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15 applicability to television.

Background

The standard method for over-the-air transmission of television signals in the

United States in called NTSC. This is an analog system in which the picture is
transmitted in a vestigial sideband modulation format on the visual carrier and the

20 sound component transmitted as frequency modulation on a separate sound carrier.
Relatively recent developments in the television industries have focused upon the
transmission of High Definition Television (HDTV) that requires a substantial
increase in transmitted information and hence greatly expands the required baseband
video signal bandwidth. Great progress has been made in the area of digital TV

25 bandwidth compression so that one or more HDTV signals can be conveyed in the
standard television bandwidth of 6 MHz. These HDTV developments have, by a
combination of techniques, substantially reduced the bandwidth required for fully
digital transmission of the video information. Subsequently, it was determined that

the same compression techniques can be used to put multiple “Standard Definition

30  Television”, SDTV, signals in the same bandwidth. Both of these techniques, HDTV



WO 01/ 47260 PCT/ US00/ 33479 and SDTV, are generically called D gital
Tel evision, DTV. A further nove fromthe original HDTV goal is the

al | onance by the FCC of data transm ssion instead of television
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TECHNICAL CONSIDERATIONS

The standard NTSC format allocates 6 MHz of spectrum to the transmission of

the combined video and audio signals. The visual carrier is placed 1.25 MHz above

20  the lower band edge and the aural carrier 5.75 MHz above the lower band edge. The
visual information is impressed on the visual carrier using a vestigial sideband
amplitude modulation (AM) technique so that the frequency components below the
visual carrier occupy no more than the 1.25 MHz of the available spectral assignment,
while the frequency range allocated to the visual information extends for

25  approximately 4.2 MHz above the visual carrier.

The color information is carried on the color subcarrier of the main visual
carrier at approximately 3.58 MHz above the visual carrier (4.83 MHz above the
lower band edge). The modulation of the color information is both in-phase and

quadrature and contains more lower sideband components than upper.



The aural information is carried on the separate aural carrier at 4.5 M&
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above the lower band edge) and is capable of transmitting in the order of 500 Kbits /

second while causing only minor interference to the analog television signal. This

system is covered under U.S. patent(s).

20 Another approach of transmitting data within the NTSC broadcast format has
been developed by Digideck, Inc. This technique is called the D-Channel and
operates at a reduced level in the lower frequency portion of the video vestigial
sideband is capable of transmission of something in the order of 750 Kbits per second
with only minor interference to the analog television signal and is covered under U.S.

25 patent(s).

In order to transmit a digitally compressed NTSC signal, a data transmission
rate in the order of 1 to 5 megabits per second will be required when employing
present day compression techniques. The above mentioned prior art systems are
incapable of these high data rates without causing significant and unacceptabk

30  interference to the analog NTSC signal.



The Federal Communi cations Comm ssion (FCC) has authorized the use of the
prior art systenms for transmtting digital data in anal og tel evision
systens and invited other inventors to conme forth with inproved systens
for thi sMOYP&72%0 data transmission in Report & Order (R ?‘6‘)@500@? Pt al
Data Transm ssion Wthin the 5 Video Portion of Tel evision Broadcast
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found in tKenwyesen in RERpshccmice Rt Q)i sPigHalren 5IEsion; Wity Wi ce, and

Dat a CommuR}igaRtBRsh oflevMfthtBRbadCist S@fich THRMRSIINEY, WEMM BeakeiNd.350€,
publ i shed Decenber 1998, Mrgan Kaufnmann Publishers, (Wb Page:
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8 L Ve
for Expandée ormation acity for Existing Communication Transm Ssion
Systens. TlSeottsdslefrepmace vi si bl e on non-ideal television receivers due to
data transm ssion using the invention of U S. Patent application 09/062225

filed April 17, Furkit? BadefR P} rﬂ%nqyfol%ﬁa'ﬁ{@.ls.f’ﬁ@ﬂt%ﬁﬁiﬁhﬁ%lmﬁﬂﬁ 20 1. The

desired coverage area | roadcast applications. e nunber of data
| evel s.103. fildieApsek i r 9§c Stidf furthe khakgroyndciefoymation i, fomk ini fip dopk:on | evel of

t he data si,. | . T amount, of al te;rag. S] i . 6. The
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of the intaqi§.eremeRisQhcoftttaed Herebyihis4dfRRAcePCT/ USO0/ 33479 transm ssion as
experienced by non-ideal television receivers. Conversely, other

15 The Need for an Improvement in the Receiver for Expanded Information

Capacity for Existing Communication Transmission Systems.

The interference visible on non-ideal television receivers due to data
transmission using the invention of U.S. Patent application 09/062225 filed April 17,

1998 are governed by several factors including:

20 1. The desired coverage area in broadcast applications.
The number of data levels.

The performance of the data receiver.

The injection level of the data signal.

The amount of abatement signal applied.

25 The acceptable level of video errors.

N v A e

The acceptable level of data errors.

All of these factors interact. Most importantly, the better the performance of
the data receiver. the less data signal injection is required for a given data rate and a

given coverage area. This minimizes the visibility of the interference of data



trade-offs can be made. For exanple, for a given anount of visible
interference, a better performng data receiver will allow either greater
coverage area or other desirable benefits. 5 Wiile U S. Patent application
09/ 062225WPINEERpri| 17, 1998 focuses on, but is not nec8§§%PPW§BWinited
to, the doubl e sideband region of the NTSC signal, the present invention
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dat a reaoei ver fdlheferae: ce@flin iregueerhéron foo thelfil@rs iPaheenctel‘arﬁpfﬂlﬁczmﬁd onUBR/ 062, 225

filed | 1998. j f dat
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tel evision igi@atal sclasStheliletd foFltgher pegRtriance ﬁ[iers\/ﬁBthSlcgmaieSel‘fdbrofttbé evi si on
di spl ay invol ves SI ni ficant conprom ses. _  This invention overcones nmany of
AL )

t hose corrpr‘BYﬁ“g%O 5. Ratsohagriiczen PRE6T. REERd ARl according to U S.
Pat ent appli cat 'Tﬂ&qu/a%gs 22ned itbrefloRPEdst- efﬂeZblveligr%meﬂfhﬁbﬁ ftiiaadam ssi on of

data (including conpressed digital video), in th e of severa

megabi t & / rsem\@rﬁosueiyasveéﬁnmne@ il 81 Rateng @#ﬁ'«}tma%@ ilsd peAl b the aural
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facilitates using those techniques for the implementation of a data receiver for the

20  invention of U.S. Patent application 09/062,225 filed April 17, 1998.
While the focus of this invention is on the data receiver, the invention is
applicable to the improved reception of analog television signals as well. The
reception of VSB signals for television display involves significant compromises.

This invention overcomes many of those compromises.
25 SUMMARY OF THE INVENTION

Systems according to U.S. Patent application 09/062,225 filed April 17, 1998
enable transmission of data (including compressed digital video), in the range of
several megabits / second by techniques involving amplitude modulation of the aural
carrier and quadrature or phase modulation of the visual carrier. Although the

30  discussion of the specification of U.S. Patent application 09/062.225 filed April 17,

1998 and the disclosure of this invention focuses on the NTSC-M television standard,



simlar concepts apply to anal og tel evision systens including but not
limcd to the nultiple versions of PAL, other versions of NTSC, and SECAM
and ot her vestigial sideband systens and frequency nodul ati on systens. The
present WRYMA2®n i nproves the tel evision receiver and rmr@@%%’@?é?‘ﬁgally 5
the data receiver of the visual portion of the signal of U S. Patent

appl i cat i ogimil9dcnbspr2Rplyf fol amalogpelpvisidry syseg@ gnclyging euttrige limigdetotthon of t he
aural portio f the si | ,of U.S P ! i 225 filed
April 17, T@@ggi TS of %@hgwerdfesfsclﬂqsssoefﬁs —%@?BFF&%%&%@Q&%@I lﬁortant part
of the t ot allebsydiyeremaasdfictjuagytnodalapiorefysemed enbodi ment. 1t is not further
di scussed here because the present invention does not 1o change its

i npl enent ati on The invent.ion of U. t i i , 225 filed
April 17, 1008 THe ¥ e‘%“&a?f‘oh”ﬁpe’ﬂyseétt%r teEﬁ%@@é?%%%’f“ﬂ‘%bﬁéﬁpgﬁﬁ%ﬁfhe

transm §t egle data repieat b MeS Gisudl hitionhefh theassatl of H¥.8uGhtetthepplyationst fil ter

of an existing televisign_receiver, the data ectrumw becqme

symet ri caf?’ ﬁl?ijeARré|1&,5@&%?&?&{{”@“% %fﬁlg al aglp?riug? f)Hhﬁ S'tgﬁag 15 doubl e
si deband r ggi;&n pafent 4R1isR6E 100108 314 Eledt Awil tig) €ad8sis @Ot femed disdussedNyqui st
filter, the data signal wll be in quadrature with the visual signal to
the extentharhait remains @pripwaka grartselb 8 Spehs vt atosdive é%r?paﬁg‘éﬁeis for the

effects of .1 DQiNKAUKSE nbi futRdr- discl$¥8d Hérs BadauRl (5O Blesait Invekt@viRiokOh&t | n- phase

and quadrature conponents because the television receiver's Nyquist filter
has nmade t ¢hange issumiplegatetionsm unsynmmet ri cal about 20 its carrier. An ideal
synchronous detector that is phase |ocked to the visual carrier in the

Lel evision recejnehvifibh Y. PESRORPILAK O PNRA SpFponenos of the
visual signal and w thus 1 gnore the quadrature data signal as well as

t he quadr aingiudes x Enpperentps Sufsysiene whichiagiustsi tho gRnsniied ¢pin BPecEwRIsPer of the
| nvent i on t?lf VH'IC§' aF;.%‘cti ﬁl%u ﬁQIP&! N%%}th?lﬂeroc%/agg%s 5[elg$i%j§9recgi5exéﬂ{?'d5t 17, 1998
§ YD EESE Y al s the d

shoul d i deaf a co enentary mnanmer. at a
recei ver wipettrumotvilhbacema siNyimertirissl aboutttier teleTisios sighad’ swiigmbdargqredn them i n t he

doubl e sideband region w Ll remain trical about.i{s rgh;,jer and thus
will ndt hg‘i}lgﬁeaﬁﬂ‘ifi’a ﬁﬁl‘f’&t"hmf 588%%%?%{ e tqlevisign, eé’e‘%%{esclﬁ’?%“%& fr“c‘_%{/\/ever, Wil l
have bot h ihB-dahageaandll bauadjuadriiue &aNpieNesis stiusl footht leeteacthantheof t he

Conmpensat or Subsystemin the data 30 transmtter. An jdeal .synchronous
det ect or t RAMPNSARIDEYSteHL RSHrately ?ﬂ“?ﬂ?f‘iﬁteaéﬂrté%gfrfec@ Qrk(g“bw ﬁ“??égter'

PCT/ US00/ 334/ Yisual signal will have both in-phase and quadrature components because the
television receiver’s Nyquist filter has made the visual spectrum unsymmetrical about

20  its carrier. An ideal synchronous detector that is phase locked to the visual carrier in

the television receiver will only respond to the in-phase components of the visual

signal and will thus ignore the quadrature data signal as well as the quadrature

components of the visual signal.

