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A system for transmitting digital programming includes a program source providing digital information, circuitry for modulating the
digita) information onfo a visual carrier modulated with analog television programming, and a visual transmitter coupled to the modulating
circuitry. Using a phase modulation method, the system phase modulates the digital information onto a visual catrier, reduces the baseband
frequencies of the phase modulated visual carrier, and amplitude modulates the phase-modulated video camier onto a video signal. The

sound signal and transmitted. Using an additive method, the system

modulates the sidebands of the video carrier with the digital information and amplitude modulates the video signal onto the video carrier, The
data—modulated sidebands are phase—shifted such that they will be in quadrature with the amplitude-modulated video signal. The system
combines the amplitude—modulated video carrier and the data-modulated quadrature sidebands. With a blended multiplicative/additive
method, the system provides phase modulation and quadrature sideband addition to provide an optimized result.
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2.  Background
In 1941, the Federal Communications Commission (“FCC”) adopted standards for

10 commercial television broadcasting in the United States. Named after the committee that
created it, the National Television Systems Committee (“NTSC”) standard is the approved
method for over-the-air transmission of television signals in the U.S, This television
technology is an analog system, wherein thé picture component is transmitted in a vestigial
sideband modulation format on the visual carrier and the sound component is transmitted as

15 frequency modulation on a sepérate sound carrier. In 1954, the National Television Systems
Committee “compatibly” extended the NTSC system to include color information by
increasing the utilization of the 6 MHz spectrum occupied by the television channel.

The NTSC standard is termed “analog” because the picture and sound information
can take on gny value between the minimum and maximum values. An infinite number of

20  values are possible. The picture information is related to the strength of the transmitted
signal with black portions of the picture having the most power and white portions of the
picture having the least power. Periodic pulses are included at powers greater than those
used to represent black areas in the picture. These pulses provide the timing information
required to synchronize the fransmitter and the receiver so that the picture is shown

25  correctly on the screen. The horizontal synchronization pulses coordinate the left-to-riéht
placement of images on the screen while the vertical synchronization pulses coordinate the

top-to-bottom placement of the picture.
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15  blanked to prevent disturbing light patterns on the screen. This period is called the Vertical
Blanking Interval (“VBI”). The VBI is much longer than the horizontal blanking interval.

The combination of the two blanking intervals constitutes approximately twenty-five

percent of the total scanning time. This time may not be used to convey analog pictures.
The scanned picture area is termed a “raster”. The raster consists of two half-
20  pictures called fields. Two fields make up a complete picture which is called a frame. One
field has the even scan lines while the other field has the odd scan lines. The fields are
displayed at a rate of sixty fields per second. This technique of using two fields is called

“interlace” and reduces the flicker of the image while conserving bandwidth.

The Vertical Blanking Interval
25
It was determined that other uses can be made of the electron blanking time. For

example, the VBI may be used to carry analog test signals that measure the transmission
characteristics from the signal source to intermediate points along its path to the final point
of use. The VBI may also be used to carry analog signals representing digital data. The
30 data signals may be of two or more levels which are resolved into data bits by appropriate
circuits. Since the “digital” signals are of just a few discrete levels, the data detection

circuits can discriminate against significant amounts of noise, distortion, and interference.



characteristics fromthe signal source to internedi'ate points along its

path to the_final point of use. The VBl nmay al so be us
anal og si gn‘gps”/rs'é“ﬁ esenting digital data. The 30 data si gnj’lq:g%}?rsggﬁ%géyof

two or nore levels which are resolved ingo data bits by appropriate
circuits. Since the "digital" signals are of just a few discrete |evels,

the data dFhieahikes these datd sighals Sncererolliss ctannthe ahelog OViste tsigriad isélf dennost
amounts of noise, distortion, and interference.
3 Thfosmaafkinterfasensg. dat a signal s nore robust than the anal og Vi sual

ignal itself f f f i . . The,\Uni.t ed
States first at TheIRRA Stgten SRl biE it VB 6 apeillaprmmwmeses if GOV hdHEn
t he Nat i ongle IBit{oRAUBReaPbABHAISEs (“NEXD) JprdpossiPfotske!tRe WBT fbithe \Bétribatiord HE

distribution of 5 precise tine information nationw de. The ABC tel evision
net wor ks wapreeise aimeniaformatiom aationwide.e fThe rABC \blicvisionmetworli wasag ipagneti ik thet

e no | ooV iR P HE SR LR e B rer et St
for the Heggrbiggfdrqﬁéﬂ%gﬁ%% ai{réa Nashvill e, Tennessee in 1971. The NBS

and ABC subsequent nstrated a captioning 10 service at Gall auded

Col | ege in earl|yYhd ¥t Natioddl7Gonfeitace 0gi Televisiog fde e tHeafihg dmpalied met in
Publ i c Broadcasting System ("PBS") initiated devel opnment of a capti oning
servi ce toNpghville, Tepnassrednty71.hEhe NBSrandehBC subsequently demonsizatechn captipning

vel far fo (" ye'%vleé at égallguc{eﬁs&l)lieggfin tegrll)§ 1972. In 1973, the engineering department of the

Public Broadcasting System (“PBS”) initiated development of a captioning service to be

funded by the department of Health, Education and Welfare (“HEW™). As a resuit of this

work, the FCC reserved line 21 of field one of the NTSC television signal for the

transmission of closed captions in the United States in 1976. In 1979, the National

15  Captioning Institute (“NCI”) was founded to caption programming and to further the cause

of captioning. In the early 1980s, Sears Roebuck stores carried a captioning decoder in set

top box configuration selling for about $250. In 1989, NCI contracted for ITT

Semiconductor Corporation to develop a cost-effective caption decoder microchip for use in

television receivers. In 1990, Congress passed the Television Decoder Circuitry Act

20  mandating that new television receivers of thirteen-inch diagonal display measure or greater

include caption decoding circuits after July 1, 1993. Approximately twenty million

television receivers per year are covered by this requirement. In 1992, NCI, the FCC, and

the Electronic Industries Association (“EIA”) developed captioning technical standards. The

1996 Telecommunications Act requires the FCC to promulgate rules requiring closed

25  captioning on Visual programming but allowing exemptions for programming that would
suffer an “undue burden”.

The Closed Captioning (“CC”) system is called “closed” because it is turned “on” or

“off” depending on the user of the television receiver. Those without hearing impairments

and those who understand the spoken words need not be disturbed by text on their screens.

30 The CC system supplies data to appropriate digital and analog circuits that place carefully

timed text on the television screen to allow the hearing impaired to read a description of the
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the beginning of the line. These signals synchronize the detector circuitry. Since FCC rules

protect only Line 21 for captioning, the rate of transmission is slow, but adequate for the
purpose. The on-screen CC display consists of a maximum of fifteen rows of thirty-two

15 characters each. The captions usually appear only on rows one through four and rows
twelve through fifteen. The middle rows are usually transparent to show the action. A text
mode provides scrolling text. Further details can be found as part of the EIA standard
number EIA-608 which is incorporated by reference herein. The CC system was designed
at a time when electronic circuits for the correction of transmission deficiencies were very

20 expensive. Since physically-challenged consumers were the target market for CC systems,
the industry sought to minimize the cost of the equipment. An extremely conservative data
rate facilitates inexpensive circuits by minimizing the technical challenge.

The closed captioning signal carries four components: two captioning “channels”
and two text chamnels. The first captioning channel is synchronized to the Visual

25  programming so that the words carefully match the video. The second captioning channel is
not synchronized.

The EIA filed a petition with the FCC to expand the captioning standard EIA-608, to
allow use of line 21, field 2. This would add two additional captioning channels and two
additional text channels. A fifth channel has been added to carry Extended Data Services

" 30 (“EDS™). EDS will carry a wide variety of additional information. Precise time information

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



4 conversation taking place and have indications of other rel evant
sounds. Mor §ss hose who cannot understand the spoken words nay
have t ext trans(a?ed into their native | anguage o) thatpm?‘gm3 _
follow the program The CC systemuses very | ow speed data in order to

m nimze the inpact of transm ssion path problens such as reflections and
i nt er f er i ngalblettersiagninchided hleng atith undent prograhhinféemative k&iFasi tiled RagBOfatib! S
per second of Hi nary (two_level) data. This data rate is expressed as
503. 5 Ki | oPP¥djipe,sypenal (‘\“Rajlssw@esmﬁscaaa@lang aewvices and dntendesd aspest zatio.

i - bi i Li . I f .only fi d N
Shoq O BORC A6 Shdudd BE dalLREThE “RCRE’ (Wit iGiratpmiGd) nivistysh el it
480 bps or jmeried t6 Nasititate F)Srental colfsl of Enildeen’d facdel® t@%gagé\%gxrngg that %baieénvse

characters |long and is followed by a space, then 600 can
conveyedl pmightideemeobjertionabiss t Pulflict seevitBanriouneenientsomich ps etathiet bndahbrgandyur st

of : seven sine wav cles af 503,5 kHz clock run-in and a unique
PStart it SVIGEER gpRY Bleg Ry npemted. ((BIe, U e JeveBt niosmatiore9al be
signal s sy Al & thirenlethanel rhbdbetihd; ince r s POt ect
only Line 21 for captioning, t enr%gg’gyé#l&%{artgﬁsc%ﬁsg%égﬁlﬁ ngg o%fmlb‘ﬁt cmggluate

for the  identification eumbaeratirer shanethe nGfibedi apbeiyted ot Gt Fredhierty Milizea MTRis
of thirty-two 15 characters each. The captions usually appear

fifteen rows, ¢ . ] « 'S :
only on r o%@wgﬂﬁﬁé"l’(l thrigg ghe sane “chaanelopgpping” benafts\subschibens drave iehijoyed in Hee

m ddl.e,ro : rent._to show, the action. A text node
© provi d(la(g ggﬁbgﬁt@%%gggﬁ%ﬁ%p raeé?ciﬁoplé:p(f%@c e found as part of the EIA
- standard NANRBEeqabh- BAB dwlai tedhsinSssioRCHsRAT, MTER iRy élﬁéf‘q ehRvide The
CC system was_desi gnequ at a tisnesv\hgér?gel ectrone% g?‘%gft}?ts g’rﬁﬁh{e&e
correct i onansillary seryivies 40 taleviiion usaznciThe Teletext \sgstym2@n disphgnap te twéitypgsur
physi cal | y-chalJ.enged cons rs were . the_ target market for CC systens,
bhe i ndust TPt CORY SHAAGKEER (T 2 SPSCHREALioR of Benbtiowaguasriered fonhelds borbihy
conser vat i aevildd . f AL ' jve. ci |t m.nimzing
t he techni cal crfg?ﬁreeerr\lge'l.f‘é&%n (ﬁﬁéﬂw %%lgﬁdeh@f)égg%%%sgltoﬁg ?tgllél @Ir %ynoéf TP es
four cthpodatmtiacluding tha fdavaiomiing”céfosofislase to computers. It was introduced at a time

when electronics were still relatively expensive, but less expensive than at the time of
.introduction of the CC system. '

Teletext is a more aggressive form of data transmission which has been successful in

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

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

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

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

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

kilobyte of storage, that small amount of memory was considered too expensive at the time
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impairment. The more robust WST system was not tested in that environment.

Both U.S. Teletext systems have a data rate of 5.727272 Mb/s which is 364 times

the horizontal scanning rate and 8/5 of the frequency of the color subcarrier. The data signal

15 has a Non Return to Zero (“NRZ") binary format. The WST data line consists of eight

cycles of clock run-in (sixteen bits), followed by a unique eight bit “framing code,”

followed by sixteen bits of control codes and a payload of thirty-two eight-bit display

words. Because forty characters are displayed in a Teletext row of text and only thirty-two

are transmitted per scan line, the additional eight characters from four rows of text are put

20 on an additional supplementary scan line. Thus five scan lines are required to convey four

rows of text. Twenty rows would require five additional supplementary scan lines. A page

format of forty characters by twenty rows with an additional “header row” of only thirty-

two characters, requires twenty six field lines per page of WST Teletext. The payload of

256 bits per line allocated means that if one VBI line in each field is allocated, a data rate of

25 256 x2x30=15,360 bps is obtained. Eleven lines of VBI are possible (Line 21 is reserved

for captions and the first nine lines form the vertical synchronization pulses) yielding a
maximum of 153 kb/s of data for full VBI utilization.

The WST system maps the data location in the VBI line to memory locations and to

screen locations and always stores data in the same memory place. This allows for a very

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

protected, a measure of the quality of the received signal is obtained. If the signal is of low
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With the advent of Teletext service, the FCC was once again (as in the case of the

(oW

15 addition of color) forced to decide between advancing new and useful television service
enhancements and new and useful communications services on the one hand and
minimizing adverse effects on existing television receivers on the other hand. Certain
classes of television receivers displayed the Teletext data as a series of dots arrayed
diagonally near the top of the displayed picture. The FCC amended its rules on May 20,

20 1983 (53RR2d 1309) to permit a phased introduction of the Teletext signal to “avoid
potential degradation ... on some existing receivers”.

While CRTs remain the primary display devices in consumer electronics products, a
variety of non-CRT devices are used to display pictures. Many of them are free of the
constraints of retrace. However, television signals must continue to support the existing

25 population of approximately 250 million CRT display devices owned by consumers. Thus
the VBI remains a critical part of the television signal.

Vestigial Side Band Moduiation

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

different frequencies. This makes it possible to transmit many of them simultaneously and
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ei ght-bit display wor ds. Because forty characters are displayed in a
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an additional supplenentary scan line. Thus, five scan lines are required to

convey four One of the sine (of cosine) functions is of fixed amplitude and fixed frequency. This

frequency is much higher than the other sine (or cosine) and has significant power. It is

called the “carrier” because it supports the conveyance of the information. The information

includes a complex collection of other sine and cosine functions. Multiplying these

15 functions together yields sum and difference frecjuencies. The multiplication process results

in a version of the information placed above the carrier frequency, called the upper

sideband, and its mirror image, called the lower sideband, placed below the carrier

frequency. The unfortunate consequence of this is that double the bandwidth of the

information signal is required. Since Visual signals have a base band bandwidth of 4.2 up

20 to MHz, up to 8.4 MHz would be required to transmit the entire signal. The disadvantage of

using this much spectrum per signal is that the total number of possible signals is more

limited than in the absence of double side band signals. Since the same information is

present in both sidebands, it is possible to convey all of the information with just one

sideband. However, at the time the NTSC system was created, such circuitry would have

25 had to have been implemented with many vacuum tubes. While today’s electronics could

easily and cost effectively build such systems into consumer electronics products, the state

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

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

30 detectors”. This is possible because the outline of the power curve of a double sideband
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superheterodyne receiver principle. When selecting a television or radio signal embedded in
a broad spectrum of other signals, the receiver must pass the desired signal and reject all
others. The receiver accomplishes this process with a frequency selective filter. The design
of this filter becomes immensely more complex if the receiver is intended to select different
programs at different times. The design of frequency selective filters that cover a wide
range of frequencies is complex and uneconomical. An alternate approach is to design a
fixed frequency filter that operates at an Intermediate Frequency (“IF”) and adjust the
spectrum so that the desired signal is moved to the frequency of the fixed filter. The fixed
frequency filter is called the IF filter.

The receiver moves the spectrum by multiplying it by a suitable frequency cosine (or
sine) wave called the Local Oscillator (“1.O0”) signal. As previously discussed, this
multiplication results in the creation of sum and difference frequencies, adding the entire
spectrum of frequencies to the frequency of the LO and also subtracting the entire spectrum
of frequencies from the LO frequency. The LO frequency is chosen so that either the sum
or the difference set of frequencies pass through the IF filter. The adjustment of the LO to
cause different signals to be selected is both straight forward and very cost effective. .

The process of multiplication of the spectrum with the LO cosine wave can be done
in any non-linear device. It is usually done in a balanced mixer that cancels out the LO

frequency. This part of the receiver is usually called a “mixer” or, in older literature, the

“first detector”.

l e

di fference between the WST and the evol ving set of Antiope,
5 Tel i dordbafdd NAPLPS systens is that the latter three systens all used a
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Anot her inportant characteristic of the anal og NTSC tel evision systemis
its This allowed for very sharp black and white pictures. When color signals were introduced,

these receivers suffered from “dot crawl”. The color signal was not adequately rejected by
the older receiver and appeared as a moving pattern of faint, but annoying dots. This
15 problem was overcome in later monochrome receivers by introducing a notch in the
frequency response to eliminate much of the color signal. The consequence was a loss of
resolution and sharpness. Alternatively, the Visual bandwidth of monochrome receivers
was rolled off so that the color signals were attenuated. This too, reduced sharpness. These
compromises allowed the two types of receivers, color and monochrome, to continue in
20  production and receive the same signals. But this came at the cost of reduced performance
in new monochrome receivers and degraded performance in monochrome receivers
manufactured before the introduction of color receives.
This compatibility was critical to the rational introduction of color television into a
market already populated with monochrome television receivers. Consumers with
25 investments in monochrome receivers continued to access service while consumers who
purchased color receivers derived more benefit from the same signals. Those who could not
afford a color receiver could buy a new monochrome receiver and still have access to
television. No one was disenfranchised by the technological advance to color.
Research has shown that the human visual system can see most colors based on
| 30  combinations of red, green, and blue stimulation. These three signals can be algebraically

combined into a signal that conveys the monochrome information, and two so-called “color
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degrees phase shifted from the mathematical cosine function. The multiplication of a sine
function with a cosine function yields a pair of sine waves with angles equal to the sum and

10 differences of the two original functions.
1 1
F(t) o sin(4) o cos(B) = F(r) e [5 sin(4 - B) + Esin(A + B):l

When A=B:

F(f) o sin{4) o cos(4) = F(£) e B sin(0) + -;-sin(Z A)] =F(t)e -;-[o +sin(24)]

15 If A= B then the resulting signal equals the product of the modulating signal, F(t),
and the sum of the sine of zero and the sine of twice A (which equals B). The sine of zero is
equal zero and if A and B are the same frequency, the result is a sine function at twice the
frequency. Simple filters easily separate the baseband frequencies. All that is left is zero,
after the double frequency sine is filtered out.

20 On the other hand, the multiplication of two cosine functions yields a cosine at their

sum frequency and another cosine at their difference frequency.
1 1
F(t) e cos(A) e cos(B) = F(t) [5 cos(4— B) + Scos(4+ B):l

When A =B:

F(f) e cos(4) e cos(4) = F(t) e [% cos(0) + %cos(ZA)jl =F(t)e %[1 +cos(24)]

25 If A = B then the resulting signal is equal to the product of the modulating signal,
F(t), and the sum of the cosine of zero and the cosine of twice A (which equals B). The
cosine of zero is one and, if A and B are the same frequency, the result is a cosine function

at twice the frequency. This is also easily separated from the baseband frequencies with



One of the sine (or cosine) functions is of fixed anplitude and fi xed
frequency. This frequency is much higher than the other _sine [gsor

cosi ne) an¥O48587gni ficant power. It is cal l ed the " cBFTUSIYO8Eause
It supports the conveyance of the informgation. The information

i ncl udes a conpl ex collection of other sine and cosine functions.

Ml tiplyi signgldfiRers]1All thatris lefois halfof e tiaseband ntlaiuttin aipaald F{th fRP &R double
frequencies. The nultiplication process results in a version of the

i nf or mat i fRAYADEY: casing i /Alterad oukr Thisrprecess)ifcealled synghrenpus dstegtipr because the

i deband, d | ' ' |l he . i deband, , pl d bel h
carrior ooy rhdhlie RS a0 RSP Lot 8 hontere Sl wB G bl o
the bandwightl y38d tddemodulaté f#f or mation signal is required. Since Visual :

signal s have a base band bandwi dth of 4.2 up 20 to MHz, up to 8.4 MHz
woul d He requi The consetiuencs wif tthis Ispnabnerious nuilgplidatiod o€ adiosiael waave at) theoéarrier

i gnal s 1 Befbey e, ARl SRRn Sal dpsb Eenof RV PGPactE apREnal
si gnal s. ﬁi&@& €q; ' [ L Siiace [ si d it
i s possible otfggn%g@ﬂg?t: B%S?B%Eﬁfe f@ﬂ?%rr&#reesﬁ il'g"rll%va%t§ ﬁigj}ous qﬁ%{é:li} to %%?ggxgﬁtld.
However, aifoiniioni freqhdneyNT SThe ymukiplivationc rofatvesl, sifiel clinciomeuialsoy resalts dinhave

25 had to have been inplenented with many vacuum tubes. While today's
el ect r oni demedilatipn of the dpformgtiomeontgined an fhesipg earpien yln this wey the qeasaiutent o

ol evili onenaneltepaeuldeiL e e Sne i e CHR Petors o

prohi bitively expensive. Doubl e si deband signals can be

recover edog,ﬁmigé)heom?@qyiet’Stgﬂdmevigmﬁm 30 detectors”. This is
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Television sound is frequency modulated on a separate carrier that is a fixed 4.5

MHz above the visual carrier. When stereo sound was added to the television system, the

requirement of “compatibility” was again enforced to avoid the chaos that might have

15  resulted from obsoleting the existing sound system. Just as with “compatible color”, there

were compromises to monaural receivers when stereo sound was added. But the net benefit

to consumers was considered to be positive. The marketplace gave its approval to both
“compatible color” and “compatible stereo sound”.

Stereo sound is implemented by first creating a spectrum that includes the sum of the

20  left and right sound channels at baseband. The difference of the left and right channels are

double sideband, suppressed carrier modulated onto a carrier at twice the horizontal scan

frequency (2 x 15,734 = 31,468 Hz). A limited bandwidth (10 kHz) monaural Second Aural

Program (“SAP”) channel is frequency modulated onto a carrier at five times the horizontal

scan frequency. The SAP channel is intended for second language or other such purposes.

25 A very narrow bandwidth (3.4 kHz) “Professional Channel” is frequency modulated onto a

carrier at six and a half times horizontal scan frequency. It is used for television plant

intercommunications. This entire complex spectrum is then frequency modulated onto the

4.5 MHz carrier. The relationship between the Visual and aural carriers is tightly controlled

since nearly all television receivers depend on this relationship. The visual carrier is used as

30 the local oscillator to bring the sound spectrum down to baseband. This technique is called
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inch wide screen will be contained in a cabinet about 18” wide. All of the U.S. TVs set side

by side would stretch 71,100 miles, several times around the earth. And.7,100 miles worth
" 15 of new sets are sold in the US each year — more than enough to go coast to coast a couple of
times! The market is saturated and the industry has more production capacity than the
market needs. A new product is desperately needed for survival of the industry. Japan
began the search for a new service which would require new products for the living room.
Japan launched the development of High Definition Television (HDTV) more than twenty

20 years ago and spent over a billion dollars in pursuit of that goal.

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

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

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

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

30  Sampling Encoding. MUSE is in operation in Japan and consumer television receivers are
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10 advantage that the helper signals in the NTSC channel could be used to enhance the

reception on new receivers. These helper signals increased the width of the picture to a 16 x
9 aspect ratio from the NTSC 4 x 3 shape. Increased resolution was also provided. It was
expect that an intermediate product, called Improved Definition Television (IDTV) would
fill the gap between NTSC and expensive HDTV products allowing a more rational

15  transition. The well-off and the eager early adopters could purchase HDTV while the less
well-to-do could improve their receptic'm with compatible IDTV receivers until the cost of
HDTV came down sufficiently to be widely affordable.

A number of patents and papers have discussed using a quadrature carrier as a means
of carrying additional analog and even digital information in a television signal. These

20 approaches have not achieved commercial application because of practical deficiencies and
the subsequent rush to digital HDTV. The objectives of most of these approaches has been
to carry supplementary information to enhance an ordinary television signal yielding an
IDTV system. In some cases, these approaches are part of a High Definition Television,
HDTYV, system.

25 U. S. Patent number 4,882,614 filed July 7, 1987, issued November 21, 1989 and
titled Multiplex Signal Processing Apparatus, discusses a multiplex signal processing
apparatus comprising of a second amplitude modulator for modulating a second carrier
which has the same frequency but differs in phase by ninety degrees from the first carriér.
The second carrier is modulated by an auxiliary signal to obtain a double sideband

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

preconditioning the signal so that it becomes a double sideband signal when passed through
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15 of possible characteristics can satisfy the Nyquist criterion. By using a Nyquist filter in the

signal source, it becomes convenient to use a filter representative of the population of
receivers exposed to the signal. This is accomplished by simply using the commercially
available Nyquist filter most commonly used in those receivers. It is also possible to
operate a number of representative Nyquist filters in parallel with the signal split between
20  them in proportion to their presence in the population of receivers. The combined signal
would then be optimized for the population of receivers exposed to the signal. This can
vary from market to market and from time to time as the population of receivers changes.
Thirdly, the receiver of the present invention does not use a quadrature distortion
eliminating filter. Such a filter may introduce distorting phase shifts in the received data
25  signal causing difficulty in achieving the maximum data rates possible. Instead, the present
invention filters the interfering video signal with an aggressive filter and then subtracts tﬁe
distorting video signal from the received signal to leave just the auxiliary signal. In this
manner, distortions introduced by a filter in the auxiliary signal path are avoided.
In the specific case of U. S. Patent 4,985,769 filed March 23, 1988, issued January
30 15,1991, and also titled “Multiplex TV Signal Processing Apparatus”, the patent’s primary

objective is to compatibly add side panels to an NTSC signal to make it wide screen. The
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quadrature channel created by U. S. Patent 4,985,769. Since the signal exists only during

the time period of the side panels, it can be stretched in time. This time stretching lowers
the frequency content so that it fits into the available bandwidth of the quadrature channel
10 created by U. S. Patent 4,985,769.
U.S. Patent 5,036,386 filed July 19, 1989, issued July 30, 1991 and titled Television
Signal Processing Apparatus, recognizes that the quadrature channel has interference but
assigns a Vertical-Temporal, V-T, component to it so that the correlation between the video
and interference is such that it is rendered less visible in a conventional TV receiver. This
15 patent recognizes that interference in ordinary receivers can be detected in practice because
of the imperfectness of the characteristics of filters at the receiver and transmitter.
The term “transmitter” is used in this document as a generic device which modulates
a signal for transmission through any medium. It includes broadcast transmitters which are
nbrmally connected to antennas and relatively low power modulators used in cable systems

20 and other media connected to cable, wire, fiber optics or other media.

Digital Signals

The advantages of digital signals include: (1) the ability to completely regenerate the
signal and prevent the accumulation of noise and distortion; and (2) the ability to apply
computational techniques for multiple purposes. Included applications of computational

25  techniques are error detection and correction and redundancy reduction. The human sensory
system for images and sound is analog. Images and sounds start out as analog signals. To
be enjoyed by humauns, the signals must eventually be displayed as analog signals for eyes
and ears to enjoy. Unfortunately, as signals are transmitted over long distances, they
encounter noise, distortion, and interfering signals which degrade the quality of the images

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

unusable. If the analog signals are converted to digital signals, a negligible amount of noise
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strength is then measured and the resulting measurement represented by a number of limited
precision, the sampled analog signal has been converted into a sequence of data. Limited
10  precision numbers have a fixed number of decimal places. The uncertainty in precision of
the number is determined by the value of its last decimal place. Thus, the information to be
transmitted is no longer the original analog signal or its time sampled version (which can
take on any value), but rather another signal that conveys the limited precision numbers
describing the strength of the original signal samples. The representation of the signal by a
15  limited precision number introduces an error which can be considered to be a degree of
noise, called quantization noise. The amount of quantization noise can be made arbitrarily
small by using arbitrarily higher precision numbers, but it can never be reduced to zero. A
major advantage of the data signal approach is that techniques exist for preventing any
further degradation of the signal.

20 The limited precision numbers used to represent the sampled analog signal may have
a variety of forms. Most individuals are accustomed to using a number system based on the
value ten. That is, numbers commonly used in human transactions utilize the ten numeric
symbols: 0, 1,2,3,4,5,6, 7, 8, and 9. This is called a base ten or decimal system. A
further characteristic of the base ten system is that the value of a number is determined by
- 25 the symbol used and its place in the string of numbers. The right most place has only the
symbol value. The next place to the left has the symbol value times ten. The next place to
the left has the symbol value times one hundred, and so on. Thus the number 543 has the

value three plus four times ten plus five times one hundred.
A similar number system can be created using just two symbols, 0 and 1. Such a
30  system is called base 2 or “binary” because it has only two fundamenta] symbols. In such a

system, higher values are represented by the value assigned to the location of the symbol in
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transistor, which processes an analog signal must faithfully reproduce all values of the
signal and add a minimum of distortion and noise. If many circuit elements process an

15 analog signal, their individual contributions of noise and distortion accumulate causing
signal degradation. A binary circuit, on the other hand, can have two well defined states,

“on” and “off”, which are easily distinguishable. The “on” state may represent the binary
number “1” while the “off” state can represent the binary number “0”. (The opposite choice

is equally valid). The important point is that if the circuit element is mostly “off”, but not

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

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

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

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

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

30 designed so that the signal is regenerated prior to this destructive level of degradation, a
fresh binary signal can be substituted for the degraded signal and all of the damage caused
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FeeELvers continuing for decades and appears likely to continue for some time to come. As an
10 example of this phenomena, the first personal computers introduced in the early 1980s used
an Intel brand Integrated Circuit, (“IC”), that included thirty thousand digital transistors.
The Pentium computer ICs of the mid 1990s have over five million digital transistors. Tens
of millions of digital transistors can be expected in consumer products at affordable prices
by the end of the millennium. The same experience has not been enjoyed by analog circuits
15 because they must faithfully process the infinite range of values of analog signals. That
severe constraint has prevented analog circuits from progressing as fast or as far in
complexity and cost reduction. .
Yet a further advantage of digital signals and circuits is that they can b
mathematically manipulated in a very complex fashion thus, simplifying methods for
20  determining if transmission errors have occurred and how to correct such errors. Note that
there are only two possible types of errors. A binary “1” symbol may be damaged and
converted into a binary “0” symbol or a binary “0” symbol may be damaged and converted
into a binary “1” symbol. No other aitematives exist in a binary system. As an example, a
common method of error detection is to group binary symbols into clusters of seven and to
25  append an eighth symbol depending on whether the previous seven symbols have an even or
an odd number of “1” symbols. If the appended symbol produces an even number of “1”
symbols in each group of eight symbols, then a single transmission error will result in an
odd number of “1” symbols. Note that if two errors occur, a much less likely event, the
system will be fooled and think that no error has occurred. However, if three errors occur,
30  the damage will again be detected. The ability to detect certain error conditions is obtained

at the price of an appended symbol that takes up transmission time and requires additional
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and cohsufrequeney of bedumencecare iassigredashert digital codes and information groups with a low

frequency of occurrence are assigned the remaining longer codes. The Morse code is an
example of this technique. The letter “e” is the most frequently used letter in the English
language. It is assigned the shortest Mores Code, the “dot”. Numbers and punctuation
occur much less frequently and so are relegated to the longer series of “dots” and “dashes”.

20 D. A. Huffman developed a method of creating such compression codes. “A Method for the
Construction of Minimum Redundancy Codes” Proc. IRE vol. 40 Sept. 1952 pp 1098 -
1101” which is incorporated by reference herein.

The computational nature of digital sighals makes it possible to implement a gréat
deal of processing in software on more general-purpose processors. The degree of

25  processing can be very complex. In addition, much of the processing can be assisted with
dedicated digital circuits.

Like analog signals, when binary signals are to be transmitted at radio (or television)
frequencies, they must be modulated onto a carrier. The simplest modulation method is to
amplitude modulate the logic levels onto the carrier with two different strengths. Then, at

30 the receiving end, the goal is to recover the data. If, as is usually the case, the noise and

distortion is modest, but not excessive, the most important task of the data demodulator is to
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While the use of two levels representing a logic “1” and a logic “0” is almost the
universal method of designing digital logic circuits, it is not necessarily the only way in
which this can be done. If circuit elements were found which had other numbers of very
stable states, entire logic systems could be created around them. Consider an electronic

15  element that has four natural states. With four states, two bits could be represented at any
one time with the four following combinations: 00, 01, 10, and 11. Similarly, if an
electronic element with eight natural states were available, it could represent three bits at
any one time.

