ fiok | @\fdr%ia@% é’e b camBibedinth @h-ahaloIedhitlos () -
yF394.0% & () -" 0% & )p I'T )+g+, , -. | [ NA41010 SI 1Y%40% & () -
na0% & () SIgna vwimamm gnplog telemocﬁjggz 5.2 sngr@l re{ringotp@ Yisual signal and a

%40% & () - ()- 3$10%J' U& ()- 10% & () -

110% & () - %E”i'oqaﬁbér' @F%&B‘%{w@&zzy ARS55| [ VUA10 f&3%A.0% & () -
.f&3%0% & () - chihgaisblion &irclitry thai3edopekates- for ftheduit (filter effects that

f FY409% & 57899999 0L1S#10% |1 |!& 10%gr " g& ()-10"10"10" K
%409 &0()() °L?e]'eﬁ'°’3/&e§@)0"%{ "0)-9: ()<,9_,| [ :?[Js%m !()3@/(10%‘ " g ()Y(
$@A0% " & () ,a@ﬁ;@ﬂ)(@tror dasr mbdulal)nﬂ’glﬂ%ﬁnfcﬁ&atlbn oﬁﬂcﬁ%&arr@&,’ wherein a signal

g/zéoo/g?r ;g%@éeamlr(g@é@o%mglap?n 151 (@@édy@%&rgzgt e c(a?'rler a(% p%%\?gartv%ﬁig'g rtheg
<@40% " & Gr)fom%laﬁsz&th [ngbélﬁwa@ s cc@ﬁﬂfé@%t& thé an@ %@l@%.&n (signal 4nE8006 & () -
, 4%4.09% & () - %4.09% &' %40% & () - | obU410!

| 1094& () - ymcmtmomfor lowaﬂm@ta(ryng fl@@l b@@o@%r@d(/) bee@ saropengateyl. bygthe

%40% & () - W"W’?M’C 10!  sz#10%& ()- @ FIA0%& ()- z#H10%& () -
Z#10%4& ( 1096#X& () - 35P] PPQAQRS| [ bU410!  nbA0%& () -

#10%#&' () - 3% 0%r&ui(ry for oredtin@oaredr(active sigoalsfar ¢gunter acting at least partially for

3$|23{dg$#<(&) ()% )S}('S%g%{ﬁn)bfgrf?‘%ﬁ&r?g? e/ gr?/aq'o%o/# f%v{s on sig%(a,@é%g%#&l ()- Ta0%:& () -

SH10%#&' () - . VWSKEKEKIDE csmbiisddtHe (BBdhis sidiial With ShS3MA6F/keldultidn) sigril. 0#10#10#
YO- #1098&' ()- 7TmVA0%t& ()- F L@L10%& ()- &R\ H H™ | [:vU310! f(

%40% & ()- S3%M0% & ()-'$ S3WOW& ()-'$ S3UM0% & ()- $ S3U0% & () -

S394.0% & ()2, $_ telyabiH il MUARGLIn%hE Wmpdnsation &R icludesl® NJ&LIO"  Af (

filter.

3. The system of claim 1 wherein the carrier onto which the information is

modulated is related to the visual carrier.

4, The system of claim 1 wherein the carrier onto which the information is

modulated is the visual carrier.

5. The system of claim 1, wherein the circuitry for creating a corrective signal
further comprises:
a plurality of waveform shaping circuits;
a level control circuit coupled to the plurality of waveform shaping circuits;
at least one delay circuit to accommodate inherent circuit delays; and

a combiner coupled to the delay circuit.
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7. A system for providing information to be combined with an analog television
signal, wherein the analog television signal is a signal relating to a visual signal a
visual carrier, the system comprising:

compensation circuitry that compensates for the Nyquist filter effects that
occur in an analog television receiver;

a modulator for modulating the information onto a carrier to create an
information — containing signal;

circuitry for creating a corrective signal for counter acting at least partially for
effects of the information on the analog television signal;

circuitry for combining the corrective signal with the analog television signal;
and

wherein the information — containing signal is combined with the analog
television signal after being compensated by the compensation circuitry.

8. The system of claim 7 in which the modulator for modulating the information
onto the carrier comprises circuitry adapted to modulate said information onto the
carrier wherein the information — containing signal is in quadrature to the carrier at a
point at which the information ~ containing signal is combined with the analog
television signal.

9. The system of claim 7 in which the modulator comprises a phase modulator
for phase modulating the information onto the carrier, the phase modulator adapted
to create a plurality of sidebands about the phase modulated carrier.
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12. A process for providing information to be combined with an analog television
signal, wherein the analog television signal is a signal relating to a visual signal and a
visual carrier, the process comprising:

modulating the information onto a carrier;

creating a corrective signal for counter acting at least partially for effects of
the information on the analog television signal;

combining the corrective signal with the analog television signal; and

combining the information with the analog television signal after

compensating for the Nyquist filter in an analog television receiver.

13.  The process of claim 12 in which modulating the information onto the carrier
comprises modulating the information onto the carrier wherein a signal containing the
information is in quadrature to the carrier at a point at which the information —
containing signal is added to the analog television signal.
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14, The process of claim 13 in which modulating comprises phase modulating the
information onto the carrier, the phase modulation creating a plurality of sidebands
about the phase modulated carrier.

15. A system for communicating information combined with an analog television
signal, wherein the analog television signal is a signal relating to a visual signal and a
visual carrier, the system comprising:

a modulator for modulating the information onto a carrier to create an
information — containing signal;

circuitry for creating a corrective signal for counter acting at least partially for
effects of the information on the analog television signal,

circuitry for combining the corrective signal with the analog television signal;
and

wherein the information — containing signal is combined with the analog
television signal after being compensated by the compensation circuitry.

a visual transmitter;

a receiver adapted to receive signals from said visual transmitter;

a first data demodulator coupled to the receiver.

16.  The system of claim 15 in which the modulator for modulating the information
onto the carrier comprises circuitry adapted to modulate said information onto the
carrier wherein the information — containing signal is in quadrature to the carrier at a
point where the information — containing signal is combined with the analog

television signal.

17.  The system of claim 15 in which the modulator comprises a phase modulator
for phase modulating the information onto the carrier, the phase modulator adapted
to create a plurality of sidebands about the phase modulated carrier.
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18. A process for communicating information combined with an analog television
signal, wherein the analog television signal is a signal relating to a visual signal and a
visual carrier, the process comprising:

modulating the information onto a carrier;

creating a corrective signal for counter acting at least partially for effects of
the information on the analog television signal;

combining the corrective signal with the analog television signal; and

combining the information with the analog television signal after
compensating for the Nyquist filter in an analog television receiver;

transmitting the analog television signal;

receiving, in a receiver, said analog television signal;

demodulating, in a demodulator, output from the receiver; and

extracting said information from output of the demodulator.

19.  The process of claim 18 in which modulating the information onto the carrier
comprises modulating the information onto the carrier wherein a signal containing the
information is in quadrature to the carrier at a point at which the information —
containing signal is added to the analog television signal.

20.  The process of claim 18 in which the modulating comprises phase modulating
the information onto the carrier, the phase modulation creating a plurality of
sidebands about the phase modulated carrier.