The data receiver of the invention of U.S. Patent application 09/062,225 filed

25 April 17, 1998 should ideally perform in a complementary manner. That is, the data
receiver will not have a Nyquist filter. Thus the visual spectrum in the double
sideband region will remain symmetrical about its carrier and thus will not have any
quadrature components. The data spectrum, however, will have both in-phase and
quadrature components due to the action of the Compensator Subsystem in the data

30 transmitter. An ideal synchronous detector that is phase locked to ninety degrees



relative to the visual carrier would respond only to quadrature data
components and ignore the visual signal in the double sideband region
which is conpletely in-phase wth the visual carrier as well as

i n- phase ¥ Bﬁg'ﬁ@ﬁts of the data signal. There are at |east ?%@EﬁVE%Fical
problens in inplenenting the data receiver. 5 First, the visual signal has
quadr at ure @bﬂp@heﬁﬁsmw@b@ﬂae“Ph@fé@9w1@ﬂsﬂ@éW§ﬁwﬂFé@?@ﬁmpmﬁﬁﬁé@éuentIy

the data i Gpgl SeURGFhAdy B &Jasle%fepanq%gsﬁ Whichiid borhie€0MhBfAcpated  wi th
t he quadratdare conponenfs of the visua I n one appfoach to minimze
this, the qualdthatvisuel aar.rrcpmeedt@thmsphdsecgtlmmgbyfrzhcﬂ@muamaéd by a filter to
prevent their detection by the data synchronous detector. ldeally, this
filtering would W&o toPackiad Prlbictiad Ab I Rn GO BED tseivBUL
practical fil ter@e}ﬁn‘ll1 P%{ 15\ea&acggj C}{‘ll'sﬁ thi Slutgh gltg%ectl on oFlvt he

quadr at us e Elcm;pbﬂemaé sgﬁalmh@qmd@uwd com'pgntallts dypsidettbe deuble stisbandtregiomoul d

result in 3 dat . i i t hose of
ordi nary sk@/ Seqqeﬂt ﬁ@e %fia Slgr@g Be d?%)a?ledq’ Le dﬁfi‘!ggcvt\n&ﬁwl%% g’?:tgrg téd overal |
syst em per f @itiHeCquattug: Bonﬁxmﬂenti eﬁﬁhetvﬁ;udas‘.l@adeirecriei approdelf foi minithizes. Thi s
filter nust renove as nuch of the visual uad tu onents as
possi bl e whiise mﬁGPmﬁﬁWﬁF9mHﬁﬁg§FW@*FHEO%H%?? Hﬂglﬁ’ Bﬁﬁiﬁp CPPRE dat a
conponents. 4efdtisn byt daﬁvsffﬁcﬂrdﬁ@lﬁk%efeatont IdediRg tHi i RdHng WouRfelivhite fRat ent
application 09/062, 225 fi ril 17, 1998 proposes an _alternatjve
feedforWhrdWﬂﬁbsF%%%HEWHWEWWﬁﬁsIgﬁﬁﬁmb%%é¥¢¥§”mbﬁﬁa%PFPPSI@&vé%wﬁ need for
better t echphQHeSof th§8155ﬁpaqué/ con'lﬁcon&rl?ﬁofﬂﬁé Wa‘fsﬁgﬁﬂ@? ftrﬁ:rdafalﬂ@ﬁ&tbp@oﬁ& per i enced
by the data S|gna the visual 20 signa phase and anpli

char act er i stesultsint b clogysstof thealatpsigiplatAg i@ aPlerF‘%l%tF‘thWPfﬁsOf ordipgry H@H
contanlnatlo of th ion of the
detect ed da gh%?madgagg%?nfesu?#{£¥ﬁ%gﬁé%3%@§ ﬁ%hg per @%ﬁgﬁgé%éé the data
recei ver andad fa)dnesiewadmsdiffahﬂhes t Thid €fil@f fisusi rentoot ab rmychtoérth&)wsuabnes. The

present invention alleviates t robl e eS| ln oubl e si de
D band!S ! At SRR Rl RATE BoeRou B ErEER R ne. dan
signal are gragé datS)éBHiBbrfeh@aWh\M ik eespeeistrhiat.t Mad inveraromoertss.l Patdd®t h
anplitude and phase. This_al énchronous detection tgg&giqu s to be

appl i ed to PlsiPy ©A52221 é“?dnépﬂlatl L9 BIoPOsE} Gh #ligEnatiyes Bt4ghal . The

doubl e si de@anﬂcﬁmﬁ&eﬂsssohé RAEAEPh: SBdIees I £ UGIISToP Beftdi QediBifbyed 30
spectrum and add it back to itself. Reversing the received spectrum

i nt er changeSecorpl the happegQransity fusgiop ggzp‘yxgnced by the data signal or the visual

20  signal has phase and amplitude characteristics that upset the quadrature relationships,
further contamination of the data signal by the visual signal and distortion of the
detected data signal will resuit. This reduces the performance of the data receiver and

forces undesirable trade-offs in total system outcomes.

The present invention alleviates these problems by synthesizing a double side

25 band signal in such a manner that both the visual signal and the daa signal are each
symmetrical with respect to their carriers in both amplitude and phase. This allows
synchronous detection techniques to be applied to cleanly separate the data signal

from the visual signal.

The double sideband synthesis is accomplished by reversing the received

30  spectrum and adding it back to itself. Reversing the received spectrum interchanges



t he upper sideband and the | ower sideband in a manner that causes the

| onest frequency of the |ower sideband in the received spectrumto becone
t he highest frequency of the upper sideband in the reversed spectrum

Li kewi seWQHE09hest~ frequency of the upper sideband inPtGrTéU&@@é‘V%ed
spectrumw || beconme the | owest 5 frequency of the | ower sideband in the
reversed stheatppemsidéand rmpd Ko lofer sidepindmant imegnegpliat caNes Bgcewedt | s

presented i hLhg & t%[g%\!’v&dsi&m%dinm@;recegepf‘sﬁaecr RoBofl BPGEhEUM I ever sal

can be inp hose of ordinary s I'n these arts. e the main
focus of tfhegmencyvetht aippérssidehandi mpthovedrsed spacgny. obikewiser the ihighedts, t he

i nvention has beneff 'ht s for .dggl Vi st'kon recei ver. dewslhgorécgn\]/gﬂ}eflg‘rves%i gnal s that
io do not FFRUFRFYECISET APPAISES YRS AVENET S Wil 1™ i nprove the reception of
data si gnajr uertagabf aKe Iphassdemsdlliat we entredt fecvins.ualone amethed .of The
invention will be described with the aid o thi attathg.d figures. BRI EF
DESCRI PTI CRIPGSMETHES SRy RSy seiabiRpresented; 18 the greforyed gmbodiment,, Otheg s gnal

spect r um nQLiBdsl & Spkctrlm evRrshlZean bé—ﬁnﬂﬂn@eﬂ% thdde bSor@ingfyaRhl @fthesd@sout put of a
flat response television receiver. FIGJRE 1 c is a graph of an idealized

and typical TV receiver response curve.. Figure 2a is a graph,of Data &
Vi deo Modul at orWViileg ) @?‘“Fﬁggﬂfr@f Bif5 I"§e'3‘_°§r'é3‘i’f GRPTPYEdare ‘%@i gglda%i gnal s.
Figure 2¢ {ishafk, tHedMenfbn hB! MR PR (IRRGHRIVRE v ABakBever Borigdlsehatd is a
bl ock diagram of Data Detection receiver using a Filter. The receiver is

subj ectio t odo mideclvdeqlsg: Alp.dhsapwnden Wit grarevedhe resentiogod datasfentlie Dat a
Spect rum syhj ha Siskdl b gkr.  Figure 3b is a graph of the Data
Spectrum stllrjl jag%%hgge IIthgdlﬁ&%en(ﬁ:ﬂe:tl ver' schqrui st Filter. This yields a Q
conponent onl y Thadatventidnnwitlive dessgleddweith théraid 9pthe ettaghed Sguresver sed 25 at | F).
Figure 4a is a block diagram of the Data Denodul ator and an optional NTSC

denodul ator using the B%gpggsé‘mptr‘[&?iﬁ# ﬁﬁg@szSi deband Si gnal

invention. Figure 4b 1s a graph o e spectrum and the Data Spectrum
after the tuner and before uist filter in a conventional television

recei ver. (The FAGEREl4 is %graEI\flyOO SHeJpyisiomsignal speptrum Rermaligesditg 80-H3. o opposite
to at RF). The fMBREAGSE L Frafl & (RO ofa MR rODOAE 2L il LD/ 33479

FIGURE lc is a graph of an idealized and typical TV receiver response curve.
Figure 2a is a graph of Data & Video Modulator Signals.
Figure 2b is a graph of Data Receiver Signals.
Figure 2c is a graph of television Receiver Signals.
20 Figure 2d is a block diagram of Data Detection receiver using a Filter. The
receiver is subject to “Rude Video” interference.
Figure 3a is a graph of the Data Spectrum subjected to Data RF Tx Filter.
Figure 3b is a graph of the Data Spectrum subjected to TV Receiver’s Nyquist
Filter. This yields a Q component only (note: in the receiver the spectrum is reversed
25 atlF).
Figure 4a is a block diagram of the Data Demodulator and an optional NTSC
demodulator using the present Synthesis of a Double Sideband Signal invention.
Figure 4b is a graph of the NTSC spectrum and the Data Spectrum after the
tuner and before Nyquist filter in a conventional television receiver. (The spectra is

30 shown “as is” in the receiver; i.e. opposite to at RF). The two spectra are shown



separately for purposes of illustration. In the actual system the two
spectra are conbined in a manner that does not allow themto be viewed
separ at ew. Fi gure 4c is a graph of the TV Receiver's Nyquist filter

char act eM@Y 2605 gure 4d is a graph of the NTSC spectrum™idUtNe348: a
Spectrum after the 5 tuner, Nyquist filter, and Precision Phase-Correct

Del ay. Fi gu¢paratdy ifsr purppsephf dfustrationNTBChs peigtlr svviean dhet o Brecta Sffect r um at
out put of Spectrum Reverser,. Fi i . he NTSC spectrum and
the Data Sﬁ%’g?e’P ngtm%'ﬂ?rﬁuat%dg?s no%éd%%r’etﬁémidgbeéf“g{frﬁg%g;tﬁ%bck di agram of the
Spect r um Rever SeigureHi i grafhofitise BV Beagter' o Nyquis filter dpecterisiim as seen at | F

frequencies (the reverse is een RE frequencies. .. Figure 5¢ is a graph

of the spectrunf igrrepidgs Aerany %é?%wiégﬁg?ftrﬂvqagggbes ;ﬁ%)s‘)?/\%vren z\i;e\f/lte{ (k%lheN = 3 and

band pass finkt, y§6ist Miet @h@Pleckids PHRSIC0REt Degband. 15 Figure 5d is a graph

of the spectrumof Figure 5c heterodyned by a cosine wave with tN = 3 {(N +
i Fi

2) = 5} and banBigpEds 157 grerl ¥dhe NTSeprectun Rrd e Srtree MUy U O'Fj gure 6a
is a bl OCk_sﬁéc%Qﬁﬂi@vgxfse@ Preci si on Phase-Correct Del ay Exanple using exactly
the sanme filfters as used in the Spectrum Reverser. Figure 6b is a graph of
the | F spect r unfigereséére geph of the WhS(e preceun erdybe Paaspedrimsat optpuselen at RF
frequencie .m)nmléirgure 6¢c is a graph of the spectrum of Figure 6b heterodyned
by a cosin wave with M= 3 and band pass filtered to select the desired
si deband. Fi gur Bigtd 5abloak diagnpin odthetSpectspelkeversen. of Fi gure 6c¢ het er odyned by

a cosine wave with M.= 5 an ass filter to selegt the desired
si deband. 25 Fi ﬁ%}“& Sglés?%ra@’ %]tgqa:%ds(??%%’paﬁsgnattﬁgfr HEE lersﬁﬁ%e everser Wt hout

filters. Fi@uherbfrehfendiegy aph of the IF spectrumas seen at |F frequencies
(the reverse is_ seen at RF frequenci es.c% Fi gure Stg iseﬁ%raph_of t he
spectrum of Fi gliewresy in@t &pRigginBe SeRrtrum Y diigke Shberodyn AP0 Figure
Sh i's a granbe Rfth NNe3 sREGHE PAS Giterbd BeRcaBe NHES yaRd by a cosine

wavew t hN=3 {(N+2) :5;._ Fi gure 6e Precision Phase-Correct Delay Wt hout
Filtergds Figure 5d is a graph of the spectrum of Figure 5c heterodyned by a cosine
wave with N =3 {(N + 2) = 5} and band pass filtered to select the desired sideband.
Figure 6a is a block diagram of a Precision Phase-Correct Delay Example
using exactly the same filters as used in the Spectrum Reverser.
Figure 6b is a graph of the IF spectrum as seen at IF frequencies (the reverse is
20  seen at RF frequencies.)
Figure 6¢ is a graph of the spectrum of Figure 6b heterodyned by a cosine
wave with M = 3 and band pass filtered to select the desired sideband.
Figure 6d is a graph of the spectrum of Figure 6c heterodyned by a cosine
wave with M = 5 and band pass filtered to select the desired sideband.
25 Figure 5e is a block diagram of the Spectrum Reverser Without filters.
Figure 5f is a graph of the IF spectrum as seen at IF frequencies (the reverse is
seen at RF frequencies.)
Figure 5g is a graph of the spectrum of Figure 5f heterodyned by a cosine
wave with N = 3.
30 Figure 5h is a graph of the spectrum of Figure 5g heterodyned by a cosine
wave with N =3 {(N + 2) =5}.
Figure 6e Precision Phase-Correct Delay Without Filters.



