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substantial installed base of analog television receivers implies that analog broadcast

television will continue to exist as a viable medium for many years more.

At the same time, consumers continue to desire additional speed and richness in
the nature and quality of the digital content they receive. With the proliferation of

personal computers in the 1990’s, easy-to-use graphical interfaces now facilitate
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formats. The weak |ink, however, remains the
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city and out to neighborhoods, the current bottlenecks are slower development of
switching and routing equipment. That constraint may have partially hidden slower
development and installation of sufficient network switching and routing capacity to
accommodate the demand that will be imposed when users have the “last mile”
connectivity and equipment necessary to realize on their desire for video, audio and
other rich media content.



to the phone, cable, power line, satellite, and | ocal
wreless interfaces. (In addition, the bandw dth
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and to meet certain expense and performance requirements needed to drive the
mass market acceptance of this new medium. To accommodate the massive user
base of legacy analog television receivers, the transmission standards have
remained essentially intact, even with the subsequent introduction of color television
and stereo sound with all the additional information they require. Accordingly,
subsequent efforts to introduce more information into the analog television channel
spectrum can not be permitted to materially interfere with the video or sound

quality presented by the existing user base of black and white and color television
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receivers. A nunber of efforts have been nmade over the
years to address these issues, as are sunmari zed and
wale@snsHsd in the previously referenced USSN PCT/US2003/029423
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station transmtter to effect the sinultaneous
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intact digital "signal. A preferred transmtter
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' [ f : ' Lty td .
e S8G Ll BB oA S fbson m such
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quadrature, due to the conplex effects of various
programmnirey shatris not iperceptuptiy émpaired, yenspecisl alata ¢kesiveisozan detect
receivers and the variability in design fro
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theordtieallyp dmvizitler toenelelevisioniidceivand processes for
antici pating possible distortions and pre-correcting
for themto inprove the final picture qualit

Houieypr, despiteythendatadieing snodulataseesaantialy in qua%raz%cflre, due to the
complex effects of various filters and other components in commercial television
receivers and the variability in design from manufacture to manufacturer, some
degradation of the picture quality may occur due to the presence of the data.
Conversely, the data encoding process can result in the loss of the integrity of some
data. Accordingly, embodiments of the present invention also include other novel
circuits and processes for anticipating possible distortions and pre-correcting for

them to improve the final picture quality as displayed by the television receiver as
-5-
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— transmtted is sanpled before the power amplifier
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'ed to, anong other circuits, an abatenment signal
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correction anginal in order o] corref for ffle&
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REdriration
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offset cb'ﬁ%rdl’ GRFRN. Thesahetficelase fedtd amongrather cmcwts; ramalatement
i near distortions in the television signal that
signal gerteratortwiichy hneope O dBerevstagameeneiatag g @Ol‘f%@tlon S|gnal in order

to corregidpt RBRCkOk 1 gaaR she Maspaopd 17 prBret o §mtidtiment,

e S PSP i sttty
genera@hglﬁtﬁétdb%‘%elﬂéﬁf stgrﬁlp or other transmtter

racteristics. "A phase correction signal and an
anpl i tude correction signal can be enerated in order
Trahemitterand @ineoNenlieameifects Adjustmenteg t he data

S|gnal and, if desired, a reference signal generated
a loo for affectin convers h _
Vargluér%mbf)gm@ﬂtﬁ D shaerese PRy aR) Bintude Vr el for non

linear é‘lsg)r?ons in the television signal that are inherent in the process of

amplifying it for transmission. Some or all of the channel metrics, in addition to the
(abated if desired) video signal if desired, can be applied to a look up table or other
circuits which reflect change of transmitter properties over time or other transmitter
characteristics. A phase correction signal and an amplitude correction signal can be
generated in order to adjust various parameters, including the data signal and, if
desired, a reference signal generated by a loop for affecting up-conversion of the

data signal to RF in order to harmonize it with the video signal.
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Up- conversi on Adj ustnent Various enbodi nents of the
wW@e@seeR159 nvent i on are adapted to provi de suchP@r/us2003/029423
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ance,
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ITo ecelvers / Enmul ators Tel evi sion nonitor
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Varigusemizodimentnof e peasenk sNRIBON-FAnIS0 s therfTiguel metrics

one or nore circuitsg that .egul r i

generatgg: by arBoBRoGHel ogust Mt g of BihdiRgatreiiof the data

- 0gr aphi O icBidAnt by tgitheedr ®ath Nyquist

sgnal. 3289 INcE, BRI neieE e piigea toanneear o2t Nya

comperfsafiof ﬁ&dﬂ?ﬁ%ﬁ@ﬁl sidalstsicefiltemd,rial additioh tdashemcircuits in
virtual for Théy may enul ate performance of a

order toy furthey improvel parfarintanceeakesudy embadirgants: he response,
and use the weighted response in order to generate
channel netrics that can be used as discussed above.

Mo | Bccording to other enbodi ments of
the present invention, nmuch of the data and video

Telqs\};;%{}@m{%ﬁt@l %%e&eg:s‘?g{&gf}gﬂgcr(/ﬁﬁgﬁss BfbeRImMBALs of the present
invention can include, among other things, one or more circuits that emulate or
constitute portions of consumer grade television receivers whose geographic
locations within the receiving area can also be emulated if desired. Such monitor
receivers can also be software modeled entirely and thus in virtual form. They may
emulate performance of a variety of television receivers, weight the response, and
use the weighted response in order to generate channel metrics that can be used as

discussed above.

DSP Implementation

According to other embodiments of the present invention, much of the data and

video signal related circuits and processes can be implemented in digital signal-
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circuits and software using techni ques conventional in
wao biog/028184 d, thus providing additional fl exi bPCT/Ug20a5029423

u bility, Recgi . j cTelotal ki
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inventicgﬁbﬁplg@iﬁ‘mé g%g@'glqu g%lﬁ%mn”ﬁgnélaéh enaig8fh sighal, and, among

e conponent fromthe predi cted

other trﬂﬂ%g GAfh Podovir Gt abast Reesirekited sighaisisuch &s datarestimate signals.
enbodi nents of the present invention can also
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some S SR i S 2 S BRI B precic
undesirgli GmBBPEREIEHEY pidicted Yeta Bt BOGLoR cifiberean be used
to subt%&{tﬂburﬂ%i%ﬁ@@émpbﬁ@ﬁt frb@h“ﬁﬁe prstlitted dstatoutpdt sighal.

east one adaptive filter used to produce the

predi ct ed data output si gnal and the wundesirable
Receivepoaeotrding thsomesethbodimenisofdheresentginyention capraiso
_ enbodi enents _of the present inventd' on the, adaptive Th
include; iBmaig o ings, & $yabelRStRALG @A 3 ¥ MBI sRgDINer. The

ool AR A8 o P P e o
subtracgcg gg@:[%rgmct&i Eﬁfa SUﬁﬂft"s‘l@’{&l Fromthess nitidl @sstilisersignal to

equal1 zatron hods such'as Recursive
producfé%’:@%mﬁ@u ares sidiah) Thiegsymbdinerror sighbecan baded towdjesisat least
or

l'i nd deconvol ution such as stochastic ggrﬂa?gi egt
one addptieeffiiter Risedstoeprodace thapsedisiag dala ouinE siaadqgd the

undesigble remresntin tho ered et eurpuE s Tiein: SpfEhBBdiements
of the BREBFEi ST ERCacp Al RpcGipEToma Doty saApIe ealiation and

adaptivé ide® &@Féélﬁéllé’d‘loﬁ\ﬁﬁﬁﬁgﬂt%mﬁ hechrmgaesisuch asshedeast mean
tel eviston signals. ]
square (LMS) algorithm. Other embodiments may use other known adaptive
equalization methods such as Recursive Least-Squares (RLS) algorithms or other
known methods for blind deconvolution such as stochastic gradient decent,
Polyspectra or Bussgang approaches among others. A preferred embodiment of a
receiver device of the present invention also can include a sync recovery processor
and a forward gain controller in order to take advantage of strong synchronization

and timing properties of NTSC and other standard analog television signals.
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of the Drawings Fig. 1 is a functional block diagram
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the systemof Fig. 1. Fig. 7 is a functional block

f
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WO 2004/ 028159 PCT/ US2003/ 029423 Fll'gn 11 i

which maydie used withthe geagyiaken off Fign 64uiat Wt%tq%rﬁ'gah on

channel nmetric circuit which may be used in the
Fig.sé/é ISeén falnctlorgal b]It)ck diagram of a data phase channel metric circuit which

may be used with the generator of Fig. 6A in the system of Fig. 1.

Fig. 7 is a functional block diagram of a monitor receiver which may be used in

the system of Fig. 1.

Fig. 8 is a functional block diagram of a data channel equalization metric circuit

which may be used in the system of Fig. 1.

Fig. 9 is a functional block diagram of a synchronization offset channel metric

circuit which may be used in the system of Fig. 1.

Fig. 10 is a functional block diagram of an abatement equalization channel metric
circuit which may be used in the system of Fig. 1.

-0-



Fig. 12 is a functional block diagram show ng one form
of abatenent signal generator which nay be used in
wo b@4pyasem of Fig. 1. Fig. 13 is a functi onal p@T/0681003/029423
. dj.agram show ng,one form of. cascaded abatenent. signal
Fig. g o AU DIPSkegioBEa & o Sba et gAtien gheRel
 Beg. ! [ (Y s] [ showi ng one form
metric gil{&%\lt \Q}Vﬁ‘d%@n?a f ggg}ﬁ?gqaégggygt{ég?bmﬁh@'n&y be used with
abat enent signal generators such as shown in Figs. 12
Fig.amis13 fufidtibnal Hlodksdiagfameshoansd obkedokmdbfagiiatensdnt signal
portions of a preferred enbodi nent of a receiver
generateti whichayapebaigset] imthe systermefeFigi th t he present
invention. Fig. 15B is a functional block diagram of

o 2 TP 0004 e PR R R btmen
sl g RI5RY LT b R O Agiggenel D ock

shown in 15B Fig. 16 is a plot of a Quadrature
Fig. Ald & aaectidrial lotddlodiagrdit tstlolhvihd @neafofer ofva dfieo reference
cancel | ati on and equali zation in the receiver of Fi
generatay. which. may besusegmith abaten@uysignal tganesatoss sahb\asrsg\own in
. ielevision transmtter anplifier non-linear effects
Figs. 12188d bdcur in the receiver of Fig. 15. Fig. 18A and B
are plots of a QAM constellation illustrating how the

Fio- il 3 sy ot Hlock BBl g FRELORe Bt od sithpdiment of a

receiveeiifith @8aypaaidaet incatcardandel RR Theesa@mdinieagoN e
systens according to preferred enbodi nents of the
present invention are shown in Figs. 1 - 17. Briefly

Fig.st%h isda funetional tidock diegrammiaf adaliidonal qeirtiensiaf @ preferred
uadrature to a standard tel eyision sjgnal's visua

embodifent @ﬁa resw%@wﬁyw @ HERW #Y apgordanes ity Ee present
invenﬁ@ ceivers. By nodeling or enulating a standard TV

ceiver or receivers for feeding back information to
the transmtter encoder

Fig. 15C is a functional block diagram of an alternative version of the

embodiment shown in 15B

Fig. 16 is a plot of a Quadrature Amplitude Modulation Constellation after video

cancellation and equalization in the receiver of Fig. 15.

Fig. 17 is a plot of a QAM constellation showing television transmitter amplifier
non-linear effects that occur in the receiver of Fig. 15.

Fig. 18A and B are plots of a QAM constellation illustrating how the Constant
Modulus Algorithm may be used for blind equalization.

-10-



apparatus, the transmtter uses adaptive techniques to
ensure that the data in the transmtted signal stays
wo ookmeB1IFN perfect or near perfect quadrature BET/OS1008029423
video carrier as seen at the input to a television
receiver's video detector circuit and to present
tel evision progranm ng at the receiver wthout
material visual effects from the data. The data
transm ssion systens of the present invention include
a data transm ssion input chain and a video input
chain. The system DekalleddDestrptiost the strong
synchroni zation and timng properties of the TV video

Datasﬁgc%;%éyé’hd ?é@é}??“ i;sgg!@ga&g%%gg to eré‘e’{qﬁﬁzcﬁ@ﬁ%%mﬁrts of
| gna W . .use . H
BIL RTINS IR A i
E . ted art _ : _
and recgw% ﬁtﬁ%@&@q#dﬁ@@%:tﬂh&g@g@@d 't%l@ln%ﬁﬁ'\ §|§PM§@_saaDéaﬂ+lér,

y to the PAL tel evision signa

b eeleVisitiPretiedreas. Bytodalindse enfulatidg@ standard
premra%&;%’a%tc}%d\%ﬂch?oni zation ThelBgllit scussion that follo

TV recdivertdi iecéPersiforefbeDirg: bagk Infermatien ito ih 5@n§@nitte5§npaaer
draw n

B L
rams e G ey R et S RaRaE iy e video

i i isidMiecefiersuAdeonietectontizodiednd to
carrier ?ﬁgrg%?gﬂgﬁét"gbl Cﬁétt?'z%?gldsone aspects of sone -11 WO

presen2f¢viSiaR IirdgRETMIGE GR3hazeddgerwithouiremateriaf vishal effects from
present invention, and it should not be construed to
thedateinit the invention to various circuits or processes,
or to require presence of various circuits or

Theligladrarmisshrestrme s ant rsdtifkenter hittiad ddata,
transnﬁ#ﬁo‘?ﬁ@@%ﬁ cHairfand & Vide8inplitt@Ris e THehgfstéml takes tadvantage of

e present 1 nvention. I'n the event that

the stréfYy sPREHropRasibntdrd titiag arbpertidsof thpt T\bnidecssignaldn grder to
qguot ed, then this paragraph shoul d acconmpany

) hhat .
simplifguecaveirpof fthe piata mpose(ﬂnbyttaeidata&fan%ltteﬁ&ftt gAnveHipn. An
NTSC Tisighobmil be tsed 3 o exertpiary TV sidrbl H¥reih*hose skilled in the
art will recognize that the present invention is not limited to NTSC signals, but is

easily applicable to the PAL television signal used world wide.

Video Signal Path and Use of Video Signal for Synchronization

The discussion that follows in this “Detailed Description” section, as well as the
drawings, relates to the embodiment shown in Figure 1, which is given as an
example to show certain (but not all) ways, among others, in which various aspects
of embodiments of the present invention can be made and used. These figures and

this discussion is intended, therefore, to illustrate some aspects of some

11-



Accordingly, Figure 1 shows baseband vi deo, such as
fromany conventional television progranm ng source,
wa@ppiiozglses o an A-to-D converter ("A/D') 100. TPET/US2003/029423

emboa s e SRR SaTiy AP gl FHBE P opEeLof g e

inventio%g?vﬁ.ﬁo@sggif&ﬁ ts an@?dﬁe%@eé\/?cﬁsco%qalré' pféﬂ@dwoﬁvéwld)m@twcmts

mtter 'of the invention i ntercepts

or procéiS%sV b eembireationsbeff theen excorder to BeRievettherpresent investion,
first stage of a standard TV transmitte

aspectsoc?]aﬁtheepnegentémweablon mrtmﬁ:uwtsdgq)rpge%%rﬂ?at falbwaﬁwbﬂ%fe geope of
TV . ”
the presst ipwansobod8 A VaSE Apat st sbern REHTS RERGIEL Repctiption
secton 3 OECABBT Sy 4 pteloproper

ﬁdﬁ'?ﬁ@ﬁ { dasyTesferdrecestrarein for that
mterpré‘cbﬂ@ﬁ cﬂ*gﬁgﬁ’ﬁgrt taﬁéﬁg%g@%r e 1 n synchroni zation
purposé\llth the actual video that is transmtted as the
tel evision signal. The delay equal s the dlfference
bet ween t he proceSS| n de|cf% t hr o %{19 ional
Accendingyi Figere drehaveba 'P‘@Qgﬁu‘f Fo e cganveptiona

s e ISP IR 550 Bt eet o0, e
signal |E réfaﬂ{zﬂg%g 'a?%bogtl?»br Y éfs%nﬁlbl@ de@@éémﬁtné"l\%psr he It is sampled

al an vert sync intervals, the sync tip

down (deviehsted i & factor eﬂﬂetocapparomnpﬂtah;elbﬂ\/lspsd:y aldivide- by -2 filter,
subcarrier. The transmtter synchronizatjon circ %
102 TIﬂldatad:sams’fﬁmttﬁrdzfcthg|gmgmt|omggemp&tlw leo signal before exciter

Convent i gnal th s c se the timng
103, which C@V%%‘rso@\ f%?'@é‘kﬁﬁgﬂ v qgﬁ(%ﬁ%w 028159
PCT/ US2003/ 029423 The extracted chroma subcarrier
ted staprde®d TV
A e G 0 GeRG, BIeC)HES cRrTRFOR to ShAd: 1o R, stapi
transmﬁ'ﬂ@nOdTl'HEMelé?@mOUﬁts farmllrmelprosassmgtslela,«mmgouglmélne forward

hi ngs, A/ Ds, As, and frequency shifting of dat
chain af theadata em:edlrtg]sysdielmsaz thati atrthei ppial of Mjaekiyof Eh@ data onto

the vidaop Al fa AAGE-IaBVAR GRBIPANERG Oh BiIPITPOsiyh slangl injected by

f. ., thi
the dat¥ gicodas DSy AERTaH, AP AcifaaRo 6f [ransmitted as
the tel@lision &ifRalYi fige dafayt 8guA19ithé difereRie Bletwaen the processing delay

through the data transmitter and the delay through the TV transmitter. .