The term “multilevel” means in this document more than one level and includes a

20 two level signal as well as a signal with more than two levels.

While the multilevel approach with more than two levels has not yet provéd
commercially useful in the design of logic circuits, it is extremely useful in the transmission
of data. When only two levels are transmitted, one bit per symbol time is conveyed. Such a
system can tolerate noise levels almost equal to half the difference between the strength of

25  the signal representing logic “1”” and the strength of the signal representing logic “0”. In the
case of systems such as Teletext, where the main signal is analog television, the noise level
must be constrained to modest levels that do not approach half the difference between the
strength of the signal representing logic “1” and the strength of the signal representing logic
“0”. That éxnount of noise would result in an unacceptable analog video picture. Because

30 the noise is much less, more levels can be accommodated. In the data receiver, after

demodulation, three “level slicers” equally spaced between four levels, would support four
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10 television (“HDTV™), it became clear that all methods proposed used the original NTSC
signal plus in-band and an out-of-band “helper signals”. All of the available resources were
required to create the compatible signal and two 6 MHz bands were consumed.

Zenith Electronics Corporation broke the mold by proposing a hybrid system whi;:h

transmitted the high frequencies of the image in analog form and the lower frequenciesina .
15 digitized form. This hybrid approach seemed to use the best of both worlds. It recognized
that most of the energy in an NTSC signal is in its low frequencies which include the
synchronization pulses. By digitizing the low frequencies, their major power consumption
was eliminated. Yet the burden on the digital circuits was relaxed because only relatively
low frequencies were processed. The high frequencies remained analog and contributed
20 little to the power requirements. The lower data rate digital signals might also be less
susceptible to multipath, while the higher frequency analog signals were less effected by
noise. The remaining problem is that this approach was no longer “compatible” with
existing NTSC receivers. This problem was solved by allowing the concept of
“compatibility” to include the technique of “simulcasting.” That is, both the hybrid signal
25  and the NTSC signal would carry the same programming, at two different resolutions. This
compromise would keep the owners of older receivers from becoming disenfranchised. And
since no system that puts both NTSC and HDTV into the same 6 MHz was proposed, two 6
MHz channels would still be required. This approach had one major advantage. If the time
ever came when all of the NTSC receivers were old and new ones were no longer produced,

30 the NTSC channel could be reallocated to other purposes. Even before that, the requirement
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could greatly expand the required Visual signal bandwidth. Nevertheless, the television

industry has created standardized “tool kits” for processing images and maximizing the
efficiency of transmission and storage of the resulting digital realizations. An important
. 20  system for accomplishing this is known as the Moving Picture Experts Group (“MPEG”)
standard. MPEG consists of a collection of techniques that can be selected depending on
the nature of the application. This progress in the area of digital TV bandwidth compression
has resulted in a national standard being selected by the FCC in December, 1996. Using
this standard, a single HDTV channel can now be transmitted within the analog Broadcast
25 TV channel assignment of 6 MHz rather than tens of megahertz once thought necessary. In
the case of cable’s well-behaved spectrum, double the data transmission rate is possible.
Two HDTV signals can be carried in 6 MHz. '
It didn’t take very long for the realization to hit home that if HDTV signals could be
compressed by this tremendous ratio, NTSC signals be compressed as well. Multiple NTSC
30 signals could then be squeezed into the same 6 MHz that could carry one HDTV signal or
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Vertical -Tenporal, V-T, conponent to it so that the correl ati on between the
vi deo MHZd interference is such that it is rendered less visible in a

convenfpi onal  T\.Se6) V‘ﬁfdgra;m’i’ ¥s used in this document in the general sense to include any
information which may be in need of transportation from one location to another. It
includes but is not limited to television programming and includes computer programs,
digital information, Internet information, and any other signals which can be conveyed from
one user to another using the technology described.

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

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

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

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

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

spectrum, it can approximately further double these numbers leading to perhaps twenty-four
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the same channel as an analog NTSC signal would result in a two-fold (or more) expansion
of channel capacity in the existing broadcast frequency assignments. If more efficient
means of bandwidth compression emerge, the simultaneous transmission of HDTV axlld

analog NTSC is an attractive possibility.

15  Prior Art Methods of Adding Data to Analog Television

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

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

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

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

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

30 1995, On June 28, 1996, the FCC approved digital data transmission in the visual portion of
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15 and protection bits to its structure to protect against multipath and other transmission

problems.

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

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

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

30  one-quarter the telephone T1 data rate.
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procegy can be %'S&‘edck? OTHé3 b?éﬁl&esﬁgﬁ adds a Differential Quadrature Phase Shift Key
(“DQPSK™) signal carrying about 500 kb/s placed one MHz below the visual carrier. In tﬁis
regard, it is similar to the European NICAM system for adding digital audio to analog
television broadcasts. This modulation places the new carrier in the VSB region of the
signal. To accommodate this, the lower VSB slope is increased. Rather than starting at the

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

20 the video.

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

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

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

fifth system, by En Technology was denied permission at the time of the R & O. This
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preventing the television receiver from synchronizing its horizontal and sometimes its
vertical scan rates and thereby scrambled the signal. The amplitude modulation on the aural
carrier provided the key to undoing that amplitude modulation of the video signal and
restoring it to substantially its original form. This technique was later extended to the
20 conveyance of data in the form of binary levels of very low rate. Addressing data allowed
the individual control of set top boxes so that each subscriber could be individually
confrolled. As the public became more skilled in defeating these systems and stealing the
service, the suppliers to the cable industry adopted more sophisticated methods for
encrypting the data and protecting the service from theft. However, these signals were in all
25  known cases limited to binary signals of low data rate. Multiple level signals of high data

rate are not known to have been implemented.
The Need for Data in Analog Signals

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

30 huge market which has not yet adopted digital methods. While the 250 million analog
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di gi tal signal sTigFnGiry 1997 Winter CodsunidrBlectnicd Show in Las Vegas was dominated
by two developments: the Digital Video Disk (DVD) and the World Wide Web on

television set top boxes and built into television receivers. This latter application has a great

deal of equipment manufacturer excitement associated with it. Time will tell whether the
15 marketplace catches the same degree of excitement.

A related application involves Datacasting. This is the inclusion of data in the
broadcast television signal for use with a personal computer. The most aggressive such
implementation is Intercast whose main partners include Intel and the National
Broadcasting Corporation (NBC). HyperText Markup Language (HTML) formatied Web

20  pages are delivered in the VBI of the television signal. HTML is a method of linking
information. Highlighted words or phrases can be “clicked on” and relevant information
appears on the screen. In some cases, this is achieved by going to another location in the
same document. In still other cases, data from another document is displayed. In still other
cases, locations on the World Wide Web are automatically accessed and information

25  retrieved. A personal computer with a television tuner receives the signals and displays the
video in a small window. The rest of the screen displays the HTML pages. The computer’s
hard disk can capture and store pages of interest. Since HTML pages are around 50 Kbytes
each and most personal computers now come with at least a 1 GB hard drive, capacity is not
a problem. In a major application of this technology, the pages downloaded pertain closely

30 to the video programming. When several hundred pages are downloaded, the access speed

during usage is governed by the hard disk, not a modem. In affect, the server is built into
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These 0o (agrgxgsqpflleexprggénp ANentidldatidRes tflg' %&%ﬂ&t m% data access by prior art means.

Cable vs Broadcast Data

Since cable’s spectrum is much more well behaved than the broadcast spectrum,
several significant advantages accrue. A time domain equalizer may not be necessary. If
one is included, it may have relaxed specifications leading to lower cost. There is no

15  “airplane flutter”, i.e. Doppler effect from approaching or receding aircraft. Because the
spectrum is better behaved, less error detection and correction is required for a given level
of performance. This was well demonstrated in the Advanced Television Grand Alliance’s
modulation scheme. While 8-VSB is used for broadcast, 16-VSB was developed for cable
allowing two HDTV signals in 6 MHz on cable. 16-VSB does not have twice the data

20  capacity of 8-VSB. The doubling of payload comes because 16-VSB requires significantly
less data protection. If this same approach is applied to the techniques proposed for data
carriage in analog television signals, more of the raw data capacity can be harvested for
payload purposes. This approach has not been well explored and offers a' significant
opportunity. An additional advantage is cable’s availability of multiple channels to carry

25 data. The data carrying capacity of a cable system is just huge!

The Compatible Digital Cable Upgrade

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

30 In this strategy, the channels converted to digital will have previously been occupied by low
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reflections and other effects which will tend to distort the received waveforms. In these
cases, use of adaptive equalization may be necessary. The employmen‘_c of the now standard
“ghost canceling reference” (GCR) signal and associated receiver hardware will be adequate
to achieve the desired performance. In cable transmission and other services in more stable

20  media, this requirement will depend upon the local environment and may not be necessary:

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

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



anplitude nodulate the logic levels onto the carrier with two different
strengths. Then, at 30 the receiving end, the goal is to recover the data.

1f, as is WPt he case, the noise and distortion i SCROEERYWSIY, it
not excessive, the nost inportant task gh the data denodul ator is to
21 renove the nodul ation. A data extractor then converts the anal og

repr esent ghiaOdhcRithatadtds not matdtidlyChresent lif dhe ah@bedrSvidéd iottphloF @nVEmichhN
is perfornmed with a "slicer" and a sanplin circuit driven by a

synchr oni televisibn geceivene EhiSd@ﬁteriigfoarneﬁimtmcgldph atdirsotepa pE tespmses ngedt fos ity al
strength with a pre-deterp ned volta evel lled a "threshald.” If the
hpt st gRaEveyand o infisglon iha Wame@Cfial el n Soofrinedbentumaing.

| 0gi ¢ | evgbsmdifshithis the BRSGItVAAGENERBIS Bne of seveialBcliogsial 15 assigned the -
other logic level. The output of the Slicer Is once again a clean

si gnal sfree of Ina fiest geferted tenrtodiment Htheepresent tiveertion puses ias phast  miedulatidra

since an anbiguity exi sts regardj ng the begi nning and endi ng of the
dat a pul s&ethoftoEngods; the vispal; sig %‘lh\ﬁiéﬂi- i particulag; 3 sysfons foripsmithipg disitak

| ogic |ev il E S atﬂ% Corr. | . anol I syl L8 o d
data pul sg)g&%r%a ag gﬂcgu.ﬁdle%(a o) Fagé s@%&? E%%é?épgsa?@%gﬁc&ﬁ’ ocC a%ﬁlg%rg?a#gf‘he
M cropr oc @ifhitry modulates the digitdhiihforhittonuomtoad visusl ¢né SArdadp Rsdibited Svith
logic "1" and a logic "0" is alnost the uni versal method of designing

di gi tal | egalesg délevisiongprogrammingotA wisyalskansiitjert ¢oupled| tp theynddulating cixghitgh

LTS 6" RSN e hodilied bpndll TR SelERodQHAE a2 il SHAR mBMIRSES O

the data onto the visual carrier signal. The system then reduces baseband frequencies of the

phase modulated visual carrier using a compensator subsystem that includes a Nyquist filter.

The system amplitude modulates the encoded carrier signal with the visual source signal

and provides this modulated signal to an amplifier. A modulated and amplified sound
15  signal may be combined with the amplified visual signal prior to transmission.

In a second preferred embodiment, the system of the present invention uses an
additive method t that encodes the data by modulating quadrature sidebands of the visual
carrier with the data. A phase shifter shifts the phase of the sidebands such that they will be
in quadrature with the amplitude-modulated visual carrier. The transmitter then combines

20 the amplitude-modulated visual carrier and the data-modulated sidebands in a combiner. A
combiner can be implemented as a resistor network adding signals or as an electronic circuit
with transistors which add signals together. In some cases, a combiner has an inverting
input which acts to subtract the signal from the result. All of these implementations are well
known to those of ordinary skill in these arts. The signal is then amplified and combined

25  with an amplified and modulated sound source prior to transmission.

In a third preferred embodiment, the present invention uses a blended version of the
phase modulation and additive methods described above. Specifically, a system of the
present invention includes the elements of the phase modulation embodiment and of the
additive embodiment and adds delay elements to ensure that the embedding of data as

30  phase modulation and the embedding of data in quadrature sidebands are properly timed.
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22 includes an output device coupled to the decoder. A phase shifter in the data demodulator

shifts the phase of the output of a phase locked loop so that it is in quadrature with the
visual carrier and, therefore, in phase with the encoded visual data signal. It will be
appreciated that delay and phase shift is a normal consequence of signals propagating
15 through circuits. The inclusion of a delay circuit or phase shifter in the systems and
discussions of this document is for the convenience of reconciling phases to maintain a
quadrature or other phase relationship. If the circuits are designed to inherently include
appropriate delays and phase shifts, a separate delay circuit or phase shifter circuit may not
be necessary. The delay circuit or phase shifter can be absorbed into the other circuits. The
20 output device may be an Internet device sometimes called a World Wide Web appliance (or
Web appliance) coupled to a personal computer, a digital video disc, or a similar system.
The system may further include an upstream return path to the output device, such as a
coaxial cable line, or a microwave transmission.
Accordingly, it is an object of the present invention to provide a transmission
25  apparatus, systems and methods that provides Expanded Information Capacity in
comparison to existing transmission systems.
It is yet another object of the present invention to provide a transmission apparatus,
system and methods that is not expensive to manufacture and distribute.
It is a further object of the present invention to provide a transmission apparatus,

30  system and methods that uses digital technology.
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BRIEF DESCRIPTION OF THE DRAWINGS

15 - FIGURE la is a graph of a television signal spectrum normalized to 0.0 Hz.

FIGURE 1b is a graph of the output of a flat response television receiver.

FIGURE lc is a graph of an idealized and typical TV receiver response curve.

FIGURE 1d is a graph of the stereo Aural baseband spectrum.

FIGURE 2 is a block diagram of a conventional television transmitter.

20 FIGURE 3 is a block diagram of a conventional television receiver.

FIGURE 4a is a block diagram of a television transmitter with data embedded in the
visual signal using phase modulation.

FIGURE 4b is a block diagram of the compensator subsystem of FIGURE 4a.

FIGURES 4c through 4e are representations of the spectrum at various points of the

25  Compensator Subsystem of FIGURE 4b.

FIGURE 5a is a block diagram of a television transmitter with data embedded in the
visual signal using added quadrature sidebands, according to another preferred embodiment
of the present invention.

FIGURE 5b Actual voltage waveform of NTSC baseband video out of Baseband

30 Video Source 501



exi sti ng NTSC receivers. This problem was sol ved by al l owi ng the concept

of atibility” to include the technique of "sinulc spshat
bot h t ¥ @ ¥ si gnal 25 and the NTSC signal would ca?ﬁ/bgﬁms

IS, e sane -
programm ng, at two different resolutions. This conprom se woul d keep
the owners of ol der receivers from becom ng di senfranchi sed. And si nce

no system that FIGURBoSh ATsal aolthgbIDTaWefomls aftteoslevad data\vet theesutpt gfodatd,

two 6 MHz channels woul d still ? %@Ir %’_4}‘(% g roah had one

maj or advaﬁﬂ‘%esmlﬁopttf?é’elwﬂhewmé B Bt SC receivers

were old and n | d
Fotif? WFAGAY h%ﬁﬂ‘xg tﬁg{)?hhﬁ% uf'iﬂé’f“ﬁe/' die®H

be reall ocated to purpo requi rement
23" fmouﬁld”&ﬂ&aﬁdmﬂm&&dmelafaﬂ axed based on policy rather than:
technol ogi cal constraints. this step-by-step process,

"conpatd bility' FIMﬁammﬁb@epwgr@wwﬁd%wgw aboutputiof| Gompensator Subsystame
non- corrpatéﬁlde CBWd r system while tenporarily the official systemin
the U. S ugiter hi eve commerci al success before it was repl aced

with the conpat gy @lﬁg%%ct@l sp¥ctiogfiph at output of VisuaPTeddshiitdrS7e66:2MVSB

General | nstrunment rporation proposed an all-digital solution.
Qui ckly, niFidter 309, tTop teee isceforginagyESE snd lomehtradeds ekihe plisuahDofa Sigmal Japanese

DRt ot i A o S S P8t S Ao
too coppl ex q0det el Vsl ddt SRS, Were overwhel ming. At
FIGURE 6a is a block diagram of a television transmitter with blended methods of
embedding data in the visual signal, according to another preferred embodiment of the
present invention.
FIGURE 6b is a block diagram of a transmitter utilizing different data sources for
15 the additive and phase modulation modes of impressing data on the visual carrier in order to
obtain greater data throughput. ‘
FIGURE 7 is a block diagram of a transmitter with data embedded in quadrature for
televisions with synchronous detectors.
FIGURE 8a is a block diagram of a transmitter with data embedded in quadrature for
20 televisions with quasi-synchronous detectors.
FIGURE 8} illustrates the luminance signal at the instant in time when the carrier
and sideband vectors are in alignment.
FIGURE 8c illustrates the impact on the luminance signal when a signal in
quadrature is added.
25 FIGURE 8d illustrates the luminance signal when the d.c. component of the data has
been eliminated.
FIGURE 8e illustrates the error experienced by the envelope detector.
FIGURE $f is a table and graph of the error experienced by the envelope detector

when data is in quadrature.



10 the time a decision was to be nmade, all of the proposed systens created

unaccept abl e 7Ei ctures. The result was a decision to score all of the
systems as WR&&bl e under the condition that a "G andAYPYERES pe
formed all owi ng the proponents thensel vesgto decide upon a single

system Thus the political battles could occur behind close doors under the
gui se of sel ectFIGIJRB®Oa 'ibeadldckafiagranlofr elevisiv trirsmitersiitly tRcifrp BiSatatihg
the FCC. 15 Recent devel opments in the tel evision industries have
focused upsteriersace dug e quadepure data,qaccpding tquanether @irfemred; cmbodiment of i the
Increase in transmtted informati on and, therefore, could greatly
expand theerSee&ﬁnS’glgi(\ﬂ'sual si gnal bandw dth. Neverthel ess, the tel evision
i ndustry has cre@eRE 9basddebkzasbrain T a ievisiod @insHiRGOHh eﬁcdiﬂgg&satﬁﬂﬁ o
maxi m zi ng the efficiency of transm ssion and storage of the resu %I ng
di gi t al5 r elaterfesenco e tanquadpatwreadata 28 a fynctiem dfovisead devel) eedording tthi another
known as the_.Mying Pict %Jéf Eerrts Gr%g ("MPEG") standard. MPEG
the p at

consi sts dfrefered embedimsy St can be sel ected dependi ng on
the nature of tfe; ARGk btk didbremRIrA%ERYSId : -a0f.- di-g]

bandw dt h corrprllggim on9 ﬁg's réegsfﬁrpte gtiEn gldr#;?%t{c%ﬁlé r?@glﬁ%g%ﬂ%g@n%bggng
sel ect ed hinterfefenE€@ue ntoDuadrdtare, datd @6 .a Gmictign of visuddi level} acudadifig t8 dnothek €
HDTV channel can now be transmitted within the anal og Broadcast 25 TV
channel aseesred smbedingentpbthe prosent inypoRens of nmegahertz once thought

necessagry. In cabl e - hehaved. speectr douhl e th
data transm ssi}(?)lr? Lr'%?goﬁggg%)gféfial”aé.“?&a@&lfévr\%%%yg’ledﬁg&o ngegclﬁmd%e zi']'?r?eé"g I n
6 MHz. sionals. It didn't take very long for the realization to hit hone
that if HDTV signals could be ~  conpressed by this trenendous ratio,
NTSC si gnal s beFIE3MPEddded la@cmagr.arn\gﬁp thee sy edTSFISHIRE 1§ rgzherating hul andleg be

squeezed 'a{g[aerﬁerﬁ?siigﬂ? 6 MHz that could carry one HDTV signal or

Qs

FIGURE 12 is a block diagram of a system combining FIGURE 8 and FIGURE 10
. 15 to generate the abatement signals in real time.

FIGURE 13 is a block diagram of another system for relating the amount of
abatement signal to the visual level, according to another preferred embodiment of the
present invention.

FIGURE 14 is a block diagram of a television transmitter that predistorts the phase

20 component of the NTSC color signal, according to another preferred embodiment of the
present invention.

FIGURE 15a is a block diagram of a television transmitter that performs linear AM
modulation of the aural carrier with multi-level data.

FIGURE 15b is a block diagram of a television transmitter that superposes

25  separately modulated multilevel data onto the aural subcarrier.

FIGURE 16a is a block diagram of an aural data receiver with a high pass filter.

FIGURE 16b is a block diagram of an aural data receiver with a Nyquist type filter.

FIGURE 16¢ is a block diagram of an aural data receiver with baseband

equalization.
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FIGURE 18a is a listing of Two Level Codes compared with Three Level Codes for
the transmission of data.

FIGURE 18b is a listing of Four Level Codes for the transmission of data.

15 FIGURE 18c is a listing of Five Level Codes for the transmission of data.

FIGURE 19 describes the use of unequal steps in the encoding of data to provide
differential immunity to noise, distortion, and interference to two data signals.

FIGURE 20 is a block diagram of a Heterodyne Processor which can be used to
insert signals according to the present invention into modulated television signals without

20 first having to demodulate and then remodulate the signals.

FIGURE 21 is a block diagram of the application of the present invention for the
simultaneous carriage of multiple programs and a Directory with an analog NTSC television
signal,

FIGURE 22 is a block diagram of the application of the present invention for the

25  carriage of multiple data sources with an optional return signal path and a program source
and a Directoxﬁr with an analog NTSC television signal.

FIGURE 23 is a block diagram of the application of the present invention for the
carriage of multiple program sources and data sources using statistical multiplexing and
distributing the data over several television channels while carrying standard analog NTSC

30  signals in those channels.
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bel i it t Qgrtnastgg bf high capacity data in digital form and distributing the data over one or several

television channels while carrying standard analog NTSC signals in those channels.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of the invention, examples of
15  which are illustrated in the accompanying drawings. Wherever possible, the same reference
numbers or numbers with the same trailing digits will be used throughout the drawings to
refer to the same or like parts.

FIGURE 1 is a representation of the composite NTSC television spectrum, as used
~ in the United States (Type M). The visual signaling for NTSC analog transmission for
20  broadcast purposes utilizes vestigial sideband amplitude modulation for the impression of
the visual information onto the visual carrier signal. A filter, tailored to the characteristics
of the vestigial sideband modulation, and an amplitude modulation detector detect the visual

information embedded in the signal.
If, instead of the situation illustrated FIGURE 1, the television signal was full double
" 25 sideband at all of its frequencies, then the modulation of all of the picture information and
subsequent demodulation would utilize only amplitude variations that are in phase with the
visual carrier. The desired information would contain no phase-modulated components.
Thus, no energy-carrying quadrature information would be present. The available non-
interfering “information space” would then be found in quadrature with the main carrier.

30  This “information space” could be employed for the carriage of another signal, either analog
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their respective in-phase and quadrature signals. The first synchronous detector operating in

15 phase with the carrier will extract only the information from the sidebands produced by the
first generator and the second synchronous detector will extract only the information from
the sidebands which were created by the second generator. This approach mirrors
techniques employed for the modulation of the two color difference signals on quadrature
carriers at 3.58 MHz in normal NTSC. Another example of quadrature modulation is the

20  digital technique of Quadrature Amplitude Modulation (“QAM”). In QAM, two carriers are
used that are ninety degrees phase shifted from each other. That is, these carriers are in
quadrature. (The term quadrature derives from the ninety degree phase shift. Ninety
degrees is one quarter of the full 360 degrees present in one complete sinusoidal cycle.) In
QAM, each carrier is amplitude modulated. The amplitude modulation is at discrete levels

25  since it represents digital information. )

The actual television situation is much more complex than the above-described
scenario. The television vestigial sideband “VSB” signal is shown in FIGURE la. This
FIGURE is normalized to the visual carrier frequency 102, which is shown in the FIGURE
as 0.0 MHz. Because the television signal is vestigial sideband, it is neither all double

30 sideband nor is it all single sideband. Baseband frequencies from zero Hz to 0.75 MHz are
modulated in full double sideband and appear in the normalized spectrum of FIGURE 1a as
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10  region 110 below 0.75 MHz is 6 dB above the energy in the signal at frequencies above 1.25
MHz. Twice the voltage is present in the received signal because that portion of the
spectrum is double sideband modulated. The region 112 above 1.25 MHz has normal
amplitude because it is from the single sideband region. The transition region from 0.75
MHz to 1.25 MHz also has more energy than the normal level. To compensate for this

15  distortion, the receiver employs a filter, called a Nyquist filter, as shown in idealized form
and normalized to zero frequency (as was the spectrum of FIGURE 1a) in FIGURE Ic.
This filter is normally inserted in the receiver prior to detection, and shapes the spectrum to
give equal treatment to all frequencies carried in the signal. The Nyquist filter aggressively
attenuates the signals that are more than 0.75 MHz below the picture carrier and, in this

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

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

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

that shown in FIGURE 1c. The amplitude of the upper band edge is rolled off in the color
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o This method is known as the receiver-attenuation (“RA”) method...” The RA method is
universally employed today. An essentially reciprocal method known as Transmitter
Attenuation (“TA”) was considered by the NTSC and dismissed primarily because of
economic considerations. It was understood that these trade-offs would make receivers less

15  expensive by shifting the implementation burden to the transmitter. Since there would be
just one transmitter per television station and hopefully millions of receivers, this made
good economic sense. The consequence of these designs was well understood to be the
creation of a complex spectrum which introduced acceptable distortions when received by
relatively inexpensive detectors. Glasford referred to this relationship as like a “lock and

20 key”. While the television transmission is dependent upon this “lock and key” relationship,
certain aspects of these properties are undesirable to the transmission and reception of
embedded analog and digital signals.

Fink (D. G. Fink Television Engineering Second Edition, McGraw-Hill 1952)
teaches: “Vestigial sideband transmission, even with ideal response curves at transmitter

25  and receiver, introduces phase and amplitude distortions which become more pronounced as
the depth of modulation increases...” and continuing: “In any event, the defects and losses
associated with vestigial sideband transmission are so unimportant, compared with the
spectrum economy it provides that the system is universally used by broadcast statio;ns
throughout the world.” Because the vestigial filter used in RA transmission is practically

30 realized in most television transmitters as a group of lumped components or transmission

lines serving as series and parallel inductors and capacitors, these networks introduce phase



5 further attention. The WavePhore VBI system and the WavePhore sub-vi sual
system ca e conbi ned to provide over 500 kb/s. There is
%%ﬁ“s&f pi ctures using the WavePhore system NeVET/t”ﬁ%W@g’s", it

sonme degr

appears that the FCCis wlling to |et jhe broadcaster determne the

choi ces of his individual mar ket pl ace and to respond to those choi ces.
10 cobbigerdtiohs indeperident df che syabliap RAdthearyDl MAr@Rih@ isdDERA BétWesn

Phase Shi ft Ke&{q g DQPSK") signal carrying about 500 kb/s placed one
MHz- bel oWP4RENGAnS Sets of infprmation requires quadralatityebeiween the information sats.t Hendee

br ondcastlt RS OF ikt sRE ShaR Bl aGht Bo MapSRRuRR and peching SR ne

" oadc: U : : h
signa Tﬁus@%gmlrgdedoacﬂéu i .thé a@% i8/RPbé pRREvES Qﬁ&%@ftg;}ne@g%ghé an

starting at th traditional 750 kHz bel ow picture c

Di gi déck opfionally suppressesd casrigOmsed iz forming the sidebands whitlee fisspiinfoymatidresetads ri er
i s about 36 dB bel ow peak power d h a raw capacity of 700 kb/s.
For war d SFHGESTA: o R AP 4 AR T HaIS Jaith da db, QPRLY 1 Uamressed rearrigguaed in
capaci ty gfnine the S4&4aR& SOH or Ml calI's the new carrier the

"D Channe ".m%hee%gta gﬁgnaic%ﬁdl&g% ogEgﬁ synchronously to the

t el evi si on si gndatefl978 cthe broaficase taderdsiyn systerhi @ombsittécof the Bledroni BidusttiBe
Vi deo. The Di gi deck receiver al so depends on an adaptive

equal i zerAssaciation; 6 Fildn) forared 3, gubcommitteecforrthe [purpose ioftformulating stendardssty t ed

i i b al h. Lik
Ehe. Vv epRapl trbloatlratandiie B s kG By Soh FHRAL " The, sty o it
appr oach effokt wetk la@¥pted By BeTRTIT asdply 1984 48 b helePRRGAGRLABE iréﬁs)hitTtﬁ.g stsreq

Overscan Technigues: Qher systens have different drawbacks.
Ent ert ai sabed agd ofher dnfognatipns withionthie mermittedeairal spettswmiof anhNTSCdtetevisidnveen

9.1 d 10.3 ] d | | . f hor i |
sy ncﬁpon isigo{fﬁo TR LW'?@?{' %ﬁg&&gﬁ} t}‘g 8%5‘:2&_ ’ferfeeVé;@ rs;[yﬁt\%pst ; ?trflgz(ggﬁ“ gc_”) ts
appl i cat izpPrdagh Was &gt ld¥RlloptdHyahé Zeitht Rhéib :ﬁ%é%&?uér?ﬁd&’%x?ﬁ?{ ové%‘segg bngarl

Ni el sen uses line 22 of one field of the v or tra tting ogram
sourdé G. Eilers. Eilers (C. G. Eilers, TV Multichannel Sound -—- The BTSC System, IEEE

Transactions on Consumer Electronics, August 1984). The cited paper teaches that to
obtain respectable stereo signals out to the thermal noise ratios found at the Grade B
contour, it is necessary to include noise reduction techniques in the system design. Noise -
reduction is achieved by the use of a companding system which is applied only to the stereo
20  subcarrier pair (L-R). This choice was made because most of the noise is introduced in the
subchannel. The originally authorized sbund channel for NTSC transmission was
monophonic frequency modulation with a peak deviation of + 25 kHz. The BTSC stereo
signal introduces additional signals and spectral components to the aural carrier. The FCC
(47 CFR §73.682) imposes specifications on the utilization of the BTSC signal. Some of

25 those specifications include:

. The instantaneous baseband subcarriers must at all times be in

the range of 15 kHz to 120 kHz.

. Baseband information above 120 kHz must be aggressively
attenuated (40dB)
30 . The arithmetic sum of all non-multiphonic signals between 15

kHz and 120 kHz must not exceed + 50 kHz of the aural carrier
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of the video carrier suppressed the synchronization pul ses  of
t el evi si ompilet gaeier, 124 is transmitted at the horizontal frequency rate (15,734 Hz). The purpose of

10 the pilot carrier is to permit detection of the presence of a stereo signal and to permit
recovery of the information carried within the other subcarriers of the BTSC signal. The (L-
R) 126 region is a double sideband amplitude modulated suppressed carrier signal with
special signal processing to reduce the effects of noise. The Separate Aural Program
(“SAP”) at 128 is a double sideband frequency modulated signal permitting the transmission
15  of additional Aural programming for purposes such as second language. The SAP has a
somewhat reduced frequency response, limited to 10 kHz. The Professional Channel 130 is
a lower quality channel that can be used for the transmission of audio or low speed
telemetry.