9 WD 01/47260 PCT/ US00/ 33479 Figure 6f is a graph of the IF spectrum as
seen at | F frequencies (the reverse is seen at RF frequencies.) Figure 6g
is a graph of the spectrum of Figure 6f heterodyned by a cosine wave with
M= 5 5WIYRe6h is a graph of the spectrum of Figure 65N/ Aed by a
cosine wave with M= 5. Figure 6i is a graph of the spectrumresulting
from addi ng t he Fimecdfrina pfapi-ofybe IBipectnan &rseerFatghifreqencies(tize rgveagshis of t he
spectrum of a c%ﬁj_ipe wave at the IF frequency. 10 Figure 6k is a graph of
the spect r FFF LA RE (FIPECEE) het er odyned by a cosine wave at the |F frequency
and a | ow pass fridutebg is0a ERERIOY €hel pecthms ebaidreséforadrodyhédyby @ césiné s a gr aph
of the televisiogn spectrumand the data spectrumat the output of a

Nyqui st Fi IW&€ “aHM F Pr eci si on Phase-Correct Delay as see at |F (at RF,

spectrum is reveiadih isld ofapl) WF ehe/PedtinPodFigiie 6f hetdi@iyhed BY laSdogiRe spect rum
and the data spectrum at ?he out put of the Spectrum Reverser. Figure 7c is
a graph of waye wdthiM5f5-t he tel evi si on spectrum and the data spectrum found

at the out put 0f1=,£&§%'%Fgf&PE%ggﬁ_sg&gﬁ@%su g‘%’on@%ir&tth& Q&CQQBPF‘%semc the

Spectrum Rever ser-. i | ock di agram of the Data nodul at or
and an opt ixmatl 6NTSC denodul at or using the present Doubl e Si deband

Synthesi s invention but wthqut a i.st .Fi r I i eis simlar
to Figure 4a. F::F' uFeeé?ésoa %rgphao g}FeaSBﬁmg‘% qquﬁec%%lhe:% Jé%/\i%salt %‘%_I?};Erg@te?%}rm and the data
spectrum at t he Figatd fluis DEraph [Bf eled slearuinPlf §gufcofirtecrodpeddaly asosiee at | F (at

RF, spectrumis re sed 2 ut Wi thout firs assing. t hrough a Nyqui st
filter. Figtavgagge YFgfrr%ﬂ“ é{aﬂg’ BV PSS {"G‘Fé‘%/feg‘?“é%&‘% %SEW‘E?Hga%]d the data
spectrum at t he rigap pifs aOfraghNer tho @gdvidicn EeMains afid the dhta \spéchant atfthe St passi ng
through a Nyquist filter. Figure 8d is a graph of the sumof the

t el evi si on SHuEef aflyawe kike ‘H‘gtaaprﬁ‘dél&'ﬂ PhasefotRe Rala fesepat Butet §F Preci si on
Phase- Corr el qhgl i@YevaRdpat the output of the 30 Spectrum Reverser, but

wi thout first passing through a Nyquist filter.
15 Figure 7b is a graph of the television spectrum and the data spectrum at the

output of the Spectrum Reverser.

Figure 7c is a graph of the sum of the television spectrum and the data
spectrum found at the output of Precision Phase-Correct Delay and at the output of the
Spectrum Reverser.

20 Figure 8a is a block diagram of the Data Demodulator and an optional NTSC
demodulator using the present Double Sideband Synthesis invention but without a
Nyquist Filter. This Figure is similar to Figure 4a.

Figure 8b is a graph of the television spectrum and the data spectrum at the
output of a Precision Phase-Correct Delay as see at IF (at RF, spectrum is reversed)

25 but without first passing through a Nyquist filter.

Figure 8c is a graph of the television spectrum and the data spectrum at the
output of the Spectrum Reverser, but without first passing through a Nyquist filter.

Figure 8d is a graph of the sum of the television spectrum and the data
spectrum found at the output of Precision Phase-Correct Delay and at the output of the

30  Spectrum Reverser, but without first passing through a Nyquist filter.

Figure 9a is a graph of the Data Spectrum after the tuner and Precision Phase-

Correct Delay but without first passing through a Nyquist filter. Note: This spectrum



Figure 9a is a graph of the Data Spectrum after the tuner and Precision
Phase- Correct Delay but without first passing through a Nyquist filter.
Note: This spectrum 10 WD 01/47260 PCT/ US00/ 33479 has both Q conponents
and | beé’&@gg(“?zéois not symmetrical about the carrier. (SpBEVPEW/IBHBW "as
is" in the receiver; i.e. opposite to at RF). Figure 9b is a graph of the
Dat a Spect hambaal QmotrwumenafansmecqauagmiRthéNmmetriCbmbout\/ﬁw ¢pougr. fSpegita passi ng

t hrough a i.St tll 5 Fi re | graph of the Data Spectrum at
out put of ?quvnsﬁ?rfrserm ﬁ?cgwerslec OS' a§R%nly a Q conponent because it has

been nade symefighealb iabatiph bﬁt(he D@ﬁlSlch&ﬂ‘unf atequaenciSpedihen Releayedutand

reversed data spectra, or to . su ion are shown to illustrate that they
add to the"@l‘]ﬂ%@f’“d’ﬁi%@t rgb@ﬁw%ﬂuﬁg}itﬁﬁre 10a is a bl ock diagram of the Data

Dermodul gt or of fiagrer RCRI & Sraphsf g DatOSpdIBuR L Aput BOthel amBledelrand Synt hesi s
invention. Note that this figure is identical to Figure 8a. Figure 10b is
a graph of spegsumdagenki ol opeersthscatg ibhrs eph gt SR ePrut #%t a spect rum

at the out Qéﬂlerofre(ﬁleﬁé}ﬁc*l"ﬁé g&a)ﬁelaaﬁxg r%sre@(aata%e@t\/a Eroxst%esuﬁﬁnahgn eRt RF,

spectrumis reversed) but w thout first passing through a Nyquist filter.
15 Figure $igovnitg llalsgatamt@fey@ddéoﬁ@lsémmsi@ﬁp@pwtfﬁum and the expanded

bandw dt h data S but

wi t hout first paggrl%ﬁltg‘[i {T%r%%ﬁﬁ E'%%rgﬁly&w S]?L? IEH% er . g@ Bﬂ{ﬂggﬁg&sﬁnga gr aph of
t he sunmof thehpeestrl Baubki S)‘dlebsmb&jtmhstsns arventidne Nm@madmt ﬁglumslvdedmdal wat a
spectrumfgund t the output of Precision Phase-Correct Delay and at 20
t he out put "B t%¥e Spectrum Reverser, but without first passing through a

Nyqui st filter.Figug@uioB ish giiph Sf the gélapdiodpetiien andhi Extﬂﬁdefdrbaﬁ(&f/l&ﬂh function
of the Data RF Tx Filter found at the transmtter. gure 11 b is a graph
of the anpP#te SeRstrimaahdherutpyl b @ifeerisim Fhage-fareest ‘P@%aé’latjl § at 1§ @ebBnd Filter

found at thRcthRRSRVdQY but%hEﬁtgwt%aésmF@hrblﬁghaa Wy figér. t he anpl i tude
transfer function of the Conposite Filtering applied to Data at

Transmifter foufiguisylOg snbeiaphef theelexisgin spedieim angnife expandedrhapdvid® of Figure
1 1a and Fygur ec‘trulnbat fle Ot gt LF He SPectud RER-QE, AR FHRANERE phapgw dth Data

Spectrum ext endl ng
through a Nyqulst filter.

Figure 10d is a graph of the sum of the television spectrum and the expanded
bandwidth data spectrum found at the output of Precision Phase-Correct Delay and at

20  the output of the Spectrum Reverser, but without first passing through a Nyquist filter.

Figure 11a is a graph of the amplitude transfer function of the Data RF Tx
Filter found at the transmitter.

Figure 11b is a graph of the amplitude transfer function of the NTSC Vestigial
Sideband Filter found at the transmitter.

25 Figure 1lc is a graph of the amplitude transfer function of the Composite
Filtering applied to Data at Transmitter found by combining the amplitude transfer
functions of Figure 11a and Figure 11b.

Figure 11d is a graph of an expanded bandwidth Data Spectrum extending to
1.25 MHz and the Composite Filter function of Figure 11c along with the resulting

30  non symmetric Filtered Data Spectrum.

Figure 12a is a graph of the application of the present Double Sideband

Synthesis invention to receive the expanded bandwidth Data Spectrum of Figure 11d.

11



1.25 Mz and the Conposite Filter function of Figure 11 ¢ along with the
resulting 30 non symmetric Filtered Data Spectrum Figure 12a is a graph
of the application of the present Doubl e Sideband Synthesis invention to
recei ve twe opgipahded bandwi dth Data Spectrum of Figure | |HCT/US00/35879

01/ 47260 PCT/ US00/ 33479 The present invention yields perfect

reconst r uctpihenyr&@kntt ifGentioh dichRGRiEN RABRIMBEM Jf He dira NpEctramtbeiRast
distortion between + 0.75 MHz and +1.25 MHz. This nodest distortion could

be pre-di stloftMHzand medest distostant kegyeen G MHE2Rd i+§-23 Mz phhipmodese expanded
data spect rgum af t &Jul&t@kepré-ﬁilst%ﬁi:ﬂtg& tra;igﬁgtg,ei ver's Nyquist Filter. In the
Wi

tel evision receiver, the expanded ban th Data spectrum has been nade
symmetri cal andFleas bdeis » emapbeef the eppanded deth spertumeatied ghb tedevidietreband
bandw dt.h of the Lanal h . r i LE o . rature with
t he vi sual rgscle'd’ﬁ%f gﬁ‘éc"sil:%flrhcm %ﬁgﬂg‘ﬁ%& gé(%?l g%r’ |H1nlp thﬁ%n%f JieIb%gfgdlws"?[g;E]Iartaecei ver

w | be Dbl ispettrimm bdsi lseed ataie SSygunatricall OndDEEEAbdeE DedESTRI Pard@Nitiked elience wi | |

now be nade in detail to enpodi.nen t he inyention exanpl.es of which

are illust rdat“ﬂ‘a %‘%%?Weggyg%aoﬁﬁﬁéé%ﬂgﬁ 5. DF\YAﬁe%“ta\/é?ecﬁS‘b'Eéf lel "t he sane
reference RuUaQLS viith thelNieed] Sighditahd & Bench@iBust deteblol Mhéle@vison\Wedelvebe used

t hroughout the drawings to refer to the sane or like parts. 15 Figure | a
descri bes t¥il bebhneiatiys daasigiplNTSC t el evi si on signal conprising a Video