A transmitter synchronization circuit 101 extracts from the video signai timing
and synchronization information, such as the time locations of the horizontal and
vertical sync intervals, the' sync tip levels, and the frequency and phase of the
chroma subcarrier. The transmitter synchronization circuit 101 uses the video signal
decimated by 4. Conventional methods can be used to extract the timing and

synchronization information.
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Data Signal Path and the Front End Data Processing The
data, which can be encapsul ated, for exanple, in
W(])/EIE@OZHSSF ansport packets, is first introducePCT/USH03/029423

bR R TARTEN o

that fo#?ﬁ§ fife bEEI%O@F‘H ANeRe BHE B cés§ ngaf théteﬁ?ﬁlb@dinﬁa&’]c shown in

nction scrarrblest [ ocks in tine

Figure Lhsucleas) ambnglather thihgs hafes, IB/PES laaddecduerxty shiftimg of data
that burst is broken up and spread out over a |ar
S|gnaISmWhen the datacﬂasnersﬁgaal is adgieddor the \aur] @rmﬁ:ﬁgagbtteﬁ video

crrie L3358 ok 25550V CE % 1S5 Bt bt tisgpovely
iah gL 58 B Bl Uk By et it

the wdéb%t"tﬂ@gﬁblht”oﬂh?e@kﬁﬁ The data is then subject to a
standard trellis code nodulation ("TCM') 108. The

signal is then interpolated by two and filtered by a
Data & Patbtandhthecbront Da ssindt er, col l ectively
desi gnated as 112. The output of the interpolator by
t and the SSRC filt 1 a_conpl ban
Theudgaahieh B0 e aRsBtednfor e eﬁwﬁfﬁgﬁéiranﬁ??g{t packets,
s first | rﬁa%d%f%oﬁedﬁ%éﬁ@?fve%@?? Srror SeRRBR \copey 108, which
expand]slifhet @ataeﬁ’féﬁf & 188aytkNengirstEerd byt ovhs d@t@ %Ehen subject to
bandw dth to process the signal w thout producing

an lntealleaaelfugctmnmtf)ﬁemmsh stramblesdhpdilacks indjypendsn $he receiver side,
ros after each data point

kn
f thereriacs Farderbusgt eor, that bubui braken W apieall o ovar @ large

e S5y 341 508 I G B ben rom
the err@@/ *I’ﬁ @%cﬁ%ﬁ)%‘?’mf%é& ﬂQl%‘F'lgb\gltﬁ%e%ﬁe?FeaVQF 8NERS det&tion and

€ Co aseb Msignal 1s at a

correctiéh ef le DS @ytésabﬁémoB obit Mﬁeachmocﬁhbytepnpmebmm IGw&Se
synbol s/ second, i.e., it is sanpled at 14 sanp

techniguesbate known e therboti Tbatdasa is Herppekjest ta a\ﬁéamdafﬁl trallis code

plies the conplex baseband QAM si gnal
mOdUlW%(c{d@Iﬁéékoo KHz subcarrier and shifts the QAM
signal by 400 KHz. G her enbodi ments nay involve
The Bighbl RSN {NbRI8E By tho 3fd THtERed@By a square root raised cosine

(SRRQ) filter, collectively designated as 112. The output of the interpolator by two
and the SSRC filter 112 is a complex baseband signal with unique upper and lower
side bands. That is, the carrier is at DC or 0 Hz.

The data signal is then interpolated by seven ("Interp By 7") at filter 114 to
ensure that the system has enough excess bandwidth to process the signal without
producing aliasing components. The interpolator appends six zeros after each data
point, as is known in the art. The Inter By 7 circuit also receives channel metric

control ("CMC") signals as discussed below from a monitor receiver for reasons
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850 KHz to take advantage of an additional reduction
in inpairnment that results fromthe shift in spectra
wep@rgysisamay fromthe video carrier and away fPONUS1063/029423

st b B EHAAb Yollr s BEEAA scnl
at a rat;%?gn%*&%ﬁrﬂﬁfé?a)'/ 3.6 ?ﬂ-!‘zc,z/ﬂwitmé feRAts ei%WWrMbélngecond, i.e., it

, Suc SO mtigates the receiver
is samdééfatm40§mﬁpldsqj@’68ymbblt he attendant corruption of the
desired data signal by in-phase el enents such as the
vi deo and video synch. Another enbodi nent of the
In anevembodimeniyaf theprasest invasdien, fonidE) nldé I&mltlltgles the complex

pses kO B & BB B B g sl oy
400 G SR ERUITENS TP SRR 1 o o

850 KHedirEfiRusVEMNEAES of Antdtrliticred|ireduefioiin impainment that results
propagation that occur between daytinme and night, or

from thehsloift iar specttadesdrgpaway frorarthervidea earriesaitst awpy from the
i SO 1% B SPLSRLLTL 22 2 B L 6 SUEL O L1
o, ST e BB R e S o s
also mﬁ%ﬁ%ﬁﬁ& ?ﬁc%\gésﬁy{sseem’;bnlﬁ%eq{cﬁ@é aRdahe’tednddngalruption of the

negati ve frequency

desired: aEPsightab by ThHphaks el@mahiswdthaas thed vieleoartevideo synch,
mani pul ati ons and adjustnents is passed to the TV

station's power anplifier 159 and tapped to obtain out
Anasbengmbashiment g the agvermna@rghttmg@@&me@nﬂ@r gynamically

ey BH4E R ob RN b R B Wt
oenlF AP B TP Y POORBIOE T e, o pproac

enableEite oberbftd oftthleadyskandvitdkd advantdagedstiftstinehe galality of RF
signal fits within the plus or mnus 750 KHz doubl e

signal prafmdadion (ESR)CCUebebveart daydmeTatl sightapr whithhare Fiated to
video carrier. Such gandvvi dt hgsﬁsures t hat ,none

f
weatheher SHGTJPTaArans CORItIons Of ePYTAE 8 &G drHiahaystam for the Rf

o PG LBl R, o b oo

i shaMbfiRokas.this figure will later map to the
recew%\f%lggtéf"]j b

The transmitter system then takes the real part of the result, which creates a
real signal having both positive and negative frequency components. This is
combined and after other manipulations and adjustments is passed to the TV
station’s power amplifier 159 and tapped to obtain out going channel metrics 160 as
it passes to the TV station’s transmission tower 161. Figure 2 illustrates the real

part of the output from the mixer 116.
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carrier. The video carrier has its strongest energy
around the DC val ue hence the separation of the data
wagadwgaesiser from DC substantially reduces i nt er€PUSIW0E029423

et a32. e Bk oo BRSSOl PRS0, he
ot bR O e coltsRpet s i e pfesoemniysg

double s'\i'/dlé’bsﬁéi rgpgég&%gmﬁ # RTSCaigridraroing ¢hé sidetw eatvigr t ISaich

1 deo on at the video carrier, which is
bandwid®R RheieetRitnorRdBt e ertrgy artiars thesVaRtteansidoyyegian and

one enbodinent. Fig. 4 is an NLEC video carrier,. .
preventd distaréionyby tioe VG t%lﬁeﬁ- | Adgitipaa ’thb%te(;ﬁg%yqfults n
,. that t . of the .vi . ' (FT A=\

effectively Borapteraeroney Rar WhER 15 TGHELH i RBRg he!ideo

corier. 13 AR gk TRt bty St e OO e tre

separatiPHrd?LtﬂE Shal epcafrisihosyDOsubstertiallydedubes BrRaderence.
I'ltering function. For exanple a square root raised
cosine filter matched to the 613 Kil 0s

! E‘bol rﬁt e W th
Refemngeo Eigs Hantishooipandsttbe feaueney RIBEOL St 2 A Kgta etergy
s more fhan dpdPbeiRBsBsaK sniapn il se0iy Khied BRdideo Eaffer.
Phase, Boj 56 i L i ,
Becauss {15 QTR toap i G a5 Re, RO it U potential for

interfer&ite bg the NARSSirTOIRELOS at ahe eitidey cdrriee) whidhoissapiproxiheately
I nst ant aneous phase of the visual carrier resulting

20dB grichten tham thel datesémergyrinmne esbodimentd recept i on

processes. By shaping the waveformin the nmanner
descri bed aboqve,

and using a subcarrier, instead

Fig. & 15 gt NGBaoRdea cam et Piohaash el By would

sential Iy, achi very | i ier.
oxpect, FHRE RSP ES N g5 kP BRIng e wideo carer. The

i ' ' tig & nbtar afotind the

data tr Ryt R D s B O B Bt b0 02653
video cafidrebandwidthdwithire+# 780 &ihiz, thignigh elivice of shelsyebokiate and
and from whi ch a baseband signal is, deri

d_.b
the SRR® Iﬁﬁ:‘eﬁgg:]fhlacﬁoﬂeﬂ:&ﬁc@(ample ReScie rogb Eaised Spsig filtss ptched
t hus,. the jnst i .
to the GLBBASHTGO! rateith oA cEse BRRARTRHTAERA T G2z afes yged in the
particu%ﬁ%@aﬁ@p@ﬁhﬂ%&ﬂqn'Fﬂ&%aéﬁcﬁﬂ?oﬁ% Ahkask cisen to keep

impulse response short.

Phase noise is also concentrated primarily in a "close-in" region +/- 50 to 100
kHz around the visual carrier. Phase noise is caused by fluctuations in the
instantaneous phase of the visual carrier resulting from the television transmission
and reception processes. By shaping the waveform in the manner described above,
and using a subcarrier instead of direct quadrature modulation, the transmitter
system essentially achieves a very large amount of cancellation of the phase noise

during subsequent detection. This happens because the data subcarrier ("dNTSC")
-15-



t he upper sideband. In addition to reducing the effect
of the video on the data, the enbodi nent shown in
W(Frzfgmmsm al so reduces the interference effectP@f/USioe3/029423

represqiits AfOuNE SR sighelaniius stedRa B BT et § Bhseband
signal iy ShiPholing i AebSR Wefie J%%r?dﬁ}b%%mérsgﬁftgggb feach

3 oSt Ve g ergy if t

other. athu, lth® iRitahfR@e88 PhasERAisELBsMpbhans lﬁt‘dh‘énloWé‘f‘%ﬁéH%d
data’ energy away fromthe center frequency of the

largely\dadeel thar saree buinmbw revantaghimstarftareoes) phiasanaisenesomponents in
tends to be cancelled nore by the Nyquist Conplenent

the upmﬁenslé@bar{ &.NCF") 120 that follows the mixer 116 and by
the Nyquist filter in the television receiver. That

tn 4} o EPLCifl S &tk of S e’ O g et e pRbyniént

shown \hh ‘#i@%yr@qr élsérredThés H?@lrﬁt%ﬁ”e ! AT ﬂw@eda?c‘?afﬁﬂ% 9fdeo.

qul st [ter int ete vi sion recelver.

Translat&@cmeb@atal m@@ﬁwowh@ﬁ’?&mc?@éduwtm(Séﬂsep‘ubilw of the
are incarporated herein by this reference, the NCF
data sumai atdifeabVé seerivelor TY dategioss ate npkasisepsitiyeNpqiatatmodulation
ter, for ical conbination

energy;if Hi&fat & aifs Aldhianrediinde Tedaonrebanslaton Bpvps the data

eneroy B LB WS e e per
frequeﬁcfyedéi@Fem@ﬁg Qén@@ﬁb'b@@bnd@lléﬁ Aoy thé ‘l\%uusﬁ'@lﬁﬁle%ent Filter

is a data si gnal frequency plot which illustrates
(“NCF”bj 428 that éollgyessthan mlxemltﬁjghdtbyethﬂdﬁqudt figer in th@telewsmn
The result js a conpl ex wave shape w th nost

receivery Srf@&tl% i@werpayoﬂfyeﬂgtlawf@mth@ GOEDINGRPR Of BhEGWQ, fdters

severelyfsliptEs St R i TR VUEO k8teibcar 71 & 1 equency.

By mixing with the subcarrier and taking the real
ThePRCF 1 20N@iiteRRlts ithe idffeRtSoofl N§<@g§€mt@hﬁf thd E@ewsuon

baseband is related to the video rrier

receivez0 0N/ @MMdH@MW (EIWOGZEZISZanHE@fCJ T/USe8/ @&'aﬁ} Whlcﬁl ae
1, the output of O is interpolated by two in
incorpqratest perein 6»/ thzszrefgbenqaaihe NEFobeQ mavyaetoudtfenasingle TV

receiver stl\(fqustt ﬁ?erv II’Slre s a? s’clca? combmqatlon of the Nyquist filters in different

models of TV receivers, or for signals produced by emulation of such devices. The
NCF also receives the CMC signals, described below. The NCF may be combined
with a VSB filter.

Figure 5 is a data signal frequency plot which illustrates QAM data after passing
through the NCF and VSB filter 120. The result is a complex wave shape with most
of the data energy lying along the real axis. Prior to the 400 KHz subcarrier
modulation, the signal is at complex baseband relative to the subcarrier frequency.
By mixing with the subcarrier and taking the real part, the signal is in a signal space

where the baseband is related to the video carrier.
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fed into the abatenent process. Abatenent CGenerator In
t he enbodi nent shown in Fig 1, an abatenent generator
wQa 24028189 ves a data signal, the output from PEEUS2003/029423

BTN T e s
interpolQba:]reﬁ @g)i tgﬁgﬁé@%ﬁfa thafhsfRchéLaft e ofithenadedetiat is being

Fom nonitor recelver 160. From

intal ' sfunctional el enments described in
fed mtoctgﬁﬁégocatt?@%ﬁaﬁtr@ﬁ&amng others, FIG 12, the abatenent
generator outputs an abatenent signal 125 and data
Abateimgrdtl Garggatorhe abat enent signal 125 is in-phase with
the video signal and is used to correct, adjust,

o AT b8 35 5 g B 2 e o
signal, q%gﬁ@gnﬁgdéﬁ :tfé% /i@%rrrgal%t&“iﬁ“%%Qmi@ét?cbﬁip%ﬁbh%bund signal,

ensatior system for Non-Linear

the outPhiSHBH tdivide By filter 162, diecabiatententagenerator 124 also
correction/ conpensati on subsystem 127 can be__incl ud%d
receives thahreltmatrimtontzol signalddroma pwnites reeiMe daBerdaibthese

f -1 d ' . L.e, '
ot b oo e BB B B G 12
h i d i | t i
the abaygient aepertPLpUrAS A 3P RIS o 24 dath dfnal 126.
The ab%geipél‘gfﬁg@ﬁla%?lgoiﬂgpl%ﬁﬁvitﬁ'tjﬁéa\}iéeo clypanahdisused o correct,

s fromt moni tor receiver 160 and
adjust, @idpsi fotify-thenddeo it at ¢e peirti afrthedosention? ghacaupler 142.
non-|inear anplitude correction factaor 1&% . 122
The dataibignal 126 és azielayed vesicn ef theautytdmmpdhsdpterpplator 122.
abat enent signal 125 in anplitude and phase,

e Bldiopfignd 33 are

ST oLS = o+ P e=tH C S i O d ||tUde
and phase, respectively. A phas shifter 135 shifts

' i dat @rid /e joresutisyétarprtiihesn be
I 4 Breteh G e e e L
includednpl tHeltggnamittercdrrddabab evemect ahd rampansate éordaoarinear

signal that is shifted and conpensated jn@}ghase and duced
distortienp! iRandxamplenas knpween tiesarsr 1ensigearfistaitighsue introduce

into the %”E@h%‘ﬁi@s‘; thOLighiaf paSsdshrb gk FRIBBARR ArfiBlifier in the TV

transmitter. The subsystem 127 receives, among other signals, channel metrics

control signals from the monitor receiver 160 and outputs non-linear phase

correction vector 128 and a non-linear amplitude correction factor 129.