Note that there are strong similarities, for the purposes of this invention, between
20 FM Stereo and BTSC. The FCC, some time ago, 'authorized stereophonic transmission in
the FM broadcast band and there are now strong similarities between the structure of that
system and the BTSC architecture. Both of these technologies resulted in modest reduction
of the service range for the respective signals. In the case of BTSC, the requirement to
maintain a concomitant visual performance so as to deliver a complete television program
25  effectively made this reduction in performance inconsequential. In the case of FM stereo
broadcasting, the service range of the transmitted signal was reduced. It was determined
that the public interest was served by the introduction of stereophonic transmission to FM

evén with the reduced service range of the stations.
It will be appreciated by those skilled in these arts that the implementation of Data
30  within the Aural signal as taught herein may be applied to an isolated FM signal such as
those found in the FM Broadcast Band with similar successful results. The FCC specifies a
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adoption of any new technology.

10 While the FCC carefully characterizes the performance criteria of broadcast stations,

the marketplace and manufacturers of consumer devices, such as television receivers, have

been free to choose amongst a multiplicity of techniques for the implementation of

receivers. In some cases, economic constraints have resulted in television receivers being

built with reduced sensitivity, picture resolution, and immunity to interference, these

15 concessions being left to operate in a free marketplace. Consumers are free to choose the

amount of television performance they want to buy.

Encoded Transmission Within The Visual Spectrum

In the ensuing descriptive material which assumes processing at standard TV IF,

spectral inversion upon translation to and from the final transmission frequencies will be

20 required. Processing at IF is not necessary for performance of these basic procedures whi.ch

may also be done directly at radio frequencies. It is also posSible to implement the

processing at baseband, but with much more complexity. Processing at IF relaxes the

circuit design challenges and thus favorably impacts the economics of the design. The

reader is reminded that a spectral inversion takes place between the broadcast channel which

' 25 is at Radio Frequencies, RF, and the IF in all modern television receivers. Unless otherwise
indicated, the following information relates the spectrum to the broadcast RF environment.

To successfully transmit additional information in the NTSC visual format, the

encoding of the present invention is rendered so that its information is not materially present

in the video output of conventional television receivers. As discussed above, a receiver for

30 NTSC analog television video must compensate for the effects of the vestigial sideband
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If additional information were to be applied in quadrature to the carrier by the first

method described above, it would be partially converted to amplitude modulation when
passed through the Nyquist filter. This is because the amplitude response of that filter

~ 20  varies at differing frequencies. So any departure from the carrier frequency would result in
horizontal perturbations about the zero Hz point 116 of FIGURE 1.c which in turn, yields a
corresponding varying signal level at the output of the Nyquist filter. These amplitude
variations will then be interpreted as visual picture elements by the amplitude modulation
detector in the TV receiver and will appear as undesired picture components.

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

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

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

accomplished with 2 Compensation Subsystem.
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frustration over the slow access to data 10 grows. The preéesent Invention
sati sfi esvished signehtfremcModilator R03aisaeppied toya pVisoal Fransmiten<207 where it is

10  ftranslated from the IF frequency of the Amplitude Modulator 203 to the transmission

frequency. Also, the Visual Transmitter 207 increases the power level to levels sufficient
for reaching the intended viewers. This amplitude modulated signal with equal intensity
sidebands is applied to a VSB Filter 209 that shapes the spectrum so it appears as shown in
FIGURE 1a. This signal is then applied to one input of Combiner 211.

15 A baseband Aural source 213 presents an Aural signal to one input of a Sound FM
Modulator 215. Typically the source of the audio is related to the source of the video. A
Sound Reference Oscillator 217 at a frequency 4.5 MHz lower than the Visual Reference
Oscillator 205 provides the other input to FM Modulator 215. In this example, Sound
References Oscillator 217 is shown as (45.75 - 4.5) MHz cosine wave source 217. This

20  source is coupled to the Visual Reference Oscillator 205 by connection 219 to insure that
the video and sound sources are frequency-synchronized. The output of the Sound FM
Modulator 215 is applied to a Sound Transmitter 221 where its frequency is translated from
the IF frequency of the Sound FM Modulator 215 to the transmission frequency. Also, the
Sound Transmitter 221 increases the power level to levels sufficient for reaching the

25 intended viewers. This signal is then applied to the other input of Combiner 211 where it.is
joined to the visual signeﬂ. The combined signal is applied to an Antenna 223 that radiates
the signal to the intended receivers.

FIGURE 3 is a block diagram of a prior art television receiver. Antenna terminal
340 is connected either to a cable television input 344 or an antenna 346 for receiving
30 radiated television signals. Other sources of television signals, such as for example from

pre-recorded media, satellite receivers, microwave receivers are possible as well. The input
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356 may also be implemented at baseband frequencies after Detector 358, but with

considerably more difficulty and expense. The IF Amplifier 354 also includes a Nyquist
Filter with characteristic as shown in FIGURE lc. The amplified and filtered signal

15  spectrum is then applied to Detector 358. Detector 358 is an amplitude detector that may be
an envelope detector, a synchronous detector, or a detector that exhibits varying amounts of
the properties of these types of detectors. One output of the Detector 358 is a baseband
signal which is then applied to Video Processor 360 which prepares the various components
of the signal for producing a picture on Video Display Device 362. The other output of the

- 20 Detector 358 is applied to a Limiter 364 which strips off any amplitude modulation that may
exist on the aural signal. The signal then contains only frequency modulation and is applied
to an FM detector 366. The output of the FM Detector 366 is a baseband Aural signal that
is applied to Audio Amplifier 368 The signal from the Audio Amplifier 368 drives Sound
Reproducer 370.

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

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

carriers to bring the audio signal to baseband. Since the local oscillators in the various
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frequency translation devices, such as cable subscriber terminal devices and the tuner of the

TV itself.

Phase modulation Implementation:

15 FIGIUREl 4a is a representation of a television transmitter (the generic term
“transmitter” describes broadcast transmitters as well as cable and other modulators)

| inclﬁding data encoder 425, according to a first preferred embodiment of the present
invention. The transmitter of FIGURE 4a includes a data source 427 (Return to Zero, RZ,

or Non Return to Zero, NRZ), Serial to Parallel converter “S/P” 429, Digital signal to

20  Analog signal (“D/A”) converter 431, Low Pass Filter (LPF) 432, Level Control 435, Clock
circuit, 433, Phase Modulator 437, Compensator Subsystem 439, Level Control 441, and a
Visual Reference Oscillator 405 at some suitable frequency, here shown by example as
45.75 MHz. The Data Source 427 optionally includes either software or hardware to
randomize the data so that it contains essentially equal numbers of logic one values and

- 25 logic zero values. This randomization is then undone in the receiver yielding the original
data. Such hardware and software is well known in these arts. Residual zero frequency and
near-zero frequency (d.c.) components generated by an asymmetrical amount of logic ones

and logic zeros can produce undesirable artifacts which are discussed more completely
elsewhere. FIGURE 4a illustrates an apparatus, systems and methods, wherein the visual

30  carrier is first impressed with the data in a special manner according to this invention and

then modulated with video in the normal manner of NTSC practice. The visual signal from
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i ncl udes Rederercst QIS‘S}H'{‘J?PY A3 d?!h‘e}éés Gaunled by gomaection 419 to the Video Reference
10 Oscillator 405 indirectly through Phase Modulator 437 so as to provide a sound reference

oscillator which is always 4.5 MHz below the instantaneous visual carrier frequency. The
Sound Transmitter 421 translates the spectrum to the desired output channel frequency
before applying it to the other terminal of Combiner 411 which adds the FM sound signal to
the visual signal before passing it on to the antenna 423 for radiation. ‘
15 This example illustrates the phase modulated data applied prior to the visual
modulation. The opposite order is also valid because the properties of each modulation
system are multiplicative. In this example, the transmitter described is sometimes referred
to as “low level modulation”. That is because the visual signal (and in this case the data
signal as well) is applied to” a stage in the transmitter in advance of its final power
20 amplification. Under these conditions, each additional stage from the point where
modulation is first applied should be operated in a linear mode. In this example, a
frequency translation and spectral inversion occurs within the Visual Transmitter 407 of
FIGURE 4a, to place the IF signal on the appropriate RF frequency. The phase modulation
process described above could also be applied to the oscillator in the Visual Transmitter 407
25 which is used for translating the visual signal from the IF frequency to its desired RF
frequency provided however, that consideration is made to the relationship and amplitude of
the sidebands with respect to the final output signal and that a signal including the phase
modulation information is made available at the appropriate frequency to block 417 to
maintain the intercarrier sound relationship of 4.5 MHz.
30 Another method of generating a visual signal for television transmission is called

“high level modulation”. In this case, the visual signal is applied to the last active power
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sy'st em of pllljé %osine wave of frequency fir. This signal is then introduced into a phase modulator

437 whose design is conventional and well understood by those of normal skill in the art.

As just one example, a circuit can be derived using two-way ninety degree power splitter

20  such as the PSCQ2-50 sold by Mini-Circuits Inc. of Brooklyn, New York with Internet Web
Site: www.minicircuits.com, which will permit it to operate as a phase modulator at this
frequency. Complete phase modulator subsystems are available from several sources
including Anaren Microwave Inc of East Syracuse, New York with Internet Web Site:
www.anaren.com. The phase modulator 437 is driven by the signal supplied through LPF

25 432 which band limits the frequencies of the data signal and conveys it to Level Control 4.1
| 435 after which the signal is passed to the left input terminals of the phase modulator 437 in
FIGURE 4a. If only two phases are modulated, just a single data bit is present at one time

on the appropriate terminals of Phase Modulator 437 and the S/P converter 429 and the
converter D/A 431 perform a trivial version of their normal tasks or can be omitted. Clock

30 circuit 433 steps the data through the S/P converter 429 and D/A converter 431 as required
by such designs. If four phases are modulated by Phase Modulator 437, two consecutive
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The Compensator Subsystem 439 of FIGURE 4a is shown in more detail in
FIGURE 4b. The Compensator Subsystem consist of circuitry for adjust the amplitudes and
phases of the sidebands created in the modulating process. It includes a Nyquist Filter 451
designed using normal methods well known by those of ordinary skill in these arts. As just
one example, a surface wave filter operated in the normal manner intended by its
manufacturer Sawtek Corporation of Orlando, Florida with Internet Web Site:
www.sawtek.com, could be used for this purpose. A filter could be designed and
constructed out of discrete components such as inductors and capacitors using a filter design
software program such as provided by Eagleware of Norcross, Georgia with Internet Web
Site: www.eagleware.com. The amplitude versus frequency characteristic of the Nyquist
Filter 451 is the same as would be found in a normal NTSC television receiver and has the
same characteristic as is shown in FIGURE lc.

The output spectrum of the Nyquist Filter 451 is shown in schematic form in
FIGURE 4c at 471. The bold capital letters, A through F in FIGURES 4b through 4e
correspond to frequency components in the spectrum and the places where they can be
found in the circuit of FIGURE 4b. The Nyquist Filter 451 adjusts the amplitude versus
frequency spectrum of the IF frequency which is modulated with data. At the output of
Nyquist Filter 451, the spectrum has experienced the same processing as if it had passed
through the IF Amplifier including Nyquist Filter 354 of an ordinary television receiver,
such as depicted in FIGURE 3. The resulting shaped spectrum signal is double sideband
modulated in Mixer #1 453 upwards in frequency using a Local Oscillator #1 455 whose
frequency is an exact multiple (N) of the IF reference frequency, fip. This is shown as the
frequency component 473 in FIGURE 4d. Connection 457 between Visual Reference
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10 used for this purpose. The modulated output of Mixer #1 453 consists of the lower sideband
475 shown in FIGURE 4d at a frequency (N-1)*fi;, (which is the difference between the-
frequencies [{N*fy - fir }= (N-1)*fj ] present at the terminals of Mixer #1, 453) the upper
sideband 477 also shown in FIGURE 4d at a frequency (N+1)*fz, (which is the sum of the
frequencies present at the terminals of Mixer #1, 453) and the Local Oscillator #1 455

15 frequency component N*fi: B shown in FIGURE 4d. It will be observed that the upper
sideband 477 and lower sideband 475 in FIGURE 4d are mirror images of each other The
upper sideband 477 in FIGURE 4d is merely a frequency translated version of the output
471 in FIGURE 4c of the Nyaquist filter 451. The combination of the translated signal 473,
475, and 477 in FIGURE 4d is then filtered by Band Pass Filter, BPF # 1, 459 at frequency

20 (N+1)*f to remove the undesired frequency components 473 and 475 in FIGURE 4d
which are found at the output of the Mixer #1 453. The upper sideband 477 in FIGURE 4d
survives and is a replica of the original data spectrum 471 in FIGURE 4a but now located at
a different frequency. Compare 477 in FIGURE 4d with 471 in FIGURE 4c. Band Pass
Filter #1 459 is designed and constructed using techniques well known to anyone skilled in

25 these arts. Commercially available software packages compute the elements necessary to
build filters such as BPF Filter # 1 459. One such filter design program is provided by
Eagleware of Norcross, Georgia. Additionally, BPF #1 459 can be purchased commercially
from suppliers of such filters such as Microwave Filter Company of East Syracuse, New
York with Internet Web Site: www.klmicrowave.com. The process is now repeated with

30 Mixer # 2 461, Local Oscillator #2 463, and Band Pass Filter #2 465. These components
can be identical in principle to Mixer # 1 453, Local Oscillator #1 455, and Band Pass Filter
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483 in FIGURE 4e found at the output of the Mixer # 2 461. The lower sideband 479 in

FIGURE 4e survives and is a replica of the original phase modulated and shaped signat 471

in FIGURE 4a but inverted in frequency. Compare 479 in FIGURE 4e with 471 in

FIGURE 4a. Band Pass Filter #2 465 is designed and constructed using techniques well

15  known to anyone skilled in these arts. Commercially available software packages compute

the elements necessary to build filters such as BPF Filter # 2 465. One such filter design

program is provided by Eagleware of Norcross, Georgia. Additionally, BPF #2 465 can be

purchased commercially from suppliers of such filters. This signal has been preshaped

(compensated) so that when it is processed by the IF Amplifier including Nyquist Filter 354

20 in FIGURE 3 found in the receiving device the spectral shaping caused by that Nyquist

filter will be effectively negated. If the receiver employs a well designed visual detector, its

output will contain no additional amplitude modulation components resulting from the data.
Picture degradation will be avoided.

The present invention does not use an Inverse Nyquist filter at the signal source.

25 Instead it uses a Nyquist filter and a spectrum processing means to predistort the signal.

This is important because the characteristic shape of a Nyquist filter is not defined. Rather,

a Nyquist filter is one which has an anti-symmetric characteristic around its Nyquist

frequency. This characteristic may be linear, but it does not have to be. An infinite number

of possible characteristics can satisfy the Nyquist criterion. By using a Nyquist filter in the

30  signal source, it becomes convenient to use a filter representative of the population of

receivers exposed to the present invention’s signal. This is accomplished by simply using
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Subsyst eshanges. Bauillchecappreciated that axsingle composite Nyquistifilger seuld beidesigned and

spect rogy ags Reaid Utrdﬁfaryvlﬁéi'a}ies;gnqg&%&l}eg to rSe%Zeslejx?tft% gvé/rage performance of
the Nyquist filters found in receiver in the market place. However, this filter may have to be
slightly different in different marketplaces and over time as the population in a marketplace
10 changes in order to optimize the result. It will be appreciated that the same and similar
techniques can be used in cable television system practice and with other delivery media
with appropriate modifications.
When Phase Modulation is used to embed the data, the resultant visual carrier
amplitude is unchanged. A perfect envelope detector will not respond to the data
15 modulation. However a synchronous detector responds to the projection of the resultant

vector on the real axis. This vector changes in relation to the data modulation.

Additive implementation

FIGURE S5a is a representation -of a television transmitter including data encoder

525, according to a second preferred embodiment of the present invention. FIGURE 5A

20 includes a Data Source (Return to Zero, RZ, or Non Return to Zero, NRZ) with optional
Randomizer 527, Serial to Parallel (“S/P”) converter, 529, Digital signal to Analog signal
converter, 531, LPF 532, Level Control 535, Clock circuit, 533, Double Side Band (DSB)

Data Modulator 537 and Compensator Subsystem 539. FIGURE S5A illustrates an
apparatus, wherein sidebands of an optionally suppressed carrier which is in quadrature with

25  the visual carrier are modulated in a special manner according to this invention and then is
adjusted in strength in Level Control 541 and then combined in Combiner 547 with the
visual carrier which is modulated with video in the normal manner of NTSC (or other
television standard) practice. The combination of the normally modulated visual carrier and

the sidebands modulated with data according to this invention and placed in quadrature with

30  the visual carrier is presented to the Visual Transmitter 507 for translation to the frequency

of the channel utilized and is amplified. The combination of the modulated visual signal
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observation of the incident and quadrature components of a synchronous detector placed
after a Nyquist filter.

It should be pointed out that the output of the Compensator Subsystem 539 found on

line 545 can be applied at any place in the visual transmitter chain after its Amplitude

15  Modulator 503 provided, however, that its phase and power are appropriately matched to the
circuit. Moreover, the signal could be combined spatially through a separate antenna system

provided that the amplitude and phasing considerations previously mentioned were

satisfied. There are two basic types of visual transmitters; low level and high level

modulation. The instant example explains the addition of the encoded data signal to a low

20  level modulated transmitter. In this example, it is also presumed that within the Visual

Transmitter 507 shown in FIGURE 5A, a frequency translation and spectral inversion

occurs to place the IF signal on the appropriate RF frequency. The encoded data signal

could be added to the frequency tramslation oscillator output provided that appropriate

considerations are observed regarding the relationship and amplitude of the sidebands with

25  respect to the final output signal. The properties of the compensator subsystem 539 cou.Id

likewise be distributed throughout the heterodyning elements of the visual transmitter

identified in block 507 provided, however, that the appropriate considerations as to sideband

amplitudes were preserved. The encoded data signal may be added to any stage in the

transmitter provided that no subsequent frequency multiplication occurs and that all stages

30 subsequent to the encoded signal injection are linear and of sufficient bandwidth that the

sideband structure is preserved.
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and well understood by those of normal skill in these arts. As just one example, a double

. 10 balanced Mixer such as the Mini-Circuits SRA-1 module operated in the normal manner

intended by its manufacturer could be used for this purpose The DSB Data Modulator 537

is driven by the data signal through LPF 532 which band limits the frequencies of the data

signal and coveys it to Level Control 535 after which the signal is passed to the input

terminal of the DSB Data Modulator 537. If only two levels are modulated, just a single

15 - data bit is present at one time on the appropriate terminals of DSB Data Modulator 537 and

the S/P converter 529 and the D/A converter 531 perform reduced tasks or can be deleted.

Clock circuit 533 steps the data through the S/P converter 529 and D/A converter 531 units

as required by such designs. If four levels are modulated by DSB Data Modulator 537, two

consecutive bits are converted to parallel form by S/P converter 529 and presented

20 simultaneously to the D / A converter 531 which converts them into appropriate four level

analog signals for input to the DSB Data Modulator 537. If eight levels are modulated by

DSB Data Modulator 537, three consecutive bits are converted to parallel form by S/P 529

and presented simultaneously to the D/A 531 which converts them into appropriate eight

level analog signals for input to the DSB Data Modulator 537. The D/A converter converts

25  bits similarly for other numbers of levels. The output of the DSB Data Modulator 537 is

then passed to the Compensator Subsystem 539 which is identical to that of the

Compensator Subsystem 439 FIGURE 4b. The advantages of the approach described in

Figure 4b apply equally well to this situation. This signal has been preshaped

(compensated) so that when it is processed by the IF Amplifier including Nyquist Filter 354

30 in FIGURE 3 found in the receiving device, the spectral shaping caused by that Nyquist

filter will be effectively negated. If the receiver employs a well designed visual detector, its



20 conponent of the NTSC col or signal, according to another preferred

enbodi ment 9 present invention. FI GURE-+RRod/sgs3 P! 0Ck
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37 Baseband Vigk&RBodréa 505 Thé tdp(xkaoéloﬁg'TIGU\KE 5aistthe estusll voltage avefeim
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cont ent s aluettdrdoudde adeband modulated NRZ data. FIGURE $5e is an actual spectrograph of data
signal at output of Compensator Subsystem 539 due to NRZ data. FIGURE 5f is an actual
10  spectrograph at the output of Visual Transmitter 507 but before VSB Filter 509. The top
trace is of ordinary NTSC and the lower trace is of the Visual Data Signal. Figure 5g is an
actual spectrograph after VSB Filter 509. The upper trace is the NTSC signal and the lower
trace is the visual data signal.
It will be appreciated that the same and similar techniques can be used in cable
15 television system practice and with other delivery media with appropriate modifications.
When Quadrature Sidebands derived by DSB modulation of the visual carrier are
used to embed the data, the resultant vector’s amplitude changes. The resultant vector is the
Pythagorean solution of the instantaneous amplitude of the visual components and the data
component. The length of the projection of the resultant vector along the real axis is
20 unchanged. A perfect synchronous detector will not respond to the data modulation;
however, an envelope detector will respond to the changing strength of the resultant vector.
Summary of the Additive Embodiment: The present invention’s data signal is
double sideband amplitude modulated onto an optionally suppressed carrier which is in
quadrature phase with the picture carrier. If both the video signal and the present
25 invention’s signal were normal double sideband, they could be separated with synchronous
detectors by conventional methods. Since the television signal is not all double sideband,
but vestigial sideband, a television receiver includes a Nyquist slope filter to properly
weight the upper and lower video sidebands around the carrier so that the correct amplitude
is available for detection. In the course of its normal functions, this filter would convert a
30 plain double sideband modulated signal (with opposite sidebands equal in amplitude to each
other) into a double sideband signal with asymmetrical sidebands. This newly formed
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carrier and possessing equal amplitude sidebands will be obtained. Under these conditions,
there will be no PM to AM conversion and minimal cross coupling of the quadrature
signal’s energy will be presented to the receiver’s video detector. Therefore the receiver’s
15 detector will respond essentially only to the video signal. If the receiver utilizes a
synchronous or similar behaving detector which inherently is immune to quadrature
components, the present invention’s signal will be essentially ignored. The pre-shaping of
the present invention’s data signal is done with a compensation network which includes. a
Nyquist filter representative of those found in the population of receivers exposed to the
20 present invention’s signal. In the event that the population consists of a mixture of
differently shaped Nyquist filters, a composite signal optimizing the. result can be
implemented either with a parallel configuration of Nyquist filters fed with signal strengths

in proportion to the numbers of the respective filters in the population or with a Nyquist

filter designed to optimize the result using standard filter synthesis techniques.

25 Blended Phase modulation and Additive Impiementation

When Phase Modulation is used to embed the data, the resultant visual carrier
amplitude is unchanged. A perfect envelope detector will not respond to the data
modulation. Nevertheless, a synchronous detector responds to the projection of the resultant
vector on the real axis. This vector changes in relation to the data modulation.

30  Alternatively, when Quadrature Sidebands with data double sideband modulated at the

visual carrier frequency are used to embed the data, the resultant vector’s amplitude
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trailing gits w be used throughout t aw n _
in the local oscillator of consumer electronic television receivers is sufficiently high that it

precludes the application of high quality synchronous detectors.

10 FIGURE 6a is a block diagram of a television transmitter, according to a third
preferred embodiment of the present invention. The transmitter combines the techniques of
the transmitters illustrated in FIGURE 4 and FIGURE 5A. A degree of phase modulation
and a degree of addition of quadrature sidebands are employed to optimize the result. The
reference oscillator signals delivered to all portions of the additive system is derived from

15  the instantaneous frequency and phase found at the output of the phase modulator 637a.
Only two new elements are introduced in FIGURE 6. All other elements are found in either
FIGURE 4a or FIGURE 5A (or both) and have the same functions and structures as
previously described. The two new elements are Delay Element 649a and Delay Element
649b. The purpose of these delay elements is to ensure that the embedding of data as phase

20  modulation and the embedding of data in quadrature sidebands are properly timed. Since
the propagation time through the various circuit elements in FIGURE 6 depends on the
details of their designs, the delay elements will have different values of delay for the various
possible implementations. The delay elements can be implemented in a variety of
techniques including, for example, by transmission lines or by a digital delay element

25 preceded by an A/D converter and followed by a D/A converter. These are all means
familiar to those skilled in these arts. It will be clear to those skilled in these arts that the
precise location of Delay Element 649a and of Delay Element 649b in their respective
signal paths is inconsequential. It is possible to locate the delay elements anywhere along
their respective paths without changing the effect of the delay on the operation of the

30 system. Some locations may be easier to implement than others.
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situation i]lustrated. Fl.GJUURE 1..the television signal full. doubl e 25
<1 deband 2 R I RRiI B Sinh okt aatnts B gatd, pring Ahe3s dwo
picture ipHALNBE PAuRAGh for sephtals BAth ipnallaamEr kithi ANa Yakfotkit nhdchSnieR 2%
anplitude variations that are in phase with the visual carrier. The
desi resl i sHowmimtHIGURI6A.d cont ai n no phase- nobdul at ed conponents. "Thus,
no energy-carrying quadrature informati on would be present. The avail abl e

non- interfering information space" would then be found in quadrature
with the Q&h&r_@ame&ag&'%@ﬂmﬁﬁ "informati on space" coul d be enpl oyed for

the carriage of anot hér signal, either anal og
39 or di Hiwilll be dpipreciatetbthat bihermathods ofachienng theeCorapemsator Subsisteist ude

Modul ated " AM. signal , ' ' carriger and its_doubl e sidepands,

were cr eaﬂ%‘g 5139{ é&ai pnd 6%&%&3&@%?3?&! %é’ ée"lndoéb’ respectiyely, taF%PF%ﬁSI?’ R ds
Wi th di Tf 5f 80F idveh@dTAh MaldEof dEEiBRERE: B Be 3RERUHLRAES B Alhid¥e' e Fbult
" 10 accomplished by frequency shifting and heterodyning in the Compensator Systems 439,
539, 639a, and 639b. Likewise, Digital Signal Processing (“DSP”) methods can implement

the same functions as analog circuits but limiting themselves to digital elements after analog
to digital conversion and being followed digital to analog conversion. These techniques are
well know to those of ordinary skill in these arts. Yasumoto et al teaches in U.S. Patent No.
15 4,882,614 which is incorporated by reference herein, yet another method of reversing the
effect of the Nyquist slope but without the advantages of the present invention which
facilitate convenient use of Nyquist filters which are representative of those found in the
receiver population exposed to the present invention’s signal. The interdependence of the
VSB and Nyquist slope was first proposed by W. J. Poch and D. W. Epstein in January of

20 1937 and adopted by the NTSC as early as 1940.
It will be appreciated that the same and similar techniques can be used in cable

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

Concerning Quadularity

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

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

30 one of the fundamentals enabling color to be compatibly added to the NTSC television
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enpl oyed for the nodul ati on of the two caolor difference signals on
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I's much nore ex than t'he above-descri enario. The television
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normal i zed_to the visual car rt{ler fr,eqfuenc;y 102, which i,s shown_.in fhe.

Fl GURE filter in the transmitter and the Nyquist filter 1n the telévision receiver are realized in real-

o~

world elements they generally produce subtle variations in the amplitude and phase of the
signals carried through them. While these subtle variations tend to be inconsequential to the
correct rendition of the picture, they become important in maintaining the necessary
20  quadularity to permit the correct operation of visual data signal of the present invention.
Any differential in the amplitude variations encountered by the visual signal’s sidebands
produce a resultant phase shift moving it away from the desired vector. When this happens
in the picture, its impact is essentially inconsequential. When this occurs in the visual pgth
or in the visual data path of the present invention, these unreconciled errors result in cross
25  coupling of the data signal into the visual signal.

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

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

reception population.



as 0.0 MHz. Because the television signal is vestigial sideband, it is
neither all double 30 sideband nor is it all single sideband. Baseband
frequenci e¥¥¥PER¥ero Hz to 0.75 MHz are modul at ed in PGFUSEEESI%

si deband and appear in the normalized sggctrumof FIGURE 1 a as

40 the region 104 from (-0.75 MHz to +0.75 MHz). Baseband frequencies
from (1. 2B6ufthBr EAhanceméni@8 MHz) are nodul ated in single sideband and
appear in the normalized spectrum of FIGURE | a as the region 106 from

(+1.25 Mz to {1?1'8 th cirGnG ARl ek HeREAE %)uglmp% bg&%% ("Ee Z/%g%é Qata;

MHz) are transm tran5| {10 regions an nor ma |zed

spect r um gibndls GilRin theviaml dbiectos, she data kiphal tanhdvela ﬁ&dﬂrﬂﬂﬁéﬂce On fhe Msddl and
from (+0.75 MHz to +1.25 MHz) which is neither double sideband nor single

si deband. signal. The presert|inysRtion prefenis| apparatuse sysiems and meshpds de ahinimaize this

e (o ;ttgﬁﬁégf%&ns@?éﬁéﬁ’@ﬁﬁe%ﬁe ey BuinBOE’ R EghcRogeaes wt

carrier f ﬁln;ﬂimemdmearbomnﬁe%edm ofi the s&hﬂi céasiﬁg%n;.éﬁtﬁnl&e

regi on 110 be ow 0 75 Is 6 dB above the energy t he si
frequenci blochjthe Sotind El‘ransmlttdvlﬂystewm tAmtemm 725 @anﬁmméﬁdntv SBFiltee 709,

recei ved signal_ because ,rt| of t ectrumis_dquhl e
si deband Yéda!l i F@Hmlﬁﬁeﬁygé?fﬁ 11‘?‘2 ‘% M-‘Ei“ - 75 MHZaYr‘ﬁP?Flt ude

because i I d g [ om

075" ' Refefercl GhcifiipEr05, Puse aﬁ"*%%? JASODRR DR Niodiiabt 737, ERfbHald:)

conpengat Subsysteirn739, Data Source with optional Randomizer 727, S/P 729 D/A 731, LPF 732,
and Clock Generator 733 will be recognized from FIGURE 5A. However, in FIGURE 5A,

Clock 533 was not coupled to other elements. This new connection will be discussed in
detail below.

Proper selection of Clock Generator 733 frequency and synchronization of that

15  frequency to the Baseband Video through connection 785 and the use of an optional comb

filter 787, can localize the data spectrum of the quadrature sidebands so that they interleave

with the spectrum of the video. These methods are well known by those skilled in these arts

and are the same methods used to interleave the color signal spectrum into the gaps of the

luminance signal spectrum. The clock frequency from Clock Generator 733 can be selected

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

further reduce any residual interference. Connection 785 conveys the baseband visual

signal to Clock Generator 733. The baseband visual signal includes the color subcarrier and

horizontal synchronization pulses. A wide variety of timing techniques are possible to

ensure that the Clock Generator 733 is operating at a frequency which will interleave the

25 data spectrum with the visual spectrum. The Optional Comb Filter 787 will further

attenuate any spectral components of the data signal that remain in conflict with the visual

spectrum. The degree of removal of these spectral components must be balanced against the

reduction in reliability of data recovery. A compromise is struck between reduction of

visibility in existing receivers and the robustness of the data for new data receivers. Comb

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

origination and reception equipment. They are often constructed with tapped surface



15 distortion, the receiver enploys a filter, called a Nyquist filter, as
shown in i | form and nornmalized to zero frequen t he
spectrum o%@éﬁé la) in FI GURE lc. This filter is nofér?ra/f"?%m\lﬁﬁgerted
in the receiver prior to detection, andgshapes the spectrumto gi ve
equal treatnment to all frequencies carried in the signal. The Nyqui st
filter agaresticdelay lines or witheligital ¢swhniquesangineat svelldamowarte thaseskilledrin Gheds M-z
bel ow the picture carrier and, in this 20 exanple, linearly attenuates the
signals i region 114 at frequencies between 0.75 Mz bel ow t he

pi cture carri en . o LicEk: :

carrier, 116 It ﬁl@?ﬁg& sg%mp %%Otgﬁg}sﬂgl é?éroﬁg H{lil't?n o%iﬂgsig%g}e%\gﬁﬂgls?%%ws

att enuat i Gghchrdfigativnipulsesidmdelsonfectifsunttances and in Gbme heceNees)itlsd timirgt effthe S
anti-symmetric about the carrier frequency. Generally, filters with an

ant i - synmscainingefthe dmage way be perterbedr Fhig wapddiresult in pswall digyacementpithe

exanpl e shows..a |li.pear 2 npl itu haract eri sti,c i he reqgion 114 .from
(05 it bty pitho@nged jo BEpantited S3CRBRRine btk o o, Bt Pt s
characteri Eh&m%naéﬁe'ratéé/ BHRAE effe@RRWynthi8nzaidn Rfnidg, /BN is manifest as
normal i zed to zero i'n FIGURE 1c. The consequence of such a filter is that

it yiel ds ragdedatertical edgest finder theseeirahmistanices; tiyd efffiext cin benalleviatedibythwldihg
upper end of .the, band. The horiéont at!h .. ,dashed_line 118 of F éBURE 1?
di spl ays tthedaapignal fae kpwnrstate, durng the gatical syachronigstiongraesidenss Adaptiop &f  of

mor o 11ce s WeRFE Souldue il 1R FOf of B tblngP ook lely £RAARR BE L0

ig ge i s r ekt OfThe rddultin@ @@V flow of data into the system needs to be controlled at the

proper time relative to the synchronization pulses. The data flow is regulated in an Optional
Data Buffer 789, under the control of an Optional Control Signal Generator 791 which is
timed by an Optional Sync Separator 793. Such data buffering, timing, and sync separation

15 circuits are well known to those skilled in these arts. The Optional Sync Separator 793
identifies the times during which the data should be held to a known state. The Optional
Control Signal Generator 791 generates timing signals which are passed to the Clock
Generator 733 and the Optional Buffer 789 to store the data during this time interval and to
stop the passage of data through the S/P 729 and the D/A 731 blocks.