Carrier 102 that is Anplitude Mdul ated (AM, a Sound Carrier 103 that is

Frequengy Modul ated (FM andpeTARED DEICORIBTIONS, which is nodul ated with
an i n- phase and a quadrature phase conponents. The | ower sideband of the

television sigpal is unattenuated to frequen 750 KHz bel ow t he vi sual
carrier. The si Bﬁrlﬁfe"fes ngg 'S8yt 81aJe 4t tdgﬁﬂatf’eﬂ"e%oﬁ}/‘??ngqﬁgmﬁ BYM8Pe than 1.25
MHz bel ow tekénpiéssafathichodré iIREtratedi@ theSdcgdtApanyisg demligd. Wiferdvet yReble/50 KHz and

1.25 WMHz below the visual carrier in a, nmanner that can be realized with
practical fhq tagesreferqies npmpary pf Aymbess With he pame Gailng gigity mvill Ppasthver

si deband | gagighgutife dBRinkEloRefeM@Shd Ghlor BkdgrBand” (VSB) nodul ation. The
VSB techni que was notivated by the desire to provide increased picture

resolution 25 while remaining within the allocated 6 MHz frequency band for
a tel eviPsi on chhigHel 12 desgrigesiBe siapdardypnalqgN AR ley i EeNah e92RTisiigr%e " gover ned

by practi caligleanstisteroat thans fAMplitude Modulated (AM), a Sound Carrier 103 that is
Frequency Modulated (FM) and a Color Carrier 105, which is modulated with an in-
phase and a quadrature phase components. The lower sideband of the television
signal is unattenuated to a frequency 750 KHz below the visual carrier. The signal is

20  severely attenuated at frequencies more than 1.25 MHz below the visual carrier. The
signal is rolled off between 750 KHz and 1.25 MHz below the visual carrier in a
manner that can be realized with practical filters. This filtering results in a vestige of

the lower sideband leading to the term “Vestigial Side Band” (VSB) modulation. The

VSB technique was motivated by the desire to provide increased picture resolution

25 while remaining within the allocated 6 MHz frequency band for a television channel.
The details of the VSB implementation were governed by practical consideration for

the economic realization of the required filters.

Figure 1b illustrates the difficulty this VSB technique causes in the
demodulation process. Because the region 104 of Figure 1a between 750 KHz below

30  the visual carrier and 750 KHz above the visual carrier is ordinary double sideband



the economc realization of the required filters. Figure Ib illustrates the
difficulty this VSB technique causes in the denodul ati on process. Because
the region 104 of Figure | a between 750 KHz bel ow 30 the visual carrier
and 750 KM@ 03456 t he visual carrier is ordinary doubl e si gearsdo/33u2 WO

01/ 47260 PCT/US00/33479 nodul ation and the region 106 in Figure la between

1. 25 above ghdmiavbs bl th€RETOh 806 ﬁﬂﬁigﬂreqaMbﬁve@bD&’ﬁaﬂok}@thvwﬁ;Uﬂcaﬁﬁf fer is
si ngl e sideband nodul ati on, the denodul ated signal will have tw ce the

strength i & Wzbalsoébé‘i*f‘d“ﬂtaéda’éﬁ&|‘Se§m%tﬁ|5t9ﬁba&ii dnqdylagion, hta?l dempduleds conpar ed
to the si g@fgna Wil htm&mﬁéo&aaﬂ?ttmysmsm PGINEE WHicRRe M 1angsd#t- O 5 Mz

Figure Ic illTustrates the solution adopted in analog tel evision receivers
to deal wikHe tdripsregrtobiesianalpéf te dagtbanddidqnencisn betvhw 1sdgMalz and 4Wei ght ed
with a f||t that is antisymretric about the visual carrier and results
in half strength passed through the filter at the visual carrier frequency
102. This normalizes the strength of the 10 denodul ated signal from zero
baseband frequehigyretls illusgates hesiution aigoied dyanaipgitgevigiprereceifers [d degt, with an
A0LESYITR! bifh GAMATEE" bRELL acrhuufifbh G Seh Whbndd Wil ol Ut 2a
describes the data and vi deo no tor si na s a ori gi nation
point. Fi glanﬁSyﬂimdricl absttrta¢ eisudi herripr aclassiltngn oflf dtlesgth |pg$$ad shroughahedat a
receiver i nvention. of. U. S, P pplicati 09/0 22 filed April
171008 wilteh b5 ey oS3 Siiey np, GBLERETS: s aewedl Ghds | nan
ordi naryy t Qkb@yvduddtedsigral b @€ro bhatebhrsd trerqpafct/ams kighsseRagencze ms typd S poi nt
that a conventional doubl e sideband . sig h has onl¥ i n- phase conponents.

It has no QhEHFavif & FWHRFUREHE %har%ifeé'ém é?ca ‘?%’(Q“\‘/ﬁﬁ HH- i s not a
conventional doubl e sideband structure has both in-phase and quadrature
conmponents. As BigGeNZEdeseiibes, the héaty iaadialidedi godliatof sighgurae tha sighween 20 750
KHz bel ow the visual carrier and 750 KHz abO\éﬁltthe vlﬁsual carrjier is a

convent i on&MSHHBIRGTSi HIgWSTY EF GRS MerEORRIEAM P FH2)SHRA 43R 575Nt 5. The

signal W L ifer RUMRIOR 0881 Bhgtt dpPRdaidP 096628 MME ADRE 17, B98I Wil rier is
not a conventional double sideband signal and thus has both in-phase and

quadr at!dr e Figyrpisrsbersthe meressing of thpge signals ireap qréinany éelevésineiecedesdt i on of Fi gure
2a. The left part of the top section of 25 Figure 2a shows the VSB filter

characteristic 12@52111&5@%&11&9?&6@&@ A 169 PYRN tHa0R dbnveidRhiEdoubledeRBAG t €l evi sion
signal int glggl}eha;/%?lyslln%gz?sle c%m%or?gmst h(Iat t(l:asnntoeqruagrggttrel ccz)or:npcc))fnenl?s guArl(sao, Zaa'
signal which is not a conventional double sideband structure has both in-phase and
quadrature components. As a consequence, the visual signal of Figure la between
20 750 KHz below the visual carrier and 750 KHz above the visual carrier is a
conventional double sideband signal and has only in-phase components. The signal
with frequencies higher than 750 KHz above the visual carrier is not a conventional
double sideband signal and thus has both in-phase and quadrature components. This
is illustrated in the center section of Figure 2a. The left part of the top section of

25  Figure 2a shows the VSB filter characteristic 202 that converts a conventional double

sideband television signal into the VSB signal 204 of the center section of Figure 2a.

The well-known process of synchronous demodulation wherein a signal is
multiplied by a cosine wave of the same phase and frequency as the signal’s carrier
responds only to the in-phase components of the signal. If that same signal were

30 multiplied by a ninety degree phase-shifted cosine wave (which becomes a sine



The wel | - known process of synchronous denodul ati on wherein a signal is
multiplied by a cosine wave of the sanme phase and frequency as the signal's
carrier responds only to the in-phase conponents of the signal. If that
sanme sigie@ 0ugRé0 30 nultiplied by a ninety degree phase-shCTUsSe/Ba® ne
wave (which becones a sine 13 WD 01/47260 PCT/USQOQ 33479 wave), then only

t he quadr atyyve), GRARANEME JuatPithid cBfpsRA® sl Rt RCHemboBulhBd S IMBRNRdnner, | N- phase
and quadrature conponents can be conpletely separated from each other. The

t op sect i orin@hasgiapdAwrdrgure pRsRONEHECAN L SOTRIFSY serasdsd/Eom saqifist-st filter
characteristic 206 and the center section of Figure 2c shows the resulting

television 5 shgpabp sRast baFig8aticys Basatvidod Reauegts Nhguidiadieyi si on
receiver's Nyquist filter 206. Al portions of this spectrum have in-phase

and quadr atHrecteEHis A8 #0d thsetealgs eecHen ohbigkie s shewt HiedeFmgelasiPE symmetric

about the QLI Skctrth T Shref BsRink Ao HhIRURRN RIS FceRBNY RDGIIQHer Bal 09 and
digital television signals is contained Chapters 2 and 3 in one of the

i nvent or' s Alepersions\biddrs @adstum have imehaseiagd quadiaserh sompepents \ieguse, no/oi ce, and
Dat a Conmunj [ : LClQr E e, 1999 Morgan Kauf mann
Publ i sher S,pOﬁ@gﬁ?ﬁ%@g&%%g%me%§§Uéﬁe C%Ig{egi on of the bottom section of

Figure 2a shows a data signal 210 double sideband nodul ated onto a
quadr at ure phasé giord detdiledi digerissiomrof j conventionah pralodand (fligith dglevisiophase

shifted CarsE%iﬂlglrs i DGR a?Ie?sl 4 a§errg|?r'i ‘8&? S FT{UﬁﬁtoF’ﬂ&ts&i}\%@gﬁ éife has 15

only quadraturé conponents; no conponents 8 I's data sign exl st
i n- phas® wTekevisiva Tetkrlobngly sVideo, Magpeadrndara Seramumeation€r CRiota, Fafmdri& s si gnal

was to pas§ thr t he uist, filte t center section of Figure
20, its dodBiE gdu'bg@é%'ﬁ%{‘ ﬂﬁ\%‘&%}?@ %h?%’sbgﬁ‘gg'ég’{"’(?yﬂgar esulting in the
creation of conponents in-phase with the visual carrier 214 of the
t el evi si on si gnd@he leThpseorcafimho hettins ssubih df B@oen®a shoss bl dataasgrnahR&d f er ence on

20 the television screen., This is undesirable.and.is |ike t e

naccept abREulRPRLER REdulp ope & ARSI FARR iskA a2 B Fever as to
becone i nvigahd¥hteretphasei el SartierdRén coRpldidY supipfesséds TARGRG.sighel J10edent this
difficulty, the data signal is predistorted in a manner such that passage
t hr ough!st h@MYeuaTrgre LOmMROBFTFSs o $qmrogentoefghigdpte sighal Feist iniphasgs i the i o a

convent i ondiedasdbienatis ARRaINGArid: QN8| 12AR snhNwNbohaltiRenAT HE RygRsPONENt s. 25
This signal_w |l then be ignored by the television recelver's synchronous

derodul at orfilter 308 of the egaien Agstip e d1anra Pr. tittedophle sidRhendonatire gxneitche Transni t
Filter 218 dg%g'@d BEultTﬁ% in the creation of components in-phase with the visual carrier 214

of the television signal. These components would become visible as interference on
20  the television screen. This is undesirable and is likely to be unacceptable unless the
interference is reduced to such a low level as to become invisible to viewers under
normal circumstances. To prevent this difficulty, the data signal is predistorted in a
manner such that passage through the receiver’s Nyquist filter 206 will convert it back
into a conventional double sideband signal 216 with only quadrature components.
25 This signal will then be ignored by the television receiver’s synchronous demodulator.
This is accomplished with the Data Radio Frequency Transmit Filter 218 (Data RF Tx
Filter) with characteristic described in the right hand side of the top segment of Figure
2a. This filter characteristic 218 has the shape of the Nyquist filter used in the

receiver 206 but with the frequencies reversed. This causes the transmitted data signal



Filter) with characteristic described in the right hand side of the top
segnent of Figure 2a. This filter characteristic 218 has the shape of the
Nyqui st filter used in the receiver 206 but with the frequencies reversed.
This caus¥QOV#B%¢ ransnitted data signal 14 WO 01/ 47260 PCHUEERY34479
spectrum 220 to appear as in the bottom section of Figure 2a. That spectrum
has both ispeqviras 00 dprsamasrimthgbettern systipent SeurTRe Heat spedewnded koth on process

of the pri %-gﬁ‘a[s%ajx %&{a}%\éma%dgnﬁg%%e 2b. Synchronous denodul ation is

enpl oyed to separa ure data signal from 5 the in-phase visual
signal. However, the visual signal is conventional double sideband only in
t he range betwedhe 7B R¢modylationy prasessvols thel pricar #1F 6 sheven T5Fige 2babove t he

huady at o e g BEAGAAARh i BRBGye P Sell Ble dhalranioNy GORPAAGTTS 222 11
denodul at orthe 22ghaadvisval Isighalt eHosewrwthiehvisimd sigtabdt icomvenfiondiatdayblé . e. t he
di scrim nati f the discrete 10 | s .of the data .si baseband
after dem&lﬁggﬂgo%ﬁy B8R "ee %’ﬁt‘e’ve@aﬁge%lgﬁ%gmvéﬁ R icfrflgrrg@?bso 3 per f ect

symetry, tabevevths wishal cafrignaduisidt khahawvge, Widaga0 el hdve cMBBorfehts t2@2 img 202
process at the trans,m'tt@r on on its Eﬁectrum but not the other.