Multipliers 121 and 123 are used to compensate the abatement signal 125 in
amplitude and phase, respectively. Similarly, multipliers 131 and 133 are used to
compensate the data signal 126 in amplitude and phase, respectively. A phase
shifter 135 shifts in 90 degrees the data signal. A combiner 137 combines the
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woul d be an enbodi nent where the anplitude and phase
of the correction signal is a direct function of the
W0 p@iargianeous VI deo voI tage. The video voI tagECT/ﬁ52003/029423

phase SRR IRRIDHE chufdced Boafiadal SbanARahe Bort SebdCthats sifted
and coﬁrﬁﬁﬂsbﬁedngnupﬁﬁsé‘aﬁa %Wi éggagggffggﬁ%%g rggsgpttgﬂ,s; afr;ﬁ;
ways, such as a S|nple linear or non-linear equation,

Theaslfnp@@t ingsiEmentatidreof Bie cotvbeorsephipnisaBoR ubsystem 127
i npl ementations can include, for exanple, having the

would b@raneemb@ﬁhman‘t whetathe aplisnde eadesaseanfithescarrection signal is

a direck Hiiiaic P ndneransBteaus vidoni e TheMdssnyaltaas isc
appropt By afec A ofitet thd EeqRE e ittt RYRkic o 4,

compummrh EV&e%s\tﬁéﬂJResbﬁ@ﬁn 'tﬁe gpb?é;%tb%dnwﬁex %ﬁﬁecﬁbﬁtﬁtg)r This

of the video. An exanple this is touse afiltere

computation proaesstcha bd ineplemented iv endmewayspsucheas arsimple linear or
cal cul ations. A very desirable enbodinent is to
non-lingghgAHationna fk)f@ﬁd@@w fakie, eics cMose gophisticalpdtinmlementations

N T e N
functloﬁ'dfrt%ev%m g'asl%l ta' énff(etr egg:hléhBh ‘%};ﬂ‘?ﬁ’@tt‘i’fe vertical and

conti nubus near Iy co as a ion o

horizontadgmesinterviaty Branadurikitise étﬂV@K/ld%@trhter%A ﬁ@é}téfr%t%
and Transmni ssion A nodul ator, elenent 130 in

embodignentsashe firrputdwaing @Iadatl@lm a:anghaveva vekle mmmelaiedem the
past histgite ohgha e 31 SYRTaeItBIS e 2 ALes Heras of Hee video
o crvi R ERRTnl A0 Al it 220 LPRSAE R ifimgntas tp ombine
th cor St YRR sded 49 MO Sonp R B1EBpSel . Mty bose
on the ;;xag’n ahd presefitgrdlads bbvigea), ugmgoctmapumtl.onh&%ans dzhatemtlser vary

the IF signal] taq analo% form An u converter, 140,
discreetly {figne Mugtiplexed b et contguousiy ftinear ewh@e&kaﬁso@ function of the

a st andard TV channel frequency, such as
video S@hgﬁ'ﬁ@” , and etc. -18 WD 2004/ 028159

PCT{U82003/029423 Video Signal Interception and Loca
Dat&Signalabth: BYRUYRRIG8h IR Transmission

A modulator, element 130 in FIG. 1, such as, for example, an Analog Devices
ADS857 direct digital synthesis ("DDS") modulator, includes an interpolator 132
which interpolates the output of the combiner 137 by 8. Mixer 134 then mixes the
interpolated signal with a reference signal, which is, for example, at 45 MHz, from a
reference oscillator, 136, and generates an intermediate frequency (IF) signal. A
digital-to-analog converter, 138, converts the IF signal to analog form. An up-
converter, 140, translates the resulting IF data-carrying analog signal to a standard

TV channel frequency, such as channel 2, 4, 5, and etc.
-18-



An anal og television transmtter outputs TV
progranm ng in, for exanple, NTSC format. TV video
waegnatsasd rom t he exciter 103 of the TV transnmPCT/882003/029423
., Syste . ;
Vlde :‘.‘1:-! - ~;gﬂa.'u s = - e S A

etc. An RF coupler 150 couples this signal to a

' Hstrittef Rt GFanemiricp i, tforesamipls, NTSC

An aﬂﬁ%@@?@ﬁ?o fittel BcH T Ppoa exan%éf e’ 45 Miz. A

format. "'PY SAGSS GIRMEI' frbai te dciteri 103 efte B tranemittessystem shown
usi ng an ADO851 DDS, runs off the same cl ock, as the:Z
in FIG. baee lduiput at Sendad g¥nehannet frequeneiesnsuchs agchpNNgls 2, 4, 5,

IF, which is, for exanple, .at 45 - ' l e,
and etct iin R caunint 5§ eoudiae sheesiSial RV hae
an | F of approximately 45 MHz. A phase | ock | oop (PLL)
C ' t | f mple,
The HBRERORIEHRT o2 eiseies e Tyeidhal @ & enfaris, for gxame
45 MHz29% YéfeFeAcd 0Sallates Akl ahplementedhési exampled usmg araADI851
t he down-converted TV signal has the sane phase and

DDS, ruhsesffithe paate tloek asftbe @scilatornk3tipnd geanerates amfersnee signal
t he down-converter 152 conpri se near|

at IF, whichpisn o example; atdh MHzorIn Hus smaw'%&b% WEfspjtger outputs
- d TV s di
an NTSGgRTmiicn P B S RorobirteBabTERe: oynt nesi zer

158 can be used to adjust the up-converter 140 so
t ' S fYt thef referepiceignalitorthke down-
Ap i slgélgzoe(wggln%vv)ﬁeﬁggm?ﬁe sane f requeﬂ%_ and phase as
convertedeTV ¥idifal ¢ Based] onstrgnedmpaiisen,, thenLLt agjustsya docal gseillator

coherent. By adjusting the relative pha of the |l ocal
synthesizari 15&s0thabthedawnrenvertadehY signgl ﬁlaﬁiﬁsrsam phage apd

therefor%%possible to adjust the relative phase of
frequengycas M@ FRIRERNGE si gnal and the dNTSC reference

signal. Channel Metric Control (CMC) Signals -19 WO

Theﬁ%—%ﬂ@&é? lﬁgggﬁgﬂﬁgﬁg}ﬁeﬁeﬁ qup! @mprsk haaty identical

up- conver onto the TV RF signal.
comporiéetsC oA healestit bf ahé phiase sodkdng b thé dowranemvearted TV signal, the

through a power anplifier 162, and preferabl SO
corresponalingladjusimeant signaief shendefial OsCiflatays; S«Yé‘ﬂ%esi@}y]vﬁ ean be used

to adjugt, bﬁgé&ﬁz{e‘?ﬂqﬁ”@ﬁsc& ﬂyﬂr i dv‘lﬁ%@%ﬁsreofo%bﬁ‘ﬁ‘éﬁ & R output signal

(discussed below) has the same frequency and phase as the TV RF channel signal,

i.e., the two signals are coherent. By adjusting the relative phase of the local
oscillator 158 and the reference oscillator 154, it is therefore possible to adjust the

relative phase of the reference RF signal and the dNTSC reference signal.

Channel Metric Control (CMC) Signals
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| ocation, in any desired nunber and type. At the
i njection point, inperfections in the conponents
waowdohiozsishe dNTSC encoder, for exanple, the ph&BES2003/029423

iR el s B R e
e colfé1 iyt & 8 R it (o] 2 mimiafsc2, o

preferalBIZCeﬁSd 9f§v1dédttb%|ﬁ;eogmélm@hlt@’r rezeivecsilg0nghich can be

l'evision programming carried by the TV RE SM
implem@hiednioniharaiwareosi sczftwaJ@ooracomtdna’rdprprai\@laé esiEgthBpint or

netric feedback  para ers to signal processing
|0C3thbe|@|@@Nt@$"’r¢dt'H'ém@ﬁféngq%{ﬂgm ssion path in order to

address these issues, anong others. Data Injection

e P t sl
At e el pRlR, bR ABEn i GonibGnents wihin the dNTSC
encodel, Mo ©xa éotﬁé Bhaééf?,hlftéﬁ |1Bde$he 201 al5® gnak e up/down-
dorrecti modi fication and/or nodul at i ng signal

converter® mgotarmi [lﬁ?_phWe it diffisult tamaistainthe dgsied YuagEatee |

as a data SI nal al on uadr at ur s relative
relatlonsbln a%tfp’:hB\f aa &l%alttgltgﬁeléfﬁﬂnﬁ :H{@Eﬁr?B rag SenagdLpy television

ecenef LT g BB SR IR e PR camied by the

TV RF %’Ygﬁélea?hé fﬂﬁoﬂg&arec'éw 60 i u%tégeté provitaehiaatnel endteictfaedback

evi sion video signal. One of the primary metrics

paramédtead td B@nﬁPErdc@ssrngC@emhtslﬁﬂth‘edaw gansmigsfan path in order to
I njecti on phase of the data signal to help ensure
address blaset heuexnamongmtbeme is in quadrature to the
television visual (video) carrier. By using the
t.ransm ssi on system of
S Y A D ctly approaches the
Obj ect ive of haV| ng the i njection phase within one

- l&r 142 includes
TheElqual i za qgﬁﬁ%@%ﬁg%l tl?lﬁjggﬁécg%‘@%: %(ZC%TZCS Inclu

an abatEMENS2aR &Y 2dodificathat andfori modultatimgesighyl albng the in-phase

noni tOT receiver. is equal i zation. Various elene

axis (“aﬁatementrggmﬁ’)ssasane&ylswed@ta| Srhgmaloalagg ithe quggrat;ur@ @?(IS relative

o e e e SBAI G RSP B, TS s
added gﬂéﬁ?&g%&gﬁ@w o ﬁé\‘*réﬁ%@%@t%ﬁﬁftbﬁrwh@feﬁs%b data

espo
signal is added in quadrature to the television video signal. One of the primary

metrics that the monitor receiver 160 measures is the injection phase of the data
signal to help ensure that the injection phase is in quadrature to the television visual
(video) carrier. By using the monitor receiver 160, the data transmission system of
the present invention more perfectly approaches the objective of having the

injection phase within one degree of quadrature to the visual carrier.

Data Equalization Channel Metrics
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RF data signal. ldeally, the frequency response of the
data should be flat across frequency and phase and be
wo c@a/ozf15uneven group del ay. These di storti onsP@i/iuB2003/029423

ool eyt b ol B e ARSI s
clement PGP FRBRIES ke P ELASRSE M 0 it

and power combaters hftdrl ﬂhbelh]éc@loﬁf[ﬁﬁﬂﬁi Anidzdiffefenciat Betwidesr @miponents

mnimzing distortion at the user's TV receiver. For
in the Lmeemmmetenmctme dbenecorbiantat, NisEorirbe VBE)darayenespaase of the

uaI i zati on, an equal i zer traini n%dseqL%ence
RF datacggngb I Wy, me flegUBREY response &f thelata ghauld be flat across

roquer RCARE R0 8 6 o I5BE g 553 SoelEQUFRALS o
mterferggffﬁ "tHﬁg‘é/ﬂ:l %F@WW&@%V“ ning sequence to

erm ortion to the spectrum The
equal i zer training sequence is also wused in the data

Accordirggly etheofnoniter peesieat 160 veoiitars thefretmancyhedp@nﬂmmf the
Abat ement Equal i zation and Optim zation Ch

data signal to gsoddeer clpammlﬁﬂetrsc E@eti@@cﬂ’ﬁbtﬁlﬁdt INGFramd VSB filter 120 to
cause the sk de presausluey e B, STEBN minp gigSREOMIRPbhe User's
TV recd, b6 e HREL OGPt RS SERT AF e
equahzé‘@(‘ir@1 éﬂéééﬁﬁieﬁ—‘rtra&ﬁmg S uRingeanybé Mt &t the dR8Thper of the
Based on these abat'ement netrics the nonitor receiver

data trarénipsionisyskerparkhe manitor oecdiverabad eompareg éhe ispedrum of the

124, so that it can correct for distortions caused by
recelveg dsdedaithg keowmspedrynaaf therequalirer fBiiagsrauence to

determ e orttdpite: st e R EI2EP hiTink Searenes plso

used inﬂﬁetcﬁﬁa freb&ivER of Bigé IpFé’s‘é?Jt itEhtiohY dsSH&icYiBea HEIGH. PY

Viewers In order to generate’the abatenent
correction signal. Another abatenent paraneter is
Atize veeh tEqualizatiaraand rOptivhizabionezsanTes Mdtoss wel | t he
abat enent signal is doing, for exanple, when a

particular TV rec 21 WD 2004/028159
Othercnaiemeiess (ilrg’b{ether@@@'i tleEecaiver stathiplate to abatement,

where éﬁtﬁé}ﬁﬂtgg af@%ﬁ%ﬁ&ﬁﬁﬁwn%gﬁﬂggﬁqﬁ,hgdjhgﬁ'ﬂém,tatn%r/or modification

signal to the television transmitter's visual carrier to reduce visible effects of the

dNTSC data subcarrier upon an ordinary television receiver. Based on these
abatement metrics the monitor receiver 160 provides parameters to the abatement
generator 124, so that it can correct for distortions caused by processing of the
signal after the abatement generator. One of the abatement parameters is
abatement equalization, which relates to the selection of the filters that model the
TV receivers used by the viewers in order to generate the abatement correction
signal. Another abatement parameter is abatement optimization, which measures

how well the abatement signal is doing, for example, when a particular TV receiver
-21-



Synchroni zati on O fset Channel Metrics Anot her
noni tored paranmeter is synchroni zati on of fset of dNTSC
wa@ladoa/0eeaFat i ve to the broadcast col or subcar rPEF/US2003/029423

reference. I n neral . th ' : [ ;
model reagives 51 staRMa RoEviSbrn ik 2p oy iEE Y e tfdipitier system
or recursive |east square (RLS), to
Oftherigﬁﬁﬁﬁnééﬁﬁgﬂ- processi ng el enents of the data
transmtter, so as to mnimze the error between the

SyREhidtizatlth OffdesChednekfetriasce paraneter for each
metric. ecause these netrics are not expected to

change rapidly over tinme, the algorjt t .
Anotirusonitored: parasiater & syidwanizah é>£fl§ﬁE§]” Bﬁl%égaaqai rplative to
byt ~may do,so periadically a r i
the broggeassiclorsuty e 'or i pes  5roeToral M mpritd; roeiver 160
1011 ' REUrSive
employ T84, APRRADGN, RIS, st e squiistiepose
least scﬁ%@ﬁ%k@),%%jh%ﬁgﬂbl bratetsing elementeof the datantransmitter, so
I gh update rate to track and renove these
as to mitistize theesor beteeen dhemhakicsand Adesired defaranee pprameter for

cach miBit. Broseerheph ot e ST hS Sufnd Rg0 Rl bver time,
l.gnal s f Lyt . ' : -
the aloBiffi siegdinn SBust b aeRiich done rocksd o MREA e, but
o 1 = " -tt
may cchEOREARACHR B dBerraFo: bempyayprgpeseosiomyansiter

diplexef Mgy BiV@bhase ahdraraphimeecdistortiondvkichichapges slowyly fas a result
keying (QPSK) al phabet. A nodul ator or gndulator o
of temeerakarecor agiog. mow bdaptive algarithay wil Rldbe seayred fo fmpaintain a

. training signal using the sa i.gn processi ng as
high Uﬁd?éetraﬁﬁ]mrgﬁgran@preurﬁ?‘(q ﬁﬁ?@@éﬁ%ﬁgﬁ#on of the conpl ex
baseband signal after the conplex 400 KHz subcarrier
Inséﬁﬁi ﬂ ﬂﬁsg:gndTﬁﬁ? QIE&H&@H@n@PF@tﬁt gleakratdrs on the real
; 'S provided with a conpl ex
baseband signal received by the nonitor receiver 160.
FigUrea6A iilfustidbes aayerievatordorinjectiars phase hndsarspliide; ghannel
Fig. 7 -22 WD 2004/028159 PCT/U82003/0294§3 r%%idgﬁ
metric aignateforasecioriiessyskercdfarig- 4i ghRNase 6aNEO 9%@@ or 69
DSP recei ver . correspondi ng,to e f
generaten She SRR SaaraRine H1S dh Al syl Seauences can
be drawn from a subset of a high order QAM constellation, for example a
quadrature phase shift keying (QPSK) alphabet. A modulator or modulator emulator
602 modulates or emulates modulation of the training signal using the same signal
processing as the transmitter up until the generation of the complex baseband
signal after the complex 400 KHz subcarrier modulation. The resulting data signal is

on the real axis.

A delay element 604 is provided with a complex baseband signal received by the

monitor receiver 160. That is, the monitor receiver 160 such as shown in Fig. 7
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of Fig. 15 (before quadrature detection of the data)
in response to a training sequence input. The delay
web@aneg15604 del ays the conpl ex baseband si gnaPCT/USZOO3/029423

provide§ R GrBtYEKasPIS DasabERH SdTal SO Geolaer Bl Be LSt Recelver
corresp{?ﬁ@m@hﬁ% @1 d&é@}g ﬂggﬁ% Q‘ﬁ{?ﬁ%&{hé@{ IOglg Co%rtgﬁ% of Qﬁe d¥h Receiver

of Fig. ﬂgbéf'o)re ufadPﬁtU}é’détectloHé*ﬂtHéh@ét%) i’ ré$pdnze t@oaiwammg

Ining signal, y is the conpl ex baseband data and
sequendes input. 'ﬁnmﬁélay alemeng §04. ddlays thes obmplex bhdsz=bahndssgnal to
error. The phase error should be zero if the received

accountggr £heidelay, ofqﬂmjtratmng signal ABrougdl the wiodukjos 6gRal

data. A non-zero phase error represents a deviation
A coﬁr_fee%{rbﬁ|é&%°€da¥$g¥e%%%nﬂéﬁ’-§b%%?%h‘”f‘h%m%eceé Hhailse°gnél 603
R e b S e
x is thefhafafe & E%?qﬁeaiségﬁw SRl h %é@%ﬁgtcgatéién?ff‘ ribe
nitor..receiver has access to the signal data that is

Conuﬂe%g EW@‘nsmtted As shown in Figure 6B, the phase
error is passed through a filter 608 and applied to

The 38t i§ %ﬁé ?ﬁﬁ" 'TI? Phabé‘ ekilop sﬁBEfggﬁé Ige%‘h‘sthe received data

constit Ut | ose oop control si gnal

is in quadiatate Umtmhm traﬁhifngr signgl detal N honFiego phasaddreort ietresents
a 90 degree phase shift, is applied to the nodul ated

a devnati@m &fdhg rracelvgd datafrom guadrathiee.q Qe ean plsoassesa cgmplex

correlatigly pldokithim s YR A eVidea STt Vea‘ﬂmqafsoofo%e Sifplitude

and ph:%ée TH?' %tSP@BB?éIPB%??@%%@Q%% N Pllb@gar@%b%w pass

e est

filter. Aﬁ@h 'aﬂt@ﬁr?atﬂﬁét tm@élﬁg'thei’cbélh ?ﬁ@fbé‘r{c@n’cl@aafmﬂ dbti#lean be used
e

reference, which iIs deriv fromthe video |evels
if the mositoriraceivier bas aotessi torthefsngml cm:tattba’em beingdransmitted. As

difference (injection | evel ror ltered
shown i Figuge PBope Phass ewpr is pap ehta ﬁfﬁ 6@%@@{4. @RRlied to the

referendy o85dibaa 1he %a%%sz%%%{}z@f s b L ﬁgps,@r&éﬁﬁ Of the

signal ifjee@bn!gieRef il ter with a closed | oop response of

Referring again to Fig 6A, note that a 90 degree phase shift, is applied to the
modulated data signal to rotate it to the quadrature axis, so that it is in phase with
the received data. Another correlator 612 correlates the phase-shifted data with the
delayed complex baseband data signal to provide an amplitude estimate. As shown
in Figure 6C, the amplitude estimate is subtracted from an amplitude reference,
which is derived from the video levels used in the calculation of the abatement
signal. The difference (injection level error) is then filtered with a loop filter 614
using conventional techniques or as otherwise desired, such a filter could, for