20 Level Control 735 adjusts the depth of modulation of data imposed on the
quadrature signal by DSB Data Modulator 737. Level Control 741 adjusts the amount of
data injected into the composite video channel. In practice, this level is adjusted for the
minimum amount of data signal (plus some margin) necessary to reach the SNR objectives
of the service area. Only this minimum is used in order to minimize any impact the data

25  signal may have on the visual signal. This data signal level may be different in a cable
system than over the air.

The S/P 729 and A/D 731 are not needed if only two states of data (one logic bit) are
modulated. These units are necessary for more states.
It will be appreciated that these techniques can also be applied to the systems of

30 FIGURE 4a as well.



region to mnimze the cross talk between the color signal and the

| um nance signal and to make the filter design easier.
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pronouncegheddst differential between detector techniques is virtually inconsequential; it is expected

that future receivers built for sale into a marketplace richly infused with the technology of
the present invention will adopt detector strategies which further reduce the cross coupling
artifacts mentioned above. At that time, abatement signals could be reduced or eliminated

20  as a marketplace decision.

Abatement of a Data Signal's Interference in Non-Synchronous Receivers

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

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

30 therefore mask it and make it undetectable on the screen. Some viewers may, under certain
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mul ti channel television sound.. The r tg of this effort were adopted
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FIGURE 8a includes all of the elements of FIGURE 7 and adds waveform shaping -

circuits and delay circuits to introduce an abatement signal into the baseband video. This
will tend to cancel or abate the interference from the data signal contributed té the video
through the detection process mentioned above. As previously mentioned, it can also be
15  seen that this correction signal could be introduced in the RF domain provided that the
shaping and delay were appropriate to bring about abatement.
FIGURE 8a is a block diagram of a transmitter according to an additional
embodiment. Wave Shaping Circuits 895, take the analog wave forms presented to the DSB
Data Modulator 837 (through Level Contro! 835) and appropriately shape the waveforms so
20 that when they are subtracted from the visual waveform, an improved result will be
obtained. Receivers utilizing detectors of the classes referred to above, will experience less
impaired video. The output of the Wave Shaping Circuits 895 is adjusted in amplitude by
Level Control 897, and, if necessary, delayed in time by Delay 899 before being combinéd -
with the analog baseband video in Combiner 8103. This Analog Abatement Signal 8101
25  appears on one of the input terminals of Combiner 8103. Depending on the propagation
times of the signals through the various paths, it may be necessary to delay the video with
Delay element 8105 or to delay the abatement signal with Delay element 899. It will be
appreciated that the exact location of the Delay Element 8105 and Delay Element899 along
their respective signal paths is of no consequence. They may be placed elsewhere and
30 produce the same result. The delay elements and level adjustment elements are

conventional structures well known to those skilled in these arts and can be implemented in



sound and other information within the permtted aural spectrum of an NTSC
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must ot & 8fthe tafibr lahil tHef siddb@ndsWién e Visul signal is at 50% gray. Point 878 is the
sum of the carrier and the sidebands when the visual signal is at 20% gray. Point 880 is the

sum of the carrier and the sidebands when the visual signal is black (blanking lével). Point

882 is the sum of the carrier and the sidebands when the visual signal is at sync tip. The

maximum length of the signal vector is the distance between the zero carrier point 872 and
15  the sync tip point 882.

The scale used to describe modulation in the NTSC waveform divides the area
between black and white into one hundred equal divisions frequently referred to as Institute
of Radio Engineers (“IRE”) units. If one were to extend that scale in the RF domain, from
the level referred to as white which is a point where 12.5% of the RF envelope still remains,

20 it would be possible to describe all points in the RF spectrum with respect to the IRE metric.

FIGURE 8c illustrates the impact of adding a signal in quadrature. Point 884 is the
d.c. or average value of the signal added in quadrature. A consequence of the d.c. value is a
shift in the phase of the resultant vector tip to point 886. If the length of the original vector
(872 to 882) shown in FIGURE 8b is projected on the new resultant vector (872 to 886), it

25  will be seen that the original vector’s (872 to 882) length will project onto point 888 and
that the resultant vector (872 to 886) has been lengthened by the distance between points
888 and 886. A receiver’s synchronous detector which can identify the original vector (872
to 882) will respond to the projection of the new resultant vector (872 to 886) on the
original vector (872 to 882) and yield the visual signal without interference by the d.c. level
30 of the data signal. An envelope detector would respond to the lengthened vector (872 to

886) and be in error.
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receiver’s synchronous detector which can identify the original vector (872 to 882) will
respond to the projection of the new resultant vector (872 to 8100) on the oriéinal vector
(872 to 882) and yield the visual signal without interference from the d.c. level minus the

15 data placed in quadrature. An envelope detector would respond to the lengthened vector

{872 to 8100) and be in error.

Nevertheless, most practical synchronous detectors will instead lock on the location
of the resultant vector (872 to 886) which includes the impact of the d.c. component of the
data and yields an erroneous result for video. These synchronous detectors respond to the

20 projection of the data vectors (872 to 892) and (872 to 8100) onto the vector with the d.c.
component (872 to 886). Data of the first state (884 to 890) will lengthen the detected
signal by the distance from point 886 to the projection of vector (872 to 892) onto vector
(872 to 886) which is point 896. Data of the second state (884 to 898) will shorten the
detected signal by the distance from point 886 to the projection of vector (872 to 8100) onto

25 vector (872 to 886) which is point 8§104.

While it is possible to apply the abatement techniques of this invention to minimize
or eliminate this effect, a preferred approach is to eliminate the d.c. component of the data
as shown in FIGURE 8d. Here the data signal vector (872 to 8112) either advances the
phase of the signal vector (872 to 882) to the vector (872 to 8114) or the data signal vector

30 (872 to 8106) retards the phase of the signal vector (872 to 882) to the vector (872 to 8108).
A synchronous detector will lock onto the original vector (872 to 882) and respond to the
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si gnal s on cabFISURE %gygmgngtrates that the error seen by the envelope detector is a function

10 of the visual level. For simplicity, only the lagging data quadrature vector (872 to 8118) is

shown. When the visual signal is at sync tip level 882, the data vector (872 to 8118) yields
a resultant vector (872 to 8120). Projecting the video vector (872 to 882) onto the resultant
vector (872 to 8120) reveals that it is lengthened by the distance from point 8120 to 8122.
When the visual signal is at black level 880, the data vector (872 to 8118) yields a resultant
15 vector (872 to 8124). Projecting the visual vector (872 to 880) onto the resultant vector
(872 to 8124) reveals that it is lengthened by the distance from point 8126 to 8124. Wh;:n
the visual signal is at 20% gray level 878, the data vector (872 to 8118) yields a resultant
vector (872 to 8128). Projecting the visual vector (872 to 878) onto the resultant vector
(872 to 8128) reveals that it is lengthened by the distance from point 8130 to 8128. When
20 the visual signal is at 50% gray level 876, the data vector (872 to 8118) yields a resultant
vector (872 to 8132). Projecting the visual vector (872 to 876) onto the resultant vector
(872 to 8132) reveals that it is lengthened by the distance from point 8132 to 8134. When
the visual signal is at white level 874, the data vector (872 to 8118) yields a resultant vector
(872 to 8136). Projecting the visual vector (872 to 874) onto the resultant vector (872 to
25 8136) reveals that it is lengthened by the distance from point 8136 to 8138. The
lengthening of the resultant vector is different for different visual levels. The consequence
of this is that full cancellation of the data artifact experienced by an envelope detector is
possible with a fixed strength abatement signal at only one visual level. Abatement (i.e: a
reduction of the data artifact experienced by an envelope detector) occurs at other visual
30 levels to varying degrees of success. It is well known that viewer subjective reaction to

interference varies with the visual level. In some experiments, it has been determined that
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15  vector diagrams following these same principles without requiring any new concepts or

inventions,

Digital Data Signal Benefits:

A substantial benefit derives when the quadrature modulating signal is digital. The

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

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

25  is then level adjusted in Level Controller 997 before being combined with the visual signal
in Combiner 9103. The function of the Delay element 899 of FIGURE 8 can be more
conveniently served in FIGURE 9a by the Digital Delay element 9111; however the analog
delay of FIGURE 8a 899 would provide the required function equally well. The
ROM/RAM Address Sequence Generator 9113 produces a correctly timed sequence of

30 ROM addresses so that the ROM contents, after appropriate delay, may be converted to an
analog signal and subtracted from the video. Depending on the signal and the types of
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abatement at other visual levels to .varying degrees of success. FIGURE 9b shows a

modification which can cause the abatement signal 9101 to be related to the Baseband

Visual Source 901 output. The baseband video from the baseband visual sourcé 901 is

converted to digital form by Analog to Digital converter 9173. The digitized signal is

15  delivered to ROM / RAM Address Sequence Generator 9113 which responds to this input

and to the data from the Serial to Parallel converter 929. ROM / RAM Address Sequence

Generator 9113 could be implemented in a number of ways. As just one example, it can be

a table of addresses which are arranged in rows and columns with one of the two inputs

selecting a row while the other input selects a column. The address sequence then addresses

20  appropriate locations in the ROM & RAM 9107 where the digital representation of the

abatement signal is stored. The remainder of the system is as previously described in
association with FIGURE 9a.

FIGURE 9c shows an alternate approach. In FIGURE 9c, the abatement signal

strength is varied in proportion to the visual signal. But the shape of the waveform is

25 unchanged for various visual signal strengths. Level Control 997 is replaced with Level

Control 997¢ which is electronically controlled by an input from transfer function unit 9175.

Transfer unit 9175 takes its input from the output of Baseband Visual Source 901 and

modifies it according to the way in which the amplitude of the Abatement Signal 9101

depends on visual level as described in FIGURE 8e and 8f. Transfer function unit 9175 can

30  be implemented in a variety of ways. Non-linear networks using resistors and diodes can

" implement the transfer function. See, for example, chapters 1 and 2 of “Wave Generation
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Determining the Abatement Signal

10 The abatement signal on line 9101 of FIGURE 9 and line 8101 of FIGURE 8a may
be determined in a variety of ways. The signal may be calculated based on theoretical
principles. Alternatively, it can be determined empirically. . .

Since there are many types of visual detectors and since synchronous detectors may
become common at some point in time, the broadcaster should be allowed to make his best

15  estimate regarding the type and amount of signal shaping to introduce so as to minimize the
total amount of artifacts seen by his audience. The determination of the abatement signals is
performed separately and need not be in real time. The abatement signals may be dependent
on the type of detectors in the receivers. If there are multiple classes of detectors in a
marketplace, one strategy to minimize the impact of interference to the video may involve a

20 compromise abatement waveform that may not be perfect for any one receiver, but will
minimize the total impact on the population of receivers.

FIGURE 10 iliustrates the operation of several receivers 10117, 10119, 10121, and
10123 with differing detector types ranging from pure synchronous to pure envelope. The
signal origination structure of FIGURE 7 generates a signal that will give rise to some small

25  amounts of artifacts in the various receivers. The baseband visual signal is appropriately
delayed in delay elements 10125, 10127, 10129, and 10131 and subtracted from the video
outputs of the various receivers in Combiners 10133, 10135, 10137 and 10139. These
processes generate the appropriate error signal for each receiver respectively on lines 10141,
10143, 10145, and 10147. The error signals are combined in proportion to the importance

30 of the various detector classes in the local marketplace. The weight factor units 10149,
10151, 10153, and 10155 may have the same structures as the level controls of FIGURE 8a
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implemented in simulation.

The abatement signal 10101 is a function of the baseband visual level. If a system

which can only utilize an abatement signal which is independent of visual level is selected

20  (such as FIGURE 9a), then FIGURE 10 is used with a desired baseband visual level. F-or

. example, a 20% gray level may be used to determine the abatement signal 10101 or its

digital form coming from Analog to Digital converter 10159. If a system which can

accommodate abatement signals which are a function of visual level is selected (such as

FIGURE 9%b or FIGURE 9c¢), then FIGURE 10 may be used with various visual levels at its

25 input to obtain the analog abatement signal 10101 as a function of visual input level. Its
digital equivalents are determined by Analog to Digital converter 10159.

Feedforward Abatement Signal Generator

The above systems may be combined in a manner that creates a feedforward
configuration that operates in real time. This type of artifact cancellation is understood and
30 practiced in other areas of communications. The seminal work was first undertaken by

Harold S. Black of Bell Laboratories in the 1920s for the reduction of undesired distortion
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Clearly, the power levels within the FIGURE 10 block 11163 in FIGURE 11 may be

very low. Likewise, the entire function may be modeled on a computer rather than being

built in hardware.
15 Since FIGURE 11 operates in real time, the abatement signals determined are a
function of visual levels and are therefore optimized.
It will be appreciated that the same and similar techniques may be used in cable

television system practice and with other delivery media, but at different power levels.

Feedback Abatement Signal Generator
20 FIGURE 12 shows the combination of FIGURE 8 and FIGURE 10 to generate the

abatement signals in real time. No new elements are introduced and the elements retain
their identification numbers from FIGURE 8 and FIGURE 10. Care must be taken to ensure
the timing of all signals is correct. This is a feedback system and care must be taken to
ensure stable operation and avoid oscillation. It may be necessary to reduce the data rate so

25  that the propagation times of the various elements are not significant compared to the data
waveforms. Alternatively, and possibly more practically, the system of FIGURE 12 can be
modeled on a computer without the delays experienced in actual circuit elements. This
implementation may operate at higher data speeds than would be experienced with a circuit
implementation of these methods.

30 Since FIGURE 12 operates in real time, the abatement signals determined are a

function of visual levels and are therefore optimized.
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frequency difference between the visual and aural carriers to bring
t he audi ccopeyrfedm the 4fEeMir VisgalReferenee Osniblaton 3343, | Bheorusputrofithe Combinsn s
13183 is shown at 13181 and is a double sideband modulated signal with the video
modulation inverted from its normal mode. That is, sync tips are towards zero carrier as
shown at 13179 rather than the other way (NTSC normal) as shown at 13181. This output
15 13181 is applied to one input of DSB modulator 13185. The data signal from the output of
Digital to Analog converter 1331 is passed though LPF 1332 and waveform shaping circuits
1395 and is the unmodified abatement signal. This unmodified abatement signal is applied
to the other input of DSB Modulator 13185. DSB modulator 13185 may be thought of as a
multiplier which multiples the abatement signal coming out of waveform shaping circuits
20 1395. The quadrature energy of the data signal exists in two phases with respect to the
carrier at connection 1345. While the phases have the same magnitude, they are in opposite
polarity. However, both phases serve to lengthen the resultant transmitted signal vector
when combined with the modulated video carrier. Consequently, the abatement signal I’ at
the output of Delay & Phase Shifter 13189 must operate to reduce the output of combiner
25 1347 due to the data input signal Q. This is accomplished in Waveform Shaping Circuits
1395 by the use of two operational amplifiers, one developing the inverted output signal of
the other. The output of each of the operational amplifiers is combined through steering
diodes so that only one voltage state with respect to ground is present at the input of DSB
Modulator 13185. These steering diodes function to form the mathematical absolute value
30 function in the same manner as the diodes in a full-wave rectifier circuit as is well known to

those of ordinary skill in the art. The rise and fall times of the abatement signal must follow
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This reduces the contribution from the Pythagorean summatlon explained in Figures Sb
through 8e. '
The waveform shaping circuits 1395 follow the principles previously described in
15  relation to FIGURE 8a, block 895.

Subcarrier Compensation

In certain classes of detectors which display susceptibility to quadrature and other
energies not in phase with the intended carrier and its sidebands, the instantaneous solution
of the Pythagorean Theorem (as described above in the discussion relating to FIGURE 8b

20 through 8f) also results in a phase modulation of the visual carrier vector. In NTSC,
transmission and reception certain signals are carried in subcarrier form. An example of this
would be the color information comprised of both burst and chroma signals. The chroma
burst is time division multiplexed onto the synchronization signal. That is, a minimum of
six and a maximum of nine cycles of the unmodulated color sub-carrier are switched into

. 25  the synchronization pulse. The color signals are added to the NTSC monochromatic signal
as a subcarrier centered around a nominal baseband frequency of 3.58 MHz. In the NTSC
color system, the faithful reproduction of color information depends upon the preservation
of a specific relationship between the phase of the burst signal and the sidebands
representing the chroma encoding axes (nominally R-Y and B-Y). The inclusion of this
30 information into the NTSC signal occurs through the production of two double sideband

signals on quadrature subcarriers at the 3.58 MHz frequency. If this carrier changes in
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encoded data signal of the present invention is varying in symbol length and phase and -
amplitude (if more than two levels), in detectors which are susceptible to quadrature energy
(such as the envelope type) the instantaneous resultant effect on the NTSC signal caﬁses a
phase modulation of the chroma information. This phase modulation is manifest as' a
15 displacement of the vectorial relationship of each component of color information present
during the duration of the data symbol. This is a linear function in that the amount of phase

shift introduced to the chroma signal is directly related to the data signal.

Predistortion of the phase component of the NTSC color signal can be used to abate
this problem and reduce it to essentially zero. At least one way that this may be
"~ 20 accomplished is to perform independent correction to a part of the NTSC signal prior to its
combining with the encoded visual data signal. A circuit termed a “Luma / Chroma
Separator” 14191 may be constructed which separates the lower frequency luminance signal
(that information below approximately 3.0 MHz) and the chroma information which
operates essentially in the region 3.0 to slightly beyond 4.0 MHz. One such device is
25  commercially available as “Video Enhancer Color Controller Pack” Model SD-ES from
Pioneer Electronic Corporation of Tokyo, Japan. It is also possible to construct that circuit
so that the burst information at 3.58 MHz and occurring only on the back porch of the
synchronization signal is carried along the luminance path exclusively. The signal from the
portion of the circuit carrying the luminance signal and burst 14193 is fed to the Amplitude
30 Modulator 1403 as shown in the FIGURE 14. A signal from the Visual Reference
Oscillator 1405 is fed to Amplitude Modulator 1403. A signal from the Visual Reference



FIGURE | a and conveys it to one of the inputs of Conbiner 411.
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a faithful recreation of the original composite signal applied to the input of Luma / Chroma

Separator 14191. This is first accomplished by adjusting the phase and amplitude of the
chroma when no data is applied to line 14205 and the visual encoded data signal is off. This
adjustment process reconciles the correct amplitude and phase for the chroma components
20  when recombined with the luma / burst information derived by Luma / Chroma Separafor
14191 and supplied to the Amplitude Modulator 1403. The output of double balanced
Mixer 14209 must be filtered in Filter 14217 so that only the sidebands generated by the
chroma signals are passed on to Combiner 14219. In a standard NTSC system this Filter
14217 will need to extract the region 41.57 MHz to 42.77 MHz and should display
25 maximum attenuation at 45.75 MHz + 750 kHz. The circuitry of FIGURE 14 when
correctly adjusted and operated can effectively reduce the phase perturbation introduced by

the undesirable properties of an envelope detector on the color signal,
A similarly constructed circuit could be developed which operated in the same
manner upon the aural carrier of an NTSC television signal. When properly adjusted and
30  operated, this circuit will remove the sympathetic phase modulation imparted by a certain

class of detector on intercarrier sound signals. It is possible to build a single compensating
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Additional information may also be added on the aural carrier of the NTSC
television format. This is achieved through amplitude modulation of the aural carrier Whiph
is already frequency modulated by the TV audio and BTSC signals. The first requirement is
that the AM modulation may not be full depth without corrupting the aural program

15 information. The allowable depth of modulation is limited by the worst signal to noise ratio
to be encountered in the service area of the broadcasts. To be approximately equivalent in
both program material and data perfqrmance at the FCC “Grade B” contour, a downward
modulation depth of about one half voltage (6 dB) which corresponds to 33% modulation is
appropriate, but other values can be used. At this depth of modulation, multilevel data

20 signals may be employed increasing the data carrying capacity of the channel,

More efficient use of the available spectrum is achieved by multilevel encoding with
more than two levels of data. (The term “multilevel” means in this document more than one
level and includes a two level signal as well as a signal with more than two levels.) In the
system of the present invention, 2, 4, 8, and even 16 levels are appropriate for different

25  signal quality environments. Other non-power-of-two numbers of levels are possible as
discussed subsequently. In an NTSC (type M system) the highest chroma frequencies
utilized are 5.43 MHz above the lower band edge. This is arrived at by the visual carrier
being 1.25 MHz above the lower band edge, the chroma subcarrier being 3.58 MHz above
the visual carrier and the highest frequency chroma sidebands extending up to 600 kHz

30 above the chroma subcarrier (1.25 + 3.58 + 0.6 = 5.43). If it is desired to maintain the
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sideband to 3.9 MHz above visual carrier. Under these conditions the 4 level signal would

be 4.2 dB more robust than the 8 level example previously recited. The trade-off between

an otherwise previously permitted encroachment on the chroma spectrum and a more fobust

signal can be decided by the implementer. A unique advantage of the signal of the present
15  invention is its ability to be adaptive.

Typically domestic television broadcast stations operate at a power ratio of 10%
aural to visual (they are allowed by FCC regulation to operate between 0 and 22%.) The
process of the present invention uses a nominal depth of downward modulation of 50%
which effectively reduces the instantaneous aural signal by up to 6 dB. It is believed that

20 this further reduction of the aural field strength will insignificantly impact on the aural
program signal’s availability. Practically, viewers will have already abandoned reception
for want of a better picture long before the earlier onset of loss of sound limiting is
perceived. Empirical evidence with a small sample of television receivers suggests that the
addition of the data signal of the present system does not reduce the limiting of the aural

. 25 channel below its threshold, even under conditions where the visual signal has lost its sync.
To illustrate this point, it should be noted that in the early days of television broadcasting
stations were permitted to operate as much as 50% aural power. Significant improvements
in sound system processing have allowed a reduction in the aural power while
accommodating BTSC programming. Recently (1997) discussion has been underway by
30 some operators of NTSC broadcast facilities to reduce their aural carrier power to 5% (-13

dB) of the visual. A sample of people interested in this work have nearly unanimously
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FM Aural information and AM data on terminal 15509. The output signal on terminal
15509 is then available for translation to the broadcast frequency, amplification, and
radiation along with the visual carrier.

An alternate approach to producing amplitude modulation of the data onto the FM
aural signal is to separately generate the required sidebands and carrier components and add
them to the FM aural signal. Referring to FIGURE 15b, the data signal which is provided
by the Multilevel Data Source 15503 is introduced to the AM Data Modulator 15505. The
radio frequency port of this modulator is fed with a low level sample of the FM modulated
aural signal available as set by control 15511. This sample is obtained from any convenient
point in the transmitter aural signal path. Since amplification subsequent to AM modulation
must be linear to preserve the AM information uz-laltered, this point is best chosen after the
frequency translation and power amplification of the Sound Transmitter 1521 as shown in
FIGURE 15b. In the AM Data Modulator 15505 the process of data modulation as in
FIGURE 15a is performed. The resultant signal is adjusted in strength by control 15513 and
directed to Comparator 15515 where aural program signal without the data modulation is

subtracted from it providing a signal consisting of the additional components required for
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processing techniques while employing an I/Q modulator to establish the signal at the

proper radio frequency. The Band Pass Filters 15507 in FIGURES 15a and 15b truncate the

upper sideband as well as limit the extent of the lower sideband as required.

15 Reception of the FM modulated aural information is accomplished in the TV
receiver with no modifications. Interference by AM data signals is avoided in the
Conventional Television Receiver of FIGURE 3 by the filters and Limiter 364 that are part
of the TV receiver and appear prior to the FM Detector circuitry 366. Therefore, there is no
distortion conveyed into the aural channel. Recovery of the AM modulated data in its

20 wideband form requires extraction of the signal at radio frequency (RF or IF) and filtering
of the non-symmetrical bandpass of the data signal described above. Many modern
television receivers utilize a process called intercarrier detection. In this technique, the
difference frequency signal between the visual carrier and its companion aural carrier (4.5
MHz in the NTSC case) is recovered by the visual Detector 358, amplified, and limited by

| 25 Limiter 364 prior to its application to the FM Detector 366. Because the BTSC aural
channe] has effective sideband products only up to + 120 kHz of 4.5 MHz of this channel,
the necessary bandwidth of the existing 4.5 MHz circuitry is likely to be insufficient for
aural data reception. Additionally, because the data signal of the present invention is AM, it
will not survive transmission through a Limiter 364 stage. For these reasons, the aural data
30 signal of the present invention, is best extracted from the television’s IF amplifiers prior to

any detection. Because of the non-symmetry of this signal (due to vestigial sideband
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53 ordinary skill in these arts for dealing with this amplitude inequity. 1) A flat signal may be
obtained by the use of a sharp high pass filter (at IF) which effectively removes the upper
sideband energy in the RF transmitted spectrum. (See FIGURE 16a), 2) a filter with linéar

. anti-symmetrical response that evenly tapers the upper and lower sideband energies

15  resulting in a flat detected output (See FIGURE 16b), or 3) a baseband filter that reduces the

~ lower baseband frequency amplitudes after demodulation (See FIGURE 16¢). In FIGURE

16a, the Aural Subcarrier including the AM data is presented to a High Pass Filter 16100a

which converts the signal into a singie sideband form. AM Detector 16102a is configured

to detect single sideband signals. In FIGURE 16b, a Nyquist Filter 16100b equalizes the

20 energy in both sidebands so that a AM detector 16102b can recover the aural data signal.

This recovered signal when submitted to level comparator and clock recovery circuitry

produces the aural data signal of the present invention at logical levels. In FIGURE 16c, a

baseband equalizer 16100c is used instead of the filters 16100a and 16100b in the previous

cases. It may be convenient but not necessary to use digital techniques in the

25  implementation of the filters in FIGURES 16 and the Baseband Equalizer 16100c. In its

general form, a Baseband Equalizer accomplishes a filtering and / or phase adjustment

function at baseband frequencies after demodulation. This function can be accomplished

with analog or digital circuits, but digital techniques have become very cost effective and
convenient to implement.

30 The options of figures 16a and 16b are useable, but in both cases care must be taken

that the filters do not cause FM to AM conversion introducing the aural program
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Bandwidth required is based on 20% data “excess bandwidth”. The TV chroma signal is

protected from the data signal by filtering at the frequency listed as “lowest baseband

frequency”. Some configurations are less practical (2 level and 16 level) and are Ielss

preferred.
20
Data Rate # of levels  Nyquist B/'W 20% excess ¥ total Lowest Baseband
BW occupied B/W center frequency
1.5 MB 2 1.50 MHz 030 MHz 0.90 MHz 3.60 MHz
1.5 MB 4 0.75 MHz 0.15 MHz 0.45 MHz 4.05 MHz
25 15 MB 8 0.50 MHz 0.10 MHz 0.30 MHz 4.20 MHz
1.5 MB 16 0.375 MHz 0.075 MHz 0.225 MHz 4.275 MHz

Carrier to Noise (4.08 MHz B/W) calculations are based upon 6 dB depth of modulation.
The 36 dB C/N case considers aural carrier to be at ~-10 dB (broadcast mode) while at 43dB
30 C/N (cable mode) - 15dB is used. 2 level data operates at basic S/N, 4 level is 7 dB worse
and 8 & 16 levels degrade 6dB for each increase. The effects of vestigial filtering are not
included.
C/N = 36 dB C/N(102dB/Hz) - Nyquist dBc - modulation depth - aural A
Data S/N = C/N - MLFAC (Muitilevel Correction Factor)



This is inportant because the characteristic shape of a Nyquist filter is

not defined. Rather, a Nyquist filter is one which has _an
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techni ques to represent the average performance of the Nyquist filters
found in receiver in the market place. However, this filter may have to be
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1.5 MB 4 0.75 588 6.0dB 15dB 292dB 7dB 22.2.dB
1.5 MB 8 050 570 6.0dB 15dB 31.0dB 13dB 18.0dB
15 1.5MB 16 0375 55.7 6.0dB 15dB 323dB 19dB 133dB

Approximate performance vs. S/N - - - 15 dB S/N theoretically will produce 10 * BER.

Performance Characteristics at Various Aural Rates

Data Rate  # of. - Data S/N C//N Margin at NTSC Threshold

20 levels Best Cable for 10-8 Best Cable
1.5 MB | 2 242dB 262dB 15dB 9.2 dB 11.2dB

1.5 MB 4 202dB 22.2dB 22dB 5.2dB 7.2dB

1.5 MB 8 16.0dB 18.0dB 28 dB 1.0dB 3.0dB
1.5MB 16 11.3dB 13.3dB 34dB -3.7dB -1.7dB

25  In cable television operation of the aural carrier 10 dB below the visual carrier is

permissible and will provide 5 dB of additional margin. {47 CFR 76.605 (a) (5)}

Data Receivers

Figure 17a is a modification of the Conventional Television Receiver of Figure 3 to

include the ability to recover the present invention’s data. First the data on the visual signal

30  will be considered. Directional Tap 1772 removes a portion of the signal energy flowing
between the Mixer 1750 and the IF Amplifier with Nyquist Filter 1754 and presents it to the
visual input of the Data Demodulators block 17110 on line 1778. The other input to the
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output which is called a pass-through output. The objective of a directional coupler is to -
maintain signal isolation between its input and its outputs so that strong signals to not

15 backfeed to circuits not intended to receive them. Alternatively, the directional coupler
1774 may be used instead after the signal goes through the Optional Adaptive Equalizer
1756. (The splitting of the IF amplifier for these purposes is not to be confused with the
split sound technique described earlier as a method of television receiver design.) This has
the benefit of allowing the Optional Adaptive Equalizer 1756 to compensate for

20 transmission path deficiencies. The second part of the IF amplifier 1754b includes the
receiver’s Nyquist filter.

If the receiver implements its ghost canceling at baseband after detection, a separate
ghost canceller may be employed for the data signal. These techniques are well known to
those of ordinary skill in these arts. See “A Tutorial on Ghost Canceling in Television

25  Systems”, W Ciciora, G Sgrignoli, and W, Thomas, IEEE Transactions on Consumer
Electronics, Vol. CE-25, No. 1 Feb 1979 Pages 9-44.