si de of
Consequent 142dretHes Vigh &ilhbe demoduipted by §e dapetgnel mnghranots depadylates | y

symet ri calangh temekRFSith M adidibh bLd#LNRONE BlscrilAation HPARMikfLat ed. This
guadr ature conponent has been called "rude video" 228 because it

i nt er f ePes leyelsiof theslaesignal 4t bareband pfier dgmedulatiogjnal after denodul ation. Since
the visual signal 204 is nuch stronger than the data signal 210,

rel atively smal Evas e tdataCfemolulatidhefiig® M8 Shak epeffedtt §mniehar detviubst i cs wil |
result in "rude video" and lead to problens in detecting the data. 20 Note

that if theieppl virhavg uplaewsshawpl ftigripe 2hnawces ipretemymignaeerd cal by
the use of sper@vgr ﬁp;et@n&{{%%uf inbit e dufr! ! orgﬁufeu@miﬁ%% Y$S sidk16r W@, Woul d have

only conponents t are 1| n-phase w vi'sual carrier and woul d not be
det ect ed. Spestrumt dre ny'Sperfacily eymmegicil sand ghergliorsci guddyaterp eoimppredit hasher e woul d

be sone diffic [ iLhg _a pr n reversed.VSB f.i r.desjgn. The
rel ative stb?éélncg‘lfa%éaofﬂ’f%@ggrlgtzlteaﬁ%mfg&g ?ga‘r%iéjlegnr %al(ﬁgc?i r\glg,e ﬁgeot ﬁgg g%c lzlaseslgl gnal makes
t he preci siimoerfapds whh sheade@cian ofipo itanignal NbtedenaddatatibhaBinse theevidual t he

t el evi si iyver, the data, signal 216 is.0of nuch |ower strength than
the vi sual SENGrdH oiyeh tipaseduidbe dite SERALRLO- GRS AV ASHGERES ft ans i 11 ng

data the composite filter characteristics will result in “rude video” and lead to problems in

detecting the data.

20 Note that if the filtering process were to be made completely symmetrical by
the use of a reversed VSB filter in the data receiver, the video would have only
components that are in-phase with the visual carrier and would not be detected. Since
the VSB filter 202 is not precisely specified, there would be some difficulty in
choosing a proper reversed VSB filter design. The relative strength of the visual

25  signal relative to the data signal makes the precision of this choice important. Note
also that since in the television receiver, the data signal 216 is of much lower strength
than the visual signal 208, the degree of precision in matching the transmitting data
filter 218 (which ideally is the reverse of the receiver’s Nyquist filter 206) is much

less critical. The situation further benefits from the fact that the data signal 210 is
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filter 218 (which ideally is the reverse of the receiver's Nyquist filter
206) is much less critical. The situation further benefits fromthe fact
that the _data signal 210 is 15 WO 01/47260 PCT/ US00/ 33479 uncorrelated to
the vi sudlOUHAT 204 and inperfections will appear as noiBe/P303é47% han as
sonme annoying pattern or image. Figure 3a shows a data doubl e sideband
spect r um 3@Ro(rolfited 4o steedvieuns isigeal 4 ped impérteséonsivoitl 4ppeanrss matse vathgsur poses

only and n L. as 181‘1e|a|nn yf[int agg%_.or@m ata transmt filter 5 characteristic 304
shape is shown (as a I"imear fTilter,” chosen for illustrative purposes only

and not as a limtation). The resulting transmtted data signal 310 has
been made unsyiigwt B showsardita deable sekadispectripmve2 dtraisddrirophagherand

guadr ature ¢ ne . Fi 0 e m i.gnal 308
Bassi ng.t hFGOBRr AP EEs oA ST of MRebbABDTA Wi iRl SLA"D, D
convert ed cheetesigii 304 shiyee & shywnrgdsra lieehr fillay, dpest foumlshiatpe Bidsdshat wi | |
have only spectral conponents_that are in quadrat.ur he vi sual signal.
Thus a syn%’ﬁYB %aﬁ%ﬂg‘ﬁﬁtf"&ﬁoﬁ?rﬁs"ﬁtﬂ@ tfagf%'gfcg‘?%%s'?’@g%f(g}éalstbﬁfnl 2%ot respond
to the dat gns§mgRalcal Al Mee:férb &illlAiva bsthghhast Sndduatfdtilie doawhersd. r engt h, any

i naccuracies in converting it into a symmetrical spectrumw |l result in
relatively mnqor interference, not visibl nder ordin i ew ng
condition. 15 gﬁ%}‘ﬁ? ggﬂhoé“ﬁ&k}%tr%@méftlrﬂ%tﬁ?Wﬂﬂ?’ogf’asflﬁé ?T%ﬁ’%f‘%ﬁ%ﬁvﬂont he current
invention regdivedR Nequedl filed 300aha beRpadoatdred dnt®apath deo DHyyrmyietibasi s of a
Doubl e Sideband Signal” and synchronous denodul ation. In Figure 4a, the

i nvent i'n 1RSIy shapf Y that Will hede PRIY SeaHE! TPPRPIBHIHGHfIN PairatEs Ye

tel evi si onpgiy@0alsienall M Y sURGRNVES deRRBuiRoNCHE Blevistdnl k&iveft Q61 WA10Se out put
is split into three paths. One path 402 feeds a mechanismfor 20 recovering

t he carri erespoingrialthe datplsigadl. | Siokeethe| dgtspsigmd is of wHewPWsesBeregdr any | ustrati ve

pur poses. bigheclbicd %) Solvefinb It ifla RGP URERMN G L8t B AAcl S used 10 a
m xer 408 or syncrhronous enodul atiron o e visual signal. Tt is also
phase shi f mewr hidfefepce, natevisibie uadeooddmaryriovang don@itfoor synchr onous

dempdul ation of the data signal. The second path 414 feeds a Spectrum
the Nyaui ot 11 ITSRe domo%s g etk e pr e 8 MR RS =
f requenci ewhiginds talled fDaguespeiaten WonhVideg by fSyathasn of @sDeubtnBidebapdl | y about
e sl sgh ST B, 4 BRI
signal . Théeviopeeit isubroPasmalls edeisé @ledlsion signals. The TV receiver has a Nyquist
Filter 406 whose output is split into three paths. One path 402 feeds a mechanism for
20 recovering the carrier signal. A phase locked loop 404 is shown here for illustrative
purposes but not as a limitation. The recovered carrier signal is used in a mixer 408
for synchronous demodulation of the visual signal. It is also phase shifted 410 for use
in another mixer 412 for synchronous demodulation of the data signal. The second
path 414 feeds a Spectrum Reverser block 416. This reverses the entire received
25 spectrum, after the Nyquist filter 406, interchanging high frequencies with low
frequencies and low frequencies with high frequencies symmetrically about the visual
carrier. The third path 418 feeds a precision phase-correct delay 420 to ensure the
correct timing of the otherwise unprocessed signal. The Spectrum Reversed signal

and the precision delayed signal are added to form a double sideband signal. Figure

30  4b shows the received television 422 and data signals 424 prior to Nyquist filtering



and the precision del ayed signal are added to form a doubl e sideband
signal. Figure 30 4b shows the received television 422 and data signals 424
pri or toa’{L\ng st filtering 16 WO 01/47260 PCT/ US00/ 33479 426. The

tel evi si V@’ﬁgﬂ 422 is shown as an NTSC signal for illust¢HVPPES3Har poses

but “not as 45| 'THE: Ie?eRisPo’ﬂ :si ];Ql%ztvet %Nd@oéé%nﬁhﬁlﬂxér{*ﬁ%ora}[@t@@e o‘%ess' gnal 424

are shown as ose stra Thei r
al gebrai c $>u1m01vam timhzmoseé"he tednvlswnssmalmammamaldymergnalr@# latstrshown an t he
frequency domain or_.an n the ti donmai n. Figure

he anoneY K8 Rl uSBR o GEr S Mk, T lebt 5t b e G2 Chous the

tel evi si on oft | YRpdctrdid Baralydert MErEhadng iR | PN Aleqdedly abinein shen csali@cdse on
receiver's qui st filter 426, The data, signal 430 has becone symetri cal

inits frediEHES Y in fhetimpdopails Rigwed %Poaihémrta‘tewen CHRPEhE AYYUiStThe

tel evi sionagkongl Fidtd8ad dholwhki 81@BIoh 5BAMADE ¥nd O BR. Higal 296 A the
unsymmetri cal having both in-phase 10 and quadrature conponents. Figure 4e

shows the &levisian iga2veraByqest filive 4Bpetha daf sigeel, £10dwp berpgetshimmetricalps t he
spectrum arrpme %ﬁf”\a%/%g%j’d e MS%F\I fq&@&} lréq%mé nt F'I‘gél{ef‘ews%fni%%m the sum

of the precision d spectrum e reversed spectrum , 440. At
thi s poi nt 44&ot thit me\/ﬁ@uaicysa@qdias »8@nm@nehsymetdedl daging hath i4haseave becone
doubl e side he vi sual n 8 nent s

Cbr ougBut Tangrenet{i ehitans T ERR 46l 3RaR Bllo 415 PO € SRSUREL <

t hr oughout ReVdier tWothai fipaths sﬁa:ltrumb@omﬂrfb)é et yarﬂe[f&rqaéred 496.t hlgsgenchr onous
denodul at i t hout the need. for Ci sion |l ters. The dat ath no

| onger rquFf@é"séh‘?/\%’I”} Ogté‘g |p§eﬁ58’“fqefa§%‘f5p[eﬁm’r“éﬁ?f{/@e reyseed éﬁeﬁ?‘émcaﬁ"ponent s of
the visual 48 g!&akmé&ﬁmf b&Mtkh@sihdt@ndat3R and h@rd%taasﬁg%aHMO KivaBe@intr € Vi deo
components in the video signal 438 in the range of frequencies 20 occupi ed

by the dat gout eg%%ﬁbarzﬂéldfhsr“svﬁ stgral 438 roomdy BYPRRFEqIEPRINESNIRHERNEI near the
frequengi em%&t&%s%@m& bRy qaz;d?atﬁ‘eggﬁboréﬁtgthrg bét. 'ﬁle 0o s%h‘zg?c Al deo” to

contend wth. Figure 5 describes an inplenmentation of Spectrum Rever ser
502. The @p@@mmmmém%@r wiih 2 synshnepeust pandadulatien ivgioit sh;l ficed| forwi | | be

appreci ate reE Q%% trellgerThe%%ta l'lqgcg?ongcfir JeH@Le?Wetllaées edoﬁltetsi eCr;[:nrmlilm reversal

woul d also be e ectlve in (S |nven on. het hods of
i npl enent atuadratuwe chmb@enlld)élﬂﬁ viowhi b}gnalt 488sfeoro ftheodatla pathy Eierel erema t hese

arts. The first Loc Gsci |l | at.or 504, opera at . a frequency N tines the
AR R D - Win e W R i b Wt M ey it

20  occupied by the data signal 440 or in the regions of frequencies anywhere near the
frequencies occupied by the data signal 440. There is no “rude video™ to contend

with.

Figure 5 describes an implementation of a Spectrum Reverser 502. The

Spectrum Reverser 502 is not the invention itself. It will be appreciated that other

25 methods of implementation of spectrum reversal would also be effective in
implementing this invention. Other methods of implementation will be understood by
those of ordinary skill in these arts. The first Local Oscillator 504 operates at a
frequency N times the receiver’s intermediate frequency, IF. Mixer # 1 506 multiplies

this oscillator’s 504 cosine wave output with the combined video and data signal.