-23-



X(s) = Ka in continuous tinme formto create an
anplitude word (injection level S2 ? control signal).
wab@4psianeters K and a are used to set the DCPOEHUS2085/029423
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locationi rof | thigefilker. amhisraemtro signal ngntbﬁeuwd t0 geale the @@ﬁfﬁféents of the

ierpolSE Byt DRSS T s Srescb BB 86 st san
hl. d f th i
and iR i BB e mort of (e rom tor

of the transmtter side circuitry shown in Fig. 1. As
Monit r? i a receiver 1500 shown in Fig. 15, the RF
'S down- converted to an internedi ate frequency
(IF) by a down-converter 700. A DSP receiver 702 then
The pnonitwskeceives 160 cdrgbalcouplea disectiy tathecinjectioropoint through a

directionak eoUplenap I kaud Gl ABATENDa reernaribe [k sianak fom the
705... wh

ot e ST e S 92 gy e

Fig. 7 |Iﬁ.&\:\"’4§é§ 3l h188« d?éﬁél?r@mén @Bﬁbdﬂiﬁﬁht% tR& fnonitor rTerc]:elver 160

roni zation fset signals, for exanple.

used in rﬁ@hhle@ﬁoﬁ Qftatiee embodiment of tles pmﬁnntteDSiEeocomtuy shown in
al gorithnms, coll ectlvaé% designated as 706, which
Fig. 1. p&samtbe data recaixanabOfshowg in El@ntlEoth%lerﬁéﬂl%ahlé domen-

convertggior & IMERDRIRLS THOLERRY SIRA RN 8 CR RaREeTen! 004 S DSP
receivef zgﬁ tﬂénjﬂrﬁ&%s%@tthéﬁpes o%rgﬂ T b'eP‘OleEWﬁ‘) bé& similar to the

er man or I nstance, severa

data re@én@éﬂ' 15680R0tret@rstherdatac el DSPsmettic deheraton V@4 egenerates
her in software or hardware, or a combi nation

metrlcstmﬁ amhichaare releded to ébellmjectmn d;eneimn]e(ziiqm phase data channel
channel metrics that | de l%geratl on ,0

equahz@g@mba;emrg Sl Rt ARAtEEAL CpEDYZalgh 8N yacBfonization
offset sngnals %Oe%/ Op%é 15%;.%&,1&29@ %%ﬁﬁ: to corresponding DSP control

algorithms, collectively designated as 706, which produce the "channel metric"
control signals to the NCF and other elements of the system of Fig. 1.

The monitor receiver 160 can emulate any number of same type or different type
communication receivers operating under many conditions. For instance, several
brand name television receivers could be emulated either in software or hardware,
or a combination thereof, and their results weighted, to provide channel metrics that

provide best operation of the system of Fig. 1 in a particular geographic area or
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market. In Fig. 7, a user's television nodel database
708 is used to generate the abatenent nodel update
waeo2815%i gnal . Data Channel Equal i zati on ChaP@iEUS2003/029423

rarket kg S35 ha B el e 7R s AR e the
avatemB L Bpg RSl rggft L7 fon, Control . and the

NY, 1989) receives the weights of the data adaptive

Datd Chaghieli FgudigationiChemnnet Mettie Gehefatatt er training and
whiTe the data recetver Is in normal operation. The

wei ghts indicate the _frectgenc:é response of the da th
Refefiing &0 anmfeeSaaa@dlavae filtee 80202.9.c adfalpan filbaresuch a

describg by GatiRoneaaidie ketkBefive Contrel BupisOfsererS mah Fitter”
Springeﬁfg‘?{a OWISB{KFNZW%%IF%& e ﬂh%t\ﬁéi@{?\ieé‘bfs l’ﬁ’é’détef bbdStive

fror erence
filter in ghé? hSonitebdefled! 1 oA Gainthg ahd- wisld ey date rddebver is in
set channel Metric Generator Figure 9 illustrates

normal spardtiomi Thei weights inelicate the frequencyresponse ohthe data fi Iter.
nmonitor receiver 160. A deci sion-di rec d symnbol
The adapUﬂmﬁlt@I‘sBDBrﬂﬁﬁﬁilVQ@UW&S@c\éﬁkgé‘ES ppdran kiea ﬁf@ﬁuéeﬂ' response 804,

o0, ksl AR O S L B o

the mtegggﬁll:%%gaf fi hJéF 9955 ébtrér BffférEﬁcéb@'ﬂﬁéeﬁ%hé Rt filter

ed on fference et ween e synbol estimates
and ldeér‘ﬂ/ei Sctgrzrefegpondl ng data sanples, the Decision
Directed (DD) synbol timng est i mat or outputs a timng
error. For a discussion of Decision Directed ti m' ng
recovery see: K H Mieller and M S. Miller, "Timng
Recovery in Dgital Synchronous Dat a Receivers," |EEE
Co COM 24, pp.

S ety : e m ng error, an
adaptlve fllter (such as the above-referenced Kal man

FiQU{é |9: ﬂpkq%ge?s Siithrdsisatine affest &@nﬂrbﬁpér’ﬁéﬁh@@'b?tmehhoﬁltor

0o add or subtract enough delay to bring

receivet 160t IAﬂdwlsmn—direttedzs:,mbolﬁmmgjed;tanat&r 90t reneivesefiom the
-25 WD 2004/ 028159 PCT/ US2003/ 029423 by form ng a new
monitoss egceivert 16Q duringaiarmal opesationthe BPoeEk C@H@tqr esgymbol

estlmates SHhd’ recel\yec} Hata samples at the decision points of the symbol estimator
900. Based on differences between the symbol estimates and the corresponding
data samples, fhe Decision Directed (DD) symbol timing estimator outputs a timing
error. For a discussion of Decision Directed timing recovery see: K. H. Mueller and
M. S. Muller, “Timing Recovery in Digital Synchronous Data Receivers,” JEEE
Transactions on Communications, vol. COM-24, pp. 516-531, May 1976.

Based on the timing error, an adaptive filter (such as the above-referenced
Kalman filter) 902 provides updates to the interpolate-by-7 filter 114 to add or
subtract enough delay to bring the timing error to zero. This delay is implemented
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appropriate amount of tinme. Abatenent Equalization
Channel Metric CGenerator Figure 10 illustrates the
wa@b@ueesEnt equal i zati on channel netric signal PCT/US2003/029423
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| gnal as cl ose a sihle to the,video  refere .
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signal. efyuadaptive difter sit0aY istusedl togiraviseemodebparaneltars to adjust a
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Nyquistifiterinethe mstdlos reeeiyer 16Q d pedey to pynimize it%&r?ﬂgual error, f.e.,

esignated as, 1102, .w.thin.a br. reaqi . .
make 45 Lo E fpRindaR sttt it 48RS AS gk B bssipe th g video

i i f I . .

etererlS, ARERING i Bt B QUBLPIS2aRkE ARt lern the
abatentdiitidanerbtornlan conpare the video estimate from each
nodel TV receiver with the video reference to generate
resi dual ¢ error signals. The abatenment optim zer 1106

Abatament Siptinizat AN EBETAQEI error signals
according to the statistical preval ence of the '

. j d f . ' .0f .
FioE 1 §fetrmees e Bl PhtfuizeOGn aRIR8L MskiEiegnal generator,
1100. *Eﬁiliﬁﬁ%ﬂé‘teﬁfeﬂ%feq%%ﬂﬂétﬁdéﬁ shatidtRal BSOS RN RA
nodel paraneters to mni'mze the weighted residual
statisti€dllyoaccouhl dor astjustuneray aympe dit differersteniodelsaol] T receivers,
the Nyquist filter in the nodel TV of the abatenent
collectiyetyedesignatedss 1262 withooa boosimst pegions @pimizasiopsneed not

atenent CGenerators .
be a re%?—tlme process, uf may be done periodically, for example, over days to

weeks. Like abatement equalization, abatement optimization can compare the video
estimate from each model TV receiver with the video reference to generate residual
error signals. The abatement optimizer 1106 can statistically weight the residual
error signals according to the statistical prevalence of the receiver model, for
example, the popularity of particular TV sets within the region of broadcast. A
Kalman or other adaptive filter 1104 then adjusts the model parameters to minimize
the weighted residual errors. The resulting parameters are used to adjust the
Nyquist filter in the model TV of the abatement generator 124,
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Fig. 12 illustrates one stage 1200 of an enbodi nent of
an abatenent generator 124 shown in Fig. 1. In

wW@emenzd159 t he abaterrent generator 124 nodel s OPET/UB2003/029423
nore TV receiver's processing of a television video

Abateingnb GenBEtORSs had data i nposed upon it by the data
transmtter of the present invention. The abatenent
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ta signal to the video signal at the injection
signal. point of the data transmtter, e.g., the coupler 142

in FlfgI 1. A nodel VSB filter 1206 that emul ates the
VSB
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thedint omwwelzg in g ks diie adder
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I
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1206 tlgq&eqﬁpla@§ ﬂ?é yBBCteriM 6|ﬁ—96f WRIre tyDleaEclistemerttrlevision sets

i'S not act ual an RF signal, but a
and fi rltépéfﬂ{eeguﬂﬁaé@b@mtguwakhe mder 1262t he conbi ned vi deo
data signal or each tel evision set represented

Thelcngwfslggvgéff}igp .grﬁéf Irnayd@mu{atg dhe %@Eer of 8 brpiﬁp[% { model
within ]:Inggd-?éggg@%ec'gghgadc st S\é\qlg n, éV, %ﬁ%ﬁ’?aqclvely, represent a statistically
weighted sum of the VSB filter coefficients for a number of TV models within the
region. The weighting depends on the relative popularity of the corresponding
television sets within the region. The filter output is designated as an RF signal
model of the video signal representing one or more typical TV receivers. Note that
this signal model is not actually an RF signal, but a complex baseband signal

modeling the combined video and data signal.

For each television set represented in the system of Fig. 1, as a basis for

abatement, consider that this model video signal is input to a model TV receiver
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1210, which includes a nodel TV Nyquist filter 1212
and a nodel TV quasi- synchronous (QS) detector 1214.
W@ 2008/028189 rmdel VSB filter 1206, these el enentBCT/IB2003/029423
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ecivr b5 R Ok 16 chppaSs o e ot nd o
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in the aflS Cuhet eart alsowisera veleynanrevmsym@rmmouss debe@torlma verygroad
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o A Oy i
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her odlnen ts, circuits can be used
detectof Wh@bm@mm miixe inda rmglxer ngus Stregmixing eﬂfrthemnpiex carrier
h for i nst ance use no vi deo conponent

whi
estlmateezﬁléh ethe@ompgi@adelayedmtpéa o jhe maegdel M%Jéstd‘@t%rylalzé@hlfts the
fatter t¢ Ppagrahabethy wtHsh Y 35 woflatir 3 R yido KEMEl at’Finodel
recelvef?)g)qé%ﬂ tlﬁﬁgﬁe%gt aRkicr tﬁn'%epl%ﬁheﬁ’ e ¥t d;'h%@frﬁ@ﬁ& simpler

€0 es nate generate a vi

circuits ‘“c%hﬂ@@h's@@ foraghatemdrit intleing\singdk stabe lisear afstenes which for
deo correction factor and the video estimate woul d

lnstancedml hy videsutampenette known vi deo reference signal.
Anot her conbi ner 1224 adds the vi deo correct| on factor

A vigSa retranee sBaalis deiaie by DTS Rociiosd?2s 16 dcolffor the
procesditg deRfPSPUReRIGER! VBBeﬁI?érePZO%’QBS RO mGE ehRt&tver 1210. A
combiner 1222 subtracts the delayed video reference from the video estimate to
generate a video correction factor. In other words, the sum of the video correction
factor and the video estimate would ideally resuit in the known video reference
signal. Another combiner 1224 adds the video correction factor to the similarly-

delayed video correction factor from a previous stage, if any.
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The distortions that the data introduces to the
tel evision receiver detected video are the result of

W b@4/028159 | near processes described above. BeckPCBHESN3/029423
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age. Here, three stages _are shown. After :
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way, arrmgr@hters)rgutatbﬁcﬁysﬁn g?g ﬁ:ég ai g@bqqlééé_ég]%@’pﬁgﬁlg z%trtel%ular
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stage. At the output of the second stage, the

' bEycessafcRind1 2rade cascadast with the
As R ETRRGAT Ehe batemet Sagbssefgol grait o

| deo
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gardl ess,

correctegﬁﬁrgbggﬁilyﬂr@g’ l\ﬁlﬁgﬁ skplﬁt%%ltéé g5 ahé omsut fobtthe video baseband

y nunber can be used or

' ' t iFitEe rRstidagkl USt thet estpat of dee secord skage, the
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alternative, the vi
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obtain satisfactory results. Any number can be used or simulated.

Figure 14 illustrates a video reference generator 1400 that provides the video
reference for the abatement generator 124 in Figs. 1. As an alternative, the video
reference can be the baseband video without any data that is input to the TV
transmitter. The video reference generator includes a model VSB filter 1404

followed by a model TV Nyquist filter 1406 and a model QS detector 1408 as in the
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WD 2004/ 028159 PCT/ US2003/ 029423 abat enent gener at or
stage 1200 illustrated in Figure 12. However, the
WO 028169 t he vi deo reference generator i s theRCT/ES2003/029423
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5|9nlflcgﬁﬁgggﬁl§1 a'tlanthEer%EélVef Brc]qiilf@cﬂjﬁe' on of the IF

rrough non-11 near lasing effects. After the
roofing filter 1510, a receiver (S detector 1512 is

A ML 508 dewir siifts the vides interfhediqie ﬂ@qaency tnglzo hertz. The
i ncl udes a bandpass filter and a limt

resultingezervefrequency Iieis rapremtq@a@tfsy‘ﬁm%au@t@é% aagds cegynonly
referreq goIAS BB ESNCL rth EPRERR RS {ELPDE) RS A4 with an
approximately four megahertz bandwidth is used to reduce the information

bandwidth of the IF signal subsequent to sample rate reduction by four. The filter
assures that the sample rate reduction process will not result in distortion of the IF

signal through non-linear aliasing effects,

After the roofing filter 1510, a receiver QS detector 1512 is used for carrier
recovery. The QS detector 1512 includes a bandpass filter and a limiter. The
recovered carrier in the quasisynchronous detector can be passed through a

frequency discriminator 1514 to form an estimate of the frequency offset relative to
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counters to be synchronous with the video frane
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video pﬁ%&%ﬂa@?%n% I denti ff}pt he cycle relative to the
frame. hori zontal and vertical sync pulses. Therefore, the

system has recovered the tine reference of the TV

Using Dozt e S RS 55 AR NEGIER 10 1592
adjustsFtih%' A/D N5 G506 foSprifletibbk B réivECRID Abhfinghate to the
chroma subcarrier. In this manner, the A/D samples are referenced to the chroma
subcarrier. However, the system must also identify which cycle it is currently
processing. In NTSC, there are 227 1/2 cycles/line. The timing control loop 1532
uses the epoch counter information to identify the cycle relative to the horizontal
and vertical sync pulses. Therefore, the system has recovered the time reference of
the TV signal, including adjustment of the A/D NCO receiver clock to match the
clock of the transmitter system of Fig. 1. Once itis determined and controlled that

the local time is synchronous with the video chroma sub-carrier and aligned with the
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the local time is synchronous with the video chroma
sub-carrier and aligned with the -31 WD 2004/ 028159
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constant gain of the video and data signals with
respect to the sync tip magnitude after detection of
At this pointdthe systedanavwsham the videniestimatenifetband a data estimate

1542, ER0 T A oS 2 R B i i izl sgna o
o frt, AR PRI ETS60 Yo SoEh e o P 052 RosgtRais
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ata estimates, respectively, th a si g

after detectioreqfitire videb dadidats sighalse Thiarrangbmendphsiiigites a dual
frequency of the A/ID. This signal is produced by a

detector @aga peaddingdaher adwsgagan discresad belowh a 400 KHz shift

of the QAM signal of Figure 2 to DC (conpl ex

e 08 S A S GBI AR e
mixer 188k fdria @R don converter mixer 1556 (together, "receiver down-
converters") mix the video and data estimates, respectively, with a signal having a
frequency of Fad/86, where Fad is the sampling frequency of the A/D. This signal is
produced by a local oscillator 1558. This results in a 400 KHz shift of the QAM
signal of Figure 2 to DC (complex baseband). The local oscillator frequency of
Fad/86 was chosen so that the QAM signal of Figure 2 could be shifted down to
complex baseband using a simple numeric oscillator based on a lookup table. The

video is similarly down converted to baseband.
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conpl ex baseband using a sinple nuneric oscillator
based on a | ookup table. The video is simlarly down
w@ornvmeg1ed t o baseband. -32 WO 2004/ 028159 PCT/US2003/029423
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an unwidited icoamonest iwith eespechitglthg recovesy of dbe wiata. tMereover,

undesi red conponents present in the data _estjnat -
becausertheoddedwamthrauﬁhetlaﬁisamﬁiﬁ'gﬂ?up'f?&@és'f‘ﬂé‘s the data, it is

similariy it e SbrphRinabe Ak b kS B GEGIS:; ACER Ayt video

imatejs” | i f e ravehi matteodata
esimelg ERY 1 g LT e aongi e
estimate, and can be used to adaptively eliminate the distortions to the data

mentioned above.