Figure 17c shows the details of the Data Demodulators block 17110. Band Pass
Filter (BPF) 1780 restricts the energy to those frequencies which carry the present
invention’s data. Note that the bandwidth of BPF 1780 goes slightly beyond the 750 kHz

30 double sideband region of the NTSC signal. Because of this, it includes part of the visual

spectrum which will cause some degradation of the received data. This is not considered
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Moreover, the signal could be conbined spatially through a separate_antenna

system  whichisorveshis purpeser wencopsrated indhemanperdntendedcyniés menufnctures. Phase
01 cuaft v ShlEr 1786 Shn¥GHE o offhe Srepfl vrbie Lotk 1B J7R4 0 YRER Ripany
-exanpl e explaie Wile tROH Al edtrief add'BeRAGE HE PhalR vt iR bsehPirfehtR’s visual
data signal. Phase Shifter 1786 may be implemented with the Mini-Circuits PSCQ2-.SO
previously cited. The second path from the BPF 1780 leads first to Amplifier 1782 which

provides appropriate signal strength to drive double balanced Mixer 1788 where the cosine
15 wave from Phase Shifter 1786 is also made available. The Mini-Circuits SRA-1 is
commercially available and is a suitable mixer for this purpose. Since the phase of the
output of the Phase Locked Loop 1784 has been adjusted by Phase Shifter 1786 to be in

phase with the quadrature data signal, Mixer 1788 can recover that signal.
The output of Mixer 1788 is, in the general case, a multilevel signal. It is
20 simultaneously fed to a Clock Recovery circuit 1792v which recovers the timing
information from the muitilevel signal. Clock Recovery circuit 1792v can be implemented
in many ways. Just one example is the Elonics EL2019 clock recovery integrated circuit.
The clock signal times Level Slicer 1794v and Parallel data to Serial data converter P / S
1796v. The Level Slicer 1794v determines when threshold values are exceeded by the
25 multilevel signal from Mixer 1788 and therefore what logic values are estimated to be
received. When more than two levels are encoded simultaneously, more than one logic bit
is sent simultaneously. The Parallel data to Serial data converter P / S 1796v puts the data
in serial form to be presented to the user on terminal 1798v. Alternatively, the data is
presented to Data Multiplexer / Demultiplexer 17106. More will be said about Data

" 30  Multiplexer / Demultiplexer 17106 below.
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circuit 1794v. Parallel data to Serial data converter P/ S 1796a serves the same function

and can be implemented in the same manner as Parallel data to Serial data converter P/ S

1796v. The Parallel data to Serial data converter P / S 1796a puts the data in serial form to

be presented to the user on terminal 1798a. Alternatively, the data is presented to Data
15 Multiplexer / Demultiplexer 17106.

Data Multiplexer /Demultiplexer 17106 is optional and can used to assemble data
from the aural subcarrier and the visual carrier into a larger data stream. It will be clear to
those skilled in these arts that the other methods of data carriage in analog signals can also
be used in conjunction with these inventions. Thus, while not shown in FIGURE 17a, data

20 carried in the Vertical Blanking Interval, in systems devised by others such as Digideck and
WavePhore, and in other subchannels may be combined without further invention to
provide a higher data capacity. Conversely, the data conveyed in the aural channel and the
data conveyed in the visual channels may be subdivided into lower capacity data streams for
purposes which are not demanding of the full capacity of these channels. These

25  multiplexing and demultiplexing techniques are commonly used and understood in these
arts and require no further explanation.

If the data in the visual path and the data in the aural path are synchronously
clocked, only one of the Clock Recovery circuits 1792v or 1792a is required. Either choice
is valid. In that case connection 17104 provides the clock signal to the path which does not

30 have its own Clock Recovery block.
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purposes. FIGURE 17e will be recognized as FIGURE 17b with the following elements

deleted: Sound Reproducer 1770, Audio Amplifier 1768, FM Detector 1766, Limiter 1764,

Video Processor 1760, and Video Display Device 1762. Detector 1758 survives in abridged

20 form. Its sole function is to serve as a non-linear device to bring the aural subcarrier which

contains AM data down to baseband frequencies for conveyance on lines 1776 to the Data

Demodulators in 17110. Such a device can be built into a much smaller and lower cost set

top box or other small cabinet since it does not have the picture and sound producing

devices and their expensive and power consuming components.

25  Non Binary Multi-Level Codes

When the transmission path’s noise, distortion, and interference supports only two
levels of signaling, one threshold is required to determine if the analog representation of the
binary signal intends to convey a logical “1” or a logical “0”. Binary signals are transmitted
in succession and grouped together to form binary words. Traditionally, eight bits are called

30 abyte. Occasionally, four bits are called a nibble. The number of bits which form a “binary



filter will be effectively negated. If the receiver enploys a well designed

vi sual det LS
57 oﬁ&b&%’sﬂsfyl contain no additional anplitude nodul atl’lcgﬁusg%f%gnem S
resulting fromthe data. Picture dggradation will be avoided.

FIGURE 5b is the actual voltage waveform of NTSC baseband vi deo out of
Baseband Vivaldd dspend eonS@e. ddsign tofpthe r equipmént FprGtdsEinp cthe sddtine 3lemalatw oist age
waveform 5 of two-lI evgﬁydata at.the output of Data Source 527 and the

bot t om t r drapsyitted; iRsually piganized into bytest yal vol t age waveform at the out put

of Low Pass Fil . h . il ter. £l GURE
5d is an act ualﬁlggjec ?%agér}%%ﬁ %{ﬁ#}%ﬁ%&vg%\g{gﬁ%? %51%75%&)&}'&1’0 7'Ilf1e

due to douglie of drband APAaLedo NIFégsd Fronf EhIRESRRIficAintd Bt ALSBY to Most
spectrograph of data signal at output of Conpensator Subsystem 539 due
t 0o NRZ sdat SignificgrBit §SB3 and the lagationlin the stream dg rssignedta vdlee ouwpight.ofThe

Vi sual Transm tter. 507 but before

B Filt 509.. The .t . t i f
or di nary NYQhts ig the hmarg, System, are ési\é o I*#Fgfawgﬁﬁec’lﬁg"c‘ é?%;xgﬁ@!méﬁé%pé%S

is an wéagt ual spectrograph after VSB Filter 509. The upper trace is the
NTSC signal and the | ower trace is the visual data signal.
It will be appreciated that the sane and simlar techni ques can be used in
cable 15 television system prn&ss i Q8=amd with otjpRe jdelivery nedia with
appropriate nodifications. When Quadrature Sidebands derived by
DSB nodul ation of the visual carriel_ape 10 =10
10 =4 10> =100
=3 10° = 1,000
2’ =16 10* = 10,000
=12 10° = 100,000
=64 10° = 1,000,000
15 MSB 2’ =128 10" = 10,000,000

So in the binary system a byte consisting of all 1s would be valued as:
11111111 = 128+64+32+16+8+4+2+1 =255
and in the familiar decimal system, a string of eight 1s would be valued as:
11,111,111 =
20 10,000,000+1,000,000+100,000+10,000+1,000+100+10+1 = 11,111,111

The binary system has just two symbols: 0 & 1 while the decimal system has ten
symbols: 0,1,2,3,4,5,6,7,8, and 9.
When the transmission path can support more than two levels, it is customary to
attempt to utilize levels which are a power of two and to consider multiple bits to be
25  simultaneously transmitted. So for example, if four levels can be transmitted, they can

define two simultaneous bits:



used to enbed the data, the resultant vector's anplitude changes. The
resultant vector is the Pyt hagor ean sol ution of the msta%s?ﬂgsgiﬁg
anpl i tude S¥OE% sual conponents and the data conponéft" ngt h
of the projection of the resultant vecte®p along the real axis is 20
unchanged. A perfect synchronous detector will not respond to the data

nodul at i on; however, an d&evdllappresatte@® or will respond to the changing
strength of the resultant vecﬁ_1 Summary of the Additive
Enbodi ment: The present inven eyt representsPhnal i s doubl e si deband

anplitude nodul ated onto an o essed carrier which is in.
quadr ature phase with the pi c?’tﬁlk!gr%]a ‘)ré.se;ﬁrf? f both the video signal and the
present 25 invention's signalLev&lrdrepresems 1toubl e si deband, they could be

separated with synchronous detectors by conventional nethods. Since
the television signal is not all double sideband, but vesthlal
si debahd, a t elAmd simiarly.df tieteansmissionRath eangppnets eight dgyelss theraightievels easer | y -

correct a I'STavarll abl e for detection. In the course of its
normal functions, this filter would convert a 30 plain double sideband
nodul at ed signal (w th opposi fevel Idepasets @gpial in anplitude to each
other) into a double sideband signal with asynmetrical sidebands. This
new y forned Level 2 represents 00 58
asymmetrical sideband set woul.d ve an 8ﬁi|red conponent in phase with
t he vi deo carrier. Stat ec]‘ 3 ﬂ}g‘? ven though the data sidebands

were ijpitially placed on an Level4represents011

Level 5 represents 100

wei ght thﬁﬁﬁge[otglglegas?ﬁuftan\égusl}ﬁ deo si debands around the carrier so that the

Level 6 represents 101
Level 7 represents 110

Level 8 represents 111

T 15 If the transmission path can support ten levels, it is possible to do something quite

different. The levels can directly represent the decimal system:

Level 1 represents 1
Level 2 represents 2
Level 3 represents 3
20 Level 4 represents 4
Level S represents 5
Level 6 represents 6
Level 7 represents 7
Level 8 represents 8
25 Level 9 represents 9
Level 10 represents 0
However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to decimal will be

required at the sending end and a conversion back to binary will be required at the receiving



optionally suppressed carrier which is in quadrature to the picture carrier
at the origination point of the signal, after being op y the
receiver's WPQe/F887filter, a detector 5 operating on the ??%}el%ggsnls%lnsgl -
woul d i nclude unwanted conponents from tgje data si debands. This is
because the effects of the Nyquist filter -- which is essential for

preservat i gyd. ofhi b&n be accomfplishédrbsing Rigicddesignt frincipledifound iy elimentazy dobege
unnecessary and undesirable for the present i nvention's data signal.

Consequentteyts aqulogid designy sugbuasd“Fradamentals cof Pigital Systordesigie’ by V. Thomas)

carrier ang the_present, i LM | |l Thi 3 t by
proper |y 10%%n Pﬂ%ﬁeﬁﬁlé' @éi@%?ﬁih’i%%@%ﬁ &% 2@0&%%%3 %ﬁ“@@hlg‘gt@%gyg%gl so
that when j5,:039%8%n® B PU6M and G. R PEteFsBA LIOKR WiTey\s B, 11968, SBN 472 308800Ke

si deband spe%trum In qua&;} ur elﬂg t hft t:ie Vi Skliﬁl " carrier and possessing
equal agpl arddudenysotherd andi fanilifd to flwose bf erdinady skilhdtethesdrastse condi ti ons,

there will be noy‘sml?M t o, AM conver si on _and .m ni mal, cross cau ling of the
quadr at ur e Signilagla) 1f§heet,r@sgx§,sswnmaﬂb§ng§eegé§mrgan,tag t“ﬁ%‘%’rrg%féi RPOTES PTEe o
detector. Jherefaqr . UAVZ-TN ite $6:S e, W | & [ Y%
only to th agitwgge‘gqlggﬁgflgﬁﬁﬂﬂg’ P{%teﬁorte ether ’ Eﬂfelgl tpiéggslgg‘ﬁ@éﬁp%si? n '??g?foaiﬂeor

simlar befglsBOFISURE!8h sNdwW Bbwitd\prcesdt |TheifamilimrTne Ievelfladtriashoven on the
conmponents, the present invention's sitgnal will be essentially ignored. The

pr e- shapi nigfidbr the transission of &wr bits véththe MSB an the left gad the LSB opdhsyight. At

i K_whi ch j ngl NV QUi ST oof ] ] f
hobe Tountheitb oh ey it RS of coch sostiflbisihaipised b o8 SBh ° ©
i nvention' frxg):gzg %?:takiﬁaea{cﬂ%@é(ﬁiﬂﬁnst Sotentd MAARARUPH IO bE BIA6 bolumntf weight andur e

of di y shaped Nyquist filters, a conposite signal optimzing
t he resul t totainghke values forfheeownThe thred lewel onie fillsitheaentet aid nght colymnaandit of

Nyquist filters fed wth signal_strengths L n pro tjon to the nunbers
of the resiseteatedinithe sageqmarmer. h%efﬁo‘ﬁﬁgﬁ{] oidhe tyo mﬁﬁil%&%bahﬁng{y case, tNIpe prCe
designed tQ..Qptimze e S r ' si s techni ques.
25" 751 encBii a5 rpl i JHECHelshl" REihoRhRBHR S ol phftrs DY 0 !

15 Ls8 3’=1

MSB 3° =27
The three symbols have multiplying values of a=0, b =1, c = 3. And so, taking
20  some representative rows: |
aaaa=0000=0x27+0x9+0x3+0x1=0
bbbb=1111=1x27+1x9+1x3+1x1=40
ccec=2222=2%x27+2x9+2x3+2x1=80
cbaa=2100=2x27+1x9+0x3+0x1=63
25 However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to three level code
will be required at the sending end and a conversion back to binary will be required at the
receiving end. This can be accomplished using logic design principles found in elementary

college texts on logic design as cited earlier and is familiar to those of ordinary skill in these



When Phase Modul ation is used to enbed t-he data, the resultant visual

carrier anplitude is unchanged. A perfect envel ope detector will not
respond t OVOHRYSIET a modul ation. Neverthel ess, a synchrifntfUS@&ct or
responds to the projection of the resul gant vector on the real axis.

This vector changes in relation to the data nodul ation. 30 Al ternatively,
when Quadjrfit UTke fingeddRdRuewivitliclt ad bel @uRVeyed iifl SO EMBTGREHbLAS SdthathrdeRvels
visual carrier frequency are used to enbed the data, the resultant vector's
anpl i t udeextends from 0 to §O 99/ 55087

PCT/ US99/ 08513,. . . e e . 59

changes. But tMEI3FS; E&8G BAPSBHSYORPAR S BOIE ASIOUOR I icrivEFFe SPPORF 20qre.
unchangedy, Aupes {&/els of signalikBChit ¥R 4itd e theh f¥t! HL:VélQEar{ B8 re;a@q’o}ree. iy dat a
nodul ati on; however, an envel ope detector wll respond to t'he changi ng
st rengt h letels e neagylalways considened to be the transmissidhi ofttevochitsr smultameoasiydhus

el ectronic devices tend to use video detectors that are neither 5 pure

envel ope fout Bgedbesions AreyieARIred, i FmyRK fae sighkithpka bitesingisadaf thepriahisimeat i on
has the  oeriodP Ynel by Bluc0eie el Oific %ga GRbalubd\ffch Lan bOCoMEd bt Yght
deREOH nmented by a detector is

si gnal onrnp ure synchronous

desi r abl epinffyaifsieghlyfromleto@ssunt of phase di sturbance created in the
| ocal oscillator of consuner electronic television receivers is

sufficiently hitdghalshaossible to considesdhe fian levels topyspresentifowr differangkymbelsiiny

synchronoys detectors., 10 ..l 6a _i.s,a bl ack di.agr

C ol eIt ol anangiin wiieh B2 peaseafiedmith t Prpergmbol Sosty g spUBPROHCARE 18 o

the presedfon MR h3Beed! 26 the P thd ESumASRhE SReigh® drRadbIitfsh iQfindicated.
The “Sum” column is formed by taking each the columns contents and multiplying it by that

column’s weight and totaling the values for the row. Here, instead of the two symbols of
the binary case, four are utilized: a, b, ¢, and d. The “weights” of the columns are the

15  powers of four:

MSB 4> =64

20 | The four symbols have multiplying values of a=0,b=1,c=2and d=3. And so,
taking some representative rows:
aaaa=0000=0x64+0x16+0x4+0x1=0
bbbb=1111=1x64+1x16+1x4+1x1=85
ceccc=2222=2x64+2x16+2x4+2x1=170
25 dddd=3333=3x64+3x16+3x4+3x1=255
dcba=32100=3x64+2x16+1x4+0x1=228
However, since the logic circuits at both ends of the transmission path are most
likely constructed with binary logic elements, a conversion from binary to four level code
will be required at the sending end and a conversion back to binary will be required at the

30 receiving end. This can be accomplished using logic design principles found in elementary



the transmtters illustrated in FIGURE 4 and FIl GURE 5A. A degree of phase

nodul ati on and a degree of addition of quadrature side

enpl oyed toWQF?P/F?HSZe the result. The ref erence oscill a?’%&%}l%él%fss

delivered to all portions of the additiws systemis derived from1l5 the

i nst ant aneous frequency and phase found at the output of the phase

nodul at or cdB&ge texts on l6it desigmasited ebrieraidsis fFamsilinntorthokead drdinady|sidliRh these Al |

ot her elements_are found jn either FI GURE 4a or FlI GURE 5A (.or bot. h)

ond have. (. ERcranan of vahes SYRChsFan, bt GPREEYEL M four tHP%PF’%‘%I Vﬁhefg‘é"r ﬁs@a.

The two n t : 9% Al 4
eeWte?lP? FBH] § 12 .Dﬂn?)fs HleGaRd X %giédﬁktf‘eﬁe eetﬂrr%goc}léileve?s%

The purposé 0 nese delay elenents I's ensure ng O'Qdata
as phase 2Qnsidedd kerehitserd Mo bitul@iéwe Giragy bits. dat a i n quadr at ure si debands
are properly timed. Since .the propagation tinme through the various

ci rcui t5 el ementSimilarty) ifihriragsmisgion pathdmnaisedistortiong anchintes fepgnce isapporid erdrgns,

the delay elepents w ll. have different .values o el ay,. for the,vario

poss! bl o 11 BB VSIS oG RiERa ke PHTOL oKF SePL s rvils crnpy Eneles The Fofes
variety ofof FIGURIEQBRSANEhol 16! pieeddd, AtCtheQUABPIR cdtlimhd, e Fhsiph o alf'S OF
by a digital delay elenment 25 ‘preceded by an A/ D converter and foll owed by

a D/ A convsssition. is Tidisastedar Ehaal'Sum®aclemn is fofngedi by tkirigoearh dlse caliinht eontemts

these arts. It will be clear to those skilled in these arts that the °
preci se | gt myimbfingd %)yﬂlﬂtéﬁ&%“ saright and detabiag dhe pplugs for Bea9w nHefe ¢

FeSPect Vanptead of U0 RANMS bP U AAIGHE ke hih® AOR EObhc. | g8 ©

t he detay nt s any re a respective pat i w T hout

changi ng theigtéestithdéolimas steltiypowerd bEfiveper ati on of the 30 system Sone
| ocations may be easier to inplenent than others.

LSB 5'=1

15 MSB 5 =125
The five symbols have multiplying values of a=0,b=1,c=2,d =3 and 3 = 4.
And so, taking some representative rows:
aaaa=0000=0x125+0x25+0x5+0x1=0
bbbb=1111=1x125+1x25+1x5+1x1=156
20 cecc=2222=2x125+2x25+2x5+2x1=312
| dddd=3333=3x125+3x25+3x5+3x1=468
ceee =4444=4x125+4x25+4x5+4x1=624
edcb=4321=4x125+3x25+2x5+1x1=586
However, since the logic circuits at both ends of the transmission path are most
25  likely constructed with binary logic elements, a conversion from binary to five level code
will be required at the sending end and a conversion back to binary will be réquired at the
receiving end. This can be accomplished using logic design principles found in elementary
college texts on logic design as cited earlier and is familiar to those of ordinary skill in these
arts. The range of values which can be conveyed in four time periods with five levels

30 extends from 0 to 624.



60 The system of FIGURE 6b utilizes two different Data Sources
for the phase nodul ati on and additive approaches. In environnents

rel ativel y WQ2%58%7 noj se, distortion, and i nt erf er ence PGHYUSRPP$51}e

possible to carry even |arger anounts ofsdata using these two nmodes” of
nodul ation for separate data signals rather than as a reinforcing nechanism

as 5 showyuitievdl Gdfficaldnterval Dat@lsigrial§onpensat i on Met hods 't
ill b R hi evi ng t;h t OJ.
Subsystems. ecﬁ%ﬁ%ﬁ%%ﬁ*ﬁ%@é&?ﬁg RS e e RO 13 g e

respect i viakotghpticapabitit b2 thel Véreiedl Blanking HrtehAl (VBHESY HRNnciiSiof M2 il
digirtal filter can be directly dem&rﬁed o achieve’the result 10
d

acconpl i ssigeal dgvels efmerecthas v 1¢vely térar Emultijevellgmeanstih ¢hiSalopementtmore
(oS ribehens b ipribrei S0 lovel smalan ol ais fgual v marrabgn e (aRD
but 11 m tipng gﬁﬁﬁé@ﬁﬁrﬂ?@]{lf %tkiihgiéia nSteiFRiE cAfrb R TARBKO M VB{.II.%%éigé.g"Itl@l

conversion a pDel Ng owed di gital to analog conversi on.

t echni quespplication of Teletekt sipnals twithimhtirescope of thervutiensist placksa ibgea oretand
Yasunoto et al teaches in U S. Patent No. 15 4,882,614 which is
i ncor por alogisahzere at levelp whighsquats to dRE and 8AARE respeetavely. r ever si ng the

effect of the i i t he advant ages of th resent .

i nventi on whi Cﬁﬁﬂ@r csoglfigi& P?’f g%@éﬁ%ﬁ%@ﬁ?‘m@%ﬂ g}e ‘f@?ﬂﬁ’@?ﬁ’? E‘f B?@e thoc‘ﬁ are
repr esent gdrelyGh ekbsof BeWB] Unddriikese circuthfiffde @habiRWirkhit® Ba¥PBSR%nk O
the present invention's signal. The interdependence ol the VSB and

Nyqui st sopspatedvavhich cantdigprispiate betyweepumultiplpyoliagenldvels. Thesedevals can be dseduar y
of 20 1t%3g7en%rrz]:1 e g&i&ggénea? dg% sttaptees 'L\vrllx-i%g :%f?‘lﬁ%ﬁrré% e?t%ct}v%dfc?dta rate from that of a two

state system. If as an example, eight states were used the equivalent data rate would be

tripled. The prior state of the art failed to utilize multilevel signaling of more than two

15 levels in the VBI in spite of common complaints regarding excessive access time. Concerns
regarding multipath reflections (ghosts) may have contributed to this deficiency in prior art
systems. Lower signal margins between states would produce a system which was more
susceptible to inter-symbol interference from ghosting. The current state of the art in
television receivers includes ghost canceling circuits, some designs based upon the Ghost

20  Canceling Reference (GCR) signals. These techniques mitigate the impact of ghosting on
television reception. Cable television systems are generally operated in such a way so as to
be materially free of ghosting. In both the foregoing examples sufficient performance
margin exists to permit the successful adoption of multilevel data of more than two stat.es
and thereby the increase of data throughput over a two level system.

25 While the placement of signals in quadrature with the visual carrier requires care to
avoid interference with the television image, no such problem exists in the VBI since its
timing is such that no video is present during it occurrence. Thus at least double the number
of signal levels can be expected in VBI signaling that can be used in the quadrature methods
of the present invention.

30 As previously discussed, current Teletext signals convey thirty-two eight bit words
in each VBI line allocated or 7,680 b/s per VBI line in each field. While there are twenty-

one lines in the VBI, nine are required for the vertical synchronization signal and one is



It wll be appreciated that the same and simlar téechniques can be used in

cabl e | eyision system practice and with other deliver ' L th
appropri at e&ﬁogg?éﬁfsgat i ons. Concerni ng Quadul arity I)é:’ljms(;b/axs\i\sl'he_
basis of an essential elenent of the pregent invention's techniques is the
ability 25 to maintain a signal carrying data in an information space

whi ch i s nmserved byitak IRCC HorethieeClosed Captidningnsignilnt Fhiscleavey dlevehlithes every

i nformation S%ﬁ\ce deliveri ngi(tt he NTSC tel evision signal. ' process

| Th
s nore coMshelh of Acecond or abit rite of 1ORIBARE: If ciahs lanel Hesalisgds caplayetihis a

Ts the basiibleso SpeRRABK/ 1 Bfi YR ShabutRa e 3l M Ao SRAREY VDR ses B o,
wi dely t hr Yy had 14-VISBcmotulaiica it Rifot Mateasableadtodfiderighé nunkRr of levels

fundanmental s enabling color to be conpatibly added to the NTSC tel evision
WD 99/ 55085uch as 16. This would convey four simultaneous bits or 675,840 b/s.

PCT/ US99/ 08513

standard. The i gfsiﬂéte%% é’écﬂ’%tt@ﬁ \BL _ﬁunrﬁ‘f’ r‘HIﬁF e sienpl; Aoyld jbe ﬂl%aﬁgittﬂrt@iswi th
an NTSC b 88! Clodl Baptiohiy wBLM"G niced RS AR/ Bigfiben, BPnESE1ikbs A

si gnal ope?%l?es W t separate an ati1on
properti esundveilaiile.i Tha§02liaes ownminghthirgntihed adecond witht thirtyrvo eight-bippordsand

| ower sidebands is equal. This reﬂl on_is, called the double sideband region

104 of 5 Wwopldairld p it Tk of SeihMbhs- e df right sigrpkinaiavels arhasedhpthracubies ate ¢ he
lover g4 de?«%ﬁ@yé&“ﬁ&ﬁﬁ&éaﬁﬂy and the signaling rate increases to 11.68 Mb/s. If, as discussed

above, sixteen level signaling is used, four simultaneous bits are conveyed for a bit rate of |

15.59 Mb/s. While main thrust of the present invention is the compatible addition of data to

NTSC television signals, it will be appreciated that the visual data and aural data methods of

the present invention are compatible with a full-field teletext approach which utilizes two
15 level or multiple level signaling.

It will be appreciated that the previous discussion on non-binary multilevel si gnaliilg
applies to the VBI and Teletext applications as well. When the transmission path’s noise,
distortion, and interference supports more than two levels of signaling but not quite four,
three level signaling can be employed. Similarly, if the transmission path’s noise distortion,

20  and interference supports more than four levels of signaling, but not quite eight, then five,
six or seven levels can be employed.

The circuitry to implement these approaches is a combination of standard teletext
decoder clock recovery and an enhanced level slicer which can discriminate the number of

levels chosen. The level slicer is the same as found in FIGURE 17 of the present invention.

25  Differential Data Immunity

FIGURE 19a shows the manner in which a Digital signal to Analog signal converter
can be implemented. There are a wide variety of methods of accomplishing this function
and a plethora of commercially available integrated circuits which can be used for this
purpose. FIGURE 19a illustrates one implementation of a two bit system and is for

30 illustrative purposes only without limiting the choices of actual implementation. The MSB



bei ng attenuated. The region is known as the transition region 108 of

FI GURE la. The third region in that portion of the spectrumwhere only
the upper WMMPPAMT energy is transmitted. The region i ECTASPUPSIhe
si ngl e sideband region 106 of FlI GURE | agg The practical circuitry

required to shape the television signal to conformto these regions for 10

br oadcas tcgatmr{;ﬁdm 9903 SiYPhs ILSBid4 Riput DY AYOF RANE SHIAREES oMAEO VL 1904 ﬁJﬁﬁ‘lVDSi on,
e

si gnal . principle of VSB transiission is predicated upon the-

doubl e si dalvantertee D06 Afcohtiron metholl @ff &vpleinentatips Eirniliar trethoge déiddEihabesal ong
the slope called the receiver's Nyquist filter. The . doubl e ener gy
t ransni t t &g inyokvee thegiss |of centirdled rarmenlsayrces o upequal magmituds fesding @orsistor:

12 % o S B S S SRR B SR
SR A B RS L B Rl

o T AT BB A i 8 she i, B
TR SRR TR Syenaohooh Sk 9B Bl
O | A L SO SR ey S L o, (1

encountered by the visual signal's sidebands produce a resul tant phase
shift noving it amay.fronlthﬁ)des' gdg%ﬁgtagg%thp this happens in the
picture, its inpact is essen_ﬂall 2in e tidle. Wien this occurs in the
vi sual, path or in the vigual data path pf the present invention, these
unreconciled errors result in'cross 25 coupling of the data signal into
the visual signal. off Tha I npmct of thiljg effect can be largely
mtigated by introduci ng some phase correction in the data signal's
path so as to reposition theosi debinds in tHe ar @ operated upon .by
the correction circuit to th nint%nded gosit'on 3f quadul arity. This
correction can normal i z&% he % rrors of the V¢B filter, visual

transmtter an dh¥ MR Dsafgnt Pl SR 430 i h3.S§ 964 'sRinS &iggd i.n
t he many Nyqui gﬁp’ﬁ’?t ersnﬁn Pﬁe telée}sll g?éonss vﬁ?é%‘grez part Soip tth&e the
15  sequence 00, 01, 10, 11 then the voltage steps shown in FIGURE 19a as 19126, 1928, 1930,
and 1932 will result. If voltage thresholds Vy,; 1934, Vi, 1936, and Vy,3 1938 are set at

0.5 volts, 1.5 volts, and 2.5 volts respectively, then a receiver will be able to determine
which data was sent by the methods shown in FIGURE 19b.

The left side of FIGURE 19b shows one implementation of a slicer circuit using a

20 differential amplifier technique familiar to those skilled in these arts. There are a wide

variety of methods of accomplishing this function and a plethora of commercially available

integrated circuits which can be used for this purpose. FIGURE 19b illustrates one

implementation and is for illustrative purposes only without limiting the choices of actual

implementation. When the input voltage V;,; 1940 on the left transistor 1942 is less than the

- 25  threshold voltage Vi, 1944 on the right transistor 1946, the left transistor 1942 is off and the
right transistor 1946 is on causing current to flow in load resistor R 1948 dropping the

output voltage Vg, 1950 to its lower value. When the input voltage Vi, 1940 on the left

transistor 1942 is more than the threshold voltage Vy, 1944 on the right transistor 1946, the

PGB FRBE Ro AP dRe etk fotager b 24, T, .
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62 Fur t her Enhancenents Under certain cir ,
such as cro¥Q98%87i ng bet ween the visual and data si gﬁgﬁgﬁé\?&%ﬁ the
vi sual detector, the data signal can hawg a m nor influence on the visual

signal. The present invention presents apparatus, systens and nethods to
m ni m ze tigftSrabsistof P42 is ohhaad et tighl srandistbd (948Es b catising essbntildlg norcubeGUBRE 7

and enhancenents are provi ded. For sinplicity, FIGURE 7 conbi nes all
of the soufielv i deRiSrsisr R a688 bHowingathe output vbltapekV , j, N95Gan rite To dsshiphdrer
System 721a. Antenna 723, Conbiner 711, VSB Filter 709, Vi sual

Transm t t eyaldd) /In G@nbbner, thé diffebential amghiidbdehnl Rt wed 403, slidér t6dchdrinind if aal
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that 15 frequency to the Baseband Vi deo through connection 785 and the use
of an opt i exsatdsdhneshold voltage Viyy 1958, threshold voltage Vi, 1960, or threshold voltage Vips

1962 formed by a resistor ladder consisting of resistors R1 1964, R2 1966, R3 1968, and R4
1970. If the voltage thresholds Vy,; 1934 and 1958, Vy, 1036 and 1960, and V3 1038 and

10 1962 are set at 0.5 volts, 1.5 volts, and 2.5 volts respectively, then the outputs of the three
level slicers 1952, 1954, and 1956 are as follows:

Logic Inputs MSB,LSB 00 01 10 11

Input Voltage Ov lv 2v 3v

Slicer # 1 L H H H

15 Slicer # 2 L L H H
Slicer # 3 L L L H

The “L” in the above table indicates a lower voltage or a logic 0 while the “H”
indicates a higher voltage or a logic 1. It can be seen that Slicer #2 1954 directly indicates
the value of the MSB. The LSB is at logic one when Slicer #3 1956 has a high output or

20 when the combination of Slicer #1 1952 has a high output and Slicer #2 1954 has a low
output. This logic is realized in Logic Block 1972 with logic Inverter 1974, And Gate 1976,
and Or Gate 1978.