30  Figure 5b shows the combined video and data signal 508. Figure 5c shows the result
when N is set equal to 3. This choice is for illustrative purposes only and is not a

limitation. The mixer 506 behaves as a doubly balance mixer yielding and output



this oscillator's 504 cosine wave output with the conbined video and data
signal. 30 Figure 5b shows the conbined video and data signal 508. Figure
5¢ shows v%gl/ 7ggult when N is set equal to 3. This choice is for
i|lustrat ‘E) oses only and is not a limtation. The MP&EFS¥H34Behaves
as a doubly bal ance m xer yielding and output 17 WO 01/47260

PCTI USOQ 3344tch isfebmprided of arpuinsBduaicict bR b ﬂ]ffeF&Géjﬁgtﬁieﬁc?iesanﬁletuta}ﬁ
di fference fre uenci es, .The i nponents are bal anced out d do not

appear at tHS BB ?ﬂ%“cle‘?)%ﬁpa’l?s‘?ﬁ 19tgPRiar athg patput 1 Bhe docaleqsribleted i n

Fi gure 5C asignaldsighiedepiered & Figlrel 33t GadaShedtvictbPRAhbiRRe 3 15CQ on bR Ut to the
m xer 506, hut to aI so indicate that it is not present e ou

signal . 5 THEPUSIhe mitRiq6, g tosalso {pMicate thap itnis ntepressplein tBﬂ aiebmmgnaln Fl gure

5¢c are reataimedum i 5 4 and | ower sideband
516 is reject edgebgiqﬂgﬁct}?lslﬁ?gﬁl éﬁ%ﬁn #\%OE@'C{ ﬁd%o ??11 ? ect?u?ﬁeéi?‘? not

reversed at “fithitae BaidRass Bilter #g &4 yndgm f(l“edsmc:bamaﬁ‘ltﬂ1l§eejedtdfd€tq'uﬁzﬂffh(te Next

Local Gscillspjo t a_ freque mes the IF
frequency. S ncfe\J 0%1[&& th 3%2{?%&5?2 'Su'écft ko ich ai_@‘b%a/‘?og'&ﬁli‘tl’%‘eé?lbrs}“ﬁe‘?“518 into
this illust esathayrdregpencnt d&xat odal (D@m[latdil’ESISt#le dpErafet Qb @RGYencyl |@N51- ghoice is

for illustrati 0ses nd,is not alimtation. MXxer # 2 520
nul tipl es tﬂheyglgé?#eglf%'?y ‘6’8‘}3/{\13@5 beanse uelgas: hpeehOstillater# Bi8 of Band

Pass Fi liber this illusifafion bp@atearTivd ik e H’Uﬁ&]U@nCQfTthsmﬁcfe i§ f(%' ﬁngratlJ he mi xer
behaves as a doubl y bal ance m xer vyi el dl&j and out I's conprised

of the sum PYBHGRATY 887 KAt ¢ H@‘téﬁofnf Mix 52%’@19’@:}@5 éBS Othletor Rposinel 5

conponent s aae: RAhRRGAGHO [ The | ocal
oscillator 518 M gnal ?sm%lg:ag%;g& lfhEE E@Sﬁfgs g[h% sgé;srﬁ 0\9@&‘6} 520 to

i ndi cate i t%"”?‘-‘ééa% #h &he mveer belmyest ast o doudy halame mikartyidldin@bsdoitpeti cat e t hat

it is not prEREM L, umfre uenci es that formthe
upper si deband SZCZOIH{E)H |gf{l31'rrléte§?J friug&?és aggz_p]ee JillFErice SRy s Thednpiter # 2 524

and t he 'f ovweampsnenihein balared pe apasse@tabyeat ake cﬁuqbdtefl‘he Nedl@sdiltadr $18€ 20

passed spec W reverse nd at t sane | F frequency 528 as the

ori gi nal stl Aémsurr? %B% IH? g(?gs %ga&?‘ﬂéecﬁqrégéo Hsatesisplogatign asfeci al |y t he

BandPass F| nhpu;rts theSdider, bi4o @fso Fidiateahat iaalﬁfepres’eﬁpﬁgﬁé bﬁ?bttslgﬂﬁls Tpaat result
gives rise to the need t he Precision

in a delay of eﬂg% rfjé
Phase- Cor r eI EERr i S5t fqry “rl't‘pPS’fs“ikib@er@24&FlgPregﬁﬂraé€ Biegted avithteed an

i npl ement atPa@ﬂFﬂIf:r 1a2 B £ ghdihe oW 3RiB5HA 506 &t : p2ion
Phase- Correct is_not the invention i tpsa%ae?%ytha]-%ﬁfr %goetge{]ag{r €ci at ed

that oftherP¥efA “‘81‘52? HgloBnisYRrsediang atghe sanferlE diegicnny PfamehCaigiedt Del ay
woul d al so sb@:trum 508 of Figure 5b. The mixers 506, 520 and especially the BandPass Filters

514, 524 of Figure 5a have propagation times that result in a delay of the signal. This

gives rise to the need for the Precision Phase-Correct Delay 420 element of Figure 4a.

Figure 6 describes an implementation of a Precision Phase-Correct Delay. The

25 Precision Phase-Correct Delay is not the invention itself. It will be appreciated that
other methods of implementation of a Precision Phase-Correct Delay would also be
effective in implementing this invention. Other methods of implementation will be
understood by those of ordinary skill in these arts. Comparison of Figure 5a, Figure

3¢, and Figure 5d respectively with Figure 6a, F igure 6¢, and Figure 6d illustrates that

30 the respective filters 514 and 614, 524 and 624 are identical and the mixers 406 and
606, 420 and 620 are identical. Thus the propagation time through this circuit will be

identical to that of the Spectrum Reverser 502 to the precision of the matching of the

18



effective in inplenmenting this invention. Oher nethods of inplenentation
w Il be understood by those of ordinary skill in these arts. Conparison of
Figure 5a, Figure Sc, and Figure 5d respectively with Figure 6a, Figure
6c, and PVQE@1/47288 i || ustrates that 30 the respective filtePETASE0/IBAT 614,
524 and 624 are identical and the m xers 406 and 606, 420 and 620 are
identical. chbhipsndnhe OptRATHascONdjhdtdTE 63071602 Ghvet Btkes addell Gdlbdmpbhiate fof
identical to that of the Spectrum Reverser 502 to the}greci sion of the

mat chi ng ofMigR@chergn\igs FanlemeEtioPCTreBot $3a7eorcdfitpdtefld oPepEitbnal Phase
Adj usters Qifferer SediBifesD 8RN hAAGRY nBPir@%@pﬂﬁsﬁ%ﬁagfa%n déThyS FRSRERe I N the

i npl ementation. The Local Oscillators 504, 518, 604 operate at different
frequenci esysttnt Thhaxplengden efdtigurnirabroughkigpie g agenides an dedegjanding ofigh t he
system _Th natken, afc. i . Jirough Figure 5d provides an

under sténdﬁ%ﬁ%&ﬁggt Eeil%g%g?gﬂtr%%l ?eFélgure 6a through Figure 6d. It is
noted that the information signals in the vestigial sideband portion of the
recei ved spect r & iameted @af dlcanfernagipr pignalein the sesiatal Hdcbandypertien ¢frthg he
unat t enuat gg ALAREectd afle 8 Wi Inforhor QblAdRShA ke trum
rever sal an%egﬁgi F?C(t)n alpescoggﬁtg. 'Il'ﬁe noi se in these two g%‘e %Eg'glci S

uncor r el at edleard & teeulh dieswltzgeseddswizd dpecTiiinsrey @sallandaddition ipdame. dtvant ageous
signal to noise ratio i ovenent . t hat the basic.principle.of the
Tnvent i on H95E RLER R BRP BT Bams PRt ba ek D8 T BUE GUERPUE The
filtersioof ahiaguheagbausaipdalftd golsecratpinipishembt4, 614, 624 aid in understandi ng
the operation. In the inplenentation itself, the primary function of the
filters is to revent overl gadi ng the m.xers 506 06, 520, .620. |deal
ni xers woul d nofq%?vgcfu?trg’et &xe rinlc‘tpg"r SOFf %ﬁ’atmviegt,lonm%fser i PRSLER i ci ent
dynamni ¢ r argeplifloaticths Mall be égeritee. t hese filters. The filters 514, 524, 614,
624 are a source of expense and conplexity and delay that can be avoi ded
wi th adequate mxer,.design. FEigu 5e s he ,Spectrum Rever.ser 502 of
F aur o e bt s e St s Sh M e o 3Lt i BECHS Mg BRERET 0 O ons
t he Preci sitignogehaios.- To iteciaipldnehaiorddsklfp theFpripmure figrtiobuof theifiitBus td he band

pass filters 614. 624. ectrum Reverser Figuyres 5f, 5g, and 5h correspond
to and Per PEVA qu%oaéi%F??Wg {Tﬂ]qsg% Sgﬁ?’gqﬁoegg%agzm'%‘? W&ﬁlﬂ "SI the for mer
set of Fi guees fildbe TheNEesixeRdvitPREhdidht AY MO tardgk WoRIdekht Qdfuire iRy are j ust
left in place. Siml|arl the Precision Phase- (g:orrect Del ay Fi gures 6f,

6g, and 6h fiMgnsy é@}ﬁofHEPrft gf%ﬁa&&éft,f @4nare gesource of expense and complexity and

delay that can be avoided with adequate mixer design. Figure Se shows the Spectrum
Reverser 502 of Figure 5a, but without the band pass filters 514, 524. Figure 6e
20  shows the Precision Phase-Correct Delay 634 of Figure 6a, but without the band pass
filters 614. 624. Spectrum Reverser Figures 5f, 5g, and 5h correspond to and perform
the same functions as Figures 5b, 5c, and Se. In the former set of Figures, the
undesired spectra are not filtered out; they are just left in place. Similarly, the
Precision Phase-Correct Delay Figures 6f, 6g, and 6h correspond to and perform the
25  same functions as Figures 6b, 6c, and 6e. In the former set of Figures, the undesired
spectra are not filtered out; they are just left in place. Figure 5h and Figure 6h
describe the input to the Summer 450 of Figure 4a and Figure 6i describes the output
of that Summer 450 . Note that the shapes of the spectra in these figures is schematic,
intending to easily illustrate when spectra are reversed. These are not intended to

30  show actual spectra or even the actual summation of spectra. Figure 6j is the output



25 sane functions as Figures 6b, 6¢, and 6e. In the fornmer set of Figures,
the undesired spectra are not filtered out; they are just left in place.
Figure 5h _and Figure 6h describe the input to the Sumrer 450 of Figure 4a
and Fi gur‘@oé’i”“@égcri bes the output of that Summer 450. NoF%T’tUﬁ&Q/-”-"t‘%"e
shapes of the spectra in these figures is schematic, intending to easily
i |1 ustrat e ofitterPhegpedtificar 449 ef Figurrisalht feRdethe Miker 41dtconnetied thedie tmt:80 show

actual spectra. or.eve tual s i . Fgure 6j is the
out put 1o QB FEpsed: e B ST BME NP 452 RBEChE bRl B i e
4a that f edifferénbe oMhedF fredincy ametht ekctro of Rigudasi.alf thautepult is thingove 6k shows
the output of that M xer 412. Not hat it_.is e sumand . difference of
the IF fre&ﬁ%névr%g'tﬁﬁere?ﬂﬁwrsé{“ ?HWd’ﬁ?seﬁléﬁr.éSE’f O’Tsl?ﬁg?‘er g%lbfls &% hen | ow
pass filst expduiiebNremail atheVed Yasi ARt 651 RWirkEis and inktRhsi@DEaca@Blie t he data
baseband 5 spectra 654 remains, The |ow pass filter 652 is sinple and

i nexpensi vE&lopSE HREEripH epecEymp Se& s 4 Ayies ?hérlkp HEIUSPRe FYRARIBHEE MBZ 8vat wi ce t he

| F frequengym §QMBasdbhtfhita Vplcr@Webich E&iist dt8eRangPant datid SReg&r @ whi ch
consists of less than a few MHz. In fact, normal parasitic reactances wl|l

at t enuat e nprnahipgtasitic freastaness ovidlsattenyatq Heskighsr disauenciey. e dfithess) higherponent s
were not ¢ V. I 0 of slightly
closing t hg fglé}g%c%ﬁ%dgr %}P%)ﬁ%ﬁ nH}:g%gg?%ly %lmg)géﬁl tl{ég\(@gﬁd&@)gﬁcfngﬁé eg%%tver ted into
a di gi tial sof slehtty cloeipg ridicne patert Whenstie igasignay radetdced pod saveadd iato t hi s may

be quit bl.e. Note that . lexity, and d of band
pase 111 tef ety s Dechane 3h 1R RERBE gL FEn i o PR & bERWE o1 of

i mport anceadddptable. ntegrated circuit 15 inplenmentation where filters are a
significant challenge. Even in a discrete realization, filters are a | abor

i nt ensi d | t_of the desian that, will issed. Th
Signal 1o noi s RELrE% gRpetibaabf S fhsl dBcubinen Bers SFvame ron. |