Figure 15c shows another embodiment of the present invention that is consistent
with such an approach. The equalization circuitry comprises a decision feedback
equalizer (DFE) 1584 in addition to the two transversal, forward filters. All three
filters are adaptive. The output of the switch that provides symbol estimates or
training symbols is multiplied by inverse values of gain and phase control signals
provided by the AGC Control 1576. The multiplier output is used as input to the
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equal i zer (DFE) 1584 in addition to the two
transversal, forward filters. Al three filters are
W(adm)pmazlesa The out put of the switch that pr ovi BEBUS2003/029423

st SEERGEELESTE Al I DR EP L gie ne

titqulf @n FIR filter that
s Vi, TRl R e

is embeH@Eﬂ Lﬂﬁ@fé%!db%al@?@)mcmﬂts owefiEnipulse respepdse Th of difinite
of the DFE is added 1588 to the output of the sunmer
duratiort.hat conbi nes the forward filter outputs. The DFE is

:tself an FIR fllter ;hat i s enbedded in a feedback
Though Bie SEscaRaRt AhbeTRLRS Rl FERRLIE I ol Asaptie
equahzq% tﬁ?ﬁ?%}(@lgﬁ ifARf %?PWH Peflﬁ@péeﬂaﬂé@uaw et A@hefsus other

art wi appreci at e t hat

approat'fHé%‘?tF1 8 b &fbloye ammmsg onuthe ﬂr&dsmiﬂ an’&eﬂanmndardu ng

e needs of "any particul ar enbodi nent of th
embodiptersafttherpresentoinvemianp | anzples gou lﬁiclnGﬂ@eF%%H@iV@é—eaSt'

e %) ok S A a2

ecent,. Po
socho S berE SRt P BOESApSOEARC g ppcr
Bussgaﬂgpdtl |thm§b{/%?@ﬂ?§ii ddéribedi sy fuldn J. I\Bu?iitégahgranchDavnd S.0.
nmum sequenti1 al detection of signals in noise'
Mlddletbﬁﬁﬁ‘ gtnﬁamt senrentiah detdatiomeofi mgnaae@mlse”lfﬂﬁf Bransaetions
ch Buss % deconvol utio t echni 1
on lnfdﬂnattwba'bed?ﬁyz\étl%ﬂm arBec iibPei $ugh EH%ﬁga@ngiﬁconVO ution

techmqﬁegtcfprbma (ebga%ﬁgq aI g%hﬁﬁqt ﬁﬁ%ﬁﬁ%@é@a@a Qﬁ?%hé‘&d algorithms.

al gorithm that |s robust inrealistic signaling

Thee(?éhﬁgﬂm‘m R ¥ é‘%oﬁﬂla@ mlﬁﬁeécﬁlmﬁatlﬁn algorithm

ng sequenc hat CCU%‘)I es val uabl e bandw d

that is %ﬁ%'r@@ﬁs’cﬁ sighalireneavirbmmentd elmstesd médelslr@an a reference
by penal 1 zing dispersion of the ma

or tralmqglaeqdene&q thaa i mpm@uabiﬁ&a@mdﬂmme%@&s 3 Feference
from thespeciiva Sanal e Byrearanz bl GipSralongdh A npni)Bersgipred

equahzsé@ﬁwé@rogf 3 Kbl o FBnf st fendeh fic RidduRioh type. For
exampCIE(r'jL']cg\tbe A {\gﬁwqiﬁéiéfgc?wh@gﬁfgfﬁg?gkghmvdmmme four alphabet
members lie on a circle. CMA effectively penalizes dispersion from this circle. For
multi-modulus source alphabets, like the 16-QAM constellation in Fig 18B, a circle of
best fit is determined, and CMA penalizes dispersion from this circle. As the density
of the source constellation is increased, algorithm convergence and maladjustment
(stochastic jitter) increase, though remarkably, CMA still adjusts the equalizer
coefficients to the correct, desired setting. Hence, CMA is the blind equalization
algorithm that is most frequently encountered in the current art. Other options

include explicit higher order statistics algorithms or their discrete Fourier transforms
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best fit is determ ned, and CMA penalizes di spersion
fromthis circle. As the density of the source
wa@omgesiFat i on i s i ncreased, al gorithm conver geei/ESzNg029423

known q”éh&ykﬁ%é{ﬁa? "ol SR BB qurggj{:lﬁég ga NGlif@Rke Cyefikeitionary
statisticé%%%fj Eﬁgﬁﬂﬂﬁpg gaﬂrlﬁhé@ rect, desired setting. Hence,

equali zation algorithmthat is nost
frequently encountered in the current art. O her

The QQFéooé@aptwe?FLRiﬁlteP(m%@ iig ubeablxealpr@al|dbthe;uadesred:§0mponents
gorithnms or their discrete Fourier transforn‘E% VP h
in the datmesmtsgsnz:rﬂw@dwmz@ RHvfiliead 5o Injediets e 'adfd. The
VWiile still other appr oul 4, inc
predictacyundesid comPpreat B I A teadainangar et datp n  combiner
1568 ot hers. The video adaptive FIRfilter 1566 is used to

predi ct the undesired conponents in the data estinmate
1542. The data adaptive FIR filter 1567 predicts the

Fig. ?Bﬁﬁust?@l%s tPEEA NIt dita WoteEdlltidncafterovided dascsliditoraandd
romthe prediCted data in a combiner 1568. Fig. 16

equalizatiorubyrtheexdapive@iarslat a constel | ati on after video
cancel | ati on and equallzatlon by the adaptive

A yeu i YE B SR ) oo 0 g i sbe
e SR U PP, Spp s s

A subtrgé‘tto? fgm&maétg 'tﬁ@'f“lt%?édl pRt# filopn diee isymbal estimiaté to denve a
error vector, he synbol error 1573 is fed back
symbolterrcbmeectodepsdeuatsqmmmmwma It fedsbake® t!n@dv@saﬁnd data

t hereby providin dec on djrec adapti o "
adaptivediteraslAe 9ed R7e thersBy PRMSR [dRridan ditgetkd aiaptign”. The

st b 70 By A LRI L R e,
and thé qu 0 e@ﬁ@* \feeﬁltélo %§é§ tl‘i’?‘ symdofafdr tBaRe’r Pretiice the

ta and estimate, a gain or a

undesn%l' ét&rﬂbaﬁén@rémhe dataactor 1574 determines the gain
hase error of the filtered data. These errors
are fed to an AGC/ PLL 1576, which provides

Basgducm fhenfilierastdalia @tdwth%ﬁymbpbﬂ&ﬂlmﬁtﬁlaa Aaint 5rp¢ i9&in/phipge error
detectcgal %%hg’?er%%rr{gs WL o amO8nd phks Hrrdr o e ftdrel Yath N erhese
~ errors are fed to an AGC/PLL 1576, which provides a gain/phase vector control
signal to a multiplier 1578 after the combiner 1568 in order to correct for the gain or
the gain and phase errors. Certain embodiments of the present invention use a
feedback AGC as described in Provisional patent application 60/341,931. Such a
feedback equalizer architecture can use feedback samples comprised of weighted
contributions of scaled soft and inversely-scaled hard decision samples, and adapts
forward and feedback filters using weighted contributions of update error terms,
such as Constant Modulus Algorithm (CMA) and Least Mean Squares (LMS) error

terms.
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the gain and phase errors. Certain enbodi ments of the
present invention use a feedback AGC as described in
woe@niogsional patent application 60/ 341, 931. Sup¢iI/aS2003/029423

S T
current ggg{potlg%fdg%g:sgﬁh BéhS&@C%sacgg IG\Bchs iefomatielgem centol circuit

and fee ilters using welghted
in whici?\i/glﬁ\é ijahviid adisistdd aipewetry symisol instamse bysaistochastlo gsadient

dul'us Al gorithm (CVA) and Least Mean Square LMS
descenteupdate e e progee\sca um IAdo®1 Y tb@'ﬂ?aﬂézimg%’%@%ﬁ@'gnsr thus
.. . Conbi ni g wei &ht.s are sel ected on a synbol - by- synbol
mm‘mlzﬁ'é&ﬂQV%C fE8SUfe of current sanple quality. Such an

AGC al so enpl oys an automatic gain control circuit in
2841 biso! ifp@ctd s e FERQITCOMISdEdRRRer 580,
Theﬂe?%%rda?i‘g? ?%bgpggpﬁtdjﬁégéslgig?@é’um%qlg rulqcl-er tlvgspr ovi de
which i§ §&lldvied bycd ReedfSulormba deroderi882dbtredevérsinansriginalidata to
m ni m zing novel cost criteria. The filtered data is
be provaded fomputputo a trellis code nodul ator (TCM decoder
1580, which is followed by a Reed Sol onon decoder
1582 Orcor. t he riinal _t0 .tno _PB [ "ﬁ&g

Di strii fm Po I ifi rs As is known in the
' S biveEan i T RREdHshiiter has anon-linear
As '%hp 'n@ar g';tf ﬁﬁ@r’égvggﬁggﬁ.ﬂlllf%rll?/ﬁer wor ds, at high

gain reBEYREeS Thoteel Woedsritdsgie powers the gaitucempresties, peyeeduces.
output of a TV transmtter is hi ghest duri ng

The potvermartpasoba BY tramsmittacis highsstsduing dranssHesien ofdhesync
show that this gaip co Si on _causes undesir .
pulses. o EkBetiaak esuifs shost the &hg.gain @@@ﬁéﬂﬂ“@uﬁﬁgundeﬂr@d

efct G G BRBR P PSR 55033, 1B e e e vecor nthe

i b i4rcl ude conpensation of transmtter non-
QAM Cﬁ"ﬁ%@@éﬂ'@nﬁrﬁ%gfand phase distortion in the dNTSC

encoder. This conpensation can consist of ook up,
Andthbt aspedtasf theriaventioryaiay nctidenearapensatian ofdgrpsmiseranon-

linear ;; %gﬁ{dﬁgmﬁ? Ipd’l\élsg %ﬁstgﬁpgqlmi( %ul%%aglﬁsagnic%dtep.eﬁ%iseéén%te%ation can
consist of look up tables that generate gain and phase control words as a function
of video amplitude. To avoid these effects, the transmitter of Figure 1 does not
transmit data when the sync pulses are at their maximum level. The data is
arranged to be 39 symbols per TV scan line, with 4 symbols occurring during the
horizontal sync pulse interval. Those 4 symbols do not carry information to be
transmitted by the user. In addition, the transmitter does not transmit user
information during the 9 lines of the vertical sync pulse interval, so 9 x 39 = 351
symbols of information are blanked out (not transmitted) per field during that time.
The transmitter formats the data so that 188 bytes of data fit within each epoch.

During the video blanked time, (e.g., the 9 vertically blanked lines) the transmitter
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transmt data when the sync pulses are at their
maxi mum | evel. The data is arranged to be 39 synbols
w@eoo4/D281scan |ine, with 4 synbols occurring dupCnysS100z029423

oSS SR T e S
high or@@?\%@r&%@ﬂa@é@%ﬁ%@f ¢ ngiuiq%btdt’éaﬁ]ﬁﬁetsmﬁﬂ{eymg (QPSK)

t he the vertical sync
alphabétu’frﬁ% trafriny @lequé@cé?remaasﬂehéfshmesgaﬂmﬁelcbfand is used to train
i nformati on are bl anked out (not transmtted) per
the daté iegjudlizer inthet regeiveirme.  The transnitter formats the

data so that 188 bytes of data fit within each epoch.

The peeRe: 1AL tng ARG Bt o e BEiigeityeddaprie
filter cogﬁﬁé%@%@?@é@ﬁhd%bﬁ $hé Alﬂ' B SiGreA Y B QusSHRE réceiver

rawn from set a high order

1500 hé&‘*@ﬂréﬁﬂﬂébé@éré@ftlmﬁ‘ngffr@matmel \ﬁdao,qtlfﬁllreneww 1|ﬁ®@slmows where
hitt keying (QPSK) “al phabet. This training sequ?
to Iookmemhe mdemepsdmﬁomﬂmrtrannmgjsewqes Qudaditbettime @ thﬂgrammg

sequenggftetafteée gﬁ%d{;&t@'@”@f '@eﬁ Giiater 15407tk Sed Fio g cofibiher
B L e
switch% Bu%%ytréﬁﬁré’% gﬁ'e 'en?sf‘g rEfeBhEd ety theee ddraeneeeAyarresult,

ook 1 n the video epoch for the
the corhbitieRi 1Y 2se&stmpanss thediltergd tdeta ttorthedfaining secwemCﬁgand the
sequence, the output of the synbol estimtor 1570
gain/phase érsdr dete;:tonéS%cbrmake@ra siier GMPAESQhi ﬁﬁ?\lhs@ethe training
err.or detect r.

cequergy oS T B PRBSAE D3R e T W st

oo SO NS e S e i

adaptl\ié ﬁ't@l" RRiGRSURTthe gafl dritephase of tiwfitersd datadeTIeeiuse of
4 makes a simlar conpari son. Because the training

training saqaenees forasigmmalvacqdisitiore t Imagmnaun the a@l{o()@ged:he@cgms};tlon of
an estimate), the resultlgf q}é%nbou | nt
data fogav BDpﬁaéeﬁﬁé@dlﬁlal&wﬂ@er BFO@Q Saplpred psjangleme
t fil d ph f
Ofanyyﬁghgﬂ Epgﬁﬁﬁg%%&%ﬁﬁﬁgbg%k%FQH?$ij rgglgegﬂengegsfo?

signal acquisition is known in the art (e.g., the

Du 'Hﬁé'npnoﬂaﬁfn%G%@eﬁc@ pOfLRR (TRdestherahdn thewr varsically
approaches may be enpl oyed as an el ement

blanked lines of the video field) while the adaptive filters 1566 and 1567 are still in

acquisition mode, the filter weights may be frozen (not change) or they may be

adjusted with any one of a number of blind deconvolution algorithms. (See, for

example, D.N. Godard, "Self-recovering equalization and carrier tracking in two

dimensional data communication systems," IEEE Transactions on Communications,

vol. 28, no. 11, pp. 1867-1875, Oct. 1980)

Acquisition mode continues for a number of fields (with the weights adjusting to

each field's training sequence), and ends after the symbol error for the training
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of any particul ar enbodi nent of the present invention.
During the non-training sequence portion (i.e., other
WO ban/02d169 9 verti cal ly blanked Iines of the vPOBUS2003/029423

sequen Sl Bt A KA R TAR AT 55 .
scqustif nd s SUFRRF R o P et ot etmieano

then th(e'féiﬁl idifen i€EamPleted D AfterGaiigition Std filtersol566 agd 1567 adapt
ual i zation and carrier tracking in two di nensional

during batrath@nnnfimlaingmemoenmrtlonmﬁl theatraining seguence portion of
Conmmuni cat i ons, | .
the vidao @ed. addferaatively, s BterPiohiscan BB calchlaiset digecty bising the

were G I AT TR B on

for the training -37 WD 2004/028159 PCT/U82003/029423
i i e |
Durﬁ%ﬂ@ﬁ@nicﬁﬁﬁh?@@‘gdﬁé ihefvaleurhough foar Gpmﬂfsﬂhibxo s may

wn 1 nt dat a ach|S|t|on When the synbol
encountter ssbstantial interfarencep the: syster can alterratively tﬂaesmil and receive
then the acquisition is conplet After _acqui sition,

a lower raef lawesr eompkexitirignde. gad%tSKgdnﬁ #RjIshektary Feanner. This

oo 58 AT A PR ARSI Al 55008 gt . These
symoofl b ke S EbaaRy oy sy nashizonnsstas

mform@ﬁ’éﬁ‘ ko itHe tl‘é@ElV@IC eTyedccomnoddtedoethis iRformedianehe receiver
hori zontal sync pul se interval, although four

would iohinte & pamglieleset @frsyerbal @stimatern/arror sesecter @ﬁélgG@ﬁ’é-L that is
stem can alternatively trans :imd receive a |ower
ahg.

swﬂchefiﬂédurlagéhemoéﬂ@t%yf\§|F§H%ﬁ QPSK) in a

satisfactory manner. This allows the systemto

o IRTE RER STt ihiteh cEgpaRuCtegtand
metholil§ PASAHAptESY eMpEhERG dite abatity in trihenisgionBystentd)dt should

receiver. To acconmmpdate for this informati on, the
be appagest tethosecskilied incthedartdhphceitainl a@e&ntageshaﬁmbeen achieved.

estimator/error detector and AGH PLL t
It should alsgr bﬂ@mﬁ@CIﬁtﬁd i varioss TROG pggom%taeciqupt om%\ﬁqd;algernatlve

h d
embodehtn S Rar e 1B Gt AR PP R PR Bf 3t resent
mventfbﬁ?aﬁ‘lé YnvehtidraRSHikther efschysedaRBerms ¢fhaelfdllowing claims.
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be apparent to those skilled in the art that certain
advant ages have been achieved. It should al so be
wa@ppimesias ed that various nodifications, adaptBCT/ORR03/029423

and alternative enbodi mﬁggereof, may be nade
within the scope and spi the present invention.
The invention is further disclosed in terns of the

o ' clainms. -38 WD 2004/ 028159 PCT/ US2003/ 029423
What 'séﬁ%% rs%\ﬁat is clained is: 1. A nethod for
simul taneously transmtting a data signal wth a
1. Ashatted dor siehwtarsoushstrgnamjtting aldata sigaakwiksra stangdard
~_generating an abatenent signal; producing a nonlinear
televisiomrsignal,raid setBeti QMBIYAEl to conpensate for a non-

| inear distqrti I ML glevision transmtter system

Qﬁ'l%%@ﬁ‘%&naa ﬁﬁﬁ%%ﬂ%ase correction signal to

@%ﬁﬁﬁﬂg?‘é ﬁobﬁﬁeé‘r é‘lﬂ?ﬁtdd@%rre&icﬁi gghbPb témpensate for a non-
elevision transmtlier system adjdsting the abatenent

linear distoR@In e edlevisidheramsmittensysteanypl i t ude correction
signal and the non-linear phase correction si

nal ; :
produsingnay nanlinearcphase qqtrgctgprgﬁignabgg@gnmﬁn{;@% f%r a non-linear
. .non-linear anmplitude correction signal and the
distortig b i3 @HS'EHE@WEW&WWM gnal ; generating a
EBlyHiG e ahaRdfinb SERe! Bleed Bnank M EAApRaide comrection
signal &M H#& ﬁBnllﬁkﬁ??ﬁasé%@reﬁti@ﬁéﬂignal; nserting the
correction signal and the data signal to a television .
sdjestingan intempl dgta signat baskd dn tthe monslinearsargplitudecorrection

_ The nmethod of Claim1, wherein the abatement signal is
signal ajesh #hened-linganphase Garcdionadiflocess, said iterative

rocess conprising:. utili zi . ' .
Geavantne s ot sighal hpbed B Hedthiibdhtefiit st
SR Sl o g cto sl
inserting the correction signal and the data signal to a television spectrum

carrying the standard television signal.