It can be seen from FIGURE 19a that if the output voltage Vy 1924 encounters more

than one volt of peak to peak (with zero d.c.) noise, distortion, or interference, it may not be

25  possible to accurately recover the levels transmitted. As long as the peak to peak (with zero

d.c.) noise, distortion, or interference remains well below one volt, accurate recovery of the
transmitted data will occur.

FIGURE 19c describes the use of unequal steps in the encoding of data to provide

differential noise immunity and differential immunity to distortion, and interference to two
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is presented here for simplicity of illustration rather than as a limitation.

Future TV Receivers

Future television receivers can take advantage of the availability of the abatement
signal to adjust the abatement signal for their particular structure.

15 For example, a fully synchronous receiver would not need the abatement signal and
actually would suffer by some small amount from its imposition. Because the inherent
performance of the fully synchronous detector is at an initial high level, the slight
contribution of the abatement signal in an adverse way to this class of detector is not
consequential.

20 Referring to FIGURE 9a, 9b, and 9c¢, the data that is used in the transmitter’s ROM /
RAM 9113 can be made available to the receiver in the digital data stream. In the receiver,
it can be converted to an analog waveform, correctly timed, modulated onto an appropriate
IF frequency and subtracted from the received signal. If the receiver’s detector needs no
abatement, the signal is restored to its original condition. If the receiver’s detector requires

25 a different kind of abatement, it can be constructed locally within the receiver correcﬂy
timed, modulated onto an appropriate IF frequency and added to the signal before video
detection. These same processes may be implemented at baseband, but with more

complexity.
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Level Control 735 adjusts the depth of nodul ati on of data inposed on the
quadr at ur e HdtgRalynB)PrbeEsdert a Modul ator 737. Level Control 741 adjusts the

anount of ata 1njected into the conposite video channel. In practice,
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signal may have on the visual signal. This data signal |evel nay be |
di ff er ent isystems; sipdenethods for doing this. A Local Oscillator 2002 at an appropriate frequency

15 supplies Mixer 2004 with one of its inputs. The other input to Mixer 2004 is a modulated
television signal. The output of Mixer 2004 is at an IF frequency. The signal is conveyed
to a Visual IF Amplifier 2010 which passes and amplifies only the visual portion of the
signal. Prior to reaching Visual IF Amplifier 2010, Directional Coupler 2008 separates a
portion of the signal and conveys it to Aural IF Amplifier 2012 which passes and ampliﬁés

20  only the aural portion of the signal. Immediately after Mixer 2004, Directional Coupler
2006 separates a portion of the.signal and conveys it to Phase Locked Loop (PLL) 2014
which provides an unmodulated output carrier on lead 2016 which is locked in phase and
frequency to the visual carrier. The output of PLL 2014 is phase shifted by an appropriate
amount in Phase Shifter 2018 so that the optionally suppressed data carrier is in quadrature

25  with the visual carrier. This is similar to 525 of FIGURE 5A (or any of the other
implementations of the Data Encoder of the present invention). The output of the Data
Encoder 20525 is provided to Combiner 2020. The output of Data Encoder 20525 is
optionally also provided to Abatement Signal Generator 20995 similar to the Abatement
Signal Generator of FIGURE 9b (or any of the other implementations of abatement signal

30  generators of the present invention) which generates an appropriate baseband abatement

signal. If the methods of FIGURE 13 are used to generate the abatement signal, Optional
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grocessed in Aural Data Generator 2024 and modulated onto the aural carrier in Aural Data

10  Modulator 2026. The output of the Aural Data Modulator 2026 is combined with the visual
signal in Combiner 2028. Mixer 2030 is supplied with the output of Local Oscillator 2002
and heterodynes the combined signal output of Combiner 2028 back to its original
frequency. Band Pass Filter (BPF) 2032 restricts the signal to its assigned frequency band
and amplifier 2034 brings it to the appropriate strength for the purposes intended. It will be

15  appreciated that subsequent frequency translation can be applied through the
implementation taught in FIGURE 20 so as to place the NTSC signal encoded with data as

provided in the present invention onto a different frequency.

Scaleability

An important aspect of the present invention is its scaleability to accommodate

20  differing transmission path conditions as well as various application data rate requirements

and economic constraints. Scaleability comes from two factors. Firstly, there is the ability

to utilize three different paths for data transmission: the visual carrier, the aural carrier, and

the VBI. Secondly, each of the paths can employ multiple signal levels ranging from two

level binary to multiple levels in powers of two and even to multiple levels which are not

25  powers of two. These various resources can be multiplexed into higher data capacity paths

or demultiplexed into many smaller scale paths. The resources from multiple 6 MHz
channels and FM signals can be multiplexed for still higher data rates.

Some of the data paths of the present invention will be more robust than others.

Some of the data paths of the present invention will be more costly to implement than

30 others. The wide range of capability and scaleability accommodates many marketplace

needs.
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Abat enment ta Signal” s Interference 1 n Non-Synchronous Receivers

Many if not nost television receivers do not use a fully synchronous

det ect ors ( Digectary synchronous detector with a long tinme constant). As a
consequence, even the shaping of the guadrature spectrumso that it

becormes doubl e spylebanthRlatbheindiabipstiuefis baSndifE fic &Eih%lg%ﬁorel\ébﬂiﬂléﬂ Tni thé €7

I's not enough to prevent sone subtle interference becalSe certain types of
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screen. Sone viewers may, under certain
the resources of a channel and to a larger extent, all of the channels, within the range of an
off-the-air receiver or provided over a cable or similar television delivery system.

In some instances, it is conceivable that more than one path may be available to a
receiver, each of which is carrying the same program material. In those cases, it would i)e

15 useful to identify this redundancy and to grade the availability of each of the paths, thereby
assuring that the most reliable signal was identified.

As television signals frequently are conveyed through translators or cable television
headends or other facilities where they are translated in frequency, switched between
multiple content providers, and otherwise altered, it would be convenient and useful to

20  identify which resources within the signal are being exploited at any given time so as to
permit the current operator of the signal to decide upon which signals could be added,
deleted, or passed through unmedified.

This assemblage of information should be carried along with the aggregate of
services and be made readily available so that operators of / or receivers of these services

25  can conveniently determine which resources are being utilized. At least one implementation
of this directory system is the use of a teletext-like code on a VBI line, for example, line 20.
This code could be implemented as binary or as multi-level. A progressively added set of
data words would be inserted to allow those who operate on the signal to leave their
identifications on it.

30 The directory can optionally contain information defining the source of various data,

the purpose of the data, the structure of the data, and its location. The last piece of
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the sxgna? reception ande processing equipment wouide be programmed to scan the channels

that are available and record in non-volatile memory the results of its survey. These circuits
15 consume a negligible amount of power and would operate continuously, constantly
surveying the data resources available. When the receiver is switched on, an up-to-date
inventory of available ancillary services on all channels is known. The receiver could also
be configured to permit an immediate update of the available resources on the channels. It
might also be useful to electronically maintain an historical record of this information for

20  diagnostic or other purposes.

The Progressive Word

Television signals are generated and relayed through literally dozens of intermediate
facilities before their eventual delivery to an end user. These intermediate locations may be
places programming and ancillary signals are added or deleted according to the interests of

. 25  those doing the relaying and the remaining available resources in the signal. Keeping track
of the path taken and the signals added to and deleted from a television signal is
cumbersome and includes many sources of potential error. The present invention enables a
technique for clearly labeling the path taken and the origin of signals. Accordingly, a line of
the VBI is reserved for generating a progressive word which captures the imprint of each

30 user consuming resources within the channel. The dedicated line is set to a black or near

black level, nominally 0 IRE. A number of techniques are known to those skilled in the art
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back 5 to analog form_ Mre will be said bel ow about the wave shaping
circuits, ®dogmation immediately adjacent to the occupied portion of the line. The described

10 technique permits imposing data onto the specified line without demodulation and
remodulation of the affected signal. When the use of a resource is terminated at any point in
the signal chain the information asserting the condition of the resource’s use can be returned
to a black or near black state indicating once again the availability of the resource in the
channel. Most current production televisions offered for sale within the US have decoding

15  circuits which recover Closed Captioning signals transmitted within the VBIL. -Receivers of
the progressive word can be patterned along these designs and this feature may be an

extension of their functionality.

Applications of the Present Invention

Until recently, traditional broadcast and cable based television reception was

20 accomplished exclusively with analog devices which were direct descendants of devices
first realized in vacuum tubes a half century ago. The requirement to provide cost effective
products at the onset of television technology required trading off spectrum inefficiency for
product cost reduction. Currently there are over 250 million television receivers in the U. S.

and over 150 million VCRs which operate on the analog television standard known as

25 NTSC. If the average depreciated value of these products is just $200, the total value is $80
Billion Dollars! This major investment by consumers must not be disenfranchised. N'ot

only are there a large number of existing devices, but they have half lives of more than a
decade. Additionally, about 25 million new television receivers and 15 million new VCRs

are purchased every year. If the average value of these new products is just $400, the total

30 expenditure is $16 Billion Dollars! The present invention provides for methods for
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The present invention sets forth apparatus, systems and methods for applying data
within the spectrum occupied by: 1) the visual carrier (that radio frequency carrier onto
which the video information signal is applied), 2) aural carrier (that radio frequency carrier

20 onto which the aural information signal is applied), and 3) the VBI. The present invention
also provides a communications pathway for identifying the allocation of these data
resources.

The present invention enables the transmission (over the air and within cable) of
additional programming and data resources which are expected to be well received by

25  viewers. These programs and services go where ever the hosting television signal goes and
may be delivered selectively to subscribing viewers by conditional access techniques or
supplied for the reception of anyone possessing the necessary receiving equipment.

The present state of the art in digital video compression is based on the Moving
Pictures Experts Group (MPEG) digital video compression standard. Presently, good

30 programming can be provided in data rates of 1.5 Mb/s. Since video compression

technology continues to evolve, it can be expected that improvements will allow better
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res ponldo t %agig ot lggnrz]a éu%%rgﬁgiﬁ\éﬁgltr%enues while providing consumer satisfaction. The cost of
bandwidth expansion can easily reach a thousand dollars per home passed in urban areas
where coaxial cable and fiber networks are placed under ground. Currently, many cable
systems are unable to provide all of the programming desired by their subscribers. This bas
resulted in some subscribers finding alternative entertainment options such as video tape
15 rental and Direct Broadcast Satellite (DBS) services. The cable operator is left with the
dilemma of expending large amounts of capital for system upgrades or watching the
subscriber base decline.
The present invention enables the generation of additional program channels without
bandwidth expansion. That is, the need for physical upgrading of the cable system is
20 avoided. Moreover, the cable television headend cost to implement the present invention is
modest and fully supported by the benefits. The special equipment of the present invention
will only be installed in the homes taking the new services and providing corresponding
new revenues.
In the same manner, the present invention can be added to over the air broadcast
25 television providing additional viewing choices and solving the capacity limitations of the
prior broadcasting art. Multilingual programming can be expanded into communities where
such needs are unmet or under-served.
While it may appear to those not familiar with the technology that the current
broadcast spectrum has many vacant channels which can be filled if programming were
30 available, quite the opposite is true. TV receiver prior art has technical limits which

preclude the addition of more stations. Many television receivers cannot separate adjacent
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10 The present invention enables more programming to be compatibly and
simultaneously carried with the existing analog television signal in the same spectrum.
FIGURE 21 shows three Program Sources 2102, 2104 and 2106 which include video
and audio presented to three Digital Compression units 2108, 2110 and 2112. These Digital
Compression units 2108, 2110 and 2112 could, for example, be implemented with the .
15 MPEG standard. A wide variety of MPEG digital encoding equipment is available
commercially ranging from add-in cards for personal computers costing a few hundred -
dollars to extensive processors costing hundreds of thousands of dollars. An MPEG1.
encoder card (called the Broadway Card) for use in PCs is available for $799 from the Data
Translation corporation, Broadway Group of Marlboro MA. (800-249-1000). Quite
20 acceptable results are obtainable at data rates of 1.5 Mb/s. FIGURE 21 utilizes the present
invention’s four level signaling implementation of the visual carrier as previously described
in Visual Data Encoder 2114 yielding a 3.0 Mb/s capacity which can carry two 1.5 Mb/s -
signals. The aural carrier methods of the present invention as previously described are
illustrated in FIGURE 21 as Aural Data Encoder 2116. The Aural Data Encoder 2116 can
© 25  carry an additional 1.5 Mb/s digital video signal. These signals are combined in Television
modulator or Transmitter 2118 with an analog video signal from the Program Source #4
2120. In cable television practice, Television modulator or Transmitter 2118 is a low power
modulator whose output is combined with the outputs of other low power modulators and
put down a combination of fiber and coaxial cable 2140 for delivery to subscribers. The
30 same is done for Multichannel Multipoint Distribution Service (MMDS) except in this latter

case, the combined spectrum is translated to the GHz range and amplified to appropriate
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be connected to alternative display devices such as those associated with personal

computers,
FIGURE 22 shows a particularly advantageous application of the present invention.
20  On the right hand side of FIGURE 22, a Decoder according to the present invention is built
into DVD / Decoder unit 2238 which is connected to ordinary TV # 3 2136. The Digital
Video Disk (also called the Digital Versatile Disk because of its ability to serve as a high-
capacity replacement for the CD-ROM) is a commercially available product with great
promise but some consumer resistance due to its current inability to record. As a play-back-
25  only device for pre-recorded media, it has limited appeal. It is also modestly expensive
since it includes decoding circuits and memory for MPEG processing. The addition of the
data transport apparatus, systems, and methods of the present invention to the DVD player
greatly expands its utility and value. Consumers with small or even non-existing DVD
libraries can obtain great utility from the MPEG decoder in the DVD player by providing
30 the built-in MPEG decoder with signals of the present invention. This synergistic
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10 different. These differences will become clear in the following.

The present invention also addresses the ever expanding need for data into homes
and offices. Much of the data service provided today is of a highly asymmetrical nature.
That is, where a simple request of a few hundred bytes generated by a user of the Internet or
similar services results in the downloading of a much larger file. These Internet and

15 Internet-like needs when served over telephone networks result in the downstream
information being severely constrained by the capacity of the phone network. This
constraint is limited by the physics of the network as studied by information theorists such
as Claude Shannon and others. That is, it is limited by the laws of Physics and is not going
to increase. The present invention substitutes apparatus, systems, and methods which have

20 not reached similar limits and thereby enables much more satisfactory service.

When massive amounts of information are transmitted continuously, the recipient
can solicit information on a subject through the selection of key words or similar identifiers
which permit their receiver to extract the desired information out of the circulating data
stream(s). Additionally, the information can be organized into “magazines”, “chapters”, and

25  “pages” which are listed in a system of indices. The recipient of the information indicates
which of these are of interest and they are captured and stored locally. This is referred to as
“Push Technology”. Unless the amount of information is very large and circulation very
rapid, its practical value is limited as was the case of Teletext. As we move to an
information based society, it is expected that Push Technology either standing alone or in -

30 conjunction with other programming sources such as radio and television will be broadly
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made it impossible to apply these techniques to moving pictures of ordinary television

15  programming. The present invention affords very high speed capacity which will enable
such advanced services.

FIGURE 22 shows the situation of FIGURE 21 with one or more of the Program

Sources 2102, 2104, and 2106 of FIGURE 21 replaced by Data Sources 2202 and 2204.

Digital Compression units 2208 and 2210 reduce data redundancy and save transmission

20 time. Note that any or all of the Program Sources 2102, 2104, and 2106 of FIGURE 21 can

be replaced with Data Sources. In this illustration, only two were replaced and one digitally

compressed program was maintained. The Program Sources and the Data Sources can be

utilized with any of the data transmission resources of the present invention. On the receive

side, one or more of the TVs or VCRs are replaced with personal computers or information

25  retrieval and display devices. Ordinary television receiver TV # 1 2226 continues to utiliée

the normal analog NTSC transmission. Ordinary Television Receiver 2228 is connected to

Web Appliance receiver 2230 which converts the data received into appropriate screens for

display on ordinary Television Receiver 2228. The Web Appliance receiver 2230 does not

have to include an MPEG decoder. It does however convert the received data and Web

- 30 Pages into suitable form for conveyance to the ordinary Television Receiver 2228. The

Web Appliance receiver can also access e-mail and other Web services if it is provided with
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Figure 23 shows how television channels can be combined to carry greater capacity

than any one channel can carry. Program Source # 1 2306 provides signals to Digital

Compression unit 2312 and Program Source # 2 2304 provides signals to Digital

Compression unit 2310 .and Program Source # n 2302 provides signals to Digital

15 Compression unit 2308. “n” is an arbitrary number. A large number of Program Sources

and Digital Compression units can be assembled yielding a need for a high data capacity in

the transmission channel. In addition to Program Sources, Data Source 2340 provides data

to Digital Compression unit 2342. Statistical Multiplexer 2314 merges the data streams into

one based on the statistics of usage of these various sources. The use of Statistical

20 Multiplexing allows more data to be carried since Program Sources and Data Sources which

at a given moment have need for only a small capacity can relinquish excess capacity to
Program Sources and / or Data Sources which urgently need it.

The data stream from Statistical Multiplexer 2114 may exceed the capacity of oﬁe

channel’s Visual Data Encoder 2320, Aural Data Encoder 2322, or VBI Data stream 2324

25  Then, that channel’s Television modulator or Transmitter 2328 will be over loaded. In that

case, Data Distributor 2316 presents the data to multiple channels 2318a, 2318b, and 2318n.

This is done in a manner so that any signal from one Program Source or one Data Source

goes to two or more adjacent channels. These channels are summed in Combiner 2334

before conveyance by cable 2338, MMDS microwave antenna 2336, or over-air

30 transmission by the separate antennas of the multiple Television modulator or Transmitter
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Decoder 2362 which extracts the data in the channel tuned by Tuner # n 2360 and conveys it

to Multiplexer 2354. There are “n” Tuners and Decoders where ‘n’ is some number of
channels with sufficient data capacity to carry the data provided at the origination point by
Data Distributor 2316. Note that the analog channels continue to carry ordinary NTSC
15  signals for direct use by existing ordinary television receivers. However, it is not necessary
to have television receivers in use to.practice this invention. It is possible to utilize blank
channels with no video and no sound, just the underlying synchronization and carrier
structures. It is also possible to utilize the NTSC signal for full-field Teletext with binary or
multi-level signaling while still using the other approaches of the present invention.
20 Multiplexer 2354 assembles the data from the “n” channels and presents it for use to
appropriate devices such as PC # 1 2332 in FIGURE 23. PC # 1 2332 in FIGURE 23 is
merely an example of a device which can utilize high speed, high capacity data streams. As
shown in FIGURE 22, PC # 1 2332 in FIGURE 23 may have a return path for interactive
applications. |
25 The Statistical Multiplexer 2314 increases the efficiency of the utilization of the data
carrying resource by allowing Program Sources which have much detail and / or motion to
temporarily utilize more of the available data capacity while Program Sources which have
little detail and / or motion to temporarily contribute capacity to other needs. Since this is
based on statistical phenomena, the more Program Sources invoived, the more efficient will
30 be the result. This results in the data from some Program Sources to be distributed to more

than one channel. Consequently, a receiver may need to monitor more than one channel to



to digital form That digital signal can be used to | ook up values in a ROM
or RAM Il ook- 5 up table which is then converted back to analog formw th
a digital WOy converter. These techni ques are wePFTRRRMSE,
those of ordinary skill in the arts. 11 The remai ning challenge to
I mpl enenting abatenent is to determne the contents of t he ROM and or

RAM 9113. extract the Befofthifidh M@edshey 08 icediRthe rogiam Schifce data streabh© Babalse BNt
signal on line 9101 of FIGURE 9 and |ine 8101 of FI GURE 8a may be

det er mi netllisi Multiplexere23p4ois weeddo asbanble gndatansiseatme whidhcis delberddatwe MREG
t heoreti cal rinciples. A ternati v n be determ,.ned . .
enpiri caICIS?F.oder 2368'to seche%?lﬁgélopﬁ%qeéveaﬁ %ﬂ%%ﬁtxt %b?‘%@%‘?icgﬁéﬂn ﬁ?&rs%%?g and _
since s S t : t; ' ' ' ,
y Q@g{ﬁﬁ@ﬁt A2 ”Rgﬁ BiskMufor MY 6 js oge&@am ﬁQ:EHHPe hAlinsREEHRPHAL fidin ?'Eiﬁg

t he broa S d be allowed to make his st 15 estinmate rega

t he type ardProgammSowte wiljnahallytspfonnd bo nonhoredharetveoclemntle. rfhesechaantlse
total amount of artifacts seen by his audjence. The determ nation of the

abat enentdasnoihayeta ke adjacentandrbehean beapassigned fromfime tatimaohe ¥ BI Direstary
time. The t%géi&rig%afkﬂ%g@ggesasgghgﬁﬁdependent on the type of detectors

in the receiVvers. re ar& nmultiple classes of detectors in a

mar ket pl ace, OFigufet 24{seilirCto FIGURE 23 id fhokteasdctsOwith Mefol IRWRRLE 8iffefentbe
video may involve a 20 conproni se abatenent waveformthat nmay not be

perfect fldighemResolationPedgram Savmee 3402 provides igheri pesformanceoteldvisiom sighalen

t he popul atjon of receivers. . . | GURE |10 i.|lustrates. the

oper aL8 ori6h 35 P PEATTRE B (idvenced Television Bty commilies Standaed ighalonpat

di fferinggy %v%at@r thE YHES i BeBdrkr 'If A9 PY ety AnDE OB rultihl® YDTE ex*gﬂlin@ RS-

The ifgnal origination structure of FIGURE 7 generates a signal that
wi || gi veHDIT3%signals cegmirsngaip to2) Mbio ubtier dérneats arkaqually acceprablearA oapmcity
receivers. _ The seband visugl signal is appropriately del ayed in

del ay el e?feh? é\'lgelvz ,leeqw Yt ,atl%&?ﬂymr e shastnelsct dhe ftecdiquRe ofi deo

FIGURE 23 are applied in FIGURE 24 for this purpose. Multiplexer 2454 services

15 advanced digital television receiver TV 2468. TV 2468 may optionally include a wide

screen, higher vertical and horizontal resolution, 5.1 channels of surround sound,

progressive scan, wider color bandwidth displays and multiple languages in both sound and
captioning.

The present invention also enables the delivery of signals which may be used for the

20 enhancement of quality of the hosting analog television channel. These enhancements

include but are not limited to digital sound (current NTSC television sound is analog),

improved color signals and other signals which will allow for a higher quality analog sigﬁal

to be seen on advanced television recetvers. This functionality can also include information

regarding the program being displayed. This information might include the name of the

25  program, the time remaining in a movie, or the call letters of a station or name of the

programming service. When used in conjunction with a Graphical User Interface (GUI)

icons may be “clicked on” to initiate other activities. These features are facilitated by this

capability. FIGURE 25 differs from FIGURE 24 in that the digital signals are used as

helpers to the analog NTSC signal which is provided at the receiver TV 2568 as ordinary

30 NTSC with connection 2570. At the point of origination, Resolution Separator 2504 allows

ordinary NTSC to pass to Television modulator or Transmitter # n 2510 while separating



outputs of the various receivers in Conbiners 10133, 10135, 10137 and
10139. These rocesses generate the appropriate error §j each
receiver re‘é’9e93{5§‘!§2| y on lines 10141, 10143, 10145, an?%ﬂ%g e .
error signals are conbined in proportiogpsto the inportance 30 of the
various detector classes in the |ocal marketplace. The weight factor units
10149, out fH21ligher r8ddi®jonaciemanid wWhichagre mov acmiedlysapart of NTSCQUr Fheseshiglee

| evel controls, of FI GURE 8a . . . .

72 aewlwien eements areqpassedfo Ligitdl Compressiay wnit 2598 which then progesaessthe

accor dance;: w | t f ' ' I e

detectors dll#ﬂtl Ililggca)l‘t{n@r?(fet}'lf)ISi ce é‘e@l\g/ggmgﬁn %ﬁg{ as ﬁﬁﬁég@?‘gﬁg % i‘gvg‘ﬁ&c%ﬁﬁaﬁ
circuit ngylakes theRinfimn bedatdrbduired b BAhanceGhe NTSUTEIER4] M May find sufficient
sophi sti cated frequency conpensated attenuator. These various abat enent

si gnal $ arcap#ritydo just pesior peri@pabymehannels57. The result is the abatenent
signal found on ] 1 t.he, .. outpyt. of \ner. 10157, '

out put can eit H@rlJ I@@@S%"g opﬁﬁe{ ?lgnaéﬁﬁg’(‘j@u?’bgﬁ‘? Bﬁgbcﬁﬁ'\gg%‘a% Tvers Zg&%egg
signal to {R,qit | onger r-é.giL 0 t | Qiteal
form the I'ﬂgﬁbl ?h?%#egrr%?iﬂ cl)lﬁ{ t%ér(])% t hg)‘r?ll %g 0 edg%ﬁpmgmc# 1?;@&225%%\'\# 109 of
FI GURE 9a,Pepdonabi0ompPater PC # 1 2632 and WebnApplidnee 26§6 whichtir durnhsetves hielevision

television receivers 10117, 10119, 10121, and 10123 10 of FIGURE 10 may be
repl aced wieesiveryEY 26A8 JreptherespasisoEGURER64s thesams as FIGURE 2%and FIGIRE

e evatn P Tg Syl KPR PERTREE b Mvord SoRREBERG €0, %3038 PRy

10121, andya#fdB5532 58 2890 respectively. The return path may be telephone lines, cable television

lines, or the return frequencies on MMDS. The Web Appliance formats images in a manner
optimized for television receiver display.

It should also be appreciated that a number of other services can be delivered over a

15  digital pathway, such as but not limited to facsimile, audjo services, teleconferencing,
telemetry etc.

US television is undergoing a major change. High Definition Television is expected
to be available to many areas of the US as early as late 1998. The present invention enables
a smooth transition between today’s analog world to tomorrow’s digital world by

20 maximizing the utility of the spectrum which must continue to support all of the existing
analog television receivers. Currently the price for DTV receivers are projected to range
from $5,000 to well over $10,000. The present invention offers consumers an opportunity
to avail themselves of additional television programming, improved quality analog
television programming, or a host of data services as a matketplace decision while

25  continuing to utilize existing analog television receivers which continue to receive analog
television program sources which will not soon vanish.

Since broadcast markets are served by multiple transmitters and cable systems have
many channels, the present invention enables the data resources of these multiple channels
to be combined for greater capacity. Similarly, any one channel’s resources can be divided

30 into smaller capacity data paths to serve more modest applications. The present invention

includes a directory which is used to identify and allocate the combined resources.



simul ated or nodel ed on a conputer or other nore convenient simnulation of

their effects. The wei ght factor elenents 10149, 10151, 10153, and
10155 and VRSYEMBi ner 10157 can 15 be replaced with a conpaT/AF*¥gr am
whi ch searches for the optinum abat eneng,signal . The structure of

FI GURE 10, while suitable for the purpose, is nore practically _
i npl enent ed i NH&YiAR tials| dReribed a preferred enlbhlirBbRt SEpPhratisd Bftertd A methods

function of the baseband visual level. If a system ich can only
utilize aior expandingrdatastagacity iniiapsmission syRigras dieshouldfbevappareht tocthede skilled in
selected 20 (such as. Fl 9 then FlL G is .ysed wth a desjred
baseband '5? é&éﬁ‘ar‘ é\?&fm‘ quf‘]n ges ‘ﬁ?aﬂeﬁf‘e“,‘c VERg%]]grs “ﬁe‘ﬁ%‘? pﬁ@lﬁﬁ%‘le&‘qto
determn ; S} 0@l ' hidhica ] om
pnal og. 1o Tioms AaRHEERIhs S hRioRy A erhltive cbpdlighishetddh g0 thatl 07
abat erentwithigrth¢ scophiand spirie ofithepresentinverdtioni sThelinventioh is further defised Hystheh as
FI GURE 9b or FIGJURE 9c), then FIGURE 10 may be used with various visual '
| evel s atfollpwingrlaim$put to obtain the anal og abatenment signal 10101 as a
function of visual input level. Its digital equivalents are determ ned
by Analog to Digital converter 10159. Feedf orward Abat ement Si gnal
CGener at or The above systens may be conbined in a manner that
creates a feedforward configuration that operates in real time. This
type of artifact cancellation is understood and 30 practiced in other
areas of conmuni cations. The sem nal work was first undertaken by

Harold S. Black of Bell Laboratories in the 1920s for the reduction of
undesired distortion



73 properties on transcontinental tel ephone lines. FIGURE 11 shows

the system of Fl GURE 10 in block 11163 generating an a enent
signal 111939 t hat t he bl ock representing Fl GURE gg‘}/%%ﬁ%gﬁ .
i ncl udes the systemof FIGURE 7 in bl ocls11165 for generating the

signal with artifacts and the bank of receivers 10117, 10119, 10121, and 5
10123 of FIGURE 10 (or nodels or sinmCRAIMSs of those receivers) which find
t he abat enent signal 10101. The video and data are del ayed
an appropriate anmount in Delay elenent 1 11167, and Del ay el enent
11169 to W the tinme needed to traverse the elenents of the

FI GURE 10 15: These del ayed signals are then fed into a second

i mpl enentation 10 of FIGURE 7 with the del ayed baseband vi sual signal
having first been conbined with the anal og abatenent signal 11101 in
Conbi nar 11171 A system for transniitting myltileviebdigaldnformatisinsframh ahieastiohe pRZGURE 10
bl ock 11163 in FIGURE 11 may be very low. Likew se, the entire
functi én rrayreBdheBHsmR EOBPISE onput er rat her than being built in

hardware. 15 . . S %ﬁ ' Le, a{.rm. abat enent

si gnal 5 determcﬁrg‘émggéﬂgﬁdlﬁg URe |1@E$%?§§ll§lsf&g?&[§gé% llétegrf are therefore
opti m zed. circuitry for inbdlkfing the capipr with analog telwisidiwogrameniaghndi m | ar

t echni ques may be used in cable tel evision systempractice and with
ot her del i very ansiahtransmittertcoupled ¢ hamaslating caqufry. Feedback

Abat ement Si gnal Gener at or

1 2 The system for transmitting digital programming, as recited in Claim 1, wherein the
2 circuitry for mbdulating the multilevel digita! information onto the carrier further

3  comprises:

4 a phase modulator for phase modulating the multilevel digital information onto the
5  visunal carrier, the phase modulation creating a plurality of sidebands about the phase

6 modulated carrier;

7 circuitry for adjusting amplitudes and phases of the sidebands.

1 3. The system for transmitting digital programming, as recited in Claim 2, wherein the

2 circuitry for adjusting amplitudes and phases further comprises:

3 a Nyquist filter;

4 a first oscillator;

5 a first mixer coupled to the Nyquist filter and the first oscillator;

6 a first bandpass filter coupled to the mixer;

7 a second oscillator;

8 a second mixer coupled to the first bandpass filter and the second oscillator; and
9 a second bandpass filter coupled to the second mixer.

(T



20 FI GURE 12 shows the conbination of FIGJRE 8 and FI GQURE 10 to

generate the abatenent signals in real tine. No new el enents are
i nt roducedWShWS59 el ements retain their identificati oRCRUSBUIEIY rom
FIGURE 8 and FIGURE 10. Care nust be takgn to ensure the timng of all

signals is correct. This is a feedback system and care nust be taken to
ensure stable operation and avoid oscillation. It my be necessary to
reduce; t hg dat Fhe @yiseens for Aansthitiivig inkRilevred figiral in€oindatioR Sroff atl&St ¥ progam

el ements are not significant conpared to the data wavef or ims.