These are plast628 aebeeh atdidedadNanisagpsialiy of hepdrian@\viatah Giteg@hited birGit Nventi on.
Figure 7 shows the spectra_.in a |lar eas¥l 0 see_form Figure 7a is the

er.
20 out gait SRPIEAENAPRUIVESTe Fff‘lfef%lare466g‘§‘f‘f§°at"ﬁé’ ﬁiieé&?-si BYfnpHage d8Fect Del ay

420. Fi gur galiZfios iMess 4018 1406F Ridnsif atd\&paR@et fal B BRVREE/ThatW Bt ndtl gure 7c¢
suns t he sgectra at the outputs of the Precision Phase-Correct Delay 420

and the Spbtmised- REUepigedl o ngse rafpn ks tignificagtleimmpysd widsthinigvertiendat a
spect 3 74Gnaf Sreablee o HERRAMAL bithe WGy SHBTRL nyHifont V1 si 0n i gnal

738 has just 1n- se conponents and t ata si gnal

Figure 7 shows the spectra in a larger, easy to see form. Figure 7a is the

20  output of the Nyquist Filter 406 and the Precision Phase Correct Delay 420. Figure
7b shows the output of the Spectrum Reverser 416. Figure 7c sums the spectra at the
outputs of the Precision Phase-Correct Delay 420 and the Spectrum Reverser 416.
Both the television 738 and the data spectra 740 are double sideband after the
Summer. The television signal 738 has just in-phase components and the data signal

25 740 has only quadrature components. These components are easily separated with

synchronous demodulation techniques.

Figure 8 shows a further simplification in cases where high quality video is not
required or where just a data receiver is implemented. In that case, the Nyquist filter
406 is eliminated. There is no Nyquist filter 406 at all. As the Figures show, the

30 result is again a symmetrical double sideband spectrum 838, 840. Both the television

20



25 740 has only quadrature conponents. These conponents are easily
separated with synchronous denodul ati on techni ques. Figure 8 shows a
further sinplification in cases where high quality video is not required
or where YVOM/4&68at a receiver is inplemented. In that casepPcrhsodne st
filter 406 is elimnated. There is no Nyquist filter 406 at all. As the

Fi gures shogsg idaahs0ats §feblrd 8405aragaible AddbyiaIETHel telaVisidRWighst s38thadmamd spectrum
838, 840. Both the television 20 WD 01/47260 PCTI USOQ' 33479 838 and the

data spect r H-BEF COMPORAANY ths drinsignal S4Ahes oRly QyadiptRis comgenantsg Ideteas | ust

i n-phase CopRARGRS afNGhsiiNCepdRtad witdRlchRAlush@shdalhadom RaRHiAledr erfeomponent s.
These conponents are easily separated with synchronous denodul ati on

t echni ques. telvisiont igral/ 838 srmedegiharisRasd insthabi et Mpredsteengintiadisilawehat it has
more str ?ngfrquenciést Hah Q%N%&pe%teﬁr egiie NGl &y Al dcioEdREGT §dsmaADkGedli | | not be

obj ectionable'on a snmall screen television receiver such as used in
port abl e applavoaniremser Juph atsed agriable pepligatioaslapt i ve equal i zer is used to
conbat multipath in the signal, the increased signal strength in the

visual signal wiplyDen0hiRRVANLABRMERIANS uith 3 2bmbh alpdf ip'aR] S @
"training signal™ for the data. nt speci aSI case ere ? e 10 antenna 1Is
adj ust ed bysigipd.ehe/inorgaseth eighdl SCngitcinuheyistah s greed jvils bvefradvantdde ihen dieded by

t he increase _signal,.strength i.n. the ra of fr enci.es _occupied by the
data The. ol il NACT IR 27 horiiinh epdir i s da T BEH BT 08 SHBL

conpl exiib y. anténing is adjuseitgCitatrving lie NTTRO rpicaute,ehé Bdjasdimenttvel riataidéd biyr cui t

i npl enentation where filters are a chall enge. The absence of Nyqui st
filter 406 ﬁ’&é’icﬁafeast'%‘él ?tWEILPeWF éﬁ”ﬁ%ﬂpfgﬁqflwcgsfffé‘f”eg%y%d?@w or even j ust
one integrated circuit. Figure 9a displays the transmtted data spectrum
924. Figure 9b shewlimidagon ofetieNsqaisidiited 48P vty enpeiddnd Eorgplecity9Thshows t he

addition of the t ectra 924, 934 i,elding a symmetrical spectrum 940
with only qlﬁe?ﬂ?eélaﬁ?gs HITE AR &0 INfqEAtRS GUgUiy Ip ?'P‘H'lé%ogi fef(i?lff’é% "®&4dvant age

in the inpl gaB&izal MO aRkndei FWYQuSt 1l 400 MRAKLE itPlckRBtiispvaraniabi on of
Figure 4. In Figure 4, the Nyegw st Filter 406 attenuates data signal 424

f r equendf esfetrPaevaiast epegisgraied cfribt- band edge whil e si nul t aneousl y
attenuating the NTSC signal 422. Since the NTSC signal 422 and the data

signal 424 are oot Bedisplads 1he tARMIRES 8itklsectr@m A enyale opanbvoe of the
NTSC signal 422 and not attenuate portions of the data signal 424 where
t hey both O@K?IW data spectrum 934. Figure 9c shows the addition of the two spectra 924, 934

yielding a symmetrical spectrum 940 with only quadrature components.

There is a further significant advantage in the implementation of Figure 8

20 compared to the implementation of Figure 4. In Figure 4, the Nyquist Filter 406
attenuates data signal 424 frequencies that are closer to the band edge while
simultaneously attenuating the NTSC signal 422. Since the NTSC signal 422 and the

data signal 424 are combined, it is not possible to attenuate portions of the NTSC
signal 422 and not attenuate portions of the data signal 424 where they both occupy

25 the same frequencies. This attenuation of the daa frequencies in the receiver reduces
the signal to noise ratio and that lowers the margin of data recover performance. The
implemehtation of Figure 8 avoids this reduction in signal to noise ratio by utilizing

the entire received data spectrum rather than rejecting a significant portion of it. In

both implementations, the signals in the sidebands are correlated so their voltages add

21



25 the sane frequencies. This attenuation of the daa frequencies in the
recei ver reduces the signal to noise ratio and that | owers the margi n of
data recover performance. The inplenentation of Figure 8 avoids this
reducti oY@ AE28hal to noise ratio by utilizing the entirEVEHEMHE dat a
spectrumrather than rejecting a significant portion of it. In both

i npl ement atwhmlnsihe tmoise g gnedrslated artdescs fgetrissdBOvae 2dbr ridE el Boat hei r

vol t ages add VWO 01/ 47260 P 3479 while the noise is

uncorrel at &4P Ht ’"%f’r?vﬁrenelﬁtdngl na%m@?s% d. The result is an inportant

i nprovenment in signal to noise ratio. Figure 10 denonstrates the results of
ext endi ng the dEtgaresifedemonstralys ylrdsulth of exiending theidaip precsirabperd theegi on of

t he NTSC si naI 080 e en 750
i above: PHERCHA sipind defBNSF BEGVRIC SBARCInsD (uhEH e B M e e
11 shows t Heqsdpeiet baweket 7501 KeHz zEBogeurhe vishalgairigr a7 0z RifoWthendsvat  filter

1118. Note thahall;l% :ﬁéﬁ ‘gsn%t at es; th gfiet g%ab t?%‘"ﬁ%@sn%?o KHz

above the S abo & Visual - carrier. |
b is the NEger 1MSB Ndeb taf it ]sé\QQel)t Bednhusty meghty segmldnueaeegso Kéizchbbee ( and
visual ) signal between 750 KHz i0 bel ow. t Vi.Su carrjer a 25 MHz

bel ow t he Whesvisyal cariey ad 123 Miz é‘?l&llee SURHPATICT; HARUTS | lig w t he

visual carnrj ﬁltérhf?oz\/t§§ sftﬂohélﬂnéawé’s HEVAE BnY valdlpapal sewkdiersodata and

visual signals. Figure |l Ic1s the conmposite filter function 1166 of these
two filot ebsloatthe misual ucaymsrnelnplt1e3r5 MHy gelow the vigual sesh SAtFradercEaptEs te filter

function 1%1??1 1 SNOME, befbw ﬁfei)gﬂfilp&%e?ethg%@ §1R’§qt1629-sel'gr@§' difeflardsIchaist rati ve

purposes only and not as imtation) and the resul't 1170 of the
conposi te fdaﬂataed vfsuzricstgnda Bizerealtlc irgthe pomprsitel fiter furgbieed F® of tgge twa can be

seen that t m tt. ata spectr cal
slunps 117 tBlét ra'?sfgagff{l—g 85T owr?ﬁg%tg\t/kﬁ%%’g?do%}fﬁl%gE%Ctloglnﬁg%ﬁg&l\ﬁ—h

t he vi sual aC&ﬁsfeﬂe&fosmétdataSs;SaeNaérleJSSI (mtnﬁmmatnmj pbhpbsee emly’ 36d Kide aabove the
visual carrjer and 1.25 Miz 0] t he vi.s r.ier. However, . the

i nf or matsi oﬁ‘“ﬂ@t‘%@ral“?'ﬂﬁgreﬂﬁtnlﬁﬁd’%l ﬁ‘ecfl"mtpﬂ?"furgfebﬁﬁ'f"%k?p@ﬁa‘gg PB%T %ia nmHz. This
i's 50% nor g,handiviedt hie dRase a8 MEEHeOUssiniiRd edgen kpdcirong 7dliis tighsed.  Fi gure
12a shows tﬂe recei ved data sgectra 1270, the sane as in Fi gure 11 d. It

al so shows uasyspaeitisalimitr byenssdd? devaens pk KHa belowahe wiqual igarmie d1b3% of t he

received %IZIQ bd Q tﬁ ViGlap ggrléxpelﬁsrs%vérgl;?atterl:ugfed GORRE! 75PRHz bhReQhd gi nal data
spectra 12 so shown in Figuré 12a. Wthin the NTSC doubl e
si deband reygiuelnqarr-ter?.ﬁ@ K33z MHz above the visual carrier. However, the information-

20  carrying bandwidth of this signal extends to 1.25 mHz. This is 50% more bandwidth

than the previous implementations discussed.