2. The method of Claim 1, wherein the abatement signal is generated using an
iterative process, said iterative process comprising:
utilizing an output of a previous abatement stage as an input to a subsequent
abatement stage.

3. The method of Claim 1, wherein the non-linear amplitude correction signal

and the non-linear phase correction signal are produced using a look-up table.

4. The method of Claim 1, wherein the abatement signal is generated based on
a feedback signal from a monitor receiver.
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and the non-linear phase correction signal are

produced using a | ook-up table. 4. The nmethod of C aim
wdaoomozs169 n t he abat ement signal is generated PEEE82008/029423

a feedback signal froma nonitor receiver. -39 WD

2004/ 028159 PCT/ US2003/ 029423 5. A nethod for

5. A Siabat e Ao et SR et MR (R SRR vt & standard

conpri si ng:

te'eV'S'Oﬁgﬁaiqtém nﬁ%\ihgpa&ﬁﬁﬁﬂgm kgnal based on at |east one

ST g rom a nitor receiver; conbinin
gegﬁ &fahg'at! absdnienttdhgnaltizesedeon ab lemstbne coatral sigsieharom a
at a S|gnal and coupling a signal related to the

monitor cecdiverpd si gnal to the television signal, thereby
sinmultanequsly transm.ti th ' [ W ianal:
e A BB AR SRR ek af it e gl
d controlling the phase of a data signal and a standard
an television signal, said data and television signals

6\.35 Iy & rsﬂj?&ﬁ“rélb%ﬂ £ B canmned gignal to thaetelewsiommgnal,
ec the nethod conprising: producin ? ..
thereby %ﬂﬁuﬂahe@uslys tenshittng thepdateasignalbowithitee @nféﬁf d| fgigyision
television transmtter system upward shifting the
signal. phase correction signal using a reference signal; down
converting the standard tel evision signal to an

i nternedi ate frequency; conparing the upward shifted

6. Atpg%gﬁc?i fé}{](%é’ftgdr:!gli\&lt B 3hade of d H&adé?g\ml amhaetaedard television

adjusting a local oscillator used

signal, §a‘?d‘éfr? ¥4 apdteRMisidmeighiatnbeing trehsmittddsimulgmeoustyaised

e conparison; and using the |ocal oscillator to
televisiofpspectnem} tlmlme’thedn?@mm%ng{ equency signal to

generate the data signal

PRAGWGNG 2 RRASsEEe Saebio &7 SPEw g&%d@gj qietiih 7
television transmitter system;

upward shifting the phase correction signal using a reference signal;

down converting the standard television signal to an intermediate frequency;

comparing the upward shifted phase correction signal with the down
converted television signal;

adjusting a local oscillator used to down convert the standard television signal
based on the comparison; and

using the local oscillator to up-convert an intermediate frequency signal to

generate the data signal.

7. The method of Claim 6, wherein the phase correction signal is adjusted with

an insertion phase correction signal.
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an insertion phase correction signal. -40 WO
2004/ 028159 PCT/ US2003/ 029423 8. The nethod of Cdaim
W@ 20044028189 N t he phase correction signal is propPCI/Es2003/029423

5. TRfHbeehr LB GIci Sheptgeerbrpkah 8t i produced
based bh%tﬁéa.fr@oﬁ@fé@ﬁalck oRti@) 8 dqna$ fiRNR GUeBHItDR rétgalv@r
| ookup table. 10. The nmethod of Caim®6, wherein the

phase correction signal is produced based an out put
a television transmtter. 11. A nethod, fo

9. Erhan“gﬁtmd At Clrimed,dvheresn tae abasa ForsHoN §i9{b3|a5 produced using

ar tel evision signal and a data signal,
a IOOK%%{’H Fsi ng: receiving data; passing a signal

contai ning the data through a Nyquist conpl enent
filter neans; generating an abatenent signal based on

10.Fhel méﬂiodﬁnf%cm@r&alvhamm ithe fphase ormatioh signat depreduced
nmeans; applying the abatenent signal to the tel evision
based an mdpuécfmom@rteée\»ﬁﬁonirmsnmﬁ@r data on the tel evision
signal ; applying the data signal to the television
signal; and sinultaneously transmtting the data

11,3 FR8hod . e AERRg Y i Do R Bompr bl § Mo
ngsd I e6RIDYiS] for receiving the

telews{ﬁrﬁge]\ghglfigrr]}ég gnal sﬁ’énlazl Tﬁ@prretr%]od of Claim1ll, wherein

réeeivibgtdatept signal is phase and anplitude adj ust ed

bef ore being used to ﬁenerate a correction S|q

passinga sng@al epntainina the slake thiougnaa Slyauist CoRy Sfhent fiter

standard television signal; and the output of the
meansNyqu, st conplenent filter is phase and anplitude

g?%tﬁ?%aﬁ%a'téﬂéﬁt fs%;‘ﬁ‘él basE BA St IHAS &R eh&nE! MBtric from a
se 0O Yenerate t SI gnal .
monitor receiver means;

applying the abatement signal to the television to correct for effects of the
data on the television signal;

applying the data signal to the television signal; and

simultaneously transmitting the data signal and the abated television signal,
the data signal substantially in quadrature to the television signal as sensed at

receivers for receiving the television signal.

12.The method of Claim 11, wherein
the abatement signal is phase and amplitude adjusted before being used to
generate a correction signal, said correction signal being in phase with the standard
television signal; and
the output of the Nyquist complement filter is phase and amplitude adjusted

and is shifted in quadrature before being used to generate the data signal.
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-41 WO 2004/ 028159 PCT/ US2003/ 029423 13. The net hod of
Claim 1l further conprising: producing an injection

w@b@go2saent rol signal in response to an injectPCRUpIaYE29423
of the data signal relative to the standard tel evision
signal ; and adjusting the phase of the abatenent

[ i i st conpl enment
13.@@%@@@%‘5@@%ﬁglgtgéﬁ:g%rﬁ‘l cr)l i gnal . 14. The met hod
pPbd il Bl ihjéetdmphageoomitrsl signal inoesponsentp ahénjection phase
transnitted’tel evision spectrum produci ng an
of the dat@lsignalechtivatadkestandad teleyision isignad; and t he
nmonitored signa

adpsatingse phgst ihs AgeEReRponeL A PRE SRt R st

Si l. 15.7Th LaLll, conpri sing:
comple%e%gﬁgt;eﬁ&syq mﬁbﬂg€c$%%§ogg%léontrol signal in

response to a frequency response of the data signal;

and adjusting the generation of the abatenent signal

14. T4t Areethbe dfr@ainend furtheedbawirisingtt r ol si gnal . 16. The
met hod of C aim 11, conprising: producing a
regnitbribgithattransmitieddglavidonspertrdiMgnal by nonitoring

th transmtted,tel eyi sion ctru L USt |
Araguglasora anunitue FesrtatieneRt SidralinaRRl o e foRftored
. I Eéachroni zation feedback control signal. 17-The
signaly hod of Claim 11, conprising: producing an abat enent

a%giﬂﬁiﬂ\%:@ﬁé QanetsitH oPefedbatenidie sti%ﬁai&mimg ¢lde amplitude
televisionTspectrum and -42 WO 2004/ 028159

feedba@CtontBaDEIgNaL9423

15.The method of Claim 11, comprising:
producing a frequency feedback control signal in response to a frequency
response of the data signal; and
adjusting the generation of the abatement signal using the frequency

feedback control signal.

16.The method of Claim 11, comprising:
producing a synchronization feedback control signal by monitoring the
transmitted television spectrum; and
adjusting the generation of the abatement signal using the synchronization

feedback control signal.

17.The method of Claim 11, comprising:
producing an abatement equalization signal based on the transmitted

television spectrum; and
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adj usting the generation of the abatenent signal using
the abatement equalization signal. 18.The nethod of
W(Elzmmms]lig conpri sing: produci ng an abat enent PCT/US2003/029423

e} e
TBhehd Hha RpRt o BRE Aot bR G B aparement
% ment signal using the abatenent optim zation
equahzéﬁgp}a X qg_ A net hod for providing at | east one
feedback control signal in a transmtter system

transmtti nfg a spectrum conprising a standard
18.Tht enethiodrofsClgimalllag@mprisiid:  si gnal , the net hod

R i 53|55 88306 ssPeda
televisbi EEREETOIN be « o1 SUrsi on apectrum  goner ati ng. an
&%@%ﬁ "chesgegfé?étlélﬁéﬁdﬁé’ Abhtement sigaal using the etlatarient

ntr signal to correct for effects of the data
optimizaitigmagignal.t he tel evi sion signal; and applying the
abatenent signal to the televi si on signal. 20.The
met hod of Claim19, wherein the at |east one feedback

19.§30aG Ec&%@r%&idén Ef‘eia%sio%ﬁﬁkﬂ@%aﬁgﬁ”ﬁé’ﬂin@eb apgpitter

systen fr?ﬂ§m|tttfn ”nge an i ﬁ%g@rd §tfa‘?191afd sééélé{/‘igillj"ndagnaI and a data

eVl Sl 0 a Sl gna the neth

signal, tREMMEdtDcompHihgng a correction signal to the
standard tel evision si ?nal generating at |east one
fegeiving dbdiielevisiorysignator adjusting an internal data

O A bt e 8 Sl 2P PRI o
sgnat B8Py PR R R T ORIy oot o

herdhafly §h ydatemednsignal based on the at least one feedback control

signal to correct for effects of the data signal on the television signal; and

applying the abatement signal to the television signal.

20.The method of Claim 19, wherein the at least one feedback control signal is

used to adjust a Nyquist filter used to generate the abatement signal.

21.A method for transmitting a spectrum comprising a standard television signal
and a data signal, the method comprising:
coupling a correction signal to the standard television signal;
generating at least one first feedback signal for adjusting an internal data
signal related to the data signal and for adjusting an internal correction signal

related to the correction signal;
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adjusting the internal correction signal based on the
at | east one feedback, wherein the correction signa
wo googlopsantially in phase with the standard tRCBEUSHO®0RI423

éﬂg.%@fnlgﬁt;h% |h£lsﬁ'nglaaé‘taf%igﬁﬁLbé&feaoﬁglg?gé‘%E & dbbriefeedback signal;

ative evi sl on

and S|gnal 22. A nethod for transmtting a tel evision
spectrum conprising standard television signal, a
ad;us&mg e internal comadtien gimnal bagedbn thRatrieastoane feedback,

whereigoilia colactionn 607! &1 yatans iRl naih B av o Jo4 STavrd dE evision
signal 3, Bk ol SR e T g M Bk B e stongord

televisidifsighat enent si gnal generating the correc_ti on signal
Egﬁeg on the adj ust ed abatenent signal; adjusting the

phase conponent of an internal data si gnal related to
the data signal; ap { g the correction signal and
22.Anmethod fei tgaasmtttmgree l@Vlémnssmtwn@ samprisipg:si@ndarde

televisLHaRRH & GMEGHIIHONS) Gt 8 ﬁ%smpoﬁgiﬁ&%@myﬂsmg
g%ﬁél'e?cm Qldh%s%%oﬂ%q’ s@:1 ng% tdﬂé ﬁﬂ?Sl ﬁgﬁﬁldﬁéged on

evi SI SI g as S vers or re

the OWE? Ié@él%ﬂtﬁb@ﬂaﬁd&’@laﬂele\ﬂﬁoﬁé'@’@m for simltaneously
transmtting a standard television signal and a data

giegeeating ahlatnabemehteslgmlad;n spectrum conprising:

rmnltorlng the anplitude of the standard tel evision
adipeting mmar@aum%arad phase of ihe mwaterarahFigsabn of the

%%ﬁ%wir?%ﬁ*%?ﬁﬁé 16 ) A%Ped bl dfe e AABRRA signai;

3 s!tfrﬁg EH‘(? ?rp]aesreggct?rgbbﬁgnpf)f hﬁmﬁetrv\%é‘lg%d(’)cg/ Oc%‘xeﬂ"rb%téa to the data

signal; PCT/ US2003/ 029423 24. The method of Caim 23, wherein a
sequence of training signals is transmtted during a
a@mwnguth@yaab"eptnoa signal @ndatheodatarsigral 4adhedelevision signal,

wherefrtie 3 ectich et isssiibHSuly Brpiase ith Thé Standiir Tefevision
signal, and the data signal is substantially in quadrature relation with the standard

television signal as sensed by receivers for receiving the television signal.

23.A method for simultaneously transmitting a standard television signal and a
data signal within a television spectrum, comprising:
monitoring the amplitude of the standard television signal; and
causing a pause in the transmission of the data signal based on the amplitude
of the standard television signal, wherein the pause enhances the quality of a

reception of the standard television signal and the data signal.
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signal is caused when the sync pul ses of the standard
television signal are at their maxi mumlevel. 26.The
woredohoeB1sd Cl ai m 24, wherein conmand data i s PCT/US2003/029423

SO L ST
during ag\'/%{t]ﬁhhg?rgcdPgﬁgsptseWQWh%tﬁénéyﬁ RIRVigbntsigiN tting

i on Spectrum conprising a standard
tel evision signal and a data signal, the nethod

conprising: generating a sequence of information;
25 TReduktiadof Cletms23jugheieinthe phosedn ithe trmsaigfoR of thgdata

plurality of signal processin te sai d si :
signal imausalswi:lgnsth@pﬁynﬁ Puises:af %tggaélzsﬁﬁé'%\r'ﬂPaﬁ'Q'%q%{m at their
. signal processing steps used to nodul ate a sequence
maximugt 1&¥Gla used to generate the data signal: providing a
conpl ex baseband signal recovered fromthe standard
television spectrum correlating the nodul at ed

26. THRAMRRSSd of dlairpRarivhereinidommbad datpliekransaided tyring a
signal; generating the insertion phase control signa
horizonts sgdcpulsehintenval.el ati on; and using the insertion

phase control signal to control a phase relationship
bet ween the data signal and the standard tel evision

' | .. 28. Th t . ' , - :
27. et Bnd FOLPErATE iffertipf psd cotdt Sighal Ifed in 2,
[ ' 12 8pdtteummetdmprrising a
transm e ok ot fon e
standargiorEsvisien sigmaliaricng dataysignal, the. MethatkeodANBNIC! ai m

27, conprising: shifting by 90 degrees the nodul at ed
ganprating asequensermftintaymation;

modulating the sequence of information through a first plurality of signal

processing steps, said signal processing steps duplicating a second plurality of signal
processing steps used to modulate a sequence of data used to generate the data
signal;
providing a complex baseband signal recovered from the standard television
spectrum;
correlating the modulated sequence of information with the complex
baseband signal; '
generating the insertion phase control signal based on the correlation; and
using the insertion phase control signal to control a phase relationship

between the data signal and the standard television signal.

28.The method of Claim 27, wherein the sequence of information comprises data
signals.
G60
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correlating the shifted sequence of information with
t he conpl ex baseband signal and producing an
wa@ppkioeside correction signal; and using the anpCT/U82e3/029423
correction signal in at |east one of the second
plurality of processing steps. 31. The nethod of C aim

29.TogpttEiRpT L 77 BRE the sed¥cfiee Bf AIGImATAN B8RS
training%?ﬁ‘a%‘ce of data, and the anplitude correction signal
i'su

sed to adjust the interpolation. 32. A nethod for
generati ng an abatenent equalization signal,

conprising. receiving a standard television spectrum
30. Thenpethod of £13itnAda€@MpPESiBgi si on  signal and a data

si gnal ; covering a vid St f st andard
shifiagits; 96 dsees the mocbfzbal SrgUBhGe oF HihRGShar e
Wi L ' [ Pty ' band
el U B SfACE o ARy A hEDofplex baseban

- gl hAidh Beokestidnadigrely andand obtain the

signal aggaé@ﬁggﬁ]g;gﬂﬁggﬁonosi gnlal . IgSS.Zrhe met hod d ai éﬁ .
uah%ﬂim ahiptitadeoireetion isignal irs ah laast oae af uheese_coga]_ gality of
method of Caim 32, wherein a nodel TV receiver

processiitg:8i8pss t he standard tel evision spectrum -46 WO

2004/ 028159 PCT/ US2003/ 029423 35. The nethod of C aim
32, wherein the nodel TV receiver is a software

31.@@‘@@99 SFCIAnTBON Athdrein BRRIChdNsluaitplofiskymahprocessing

ion"signal, conprising: receiving a standard
steps coRIpRisEs iiRterpplRengUITEigRebrdlatiedgtoathet saqliendetaf| dain sana the
signal and data signal using a plurality of nodel TV
amplitudeceorvection pigoalis urgdatopadjat m%l"ﬁﬁrﬁﬂ%%@n-vi deo
estimates fromthe plurality of nodel TV receivers;
conparing each of the plurality of nodel video

32. K$heiiBHer YdtratiNg SR%batement equalization signal, comprising:
receiving a standard television spectrum comprising a standard television
signal and a data signal;
recovering a video estimate from the standard television spectrum;
comparing the video estimate with a video reference signal and producing a
residual error signal; and
utilizing an adaptive filter to minimize the residual error and obtain the

abatement equalization signal.
33.The method Claim 32, wherein the adaptive filter is a Kalman filter.