Al t er riat i Soxrse, asyegiterbinGlamy 1 nwhereis the eirquitry for modulatingtthermultilevetdigitall 2 can
be nodel ed on onput e it hout.the del ays experienced in actual
circuil e‘ng?fgﬁ,ﬁgr_loqﬁ)l e%er{uﬁ%nfre?%?gﬁ'on may operate at hi gher data
speedsy t han woylbEhsk SnaRRsH P pitEe WModllafing tHeGHkilevel dightAThfARAHGH HRB aOf

t hese net hods. go Siglg% Fl GURE %2 operaet gs |gln r eal tillrre, tﬁe
abat enent fisst careies thtehedulatingtreatinga first plufalitycof sidebahdsdbeutthe fiestmhaiviated ar e

therefore optim zed.
74 6 camie, |t wi|| be appreciated that the same and sinilar techniques

ol 1 vehy medi oy T edioptifh EXPRAIG ATHER BYRRASERNNY SRR ot on

8 circuitry for amplitude modulating a composite video signal onto the first carrier, the

9  modulation creating a television visual carrier;
10 circuitry for modulating the multilevel digital information onto a optionally
11 suppressed second carrier in quadrature to the visual carrier, the modulation of the
12 optionally suppressed second carrier creating a second plurality of sidebands about the

13 second modulated carrier;

14 circuitry for adjusting amplitudes and phases of the second plurality of sidebands;
15 and
16 circuitry for combining the second plurality of sidebands with the television visual
17  carrier.

1 5. The system for transmitting multilevel digital information, as recited in Claim 4,

2 further comprising:

3 a second program source providing second multilevel digital information; and
4 circuitry for modulating the second multilevel digital information onto the second
S  carrier.

-
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As di scussed related to FIGURES 8b through 8e, the anpbunt of abatenent
signal 5 needed to optimze the resulting output of an env ctor
i s a funct YWA%YFS0Bhe i nst ant aneous vi sual signal |evel SE@?’&?&E@%% and
9c as well as FIGURE 11 and FI GURE 1142 were shown to relate the anount
of abatenent signal to the visual |evel. Yet one nore technique is
descri bed in FI GURE 13. The output of the video Anplitude

Modul ator 61303 A systdne ¥t tansmittindmanitevebdighial ipfoaastivnefior @ prégramegatce he i nput
of Conbi ner 13183. The other input of Conbiner 13183 cones fromthe
45. 75 R/I—lzswtstu&bmﬂelﬁ@gence Oscill ator 1305. The out put of the Conbi ner

13183 i;s shown at I s.a double s t he
vi deo 3 nod ﬂrﬁ‘ﬂk&? eadv 1§qag?ﬁq1?rsmp| ‘ﬂ%ﬁcfwﬁh&g O ?Vlﬁléﬁ 8}3?#:%&%3 are
towardg zero Caikhigdy féfcreatin %ﬁémﬁh&ﬂi&&é&&Qétﬂethéﬁn&t her way (NTSC
normal ) as shown at "13181. This output 15" 13181 is applied to one input of

DSB nodul at or k#t8ifcy fohmoddatmgsthe rrmllnl&vei digitabinformation ofito the secodyéarrier, t o

?P?Lﬂ?ts§°”veefrfo$élgé§’r§%raét? A a1 A IO UPGH QPO SPRARES | oo

abat e ? ?’ﬁﬂf?, appl i ed to the other input of DSB Mydul ator 13185.
DSB o uI a may be thought of as a mul tiplier which nmultiples
the abzstement irg m?mpmjmgme mplmmrmchaidpmtatwy Asideb3ds; The
quadrature energy of the data si exists in two phases wth respect to
the 9 carri devehconsral gisenitry for nnmqnsthqféhmaé\éeteﬁav@nd garrigpand the
nagnltude opposite polarity. However, both phases serve
to Ie &%“‘?‘ﬁé%&qﬁt’ t transmtted si gnal vector when conbined with
the U' ated v ﬁ@‘&i@ry%f Edni¥inin df%idebARIs FRM BEVRLaITaHE anld  at

t he out put of Delay & Phase S |fter 189 nust operate to reduce the output

of conhi ner 25 a visil transmitter dphpledlmﬂnelcmphhnngcgrmtryQ This is acconplished
i n Wavef orm Shaping Circuits 1395 by the use of two operational
anpllfler one_devel opj

th { I | of t her.
The outlput of | cEherFYBPmRE epe&%mg gtﬁ‘rétlg i e@"t or, asEried i {?Etem%n o
steeri B9 forther oRfiFiSind Qirbiad (O TeducYvitiBiliffa Rlsforl il lay AYAAGHe b UNd

is present the |np
3 from the combined sidebands and the visual carrier, the visibility reducing circuitry

4  processing the multilevel digital information prior to modulation.

1 8. The system for transmitting multilevel digital information, as recited in Claim 6,
2 further comprising:
3 circuitry for creating an abatement signal; and

4 circuitry for injecting the abatement signal into the visual carrier.

1 9. The system for transmitting multilevel digital information, as recited in Claim 8,

2  wherein the circuitry for creating an abatement signal further comprises:

3 a plurality of waveform shaping circuits;

4 a level control circuit coupled to the plurality of waveform shaping circuits;

5 a first delay circuit coupled to the level control circuit;

6 a second delay circuit coupled to the circuitry for creating a visual carrier; and
7 a combiner coupled to the second delay circuit.

1 10. A system for transmitting multilevel digital information from at least one program

2 source, the system comprising:

O AR




Modul at or 13185. These steering diodes function to formthe mathenmati cal
absol ute value 30 function in the same manner as the diodes in a full-wave
rectifier WOWASH87as is well known to t hose of ordi nar PCIYPYOISE3 t he
art. The rise and fall times of the aba nt signal nust follow -
75 the rise and fall tinmes of the data encoder output Q at 1345 for

t he cogpensat ocirbitr) @tecreating a0RSUalBarrief mBalatell twith dnald2telePiRIcAGrag8mnliig:
those skilled in these arts that other circuits can be i mpl ement ed

whi ch &cconpl i sircuitty forsaeatingassgrend camier in quadratyredtio the yisudl casiest whit e

| evel , t he. maxi num si gnal cones t . of. PSB nodul ator 13185. \Wen the
Vi \sfual 3si gnal F’gcﬁﬁ;gfrf&o‘&@&r{g ‘B“ﬁ%falgf‘%e*“%f??@ﬂm#@f’ ec BathCof DSB
Modul 8 d ' ' RES 8b

hr ough. o odpfsion CHafing & pAEARY O Scbddds dpout the mbAEA BEBAd barclel? NS 01 £ o
13187 and to Deireyitrpor ddpsting Hiv dmplitud8aiophase ofthe sécond phiirality Of sidebeide; e

bei ng subtracted fromthe sum aof the nodul ated video plus the
modul aBed dat aleveherntl ciscuitry foradinsting strengiiyof the modylatad feconsiensrigrand fthe

abaterrggt pﬁk%ﬂglof#dei)%dg‘he sane for each state of 10 the quadrature data

si gnal pprication of the abatenment signal fromthe output of
Del ay 1& Phase Sftbditryforlcohitining tisdsltiraliBpsf sidébahds with il visaleaSieS Ul r act s at
conmbi ner 1347. This reduces the contribution fromthe Pythagorean
sunmatti on expl aivisvel fransiigenceupled to the modwlatingieiguitry; ~ The waveform
shapi q%’ crredl tasseclo?ﬁ 5diéi?a|l lplcr)ovérztlmh%ogrfzcla grcolv%lggs sé%&Y }n%ijtiqlleyel gleg?t%{ {n grgnaltign;

13 circuitry for modulating the second multilevel digital information onto an aural

14  carrier modulated with television audio; and

15 an aural carrier coupled to the circuitry for modulating the second multilevel digital

- 16 information.

1 11.  The system for transmitting multilevel digital information, as recited in Claim 10,
2 wherein the circuitry for modulating the second multilevel digital information further

3 comprises:

4 a multilevel data source;

5 a baseband sound sourcé;

6 a sound frequency modulation modulator coupled to the baseband sound source;

7 an amplitude modulation data modulator having an input coupled to an output of the

8 sound frequency modulation modulator and a second input coupled to the multilevel data

9  source;
10 a bandpass filter coupled to the amplitude modulation data modulator; and
11 a sound transmitter coupled to the bandpass filter.

1 12  The system for transmitting multilevel digital information, as recited in Claim 11,
2 wherein the bandpass filter has a vestigial sideband characteristic for creating asymmetrical

3  sideband pairs.

1 13. A system for receiving digital programming within at least one of a visual carrier

2 and an aural carrier, the system comprising:

TN O



15 relation to FIGURE 8a, bl ock 895. Subcarri er Conpensati on
In certain classes of detectors which display susceptibility to guadrature
and other WO9%%%8%7gi es not in phase with the intended carriRT/URYOPIE
si debands, the instantaneous solution ;4 of the Pythagorean Theorem (as
descri bed above in the discussion relating to FIGURE 8b 20 through 8f)

al so resul ts i na gided asceivePatiabeidit® feceive hl#@siidIrtyuericy Yah@ Cotainin the VidudiTSC,
transm ssion and reception certain signals are carried in subcarrier form

An exangpl ecasfiet; hi s woul d be the color information conprised of both
burst and chroma_.si gnals. e chro burst is time division
nul ti pl ¥xed ont Bﬁfslﬂgaté?ﬁ@ﬂg‘gﬁ'i"fﬁ?‘fpg% tgitberﬁfF‘?wth%‘?dsi s, a mini mum of si x

and a ngxi mum Oﬁﬁ@tﬁﬁta%)(ﬁé&&d&;lgkafo&@’&ﬁlde _?_ﬁlaﬁ)?.l or sub-carrier are

switched into 25 the synchronization pulse. e color signals are added to
t he NTSC nonochromatic signal as a subcarrier centered around a

noni nal 1 ba3€ban®@hé systenefor yeosivirg digitdirograimmidigs at\fegited in Clamoll rfugthet em t he
faithful reproduction of color information depends upon the preservation

of a speci FYMEPRMREt i onshi p between the phase of the burst signal and the

By The i ncl ubf RS FREBadygRa AR EIERIRGRED B fhink o alef <

t hr oughy t hearfeOikhvaig seBoridf difivdd pEbigedrh®ingt deband signal s on quadrature
subcarriers at the 3.58 MHz frequency. If this carrier changes in

5 a second data demodulator coupled to the audio receiver; and

6 a second data extractor coupled to the data demodulator.

1 15.  The system for receiving digital programming, as recited in Claim 13, wherein the

2 system is incorporated into a television receiver.

1 16.  The system for receiving digital programming, as recited in Claim 13, wherein the
2 second data demodulator further comprises:
3 a bandpass filter; and

4 an amplitude modulation detector coupled to the bandpass filter.

1 17.  The system for receiving digital programming, as recited in Claim 13, wherein the
2 first data extractor further comprises:

3 a plurality of level slicers each with one input coupled to a data demodulator, a

4 second input coupled to a clock circuit, and a third input coupled to a different threshold

5  voltage;

6 a plurality of logic circuits coupled to the plurality of level slicers, the logic circuits
7  converting outputs of the plurality of level slicers into binary logic values; and

8 a plurality of non-equally spaced threshold voltages to provide for differential noise
9  immunity for multipie data signals.

1 18.  The system for receiving digital programming, as recited in Claim 16, further
2 comprising:

3 a baseband equalizer,

A



76 phase or frequency, prior to the nodul ation process, the effect on

the sidebands is I nconsequenti al because they are still the product of
t he inst aMMQ9P&S08Y fr equency of the carrier and their [FBEIAHIHOESI3
frequenci es. In the NTSC regeiver, a precise frequency and ~
phase relationship is established for col or detection at the beginning

of eagch hori zgRbRin the®@ndphsd AltérSs ARpIEMBhied FIfbviAtg UOCKidICofBhe spectriA3
oscillator in the receiver to the frequency and phase of a referencé

si gna$ , thalbassbandequalizer.chroma burst, transmitted at the begi nning of each
hori zontal scan line. If a phase perturbation were to occur at the

visual carrier, frequency at .a tine after the burst hut durj . the line
contrbl | géj by * XS ?@%lr,ecellwgg diglighprogramming, asyscited n rqlﬂ%ia{:i%g‘ﬁr%ﬂ}ed be
| pr efSef;gmataldg%dﬁlgf‘orifﬁ%e@%ﬁﬁﬂ&‘é.s phase of the chronma information by
vector addition. Because the encoded data signal of the present

I nvendion i s gafixehg i n synbol | ength and phase and anplitude (if nore

than two | evel si}, i n_detectors which are susceptible to quadrature energy
(such? as the apheseshifter gpupled foa firskingut ofthomixeresul t ant effect on the NTSC

signal causes . ' chroma i nformation. This phase
nodul ation i saﬁgwp}lggf&ﬁﬁgqggg%@gﬁggéﬁ%’%&n&r’t he vectorial relationship
of eagh conpoa?ﬁaseqf,cl&ah@dpédmbmrfammwgﬁﬁéﬁ during the duration of .
the data synmbol. This is a linear function in that the anmount of phase
shi f t7i nt r oduedandpass fikeroupled tathgphaseilockeddeen;lapdr el ated to the data
si gnal . .. Predistortion of the phase conponent of the SC col or
signat can be2l38YsiPR r%{:ﬁmeéﬁavmg a‘i‘mt?“ﬁg’@gq @?ﬂ“ﬁﬂﬂ%ﬁ"é °PPplF‘gt°egge ntially
zer 0. 9 Al phiefials Mg Way that this may be 20 acconplished is to perform
| ndependent “correction to a part of the NISC signal prior to its
combining with the encoded visual data signal. A circuit ternmed a "Luma /
Chronn 20. Sdpesydtem forir¢dsitingsligitabprogramming; acrevitéddh Glaipat 3 tvderdinéhe ower
freq-uenc¥ I 'um nancc(ai Isi %%I )

2  tirst data demodulator further comprises:

3 a combiner;

4 a first mixer coupled to the combiner;

5 a high pass filter coupled to the combiner;

6 . asecond mixer coupled to the combiner;

7 a phase locked loop coupled to the second mixer;

8 a receiver having an intermediate frequency amplifier tuned to the frequency band

9 containing the visual carrier, the amplifier being coupled to the phase locked loop;
10 an amplifier coupled to the first mixer, the second mixer, and an output of the
11 intermediate frequency amplifier;

12 a phase shifter coupled to the phase locked loop, the amplifier and the first mixer. -

1 21.  The system for receiving digital programming, as recited in Claim 14, wherein the
2 first data demodulator further comprises a vertical-blanking-interval multilevel signal

3 detector.

1 22.  The system for receiving digital programming, as recited in Claim 14, further

2  comprising an output device that outputs the first and second digital programming.

e
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(that information bel ow approximately 3.0 MHz) and the chroma information
whi ch operates essentially in the region 3.0 to slightlx beyond 4.0
MHz. One sud¥OORESO%%e s 25 commercially available as "Video @F{Héﬁ@éﬂ?@olpr
Control |l er Pack™ Mddel SD-E5 from Rhpneer El ectronic Corporation of
Tokyo, Japan. It is also possible to construct that circuit so t hat
the burst information at 3.58 MHz and occurring only on the back porch of

t he 1 synchrpRd @atenPfor stcgiving digitdliédratming Bgrdchied inDlhida D2 owiikaéih the
exclusively. The signal fromthe portion of the circuit carrying the

| umi nanze eﬂtgutedeVia:ngmﬂws@mmmaﬂaniMPEG@Ompmsm vidgoldecodees 30  Mbdul at or
1403 as shown in the FIGURE 14. A signal fromthe Visual Reference

\C}IS (S:LL: a&g][ % gg?gi’lg s;s%gn {'09 ré%rép\Jizllgt &igﬁal'\}/)%jgl{ t%g, zlig' Pe%itecﬁns(')lg{rlr? 52,]‘ \rnggr]e}nq e -7
Gsci |l aﬁ”o&tﬂﬁ@évﬁ;e%‘ﬂ%r@@ﬂn?ﬁé@(iw& dy Phase Shifter 14195 and

anpl i tude by Level Control 14197 "and applied to one port of a two port
Conbi'ner 14199. A signal fromthe Vi sual Reference Gscillator 1405 is

al so fed t25.Var ThosysteBafon revepling digital paogramming, aprecitediin Claim 22, wiheeeipthet of a
doubl e bal anced, M xer 14203 which is dulated with a logically inverted 5
data si fnaPuipndeyicedusther comprses@ PeROBACOMPUEE ) i fi er 14207 and supplied on

|l i ne 14205. This is the | ogical conplinment of the encoded data signal.
The out put,of 4 of receiving’@ofidl %ﬁﬁx{%lé‘?egﬁdﬁx@i b2 dyfiePei
second i|onp121§)' ofJPg?‘P%fyrr\&g{r‘ ﬁ;flgvg.lé)TEe oe%r of these © ciQiri)x%:u%t sﬁe?es}h?%

pr oducez t heutpairdepice datthen comprisds ap anilog feldvidorereceidad vi sual data signal to
t he

1 27. A system for transmitting multilevel digital information from a program source, the

2  system comprising:

3 circuitry for creating a visual carrier modulated with analog television programming;
4 circuitry for transmitting a directory of information within the modulated visual

5  carriet;

6 circuitry for creating a second carrier in quadrature to the visual carrier;

7 circuitry for modulating the multilevel digital information onto the second carrier,

8  the modulation creating a plurality of sidebands about the modulated second carrier;

9 circuitry for adjusting the amplitudes and phases of the plurality of sidebands;
10 level control circuitry for adjusting strength of the modulated second carrier and the
11 plurality of sidebands;

12 circuitry for combining the plurality of sidebands with the visual carrier; and

13 a visual transmitter coupled to the combining circuitry.

1 28.  The system for transmitting digital programming, as recited in Claim 27, wherein '
2 the directory identifies:
3 data types of the multilevel digital information; and

4 locations of a plurality of segments of the multilevel digital information.

1 29.  The system for transmitting digital programming, as recited in Claim 27, wherein

2 the directory identifies data carried in the visual carrier.
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signal generated by Anplitude Mdul ator 1403. Thi's signal is then applied

to a double 10 balanced M xer 14209 which is nodul ated with onuy t he
chroma siwoe9/56087] i ne 14211 separated fromthe conposPEFUSIIMM3 in the
circuitry 14191 previously nentioned. %2 phase and anplitude of this
doubl e sideband signal is adjusted by ase Shifter 14213 and Level

Contr ol 14215 The correct adjustnent of Phase Shifter 14213 and Level
Control | g5 %teﬁln ?&%Jaﬁsm ihatp ré%lﬁnﬂhﬁ%%réoﬂ%@iﬂfﬁldiﬁmmﬁﬁercoml ned
with the out put Anplltud dul ator 1403 in Conbiner 14219 is at the
correct eomprisingledigitdl qmasessm wnit that rempvesgedundancy fremithe miitilevel digiteht i on

of the original conposite signal applied to the input of Luma / Chrona
Separ%loFﬁ%Hﬁgfn This is first acconplished by adjusting the phase and
anplitude of the chroma when no data is applied to |ine 14205 and the
vi sual encoded data signal is off. This adj ust ment process reconC|Ies
the correct anplitude and phase for the chroma conponents 20 when
reconbined with the luma / burst information derived by Luma / Chroma

Separ at or 14191 and supplied to the Anplitude Mdul ator 1403. The

out put of doubl e bal anced M xer 14209 nust be filtered in Filter 14217
so that only the sidebands generated by the chroma signals are passed
on to Conbiner 14219. In a standard NTSC systemthis Filter 14217 wil |
need to extract the region 41.57 Mz to 42.77 MHz and shoul d display 25
maxi mum attenuation at 45.75 MHz + 750 kHz. The circuitry of FlI GURE 14 when
correctly adjusted and operated can effectively reduce the phase
perturbation introduced by the undesirable properties of an envel ope
detector on the color signal. A simlarly constructed circuit
coul d be devel oped which operated in the sane manner upon the aural
carrier of an NISC tel evision signal. Wen properly adjusted and 30
operated, this circuit will renove the synpathetic phase nodul ation :
inparted by a certain cl ass of detector on intercarrier sound signals.
It is possible to build a single conpensating

P_—___/_’_,—__
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78 circuitry operating over a spectrumsufficiently wide to enconpass

all of the aforenentioned chroma region carried on lin
" doubl y bal alOS35/M8%er 14209 in addition to the i nt erca&’r‘frﬁ%/ﬂ#sg?

frequency information (4.5 Mz in this gganple). In this exanple, not
only would the adverse effects of certain classes of detectors on chroma be
abat ed but3nl soASystan far tradsadtting dégirhprogranasing sbmprisiagses of aur al

detectors woul d be nmanaged. Encoded Transni ssion Wthin the Aural
Spect r dn afirst data gOHIES; t he fol | owi ng di scussion always refers to
frequengies in gpe%o{,“?]a&;%&&eed RF spectrum where the visual carrier is
| ower in frequency an e dural carrier. | npl enent ati on di agrans, on
t he ot her hand, a tegevadidrysigd Womrcg)r ocessing at | F where the 10 spectrumis

I nverted. Addi tional information may al so be added on the aural
carriersof the am$@ence oscillatogyvi si on format. This is achieved through

anpl i tude nodul ahéiﬁaw of %he aural carrier which Is already frequency
modul at®d by t haad Rastifiierand BTSC signals. The first requirement is

that the AM ”Dd&'h?stthﬁﬂer%g@gﬂ g\%a&tq]gasgﬁﬁglh wi t hout corrupting the aural

program 15 information. e depth of nodulation is limted by
t he worgt si gnaa réferemei sseillatt conpled to thofibemixegount ered in the service area

of the broadcasts. To bhe approxi mately equivalent in bot h program
materi & and dat Ssbeembingpgrupledito thedirdianixety ade B" contour, a downwar d
10 a double balanced modulator coupled to the first combiner;
11 an aural data encoder coupled to the first data source;
12 an aural intermediate frequency amplifier coupled to the double balanced modulator;
13 a first directional coupler having a tap output coupled to the aural intermediate

14  frequency amplifier;
15 a second directional coupler having a pass-through output coupled to the first
16  directional coupler;
17 a second mixer coupled to the second directional coupler, the television signal
" 18 source and the reference oscillator;
19 a second combiner;
20 a third directional coupler having a pass-through output coupled to the second
21  combiner;
22 a visual intermediate frequency amplifier coupled to the third directional coupler and
23 apass-through output of the first directional coupler;
24 an amplitude modulation modulator coupled to the second combiner; _
25 a phase locked loop coupled to the amplitude modulation modulator and a tap output

26  of the second directional coupler;

27 a visual data encoder coupled to the second combiner and the second data source;
28 a phase shifter coupled to the visual data encoder; and
29 a second data source.

1 32. A method for transmitting multilevel digital information from at least one program

2 source, the system comprising the steps of:

A




nodul ati on depth of about one half voltage (6 dB) -which corresponds to 33%
nmodul ation is appropriate, but other values can be used. At this depth
of nodul atWOP5887ti | evel data 20 signals may be enpl oyed PREVERLEHG t he
data carrying capacity of the channel. 5, More efficient use of
the avail able spectrumis achieved by multilevel encoding with nor e

than t3wo | evel fio@flatited the nfultilevélAighal KifbimdtRdyi®nio ABAHEr;i N this document nore
t han one | evel and includes a two |evel signal as well as a signal

Wi t h for e t harmedwlating/the saryier Wlthlﬁéalog television pragsdamming; présent i nvention, 2,

4, and even 16 lLevel.s ar L9 |ate for different 25 signal quallty
envi r(§nments & ﬁheprga@latg& Tnunbers of levels are possi bl e as

di scussed subsequently In an NTSC (type M systen) the highest chronm

frequanciss  The ﬁb&bﬂi&%@x‘s@tﬁnéﬁnﬁfﬂ@éﬁ@iﬁl S R08! asdiREItdSH THaim!38,S | S
arrived at by the visual carrier being 1.25 MHz above the | ower band

edge, 2 hefucthercompsisingsthe steps ¢fi ng 3. 58 MHz above the visual carrier )
and the hi ghest, frequeng hro si d ds. ext endi ng up 600 k

above 3t he chr d?@s%ﬁ’ggﬁﬂpz% (MU §§“’$l cﬁg@% igfopmgfion ant Sg)e Vl?‘F‘l FarTies %eé?‘?"ed to
nai nt g

sanct i ty OP&%]%Uon csre%t%:n o lmathﬂleo%m?eg\%‘fs abfu%thﬁghase mOdul?ted carlc?uées no ener gy

bel ows5. 4 Mz adjusunbamyliuﬂedndiﬂlgﬂes(dxﬂiﬁé sldebands The 8 level signal is
| ess robust than an equival ent throughput realized in 4 |evels.

6 34. The method for transmitting multilevel digital information, as recited in Claim 32, .-
7  wherein the step of modulating the multilevel digital information onto a carrier further
8  comprises the steps of:
9 phase modulating the multilevel digital information onto a first carrier, the
10  modulating creating a first plurality of sidebands about the first modulated carrier;
11 adjusting amplitudes and phases of the first plurality of sidebands;
12 amplittide modulating a composite video signal onto the first carrier, the modulation
13 creating a television visual carrier;
14 modulating the multilevel digital information onto a second carrier in quadrature t6
15 the visual carrier, the modulation of the second carrier creating a second plurality of

16  sidebands about the second modulated carrier;

17 adjusting amplitude and phases of the second plurality of sidebands; and
18 combining the first and second plurality of sidebands with the television visual
19  carrier.
/_J,__.
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In 1995 in MM Docket 95-42 the FCC consi dered several proposals to

i ncor por at e edded digital transm ssion within the NTS

One of thes‘@'%pgtgﬁg@gal S suggested that the upper side bé’%&i‘%(g%{s#en -
chroma signal could be cut off at 3.9 My above the visual carrier (+
5.15 MHz LBE). The FCC heard this argunent as well as objections to

reduci ng the upper chroma bandw dth and deci ded to adopt the instant
proposdl & wA meithod for transmitting dnrdtilewel digitali jyfenmation diroen dtdeasdtomlt prografn t he 4
level, 1.5 Md/s_enbadinment of the 10 present invention was enployed, it

woul d Be rOuEEsthe yethpd comprising thedepsiform upper sideband to 3.9 Mz

be 4. 208 mor o FebEe PRArcar i AR AaT it Aol Bvisb et Bepi il (1 1he

trade-af f bet wagénting a seeohd@alrier vt Geadpinge t@ths visupEdaffidr] ed encroachnent on
the chroma spectrum and a nore raobust. .signal can be decided by the

i mpl enent er . A medwdingthe mwvitigeel digitaliaformgtien omse thersscondeeamiar, the modnlationi on
isits ability to.be.adaptive. Typically .donmestic tel evision

br oadcdst € -%Murgbﬁrogt%@eé?ndg a_B%‘%Xé‘F rpgc}ql%te%?ec%é/g%ner, aural to visual
(they are all ovgghshyg Eﬁ?lifuﬁ@d%:ﬂtﬂhﬁ&sbmﬁ%&ﬁﬁ%lﬁﬁﬁw RidBbaad; 22% ) The
process of the present invention uses a nom nal depth of downward

nmodul ats on of SHijesting strengtictf thé modulated Isgcond dacies andhe iphsality bé sidebandsiur al
signal by up to elieved that 20 this further reduction of the

6 dB. It is )
aural ffeld st r@ﬁ&%’ﬁn&fl}"lplﬁnﬁ&yﬁisﬂ"%‘?ﬁ Wth;the weval GatrieRand yr al program

si gnal 165 avai | qﬁﬁ?}ﬂ%ﬂ%ﬁ{eq’m" ls?ﬁeb%{d%%&%s .llc pve al ready abandoned

reception of a better re ong before the earlier onset
of loss of sound limting is percei ved. Enpirical evidence with a
smal | sanple of television receivers suggests that the addi tion of the
data signal of the present system does not reduce the limting of the aural
25 channel below its threshold, even under conditions where the visual
signal has lost its sync. To illustrate this point, it should be noted
that in the early days of television broadcasting stations were
permtted to operate as nmuch as 50% aural power. Significant inprovenents

i n sound system processing have allowed a reduction in the aural power
whi | e

A



accomodat i ng BTSC progranm ng. Recently (1997) discussion has been
underway by ?) sone operators of NTSC broadcast facilities to reduce their
aur al carrlg BEWY to 5% (-13 dB) of ghe visual. A saRpFASHBHEopI e
interested in this work have nearly unanlnnusly

80 concurred with the expectation of no dim nished aural performance
at this reduced power |l evel. In cable TV transm ssion, aural signals
are routinely carried as nuch as 17 dB bel ow peak visual .

In order to maintain pure anplitude nodul ati on and thereby avoid pr odu&ng
5 interfering signals in the frequency/ phgee domain of the TV aural

signal, the AM nodul at ed data si gnal st remain symetrical about,
the nom nal carrier frequency within the band utilized by the FM @ral
information. This is acconplished by |inear AM npodul ati on. (FI e
15a.) The FM nodul at ed aur al camler IS pr(@ent ed on term.nal. J.'55.0.1"a the
mul tilevel data gromMiltilevel Mata so 15503 is b(ﬁan AM Datfa
Modul at or 155080 This y é"elther vent i onal zr—domma-lhd1(-n-eg@t|ve)
nmodul ati on. Th%@truc - a Modul ator 1295 may be janw of
t hose wel | knogby those ehnary skilfoin these << art M Bat a
Modul at or 15503)83 prefe |v—bst not n=cet%sari [y a_I_Lj:f'ég ~anplitlude
nodul ator withbh.sooe -bijlas@o as to ore@erve:theéporti pbn of tHe sural
carrier whlchts no < o .o ©
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o ' n
z | s ooz, - )
O |z " x 2!
o | 'O,
wl< 2 R o
O =99 ~
" -9 s : Q: M o
o Cé " ) P21 N W
Z 3 - e
m o S ’ ml/' W
w [© w ig:’ >
% % N g:'l
Loy ~9 4
w1l 3 -9 T E 9 § =
2 2 353 17 :
~— !
? 2 &, i Q5
0n wo ity SRR B L L - B
I A N o ' X o
St EEE TR R — 3\ N ' ' o
S o zT & ! : =
o - 9 '_ A ' _ -
: o aES E Cfoar TR
------------ — T - ) |
© zﬁ o 20w ,|g&0 . @ !| ° =
O O N <® ] w ! .:- ' St
15' 6 9 o 0 | _Q_ .’,” ['_ . .
S B |) B e R -
. _ : ' b ! @) :
=4 R I AR R P S
F z o wo -
1
ou ® ‘8‘ o S 2 Qo
— ] .
TR “RgslFe 1@ & ' o
N _
< O. g wla M “3 n <
o - > , < -
= § tbaal v, J q
N 7 R ! o §
, Z ¢ p=
< 'S o
0 f o @)
| o bd

SUBSTITUTE SHEET (RULE 26)



used for data transm ssion. AM Data Mdul ator 15505 is foll owed by Band
Pass Filter 15 15507 which constrains the signal to the F 13
spectrum an®OWH08’s a carrier with 2 FMgdural information and AM data

on term nal 15509. The out put signal on term nal 15509 is then
avai lable for translation to the broadcast frequency, anplification, and
radi ati on along with the visual carrier. An al ternate approach

to produci ng anpkl tude nodul ati on of the data onto the FM 20 aural signal
is to separatel y%ener ate the required sidebands and carrier conponents and
add themtoQthe FM aural signal. Referring to Fl GURE-15h—the fata
signal which is §ovided by the Multilevel Data-Spurce 15508_is

i ntroduced to t‘haey AM Dat a Modul L or 15505. The Sra io frequepcyoport of
this nodulator j ¥ fed with | ow.l evel sanple of'tRke FM nodul atefl
aural signal avaifabré~as sgrDwrcontrol 15511. [This sanp &is optained
from any conveni &t 25 oift ¥h the transmtter, aural seggal pajh. Since
anplification s:ugsequent t o |AMRpdul at i on nust be I&n¥ar to|preserve
the AM i nf or matii nal t er ed—tHls point is best! chosen after thg
frequency transl gti power %rrpl ification of't Spund Transmtter 1521
as shown in . H-§ 45H1 - It the AM Data Moduj atedr L5505 the process of
data nodul ation as i /+ I AJRE 15a is performed.”\ The resultan} signal is
adj usted in strengthl by rogg 15513 and 30 di;rect\eel. t o Compar pt o 15515
wher e aural program-s-gra—yi~Bout the data nodud ationjis 2{2 srbt{ act ed
fromit provi di:ng a ton®i sting of the additional cogpdnents required
81
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addi tion of the data. The resul tant signal

t
5&@ lde by contro
15521 and added to t he aur al

15507 to r
t he proper

produci ng the

5 nodul ati®n. The enti
signal in &gpiner

are used which|result
exceeded, Nstep$ C be
signal so D r&@min
MHz in th asebamnl) .

a Surface10 Pcoddtic M4
techni que {s erplé%ed,

i npl enment ed _at

whi l e enpldﬁ

truncate the

si deband as requirsg

part of TV%
366 Therefor-, Pe
channel . Reco g&:%f’i
requires e&latramﬁtﬂg
filtering O

above. Many \l} 8:2%%:%[
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25 Limter 364 prior to its application to the FM Detector 366. Because
the BTSC au channel has effective sideband products +
FRLo5 08 Hoeds "

120 kHz of 4. of this channel, 4 thegnecessary bandw

existing 4.5 Mz circuitry is Ilkely to be insufficient for aural data
reception. Additi orwl Iy, because the data of >t- e present invention
is AM it vmd:xl ot\suryi ve transnj ssi rough olLimter 364 st age.