Figure 12a shows the received data spectra 1270, the same as in Figure 11d. It

also shows a spectrum-reversed data spectra 1272 and the sum 1274 of the received

1270 and reversed spectra 1272. For comparison, the original data spectra 1276 is

25  also shown in Figure 12a. Within the NTSC double sideband region, + 750 kHz
around the carrier, the shape of the sum 1274 of the received 1270 and the reversed
spectra 1272 is identical to the original data spectrum 1276. It will be noted that there

is some minor distortion in the reconstructed data spectra outside of this region.
While it is symmetrical and therefore only has quadrature components which can be

30 separated from the video by synchronous demodulation, the spectra slumps in the

region between 1.25 MHz below the visual carrier and 750 KHz below the visual

N~
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around the carrier, the shape of the sum 1274 of the received 1270 and the
reversed spectra 1272 is identical to the original data spectrum 1276. It
will be te(/:l4 %{bat there is sonme mnor distortion in the reconstructed
data speQY9t¥side of this region. While it is symetrif&V¥Nd Y Reref ore
only has quadrature conponents which can be 30 separated fromthe video by
synchr onousartdemarduinathe aggion betwespelcd s Mgl abnmthbwiwhbcam@gindﬂw)éﬁwmen 1.25
MHz bel ow w. t h 22 WO 01/ 47260
pCT/ Usoor 32075 the e ERkE, S oal st s SRS YB By 50l (e vt sual
carri er andlighbOlokihiz of albeytEpattbm oitl&uiaﬂa &tas noted that'l'thls&ouiti$é osrhpensatéds | i kel y

The data. - MORErSstenof Adbe vt " BohlonBrd s e Rt n & pr o Stor cion

at the point of origination and this effect ellmnated. 5 Figure 12b
di spl ays t he daFiguwsiighalispbd the idata eignatli2ihg irt eliswg silomsisreeedivwer. STheThe

tel evision, receiver ui s il 1206, s ttenua es the data in
the regi on“BE ek eﬁe“f%rgy &Wl%é{lt(?(/vtlf({?esevfrgltvjaﬁ eﬁ'z‘ﬁ? tg? daRd" S B, pel ow t he
vi sual car b¢t§véen 75T11K$1zaﬁws\emeltd"@ald%hﬂer &B@QtzFa\/IHZbglownthE R@ubledagrigr.si on
receiver tgo becone symetrica an ave only quadrature corrponents It

al so i mt $hisifausgsithy L dheriian 21818 thentelerision gegeayean Sscame seamieysrl t o t he

NTSC doubl %@hﬂ@%[}dqda@%&@con%ﬂﬂ&m ORQHLS IHEFPHY |d§tta's§&trum 1dicsRRRr ate the
desired visual conmponents fromthe data conponents 1216. Since the visual

signal Ps lRvisiostreenigaio tha A SChdoubllgtsislebang egion 29 eichroneysidemsgutationr i es in t he
data spect i Yphtard 5 Wedivch iR dbrfloRAR! hord BRARL: pdﬁnpphn&tsvaﬂ%o sigefice the
data is uncorrelated w he video the small | n-phase contribution only
adds a tri theaisuarsgnat ISI@bestrmgﬁstéarttbeﬂehemgnadlébw Finals asgyminietneotin e

obj ect | Onag)lte? suergsgg w1nle ulym o par g‘r%atlll mpact tﬁu anc R¢ he OI’ eQOI ng is
provi ded f O ﬁ poses of " di's 8 5sure of p ef)erree shbod ‘he'e F the

i nventi on. uﬂ\ibdelfaﬂed:amh()mSvlddﬂhetmzﬂhﬁ phasédbﬁmemﬁmamcy zﬁikit 8 triadl lameuxttechnl ques
for creati .systens ccor 0 the present inye n and for carrying
out pr df:es%fggo‘ toa&?o?’ Fhg ?’HL"%'&%@%F“PH%‘F\PP% Y BE PERiEHDI i shed
W t hout degmiiinktagcekr om t he scope or spirit of the invention. 23 WO

01/ 47260 PCT/ USO0/ 33479 CLAI M5

The foregoing is provided for purposes of disclosure of preferred embodiments
of the invention. Modifications, deletions, additions and alternative techniques for
creating systems according to the present invention and for carrying out processes

20  according to the present invention may be accomplished Without departing from the

scope or spirit of the invention.
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What is Clainmed is: 1. A process for comunicating information via two
spectra, said spectra conveying different information nodul ated onto

carriers of the same frequency, said process conprisi ng:cépa_l) in a
transnit M0/t i ng said carriers in quadrature with eadiFT/Bt¥EREnd

nodul ating said two spectra onto said carriers, said two spectra conbined,
said two spectra overl apping over at |east sone of their frequencies, at

| east one of said spectra being non-symretrical about its carrier
frequency; and (b) in a receiver,cggpmgrting sai d conbi ned signal into a
symmetrical spectrum such that one of said spectra is nmade to be in
quadrature with the other of said spectra.. 2. A process according to

claim1 i n}%i lclhbotGh! Spectra are unsymmetrical. 3. A process according to

claim1lin ast one of the carriers is at least partially
suppressed. 4. A process according to claim2 in which at |east one of the
carriers i3$. a ploeas for copamumigdting irfontiens siedwo Spectr, srid sreska eanveyied ng to cl aim

2 in which ong.of the spectra is, a vestigi i t i sion signal
and the ot herd(lef eﬁ%f'{}%”qago%mg?ué%%q Onip &t %1{;; 8& %%"%ﬁp%ﬁ%ﬁ%’esgld%{)%# Wil
subst anti al | yomghfens@} i aftansnaittbly ceatiig shidlctréiersiimquudtaglre wits each si gnal

receiving device whereby said other spectra will .becone essentially
symet ri cal &qué?“dslﬁ?‘{i‘?at'ﬁ%a%‘% gye Sfpie‘ftfae‘}npq A é"}l‘gs’\'osﬁ%ﬁrasi gnal receiving
device. 6. A PmBmesSaiaeeeEHtboveRappiri dVebatildastabing bf ikir re@shcieser of t he
carriers is at least  partially suppressed. 7. A re,cefi ving system for

recei vi ng i nflepsRpeiogFridFpestia heaigdonsameticaijaput i FiEy frsghecdr@d that are in

quadrature atpfHg (SANE:, EEREURRSHd cHMBIG sTinAlin@d-a SmifkaRe Jpeakmfl | oop adapt ed
to be locked to said carrier frequency; 24 WO 01/47260 IgCT/ US00/ 33479 b.

a first ni xerugohplogeof Bidspesirademadsitp ben quadralyreswihie othgr ofgaidhase shifter
adapted to ensur e the correct phase for synchronous detection of said

i nfor mati on &4 coupled to the phase | ocked | oop; d. a sunmer coupled to a
spectrumreverser and a precision phase-correct delay;

2. A process according to claim 1 in which both spectra are unsymmetrical.
3. A process according to claim 1 in which at least one of the carriers is at least

partially suppressed.

4. A process according to claim 2 in which at least one of the carriers is at least

partially suppressed.

5. A process according to claim 2 in which one of the spectra is a vestigial sideband
television signal and the other spectra is a signal predistorted in amanner which
will substantially compensate for a Nyquist filter in a television signal receiving
device whereby said other spectra will become essentially symmetrical after said

Nyquist filter in said television signal receiving device.

6. A process according to claim 5 in which at least one of the carriers is at least

partially suppressed.

7. A receiving system for receiving information on at least one carrier of two carriers
that are in quadrature at the same frequency, comprising

a. aphase locked loop adapted to be locked to said carrier frequency;

24



e. a precision phase-correct delay coupled to a signal source; and f. a
spectrumreverser coupled to a signal source. 8. The receiving system of
claim7 further conprising a second nm xer coupled to the hase | ocked | oop
and a suM@Pl4B60 The receiving systemof claim7 further cgﬁ;r'ffpﬁgq/-’ﬁ@”a

tel evision receiver Nyquist filter at the inputs of the precision
phase-correct del ayiramdxd heupdqigo tphare skifterapép summdr). The recei vi ng system

of claim9 further conpr..si a, second.m xer cqupl phase | ocked
| oop and a summEr 2PI¥° Sﬁ’ﬁg a?jg%t%ﬁit\slieﬁsgurgsg}lgtc%rfﬁco’f%ag @?%{"&"?E? *her conprising a
spectrum rever ser dete@ivplof sdidgf@mators:d ecouplsipe diciphiaseieked Bep; m xer coupl ed

to a second local oscillator and a first spectrum.reverser mxer; b. A
second | ocal osg'i PISUNEFT SoyBlst B PECTBE Teﬁ?ffkeégn BPIERPIQT BRASY PR ¢ he
frequency of saidgphpse | ocked loop; c. A first spectrumreverser mxer
coupled to a first local oscillator and said signal source; and d. A first
| ocal oscill atof adsgsisiwn phesctsarres drlaycquplefia 3 Hignel syeeet 3dquency of  sai d

phase | ocked |0pp., (J2iulREcreC&uplcAth SYgleBuRE. O ai m 11 further conprising
a. A second band pass i ter coupled to said second spectrumreverser m xer

and passing the | ower sideband of its output; and b. A first band pass
filter cougl ekhetrereiviecy deiB Ohelaigh b ArtherRop@idps precafdBixergoypled o et i r st

spect rum r evesis&rodked Rop aiths ARRLNY the upper sideband of the output of
the first spectrumreverser mxer. -25 WO 01/47260 PCT/ US00/ 33479 13. The

receiving systemof claim?7 further conprising a precision_phase-correct
del ay conpfi shhegecelyingaysien ghelaigt & BirbeTmpHsRS? ety isiogrecgbradlyMister coupl ed

to a local osgjef Lﬁﬁ@iﬂput?@ﬂh@prfej:igi%ﬂ FPJS@-@&%C%I&QQ@@QE% ctrBflredi@legy M xer; b.
A first precision phase-correct delay m xer coupled to a |ocal oscillator
and said signal source; and o .

10.” The receiving system of claim 9 further comprising a second mixercoupled to the

phase locked loop and a summer.

11. The receiving system of claim 7 further comprising a spectrum reverser
comprising

a. A second spectrum reverser mixer coupled to a second local oscillator and
a first spectrum reverser mixer;

b. A second local oscillator adapted to be locked to (N + 2) times the
frequency of said phase locked loop;

c. A first spectrum reverser mixer coupled to a first local oscillator and said
signal source; and

d. A first local oscillator adapted to be locked to N times the frequency of

said phase locked loop.

12. The receiving system of Claim 11 further comprising
a. A second band pass filter coupled to said second spectrum reverser mixer
and passing the lower sideband of its output; and
b. A first band pass filter coupled to said second spectrum reverser mixer and
said first spectrum reverser mixer and passing the upper sideband of the

output of the first spectrum reverser mixer.



c. Alocal oscillator adapted to be |ocked to Mtines the frequency of said
phase | ocked | oop. 14. The receiving systemof Caim13 further conprising:
a. A second band pass filter coupled to said second precision phase-correct
del ay m Xwo ogieépassi ng the | ower sideband of its output; natuUS00/8479 1 st
band pass filter coupled to said second precision phase-correct delay

m xer and s3I @nf jeb&ilinR5R%nS bAhiRYaaRNeF 05th S HingdiradsitH ptafeBREPassi ng  the
| ower sideband of the output of the first precision phase-correct del ay

m xer. 15. Thélayeemipusingi system of Claim 14 further conprising: a. A second
phase adj uster Q.O%P%eggncf ;Qec'?ﬁér{jp}ﬁ?e@é%ﬂgct R Ras %oJS?]édtté? b iocBNcifarod® T1 1St

phase adj uster coup to sald second precision ase-correct m xer and
sai d | ocal oscill| ande first B@cision phase-correct delay mixer;

b. A first precision phase-correct delay mixer coupled to a local oscillator and
said signal source; and
c. A local oscillator adapted to be locked to M times the frequency of said

phase locked loop.

14. The receiving system of Claim 13 further comprising:
a. A second band pass filter coupled to said second precision phase-correct
delay mixer and passing the lower sideband of its output; and
b. A first band pass filter coupled to said second precision phase-correct
delay mixer and said first precision phase-correct delay mixer and passing
the lower sideband of the output of the first precision phase-correct delay

mixer.

15. The receiving system of Claim 14 further comprising:
a. A second phase adjuster coupled to said second band pass filter; and
b. A first phase adjuster coupled to said second precision phase-correct mixer

and said local oscillator.
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