34.The method of Claim 32, wherein a model TV receiver receives the standard

television spectrum.
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reference signal and generating a plurality of
residual error signals; producing a plurality of
woweioglesado r esi dual error signals by statisticaPCyuUS2003/029423
wei ghti ng each of_the pluralit ' l..er
35 The halhotbeb i wheredt His maded TV el dn e
correspondi ng nodel TV receiver within a broadcast
emulatofegi on: and utilizing an adaptive filter to m ninize
the plurality of weighted residual errors and generate
the abatenment optim zation signal. 37.The nethod of.
36.Afcﬁwla'tmc8ﬁor ratingtareabatementeopftimization signaacomprising:

ilter. 38.The nethod of Claim 36, wherein at St. .
regeiving a sansland AeleVisiast SpRIJ&IM PEMpEIRY @@nﬁgréfé‘ewsmn

) enu| ator of a, standard. televisi jer. 39.The
signal apddata Signat uging §d?ciuw(i'§¥ ng H‘%fe' ﬁglaéqec%g\k]eig’of t he nodel
TV, receiyv ' f model TV
pro G b Rty FBAGERG o EEHATBAES iRk 1o pAIEREyCof mode
receiverg@Pri sing: at |east one emulator nodeling a first
Standard tel evision receiver, said enul ator nodelin
canftirigoeacti o tse piutality mfemedelswdﬁeoﬁékmat@ﬁw&l&ﬂrﬁr\fl@f?%g

a standard tel evision signal and a data sigpal by the
referen¢e signas aaddgencrating w é‘“ﬁﬂﬁy Of &eyidual girar -S'Qf'%

20Q4/.028159 PET/ US2003 /4 4 ki f [
b
K i) retee
e B O By o 6 Eppomraccndnatos i

prevaleh€é ®fithk @orraspoatiranehodeb Tuaeaeivegmathin fbrpadcast region; and
abat ement generator of C aim 40, t he

wh ' .
il ancdapsiverdptar ooninmerbe BRI oF vigdbisdgsidual errors

second, standard tel evi.si.on r.ecejver to produce an
and geﬂ‘?r@rt@tth@@?lﬂ%?‘fr@ln QPIMiZafigy %‘5§$5t i ve difference being

used to control the phase relationship between the
standard television signal and the data signal. 42.The

37 B SEmBH GROBIALIE, wierBiraiin ddaptivesfikenista Katman filter.
conprises: a nodel vestigial sideband ("VSB") filter;
a nodel TV Nyquist filter; and

38.The method of Claim 36, wherein at least one of the plurality of model TV

receivers is an emulator of a standard television receiver.

39.The method of Claim 36, wherein at least one of the model TV receiver is a

software emulator of a standard television receiver.

40.An abatement generator comprising:
at least one emulator modeling a first standard television receiver, said
emulator modeling a receipt of a standard television spectrum comprising a
standard television signal and a data signal by the first standard television receiver

and

47-



a nodel Quasi-synchronous ("QS"') detector. 43.The
abat enent generator of Caim42, wherein the VSB
wo poooes1enul ates a VSB filter of a typical TWeBUS1008029423

A W T
an outpftlftfcifi thi! &R !a)toi",%a%‘%lﬁfbréH@é PEEI abed 8 cbitref théShase

I'Iter coerficients tfor a plurality of TV receivers

relationghigbetviedn dad semidare delewisictbsighal abdthewtata gignal.at or
of Claim42, wherein the nodel Nyquist filter and the
S detector enulates a typical TV receiver within a

o1 S SR BB LB TR S BBl B
* onctne Byt BRERRS AR SISl FeBVERS poclce on

itarative! ' idT] idiffeentktbbing astt aadwnsiol thaiphase
'terat'viefgff%ﬁ%og’%Ejzfgﬁ'gagﬁgéﬂr/ S ey A ool TR

relatiorshiie between the statedatd ttelevisian signapandthedegasignalng a
standard video signal and a data signal, conprising:
recei ving the standard tel evision spectrum

ecoyerin he carri ot | S r fcacs
2. fieabarvgent dRnghitl §f ol bferih3hg baRaty fhprises:
LAt e j " gni tude based on the

%?@%%93&5H§Fﬁ§@¥%@@?g;ngzEﬁF?%de adj usting the video

amtodElt By Nyguidt fitedrj ematies based on the recovered sync

magni t ude; perform ng an adaptive equalization and a

@ inedelQuasitsyachmmnous{dQSp) detefitdly a pr ocessed data

signal. 48. The nmethod of Caim47 further conprising:

shifting the received standard tel evision spectrumto

43.?ﬁg@éﬁé@%@k@%ﬁergtﬁ?ﬂ\d%% 43| vﬁﬁg}éin?cﬂé \?S%‘Eig{% En‘glﬂlrl]égﬂég a VSB

uma dig .zed’te vision sig .
filter ofialtgf)@al TONEREARE Withi§ aebroatiBgstsigdn.ng frequency is
re

ed to the frequency of the chronma
44, The abatement generator of Claim 42, wherein the VSB filter represents a
statistically weighted sum of a plurality of VSB filter coefficients for a plurality of TV
receivers within a broadcast region.

45.The abatement generator of Claim 42, wherein the model Nyquist filter and
the QS detector emulates a typical TV receiver within a broadcast region.

46.The abatement generator of Claim 42, wherein the model Nyquist filter and

the QS detector represents a weighted sum of a plurality of Nyquist filters and QS
detectors present in a plurality of TV receivers within a broadcast region.
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subcarrier of the standard tel evision spectrum 49. The
met hod of C aim47 further conprising: processing the
waelown/oshisf t ed and anplitude adj usted video si gpel/US2003/029423

17 A SRS St S GHS bt UG Bl Btancra

processi ng

video 5@@.%@% %{@%llm@gﬁhb_t ude adj usted data signal

¢ SRRC and a second deci nator.
rQiVIRG tHESEatat televigiort Epeathemei n t he adapti ve
equalTzation conprises; producing a predicted data
redoyagihgliheasarier oethye televisionrapestdiul at ed dat a

p?xircﬁga?r'w Eé’vti%‘é&%{a&%{s”ah%ﬁ%%Eb?aaa%%”%"'gné@é%ﬂ%f% the
rEsteraE stRmatBeIREoon T VRED TBT. S 08

aﬁﬂ@&%@ééh@%&ﬁﬁeﬂ% Gis R deelesdnabestingaten dasetl di tre

d-data signal, wherein the result of the
recoveréd‘@?ﬁ@%ésgmtlj@;used to produce the processed data
sighal. 51.

The method of O aim47, wherej synq?l
pesforming anpadaptivesequalization aég]ra)b"de@o@ﬁm@ﬂa@?@mﬁ"l‘

which is used t q;])aj{raformthe adaptive equalization and
prevdinga Proeetrsdl YHA Y952, The nethod of O ai m 51,

wherei n the synbol estinmator conprises: a decision
bl ock for producing a synbol estinmate signal, and a

48. $AERNEBIo 6F CRiAt4AING cormpusiab: rel ated to the
output of the adaptive equalization and the, video
shifting| that rieceivedrsiandandeielevision spestam tueh lgtedmdlqte

fror"n Lthe synbol estimte signal to produce the synbol
frequensyr(GFF'dpANEol signal . 53. The method of O ai m 52,

ST EENE g P B g o

convertgfs h%iré’iﬂaﬂhl?b?d?ﬁal‘gmffr@ahénqﬁ Rhielstedstiogivel fréguerseydoft the chroma

oduce a subseq Internal Processed Data Signal.
subcarf Jhhestahadrd tel€ligion spectmimer ei n t he | nt er nal

Processed Data Signal is
49.The method of Claim 47 further comprising:
processing the down shifted and amplitude adjusted video signal estimate
through a first square root raised cosine ("SRRC") filter and a first decimator; and
processing the down-shifted and amplitude adjusted data signal estimate

through a second SRRC and a second decimator.

50.The method of Claim 47, wherein the adaptive equalization comprises;
producing a predicted data signal by adaptively filtering a modulated data
signal obtained from the data signal estimate;
producing a predicted undesirable component in the predicted data signal

based on the video signal estimate; and
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further nodul ated using a trellis code nodul ation
decoder and a Reed Sol onon decoder to generate the
wee@smosHed data signal. 55. The net hod of J ai nP@US2003/029423
wherein a trainning seguen S t@ i niti ald t
subSEtingriaeaprZehated MOt Erb euainbd e Palrite Bredidefidata
, ual i zatiQ i i€l seliteprodfcd ke PRbbededidata
signal, vEiEiFHR 48 el e dtftadpRGg dsBl B 7

one wei ght used to control
signal the at |east one adaptive filter used to performthe
" adaptive equalization and video cancellation does not

change during an acquisition node. -50 WO 2004/ 028159
PCT/ US2003/ 029423 57. The netﬂg? of ..Cl

51.Tllmenehhoelapffilaimfé&, v%f,bqlarﬂn arsymbal &stm o Qg&?\ﬂgé‘@g[sﬂﬁbcﬂ error
control sigael wWhH ibyeaHd0 ReRST ol edaplifs BlaEd Sndine aed

ystem for
i multaneously transmtting a data signal with a
cancellailpgndard tel evision signal, said method conprising:
an abatenent generator for generating an abatenent
signal; a conpensator for generating_a correcti.on

52. Thiegnathddoof Glaiensht whergin éﬁﬁ symbol gEHMaEPIsEYNPI RS
f dj usting the abat . si i thath
A N L TR e
dat i I . i | ; .
EhuBer Y kAR 48 € 1 BZloupiof I odaptie

equa|iz%gc{r+l§h&‘ﬂhé%éad*€5ﬁcéla%ﬁl({tﬁ@dmtémaacnrceess_ed DaiaeSigaal”) from
a signal; an up-converter for translating a il gnal
the synii] @shatte sidifal torproded: dhasgmbat errer gaatrohpi@nahe
I nternal signal to produce the data signal; and a
power anplifier for transmtting a conposite

53. Vit S8 541 WD GHa c4BRibd3 BRedyeibased on

the syniol XRTREIGNA ARFHRIRitered PRbadstedDater Sigaal, and the gain

control signal is used to produce a subsequent Internal Processed Data Signal.

54.The method of Claim 47, wherein the Internal Processed Data Signal is
further modulated using a trellis code modulation decoder and a Reed Solomon

decoder to generate the processed data signal.

55.The method of Claim 47, wherein a training sequence is used to initialize at
least one adaptive filter used to perform the adaptive equalization and video

cancellation.

56.The method of Claim 49, wherein at least one weight used to control the at
least one adaptive filter used to perform the adaptive equalization and video

cancellation does not change during an acquisition mode.
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plurality of abatenent stages for producing the

abatenent signal using an iterative process. 60. The
woredohoeBlsd Cl ai m 58, wherein the conpensat or cPOPUSEE029423

a |l ook-up table. 61.The nethod of O aim58, wherein

t he abatenent generator receives at |east one

gedbagly st ' ; % is used to
57.Thegnpa e Sb R b TBe WG el et sy e
just /I3 IGHReaUabEd fiRepUbed to effotiat thesagaptivenequalization an
adjust agtlgérrlgcyar Qt?'{g%)%\(ﬁ sli on si gnalg), sai d met hod conpri sing:
video cacellaibenent generator for generating an abat enent

signal based on at |east one control signal froma
noni tor receiver; a conbiner for conbining a signal

o B e S U S S e vy,
televisi&@%@pﬁi %m Bﬁlﬂog%nﬁ‘ﬁriéiﬁ?wbﬂ antial quadrature

Ians he signal related to the abatenent
a7l ghaementraaitgator fomyenkeatingaaatatemest siangl;t he
conbi ned signal to an anal og signal; an up-conyerter
& oompensator figr gapediing 8 icgrErtion sianahéo 69U§{ﬁnsé¥e% ed non-
. nodul ator; and a coupler for inserting the data signal
linear diYORIQNS| evi si on spectrum carrying the standard

RSB A SHHG e B SR prveet et sonal

mehRY & u§tiﬁ?6dn inteirthl datasiand| tethied & tre dagnsigeal with the
berng transmtifed sinultaneously in a television
correctiesignalm the system conprising: a conpensator for

acambinerdar consaiDing gie B UaIac-ARREGIT Sardd HEf ajusted
internal HakLBHEY no non- |1 near phase. correction o gnal

45 UP9cchverict BP trareldti a signal related to the combined abatement
signal and the internal signal to produce the data signal; and

a power amplifier for transmitting a composite television spectrum comprising

the data signal and the standard television signal.

59.Thé system of Claim 58, wherein the abatement generator comprises a
plurality of abatement stages for producing the abatement signal using an iterative
process.

60.The method of Claim 58, wherein the compensator comprises a look-up table.

61.The method of Claim 58, wherein the abatement generator receives at least

one feedback signal from a monitor receiver.
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a down converter for shifting down in frequency the
standard television signal to an internedi ate

wo e@ge816y using a | ocal oscillator; a conpar aPCr/USZI03/029423
conparing the, upwar hi f X L
62 AGYPIRR PE S MRS EAnswitgh delh SBnaE WRTER standard
. . S ol ; trol signal to adjust the
televisiof S, S84 ﬁ\?@l’é&g&" BPTISES o 20047 028159
aRGHALSRABRAMABr 40r Yeneratingrdreabaiementti signalgbasesoni at least

I'n frequencCy an internediate frequency signal related
one conti| slynadlfitem s goaditor weedNéen t he up- converter uses a

AraroeE T AMPIN0 A NERe) ARG (AR ORI ep Sne! Snd an
e 558 S B a3 e spppand
being irt glﬁqsﬁgﬁﬁél{%tﬁéacﬁ‘apﬁr‘écﬁlmsﬁtp teawd sighal réletstbecthe abatement

roma nonitor receiver. 66.The nethod
signal; of O aim 63, wherein the conpensator conprises a

| ookup table. 67.The nethod of Caim63 wherein th
amepaadar oroduadng aadLonveeng: ke gembingd §'|98FPLF° dniatilog

. _is generated based on a receipt of the television
signal; spectrum 68. A systemfor transmitting a tel evision

P GBLGHEGRETEL B gl doetig perp ot

modulaf&t &rdf or mation; an interpolator for interpolating a
si gnal corresponding to the received data

a obwplenforoimserting kee dater signakiicen dgleyisian FPRLC WS carrying the
interpol ated signal; a Nyquist conplenment filter
standard iatevigionrfidRalvest i gi al si deband filter (VSBF') for

nodul ati ng the frequency shifted and interpol ated
signal ; an abatenent generator for generating an

63 A S B T e eon
televisioh@igHal) shidtdatatand televisiopsignels bemg\ranamittedsimultaneously in
a television spectrum, the system comprising:

a compensator for generating a nonlinear phase correction signal for a non-
linear distortion in a television transmitter system;

means for modulating and shifting upward in frequency the non-linear phase
correction signal using a reference signal;

a down converter for shifting down in frequency the standard television signal
to an intermediate frequency using a local oscillator;

a comparator for comparing the upward shifted non-linear phase correction
signal with the down converted television signal and providing a control signal to

adjust the local oscillator; and
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an up-converter for frequency shifting the conbi ned
first and second signals, a coupler for inserting the
Wo e@guesisy shifted and conbined first and secopdI/us2003/029423

Itugnﬂal S b pLOL th | ﬁbi@%ﬂﬁnﬁgﬁéw &@gﬁtégﬂ%dfatﬂéfrequency
reﬁ%%@@Zﬁfeza?@%ﬁw%zge@wa@pgﬁeﬁ i
fnxnthékg%mbsgnguyhe second signal is substantially in

ature relationship with the standard tel evision
S|gnal 69. The system of C aim 68, wherein the

abat enent signal is adjusted in phase a
64 Theanatnod AEC 63, whhelh the et MERRERE GPfeariana i
VBSE is.a S d an‘pl i tude and
adJUSte‘itW‘m e 'pﬁer&@gﬂdﬁﬁ% f%&@ﬁoggﬁgl the second signal .
70. The system of Claim69 further conprising: a
conpensator for producing a phase control signal in
65. Thesetssd b Claim 63j wherein thaaompgnsaber woelvesiajrgast one
relative to the standard television signal; and a
feedbadkozaritralsignaldrom @ mRnidrigcalVees er ence si gnal to the

up-converter, wherein the |local oscillator is
adj ust ed based on the phase control signal. 71.The

66'@%&%&%&1 EIALm gg et &R the ;béhsf&or eoin@riews aileokup table.

£or produting an anp tude feedback contro
signal, wherein the |nterpolator recei ves the
anplltude f eedback signal. 72.The system of Clalnu]
67. Teenwithot koé Glaine .65¢ meteseini meaaomnemqsar KRGsivesa feedback
73. The system of

control signainich ds ggng@ga rp@s§3 oneg, IRe , Sf pgmgeggwgg)hﬁp‘e'&trum

signal, wherein the |nterpolator recei ves the
frequency feedback control signal. 74.The system of

68. /gsgédfé\éﬁ for ﬁ%HEFn'l l'ngjga t@eyisiodVdpecaiure moherising arstandard

ng a sync ni zation feedback control signal,
telewswﬁ%d%tw‘l dritea Idat@sigviaat:ompnem ves the synchronization

ack control signal

a receiver for receiving data information;

an interpolator for interpolating a signal corresponding to the received data
information;

a mixer for frequency shifting the interpolated signal;

a Nyquist complement filter ("NCF") and a vestigial sideband filter (VSBF") for
modulating the frequency shifted and interpolated signal;

an abatement generator for generating an abatement signal;

a combiner for combining a first signal related to the abatement signal and
second signal related to the output of the NCF and VSBF;

an up-converter for frequency shifting the combined first and second signals,

a coupler for inserting the frequency shifted and combined first and second

signals into the television spettrum carrying the standard television signal; wherein

-53-



-54 WO 2004/ 028159 PCT/ US2003/ 029423 75. The system of
Claim69, conprising: a television enul ator for
w@e@dozdlnyg an abat ement equal i zation signal, WAET/@52003/029423

e v S BITE Pte GFLESEGT fol o h
second SR 'issét?%taﬁtiéﬂ VS RArFEYRiRinshis witteghecstandan television

efent optrm<zatron signal, wherein the abatenent

signal. generator receives the abatenent optim zation signal.
77. A system for sinultaneously transmtting a standard
television signal and a data signal wthin a standard

tel evi si on_spectrum, conprising: a conpensator for
69. Thensyssemnef C‘O@é'naééil"l"lﬁf@g:?of the standard tel evision
L gnal in. . SITLIS.Sd f ' t
e Yihera DSB8 AR DRSEo oo’ progd e s
; . evi sion signal. 78.The systemof Caim?77,
signal; 484 EVI Si e
 Conprising a sequence generator for transn1tt|nﬁ a
the puepae obthe NGMamd VESHislagiudtad in phesesing ainplitudesand
standard tel evision signal during a vertical sync
shifted pusadrafiiee fapredueamthessecons: #90alk evi si on si gnal .

79. The systemof Claim 77, wherein command data is
transmtted during a horizontal sync pul se interval

70. e Geit PRERih 66'rthel Smphigid: . 80 A moni tor

_ or generating an fnsertion phase contro
& toRPendstst for prodicing snphidser contsolesigmalrintreapande: to ag
a standard tel evision spectrum conprising a . standard
injectiongphmsesohthes dateasigralorelative to Hieystandacd pevisiongsignal; and
generator of a fjrst sequence of ta, a d r :
el eeatarreroy s AdeRreNgs sioned th ape NeRRghtet, viridiein the
Luralit f ' I [ : d to nodul ate
local ol fnddistasf bS8 of 1E HRSRTORA S, |2 Cara
signal; -55 WD 2004/ 028159 PCT/ US2003/ 029423 a

receiver for recovering a conplex baseband signal from
71.The systendaf Claim 69 further comprising: (

a television emulator for producing an amplitude feedback control signal,

wherein the interpolator receives the amplitude feedback signal.
72.The system of Claim 71 wherein the interpolator is an interpolator by 7.

73.The system of Claim 69, comprising:
a television emulator for producing a frequency feedback control signal,

wherein the interpolator receives the frequency feedback control signal.

74.The system of Claim 69, comprising:
a television emulator for producing a synchronization feedback control signal,

wherein the interpolator receives the synchronization feedback control signal.
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tel evision spectrum a correlator for correlating the
nodul ated first sequence of data with the conplex

whamaeloz81d si gnal ; a generator for generating tPEr/US2003/029423
i nsertion phase control signal based on the output of
the correlator; and an output nmeans for providing the

75'@3%2%[5%@%%@%?&@??@?%@%' to the transmtter

0 con phase rel ationship between the .
adelavisibanahukiter for@rodtcndamabatenventi equalizgtien signal, wherein
81. The nobnitor receiver of Claim80, wherein the first
the abatemenbgenefatonreceivasiihe akafementRaglizaiiemnpgnags. The
nonitor receiver of Claim80, conprising: a phase
shifter for shifting by 90 degrees the nodul ated first

eq t wother correlator for
76%#@1@%&\ ﬁ‘fycﬁ(ﬂ@ @r‘h@@dﬁg@ ‘uence with the conplex _
ab’&‘?&hﬁi% mﬁhﬁﬂﬂbr f@ [redatingearhabaterhéntdetimizatientsignal, wherein
st gnal; erein the output neans provides the
the abatemicnt gdnecator eecdives Hiayabatementreptimizatiantsigialsy st em
to control at |east one of the plurality of
processi ng steps. 83. The nonitor receiver of Caim80,

conmpri sing.. a t . ' i .
77, B 0 GEBIER Fap P PR 6880, sl ana
i i ' n a9k a ' ilter for
data Slﬁlgr!sﬁrll!tglm% sﬁ@%‘{r‘éi‘?ﬁgg Oner r ortﬂis}in@ggﬁmarlﬁg]%r oviding an
AbaipEpshtatdfor maritiring tHeamiplitéde dhtherstandard telewisias signal,
of C'aim 83, wherein the adaptive filter is ﬁ Kal n@:n h
whereif ithe éransnsissiom aftbe/dwa sikmabisr peissesh Baseh a8 hgRmplitude of the

npnitor receiver of Claim80, wherein at |east a part
standarst tal@wsiaPns!gB8- receiver is inplenented in softvare.

78.The system of Claim 77, comprising a sequence generator for transmitting a
sequence of training signals simultaneously with the standard television signal

during a vertical sync pulse interval of the standard television signal.

79.The system of Claim 77, wherein command data is transmitted during a

horizontal sync pulse interval of the standard television signal.

80.A monitor receiver for generating an insertion phase control signal used in a
transmitter system for transmitting a standard television spectrum comprising a
standard television signal and a data signal, comprising:

a generator of a first sequence of data;

a modulator for modulating the sequence of data to duplicate a plurality of
signal processing steps used to modulate a second sequence of data transmitted as
the data signal;
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86. A nonitor receiver for generating an abatenent
optim zation signal used in a transmtter systemfor
WO e@adslse i ng a standard tel evision spectrum cROPUSR0SI0RI423

a FessiYer 10 GEev e & FOTFR GEse R S| o 1 stqridef

.. recei . for receiving the standard tel evision
teIeVISIogﬁi)%Fﬁ'Sl " each nodel TV receiver producing a nodel

a \ébg%‘l)atéﬁ Wbﬁ@éﬁélaﬁnﬁ ahpanetiokatéd firstsauaenaeg of saka mitethe
video estimate with a video reference signal and
complexdsaesbeandnsignalgor r espondi ng residual error signal; a

statistically weighting conponent fo [ ' C
a gfeneriatas| for 5ﬁnelgat%19 thegigsgian BH?%% Cé‘ﬂ%@aﬁ@@@%&%@. ‘ﬂéthe
tQ . a statisti preval ence of the correspondi ng
output Qf?{@@@f(,e'?@%e%a r within a broadcast region; and an ]
' st idIfgtHE miseeidhphateicatrolysighal to the
a@eﬁ&h%ﬁé@é@tﬁ%?ﬁ% ang obt_gi ni ng the abat enen
transmiggi‘ s%tem t@oosirghtile pliFseTrelationship befween e dafa sigxakand the

erein the adaptive filter is a Kalman filter.
standar@&elevisiomsignal. receiver of C aim 86, wherein at |east

one of the plurality of nodel TV receivers is an
emul ator of a standard tel evision receiver. 89. The

81. TR oRirok FEIVE; o Elaih B #Hlerciih e fitstNequieneé: oPdatar

receivers is a software

Comp”%ﬁ@ﬁgf% ﬁgnQIS:q andard tel evision receiver. 90.An

enerator conprising: -57 WO 2004/ 028159
PCT/ US2003/ 029423 at | east one enul ator nodeling a

first standard te& evi_sieé)& recei.ver, said emnulator
82. Thecmonitiog raceiveinal ClabBeb( PMAPYtBHdar d t el evi si on

spect rum.conpr i si | SMHSH | de of
aPgse. SEiGRAPT SISy By T AEORE g Rel TR Ristrquen
data: aﬁgrrbi ner for producing a difference between a video
! ference signal and the video estimate, wherein the
slidther epgeldtsr forasbrialatingtthelshifted sequenseswithihefconiiex

standard tel evision si gi_nal and the data signal. t%l. Thc?)ut
basebaadasignaipo genesata a agP ttyde oo Ctign SIgay feih the ou
means O;lolrg\f/i(glIre:?ef ncﬁg a'n’?plftlr}géJ tcotrr%ction signal to the transmitter system to control

at least one of the plurality of processing steps.

83.The monitor receiver of Claim 80, comprising:
a comparator for comparing a video estimate with a video reference signal
and producing a residual error signal; and
an adaptive filter for minimizing the residual error signal and providing an

abatement equalization signal.

84.The monitor receiver of Claim 83, wherein the adaptive filter is a Kalman
filter.
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anot her emul ator nodeling a second standard tel evision
receiver to produce an iterative difference. 92. The
wa@baueeEnt generator of Claim 90, wherein the PCT/USHS$/029423
one emul ator conprises: a nodel vestigial sideband
("vSB") filter; a nodel TV Nyquist filter; and a
. (wRerdindatiesdtar pa3ofTine monitor
B T B R B 1 e P e Ve
receiver fié Implenfshteatiesoftwdss. filter of a typical TV receiver
w thin a broadcast region. 94. The abat enent generator
of Claim92, wherein the VSB filter represents a
statistically weighted. suma

86.Afmoniser gqg@qurgp@ggge pgaawafr;pg@rﬁ{at;{ é‘bﬂiﬁn{;a?{og!@ Uglr gsed ina
transmilﬁ”ertsgygsﬁgﬁlr @?&Eﬂ@ﬁgﬁirﬁg'&gn & RIER&GBH \spectram tesprisinga

T . spectrum conprising a st and_a_rd
standarc@ ?é@VisfdrPﬂgﬁhlgéWdl aadutaasighediatise gromitor vepeivel oompeising:
uner Tor receiving the standard television spectrum

adluiatiey of afodet TV eadeiers fier tageiving the stanclard | telgvision

spectrum -58 WD 2004/ 028159 PCT/ US2003/ 029 , a
spectrumiy @ach tmeodeli Bf resadRIcPiguaing @é%o%"it"i' Otéméﬁgn and a

data estimate signal . : -
ket R oA g SR el R, REERAR, FFadEy
S I ' efr hdlpde
referendg B inf B o e ot r o1 e
of @htiadtaIstwaighting cdnisenentdfod ateigiting eack ofitye gllgrality of
based on” thé recovered sync magnitude; \aﬂg | east one;
residualeetapt sigmafs accerdingrtopz statisticagpeavalangstqfige corresponding

equal i zati on, angq v%ﬂeo cancel_| ati on; and an out put
model T seceiverr W@ ragde@siieeiols @1Y%jat a si gnal based on

an SaSive hied! for fnidizinG #é pRItaIRFGPIEIghtéd Iresitiual errors and

obtaining the abatement optimization signal.

87.The monitor receiver of Claim 86, wherein the adaptive filter is a Kalman
filter.

88.The monitor receiver of Claim 86, wherein at least one of the plurality of

model TV receivers is an emulator of a standard television receiver.

89.The monitor receiver of Claim 86, wherein at least one of the plurality of

model TV receivers is a software emulator of a standard television receiver.

90.An abatement generator comprising:
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96. The receiver of Caim95 further conprising: a down
converter for shifting the received standard
W0 edoewREsON spectrumto an internediate frequrtiysS2003/029423

i oS YRS NP8
emulatog ﬁ@%ﬂgﬂ@Lﬂ)gép%rg}d%@aﬁnﬁi%ﬂé’t%hﬁ%d teﬂg\rn@ioﬂt ﬁﬂadtmrh h;@mpnsmg a

e standard television signal.

standar(fzelé{?%ldneﬁghéﬂeénd)fa ddtaigiSd dngr pﬂmeiucmgmr\nlcmmgstlmate and
one 3quare root raised cosine ("SRRC %ﬁfl | t | and
aalomisindeforproducingra differieace rb@tWﬁ@n\ﬁ vidg0 dRETERER Signal an

estimate signal s. 3% The recei ver of

c
the vudwoesirmatemgvf@reiwﬂte PHEMES 1Sf ‘&Eds'i?o?qrht@'%g tgansmlssmn of the
bl d dd |
standard feevisgn onacenaaia el SRl Telating to the

processed data signal, wherein the at |east one
adaptive filter conprises a first and second adaptive

91.7he! affdtement yenkrater o&cd}iaxm 96, fuherein tbeaﬂiffererg:et isdnput to
predi cted data signal adapt ively fi

anotheﬁmuiulatole thatleling geﬁqncbmaaidagjj telewﬁﬁopr{@cgyteg%gﬁrp%g% an

%nal and the second adaptive filter producing the
Itel’atIVQJd ferehed) e conponent in the predicted data signal by

-59 WD 2004/ 028159 PCT/ US2003/ 029423 adaptively
filteri ng a nodul ated vi deo signal obtained fromthe

92. Tﬂéjﬁﬁ éhergtdiot Claﬁ’ﬁ ghhevhiereir ther ableast enenedgulator
er co I'sing a symbol estimator for providing a
comprigasbol error control SI gnal to the first and second

adaptive filters, ecei ver of C ai m 99,

anhedsl wesmwalsydﬁbanﬁ V%S(fltecronprl ses: a decision
bl oc rad ynbol estimate signal; and a
E’&Jﬁht’g[ow’z W‘SE %rlﬂs)t racting the internal processed
(g[}%_ gtboaet@ggdrrmte signal to
%ﬁﬁ)‘%{?ze 'iesg %bwgﬁr( control signal. 101. The
recei ver of CI aim 100 conprising another gain
controller for producin

a galnh contro
93.The ababembrhhgenerat@“dobﬁ%dm&gyﬁbﬁel%‘ﬂﬁ? @e‘%@ %@P' atd§ a VsB
filter of a typical TV receiver within a broadcast region.

94.The abatement generator of Claim 92, wherein the VSB filter represents a
statistically weighted sum of a plurality of VSB filter coefficients for a plurality of TV
receivers within a broadcast region.

95. A receiver for receiving a standard television spectrum comprising a standard
television signal and a data signal comprising:
a tuner for receiving the standard television spectrum;

a mixer for recovering the carrier of the television spectrum;
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102. The receiver of Caim?95, further conprising a
trellis code nodul ation decoder and a Reed Sol onon
waolewades1sd or nodul ating a signal related to theCDUSIH03/029423

G T R S

based q\?ﬂﬁ’{qelig]'gf)?%&‘t%ﬂm@? 2ld ﬁl{@#é&bf@dsétﬂﬁ@éﬁi i@eﬂﬁ@ﬂoé?i).@cgrr#? :

€ at l'east one adaptive filter. 1

d SRR PeRbVEy SloteBs&Sforwheowdringrd syrasnagnitudeebased osdbe
_ to cont_rol the at |east one adaptive filter does not
video estivmatgesidnal;ng an acqui sition node. 105. The receiver

Sl ey or St teS0ite SEA Lt R5ln8l 40498 bgged on
the recovered sync magnitude;

at least one adaptive filter for performing an adaptive equalization and video
cancellation; and

an output means for providing a processed data signal based on the output of

the at least one adaptive filter.

96.The receiver of Claim 95 further comprising:
a down converter for shifting the received standard television spectrum to an
intermediate frequency ("IF"); and
an A/D converter for converting the IF spectrum to a digital signal; wherein
the sampling frequency of the A/D converter is related to the chroma subcarrier of

the standard television signal.

97.The receiver of Claim 95 further comprising:
at least one square root raised cosine ("SRRC") filter; and

a decimator for modulating the video and data estimate signals.

98.The receiver of Claim 95, comprising a first combiner for subtracting an
undesirable component from a predicted data signal an internal processed data
signal relating to the processed data signal, wherein
the at least one adaptive filter comprises a first and second adaptive filters,
the first adaptive filter producing the predicted data signal by adaptively filtering a
modulated data signal obtained from the data estimate signal; and the second

adaptive filter producing the undesirable component in the predicted data signal by
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adaptively filtering a modulated video signal obtained from the video estimate

signal.

99.The receiver of Claim 98 further comprising a symbol estimator for providing
a symbol error control signal to the first and second adaptive filters.

100. The receiver of Claim 99, wherein the symbol estimator comprises:
a decision block for producing a symbol estimate signal; and
a second combiner for subtracting the internal processed data signal from the

symbol estimate signal to produce the symbol error control signal.

101. The receiver of Claim 100 comprising another gain controller for producing

a gain control signal to the first combiner based on the symbol estimate signal.
102. The receiver of Claim 95, further comprising a trellis code modulation
decoder and a Reed Solomon decoder for modulating a signal related to the output

of the at least one adaptive filter and producing the processed data signal.

103. The receiver of Claim 95, wherein a sequence of training signals is used to
initialize the at least one adaptive filter.

104. The receiver of Claim 95, wherein at least one weight used to control the

at least one adaptive filter does not change during an acquisition mode.

105. The receiver of Claim 95, wherein a Wiener-Hopf direct solution is used to

adjust the at least one adaptive filter.
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