For these reason d aayal data 30 i greal
best extracted fr@frthet ¢l evision's M af®l i

appesent invention, is
|er ﬂ! rto any
detecti on. Becau$®yupf thelnon-symmetry) of

due to vestigial

si deband o o -
filtering), direct deteftiopo e AM(dgta sg-gpal) will produce nore
output in the | ower c'ﬁ_a ncy reﬁo due to the additional
energy present in the uppg T5i {f®D T@ eficadly, information
coriveyed on both sideb gh oug:ﬁ t he aural channel
wi |l appear at the detecto e \ of a signal conveyed
through the 5 path ) i ang sane anplitude. This
process of VSB filtegy 1 qualizing is clearly
under st ood and practgced in tel evisi Vi s transm ssion. Its use in
this application as Mell as the vj CexS Tp to enhance spectral
efficiency beyond that bandw dth foiga full aoubl e si deband
signal. It is therefore requ t he sw@d energi es be
adjusted to obtain a flat outgput \trﬁfpt t he
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10
understood b
this anpli¥™

of a sharp high pass filter (at
si deband energy in the RF transmtted spectrum (See FI GURE 16a),
response that evenly tapers the
resulting in a flat detected output

filter with [i
upper

transmtted data signal. There are at
ordinary skill in these arts f0|i,
obt ai n

and | owerzsi deband

t hose of
BWEquity. 1) Aflat signaj mgy b

near anti-symmetrical

&nergi es 15

e

| east three nethods well

AR

| F) which effectively renoves the upper

2) a

SUBSTITUTE SHEET (RULE 26)

(See FI GURE 161, or 3) apbaseband filter that reduces the | ower
baseband frequerncy anplitddes after denodul ati on (See Fl GURE mitmmmmb=i
FI GURE 16 Subcarrier including the AM dabta ifs m‘;gsantal to.
a H gh Pass Fi ich converts the signal @H—s ahéuﬁlcgg
si deband form 16802R is configured to detedtd LN
si deband $\ gng ?Eaig, a Nyquist Filter 16100b equdlg J&
energy i nfRo soW Qatfa AM detector Io6I0ZD cam re (mg %i al
data signdl. O Thils regoveied| si gnal when=subm t ted- -te-l-e.\gg a r
and cl ock recqvefy cijrcuifry produces t;he aural data si'gnaIan;th:l
present i nventt | ogi C& els. In FlQY c]AD bgsetand~
equal i zer 1@00c s used 4nstead of the fil iej>BJ00atand 14100b in t
previous cases y be conveni ent Hu necessary{-&-e—e&g—di—ga’-&al-
techniquesinthe‘g enmentation of the.fifltdangd in FI GURES 16 pnd t he
Baseband Equal{i zea X Inits general Ec@;r aseband Eqlal i zer
acconplishes 4 fH&@k and / or phase adj ustermh function af
baseband freqwngjg&m‘ [ er denpdul atione, Thi!s |f&iRth an be accoppl i shed
wi th anal og or &b@& Circuits, but diwital: te@ﬁ’ﬁi e, becong very
cost effectivg % & | convenient to i Fe (g3 < ' The options of
figures 16a an glﬁ ugs ' S st be taken
that the filtal3ogy gt cgs = i Ng the pural
program "‘lll';t o 1.
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83 information into the data and requiring correction by other neans.

Because the (%?t/ M properties nentioned above are a pﬁé(}qtr%‘)/oﬁglsthe
program mat é%P troduced upon the F ;s 79aural carrier and the -
mechani sm of conversion is linear, a receiving abatenent process can

be realized through the generation of reciprocal properties by the

application of a small COMPENSASTEDOf program audi o bgtk into the data

detector. Such correctiopATAf BgsRIgary, can take ghe form of an
abatenent process utilizing inverse recBlered aural infornation fromthe
normal TV FM denodul ation. This! i qmaadexagpl e of how an "abatefent process
can be used to i nprove the pra‘noc(,manc of the data channgl of the

; . ) 1! )
present invention otherw se Al e@ py cross coupling fnomthe NTSC
aural progranm ng. The use o “Basgba lization 10 (caset3) elimnates

equ
the need for these filters and Ithrs% o
undesired cross nodul ation productszgad—t
The data capacity of the aural phnﬂeﬂ is
utilized, the efficiency of §H® U
mninmumcarrier to noise ratio to be
enpl oynment of error correction/! 15

e need for correctidn.
functon of the bandw dth
rmat enpl oyéd, t he
red, and the degree of
L@erical Congi derations;forAural Data .

Bandw dth required is based on !268% dat{al" excess ". The TV chroma
signal is protectedfromt' : y BElterijng at1the frequency
listed as "l owest baseband e @nfi rati ohs are |ess
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20% excess

preferred. 20 Data Rate # of levels Nyquist B/W [err]
t ot al Lowest Baseband BW
occupi ed QPISS08Lnt er frequency 71.b l\j? 2 PEHUSRP8S13 _
0.30 MHz 0.90 MHz 3.60 MHz .5 MB 4 0.75 MHz
0.15 Mz 0.45 Mz 4.05 MHz 25 1.5 MB 8 0. 56~ MHz
0. 10MHz 0.30Miz 4. 20MHz 1.5 MB 16 0. 375 Mz
0.075 Mz 0. 225 Mdz— 4.275 MHz ~ Carrier se .08 MHz
B/W cal cul ations pregpbased upon 6 dB dep 'ﬁﬁ nmodul at i-on. “They 36 dB
C/ N case considers|aural carrier to be at]- B (broa@:a d@ whi |l e at
43dB 30 C/'N (cablg node) - 15dB is used.|2 | evel data opﬁgai es at dasic
SIN, 4 level is 7 dB worse and 8 & 16 | evels degrade~6dB for each
i ncrease. The effefts ','.bf vestigial filter{nglare not i n¢l udad.
C/N = 36 dB C/N(1 p2¢8/ Hz) - Nyquist dBc fmddul ation depth {_ayral A
Data SN = CN - I\/LF,&'@(I\/UItiIeveI Correc}i @@ Factor) (00)
84
G b "
L e |
N~ N~ ‘*,;‘
" _
=R - L
_z_é_ -26 L
g " ©
®
Z <
w
L w L R
—t w0 — - QO
b - 5 2
w N~ <
2O _ E Q © W
] <+ 3+ <+ A\
e % =P =
Y = m - . et .
¥ -9 \-—2 Tz9 g O
=l | W W
., < po
w s
—-‘O—H hz-l ¢¥_ “_H ] | \Q—H
M W M2 N
@ m
n
L < E
o T b = b
e Y — o0 4
4V N2 ? N~
~ +
< O \ =
o S i .
* +
L
< a E
R T
— O - O —_ O

SUBSTITUTE SHEET (RULE 26)



Data Rate  #of Nyqui st B/ W Modul ation 36 dB C/ N(102dB/ Hz)
ls?KJSlS %%%Eg‘m 2 DeIOt1.h5o @1./8al;r9al [g.r{)]dB C/N"C'}g]%’s’églgtziz
dB 0 dB 24.2 dB 5 1.5 MB 4 0.75 58. 8 6. 0dB
10dB 27.2dB_ 7dB 0. 2dB 1.5 MB 8 0.50 57.0
6.0 dB - 10 2% 0 dB 16.0 dB 1.5 I\/B’S 19
0.375 55.7 9 OuwE 10dB 30.3dB 19 dB 1183 [dBS\ St
M.FAC Ml til eYel ECof r edy tor 10 Data Rate # of ™ I\tqui',gtlu
Modul ati ond3 di level s M _2q§
Dept h data SIN 1.5 MB Eg\‘
1.50 61.8W 15dB 26.2dB 0dB  26.2dB 9203%
4 0. ¥ dB 15-68 ~29- 2-dB- .7 o W 25 2VHB
1.5 MB 6.0 ds &  15d8 31 ofdSX 13pB
18.0 dB 15 . 0.375 55.7 @ 6.% dB, N5
32.3 dB 19 dB : Appr oxi mat e pqrf—e_iZnnnce vy, / N
theoretically willf produce 10[err] BER t gge’fc ristics
at Various Aural Data Rate # of.|i= (g —at
C/ /N Y c Threshold 20 .+ [ &= gl s
Cabl e of ¢r 10-8 Er Bcst i &ﬁle o
o 1 i > -
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1.5 MB 2 24.2dB 26. 2dB 15dB 9.2dB

11. 2dB 1.5 M8 4 20.2dB  22.2dB
5.2 dB © Wo9ss0®. 2 dB 1.5 VB o 819 16. 008 PCTRERE®
28dB 1. 0dB 3.0dB 1.5 B 16 11.3 dB

13.3 dB 34 dB -3.7 dB -1.7 dB 25 1In cable
tel evision operation of the aural carrier 10 dB bel ow the visual carrier is

perm ssi bl e { A ovide 5 dB o mar gi n. 5 (a)
(5)} ! nhnﬁnr S 6 66gjl_'d n lla-is_2a mﬁpglzwof t he

Conventi ongl Tel evi si on Recei ver of Flgﬁre 3 to i nclude the abiflity
to recover |the present invention's dataf First the data on the visual .
signal 30| wll be considered. Directifonal Tap 1772 renobves a portlon of

[lifier
he

?—_

t he signal |energy fl ow ng bet ween the M xer,1750 and the IF A
with Nyqui gt Filter 1754 a resents i to t vi sual |npu
Dat a Dennd% ators bl oc 110 fon line 1¥78 ther input t
85 e i N R &

U__/ \J“_/:; \—r/

Ch. 1 = 500.0 mvolts/div Offset =330.0 mvolts

Timebase = 20.0 us/div Delay =0.0000Q0 s
FlG. 58

-10.0000 US 0.00000 S 10.0000 US

_Jm'ﬁmh + j' !:'#ﬁ.:' -:r.
J S GSSR p W O L__FU -

AA AN
VTV =

Ch. 1 = 100.0 mvolts/div Offset =12.00 mvolts

Ch. 2 = 200.0 mvolts/div Offset = 196.0 mvolts

Timebase =2.00 us/div Delay =0.00000 s
FiG. 5C
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Data Dermdul ators block 17110 comes froma tap after the visual Det ector

1758 and before the Limter 1764 on line 1776. These Sl";#lr’@é
denodul at eavo 99/45087a Denodul at ors bl o ; 7917110 and prese |nes
17112 and 17114 to the Data Extractors block 17116 which extracts t he

data and presents it on output lines 17118. The contents of the Data 5
Denodul at ors bl peipg:/d40Feng e, {88 ? Extractors block 17116 wi |l _be
7

descri bed bel OWpp Fi gure b shows an al teeréRc%j-éﬁrMHﬁn of -
the receiver wh t el (Ad i ve Equa f

operate on the ﬁ? /3@(\?; :Ena\( ’ﬂ{a m JQ&E hﬂégﬁifjié%ye 17a
Is split int PE\mKohrts. The{firqt patt 17p4a does hot ipnclude the Nyqui st
fi-lter and s tlonatl coppl er] 1772 may{ be donne¢ted ffter |t 50 t hat
the data is abelt onflring I/78a 10l connection tp tng oat

Denodul at or s o k 7119. A firedtion pl er s p deiice for
separating a t i Op—f—t-ho—ti : groviding Jt od a thp out put
to some circuitfs while provildi erra\ni ng|signpl erergy}to

whilgh i'$ cal]ed g pask-through

S -
recthito coupler g, t maiintal h si gnal
It tput$ so it l?hjr ng silgnalp to not

al L Vi \Wa'al 1 Eal y, the

following circuits pn the ot her
out put. The objecti
i sol ati on between i
15 backfeed to cir

di rectional coupler may} be ¢ised instgad afteN ijyn goes

t hrough the Opti onal 3 L Zer 1756. (The bplit¥i of the IF
anplifier fortk%epur oses|is not t¢ be ¢onfused With fhe split
sound techm%&e é Lribgd eaflier| as @ nmethod of televis|on rjeceifer
design.) ThigCh the—oemet Tt ofTatopw g tHe—pt-opa ve

Equal i zer 17563Qlﬁchrrpensate for RO fransfissilon path deficilenci ps. The
second part of the agplifier 1754blinc] ides It he j receilver' b Nyqui st
filter. If the recei vier ingplemgnts jits ghost canoeling at
baseband after detegtion, $eparjt e host| cangel | ef hrrpl oyed

for the oo Rk R TR et oo AT g
Tl vl FESIBIL, 100 Rz VBRSO Rz 19 SWPOZO. isec

12:31:15 FEB 25,1998
h

p MKR 45.75 MHz
REF 30.7 dBmV ATTEN 10 dB 417 dBmV
PEAK
LOG
10
B/ ICENTER

45.75 MHz \
MA SB T\«t v |
SC_FC z

CORR v e v

CENTER 45.75 MHz SPAN 10.00 MHz

RES BW 100 KHz VBW 30 KHz SWP 20 msec
FIG. 5F
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El ectronics, Vol. CE-25, No. 1 Feb 1979 Pages 9-44. Figure 17c

shows the details of the Data Denodul ators bl ock 17110. Ban(}‘,;bjtzlsg9 /08513

Filter (BR¥yoodsd887 restricts the ener?K to yhose frequenci e T C carry-the
at t

pr esent i nvention's data. Note e bandwi dth of BPF 1780 goes
slightly beyond the 750 kHz 30 doubl e sideband regi on of the NTSC signal.
Because of tipi:44tp1i FEBIARS, 18980f the vi sual spect rum whi ch wi ||
cause sone ﬂlphgradation of the received data. This i s MKRc&RBL. 4O eMHZ
WD 99/ 5508 - :
PCT/ S99/ OglggF 30.7 dBmV ATTEN 10 dB .98 dBmvV
significant m er, |abat enent| t echni qu simlar}jto tthosejutilfized in
ot her parts13 p present| invgntionf can{be added]|if desirdd. The
desi gn of Ba@iGPa$s Fill ter | BPF {1780 |i s I known jt o t hose jof ordi nary
skill in thg@e arts and cam be § npl gnent using spftwdre ackages -
previ ously 5/ed ' t—fTomrth +Fep—ttrepr—trgvetsTtwoqpat hs. The
first 5 pathtake hase Locked Lplp 1784. Phasd Locked op 1784
produces a stable 45, 7Bodidznave of t ne _frenuendy an se as the
visual carrier. Pha Locked Loop y be}linpllenrented ith a w de
vari ety of integr*t c;ﬁrcuits or us#ng sc e gem condugt ors. Just
one suitable exanyrgy T B° ~0g _TLU TP Py 16 nstrunenys whi ch
serves this purpo en orerat Fd i n tAhe panngk in dgd its
manuf acturer. Pha e SR04 R—4s—t4 put of
Phase LockeWALddBIA78U| so tfhat {t is|jin quadr at yreg wi t B \t he} vi sual
carrier andSCheF€ffore}l| n phase with fhe present inye on' s |[vAsugl

CORR St - - Mu@-‘i

CENTER 45.75 MHz SPAN 10.00 MHz
RES BW 100 KHz VBW 30 KHz  SWP 20 msec

FIG. 5F

,11:03:03 AUG 05, 1987
P
REF 48.7 dBmV ATTEN 10 dB

PEAK

LOG

10 |

dB/ [CENTER = H
44150 MHz

- \

VA MB
SC FC

\
CORR ' “
/ / \

IV PN VS S -‘W W

CENTER 44.150 MHz SPAN 8.000 MHz
RES BW 100 KHz  VBW 30 KHz SWP 20 msec

FI1G. 5G

SUBSTITUTE SHEET (RULE 26)




data signal. Phase Shifter 1786 may be inplenmented with the Mni-Circuits
PSCQ2- 50 reyjously cited. The second path fromthe BPE S
first to Anf)‘i(?#bfsgw-'l?& whi ch prowi des 7ppropriate si grfﬁ&%?’ggsagh to
drive doubl e balanced M xer 1788 where the cosine 15 wave from Phase
Shifter 1786 fys al so made avail able. The Mni-Crcuits SRA- 1r=s
e ANCuinSedms Ui t abl e i xer for this QJr se Shmegt e

comercially '%vai .

phase of th Phase Locked Loop 1784 h eer]“_" gdf by
Phase Shift 17462 ¢ o W [phase with the quadrature datd-o I

M xer 1788 caVe i Fgndee- The aut put dfSNEker; $/38
IS, in the @energ ; mulTi Jevel signal. It is 20 si mIQ@@

to a O ock Recoyér
i nformation fgom
I mpl enented
recovery integrateq circuit. O T
dat%

o fd
which recovers the {imng | >EHS &
il evel signal. Cd<%tk Recover‘é circyit m% be
man® ways. Just one expymle is th¥ El onhcs o1

d | es Le '

and Parallel @ta tjo Serial FoJo
Slicer 1794v &ter i nes when t hi®sh
mul tilevel sidnal firom M xer 1788 3
esti mat ed e jecei ved. Wer] . .
si mul t aneoushy, <Ror han one | ogi q i d !
Paral lel datdRgeI fl data Ronver |
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di scussed above in
accessed bWPEPBE508Assi ng through limt
anplitude variations.
and finally to AM Data Detector 17102. FlI GURE 16a and FI GURE 16b di scussed
5 two possible formsgfor the Data Filter 17100. In addili on '
i in Fl GURE 16c.

configurati GA (™

i npl enent ed,© Al
and Data KNI te %?
Cl ock Rec c

i npl enment in tEé
Slicer circyit]|1®
t he sane net %
dat a conver®er

/S 1796v

Alternativ
Denul ti pl ex

t he data igseri

WavePhor e,
i nvention

conveyed i the dn

Next the data on the aural

od

The signa

ist

daté%t

carrier ‘will
connection with FlI GURE 16,

1§r /79
en pas

t hat dat a
1764 which strip
sed to Data Filter

| f that gonf
pl aced ahead of DBRtal]
zpd using digital
saie function and cd

filter

serves] the sanme fu

circui

3
al ’
ht ed

)apa

1796a serves the same
i npl emented in the same nmanner as P
he Paral |l el
formto

ng
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pur poses which are not demandi ng of the full

These 25
under st ood

"W el "0 "

If the data in the visual

ath and the data in the aural

capacity of these channels.

d demul tipl exi ng techni ques are COW%M@%‘ and
a n. -

arts and requig esnozdf urt her expl an

path are

ock Recovery circuits 1792v
I B lid. In that case connection
HihIp & does not 30 have its own
S ~
dbd or nore Fel evision channels
agaw e Gdnbi ne ther outputs with Data
Mul ti pl exer / Demu as 3 FI GURE 17d
shows an i nproved d ceul Pt or path of the
present invention. ed because of its
potential to dis | bute to
denodul ation gfr ier 1782 on’
line 17124 feeds ® 17120
from the non-phage tskg fted out uf’t he
out put of W) Tixgr 17122 |y detected
baseband vi sual sn@ﬁ =g 17128 aggr ' y renoves
the portion of t pdpo whichlis ifn theWsane| banghy 10 ap & ata signal.
The remaining sigfaA§ that which woul dS nteffer®s with @sra det ecti on.
It is conveyed oin I,“_Fne 1713Q_tob thelsubtriacting ipput of Uner 17132.
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t he conmbiner 17132 cones fromthe Mxer 1788 on |ine 17134. The data signal -
with the Interfering visual signal renoved is presented olra H@l?llz
to the DatWORMSH®Ztor bl ock - 17146 of FHGGURE 17c. 15 PCTUS E 17e
is an inplenmentation of a data recesvwerp-ch.ls separate froma

tel evision receiver. e vigual and s are not detected and used
for their normal o OO §r peses. JF hefsr ecogni zed as FI GURE 17b

with the foll oy gl Sngnt $ e Regr oducer 1770, Audio
Anplifier 176 egednol
and Video D spjay Dgvisce 1762.=[et

Vi deo Processor 1760,
vives in abridged 20 form

Its sole function i 8oseve“a 5 EVi Gadae bI¥ Ng t he aural
subcarrier which dnt E-re—AM ldat= pasg¢bandifsequencigs for
conveyance on |if®s 1Y76 to t( Data Denodul ajue® fn 17110. %uch a
device can be bui®t ipto a miad small ey A | ower gE et top box or
other small calhpngt sncp it dogs not N The JTcliale und {pr oduci ng
devi ces and t hefr_jexpanstve and powerf;_c uni ng cofpdeht | n '
Bi nary Milti - Lewel g@ﬁs ovhen t hea r afsntshi noi se,
di stortion, and intz%&r bnce supports onl% t wo = l'i ng,
one threshold is r eps-to—deterrhne i fot he a of the
bi nary signal intgnesZ2o] conveyla | qgical®" 1" o ary
signals are transrit inisucdessigh and form
bi nary words. Tradgititena}ly, | el ALy aigeat
Cccasional ly, four—=mt ar e :%Igd q gi_'bb@& n Jai%s.)m-i ch form
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When data i s

poi nt. The

Significant Bit (LSB)
the streamis assigne

transmitted, it is usually organized into

FI GURE 1 8aWM®#0%he fanmiliar two | eygl pinmary code consid
order of the bits are defined to progress from Least

5 Significant Bit (I\/\?Eg

oéggglshag wei ght. The

wor d" depend on the design of the equi pnent processing the data.
Febbonsts

and the location in
I n the binary

&h
systemare as below. The famliar deciml sypdgmis al sot‘g\hown 5890
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= 16 10[err] = 10, 000

2[err] '

2 =32 10 = 100, 000 6

6 WO 99/55087 7 | 7@ = 64 PCTA®2%% %000, 000
7 7 15 MSB 2 = 128

10[err] = 10, 000, 000 So in the binary systema byte
consisting of all 1s would be val ued as: 11
111111=128+64+32+16+8+4+2+1 = 255 and in the famliar

deci mal system a string of eight 1 s would be val ued as:
11,111,111 = 20 :

10, 000, 000+1, 098, 111,111 .
The binary system has just two synbols: 0 & 1 while the feci mal system has
ten synbols:{0, 1, 2, 3, 4, 5 6, 7, 8, and 9. \ When t he
transm ssi on paght can fupport nore than two levels, it ifp customary to )
attenpt to utilizp levels which are a power of two and tp consider nultiple
bits to be 25 sipultandously transnmtted. So for exanplg, if four levels
can be transm §befd, th can
—— SERIES 1
w 10 —s— SERIES 2
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n‘: 8- —%— SERIES 4
8 —¥— SERIES 5
& 64 —e— SERIES 6
44
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define two sinultaneous bits:
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15 If the transm ssion path can support ten levels, it is possible

to do sonethin %uite different. The levels can directly represent the
deci mal sy@@%ﬁgﬂ’7 19 / 79 Level 1PCEHPEOREs 1
Level 2 represents 2 Level 3 represents
3 20 Level 4 represents 4

Level 5 represents 5 Level 6 represents
6 Level 7 represents 7

Level 8 represents 8 25 Level 9 represents
9 Level 10 represents O

However, since the logic circuits at both ends of the transm ssion path are
nmost | i kely constructed with binary logic elenents, a conversion from
binary to decimal will be required at the sending end and a

conversion back to binary will be required at the receiving
91
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Digital Sys
0- 13- 336156- X

or

%ggq gn"

end. This can be acconplished using | ogic design principles found in
el enentary coI I

texts on | ogic design such as Fundarrent al s ?
by V. Thorras 20 Rnyme, Prentice Hal |PC g/o SN
"I ntroduct | cm ng Theory and Log| cal Design"

F. J. HIl and G R Peterspn, ,y_ :% by & Sons, 1968, SBN 471 39880' X 5
and many ot her ' Qo] ordinary skill in these arts.
Simlarly, if ‘ N g)lse distortion, and interference
supports noJe z gnal bug not quite four, then
three | evel @URE ppa show how t 0
proceed. T mleft for @e
transm ssi onno t and e LSB on t
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5 levels are nearly always considered to be the transm ssion of two bits
si nul t aneous four time periods are required to c I ght
bits of a by'ltvgoﬁzés@g’ad of the eight tiyge ; 79 periods when b%’%@ﬁ%? are
used. The range of values which can be conveyed with eight binary bits
extends fromO to 255. Lt _is_also possible to consider the four
| evel s to represent four dif nt &yn‘@ls in 10 the manner in which we
proceeded w £h 8 S@man/ [ Bd tables of FI GURE 18b show
how to proce®d| @t the "wei ght" of each position is

I ndi cat ed. aki ng each the col ums
contents ar?ﬂﬂlﬁi ‘s weight and totaling the
val ues for {Qe rd\.

case, four age [

nbol s of t he binary

gohts" of the col um‘$ are
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25 dddd=3333 =3 x64+3 x 16+3 x4+3'x 1 255

dcbha=32100=3x64+2x 16+ 1 x4+0x 1=228 However , si nce %9?@51309' C
circuits aWORIEH82nds of the transm ?39| fath are nost PCT/IR
constructed with binary |ogic el enen a converS| on frombinary to four

| evel code will be required at the sending end and a conversion back
to binary will be required at the 30 receiving.end. This can be

acconpl i shed usi ng I ogl c desmgn pri nci pl es fou% el enentary

93 COl | eQ prtegypmm—— I c design as C|te(5ea+-ller and is f@mmliar to
those of ordinajy ski IH‘_'gn t-hese arts. The~ es'hhi ch can
be conveyed in fou~ 4i@8=pETiods with four |ejelA Qom0 to
255. This is &l Sﬂ@ﬁj ob—af_values obt ai neg ﬁd-?-' | evel s are

b
consi dered tol rppresant si mul t aneous bi nar.
q

Simlarly, ifteu—rarﬁ 5|onpathsn0|s~ed|a;
supports nore tha r—l evel s of sidBalirg AU t hen
five levels chn SThe tables © of F
proceed. At the ég%gfn_t € (ﬁl umms, the !wej ght " posiytion is
i ndi cated. Thg [ 'mcg np-4 s forrred by| h:EOO;I' mMms cpnt ent s
and nmul tiplyi fed B d_-Ettr}q: a-ES fo@the
row. Here, 10 as?eca fhe two synbol's iZVe ¥
utilized: a, p, The 4
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"wei ghts" of the colums are the powers of five:

LSB Slerrhyg S[gttrsvonssis
S[err] =25 Lvl%99;55087 24 J 79MBB 5[err] :12§§f -
The five synbols have nultiplying values of a =0, b=1, ¢ 2, d =3 and 3

4. And so, taking sone representative rows:

aaaa=00000x 125+0x25+0x5+0x 1=0 bbbb 1111 1x 125+1
x25+ 1x5 + 1x 1=156 20 cccec=2222=2x 125+2x25+2x5 +2x 1=312
dddd=3333 =3 x 125+3 x25+Rx5 +3 x 1 =468 eeee =4444 4 X
125+ 4 x 25 + 4 x 5 + 4 X 624 edcb 4321 =4x
125+3x25+2x5 +1x 1x 1586 However, since the logic circuits at
both ends of the transm s¥i on pajh are nost 25 |Ilikely constructed with

binary logic elenents, a conversjon frombinary to five | evel code
will be required at the sending pnd and a conversion back to binary wll be

reguired at the receiving epd. This can be acconplished using |ogic
design principles found in elenmenhtary col l ege texts on logic design as -
cited earlier and is famliar to]those of ordinary skill in these
arts. The range of valuwes.which tan be conveyed in four tine periods with
five levels -
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30 extends fromO to 624.

94 Mul tilevel Vertical Interval Data signals pCT/US9Y/a851BT esent
i nvent i onwpowssedes for apparat us, éftpnagand nmet hods of expandi ng the-

t hroughput capability af.itbe Mertical_Blanking lntecval (VBlI) by the

i nclusion of ymultiple signal | e than two | évels (The term
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manner nom nal |y (i hdr } i § | enp Tel etewt tand VBI
practice. Thei i Fayi ]

current art place
equate to 0 | RE A
normal tel evi 5o
generally in k d
can be built

ydal zero atdd evel s which

Undea gondi tions of

tfo noise ragio is 10

e#nst ances enabbling circuits .

Lanat e bet én mul tiple

‘ rat egaddi ti onal data
of-a two state

@ui vallent data rate

ed to'lutilize

he VBI 'in spite of

ncerns regar di ng

system |If asj
woul d be
mul tilevel sig
common conpl ai

) o} di ng| excessi ve
Eond [ ghosts) §ay ha
2

mul tipath refk eSS OH othis:deficiencyin
' 1 M
prior art | g S :
! x ' o ~ !
l “‘g N 80 2 ﬁo L~ !
e = e =~ 0
N1 LoZa|| |lww I
O ES S| O+ i '
@ | 53 WUEBEsledi el 3 '
i (THa SL o T m !
o[ 3g ] |aTEE BB (28] 1 &
-l o | *
! E‘t - > = L’-S ! Q
' a2 Mg w2 o ~
| ezo o 48
M - o) Q |
Q9 © @ ¢ & ‘__[_0 | ‘
b @ \< I 2l = ‘
! - |e———] O < @ Y m
Lt o 20w ! o
] 02 (e 0] § —
a a2+
| ! g| [E82|° | .
|
: 2 § a %Lu' i o
— ) - L3
| nlo o o [ B TR
) O © !l‘& L. ] t
- ( O - | z
' @ L —00: - ! O
- W
! oZ M !
0 o ® )
' 0 T
| © © ! =2
i o ! <
! © ', FE
] [e0] ,J‘ =
| ~——
- (i (4 — b9
I O - O < o 1O
8 _—-Box| 13225| |ZElE
: o oim——OEZm_’ Qld: [\ !
I Z wllitns CzolW - x |
oof|F9el |FE=2 o 3 w o
I E‘,mn: [T 0.8mm c®@| N !
! wos|l2 @l (°ZF o) O a.S.)
' ns O [ l Ww 20
| <>m n — 1 < O o= ]
' - A > MRS
| SO bl -0 -1 1 |
L
SUBSTITUTE SHEET (RULE 26)



systens. Lower signal margins between states woul d produce a system which
was nore susceptible to inter-synbol interference fromoéjsjlo #'B?SBThe
current staO®5¥¥e art in t el ey} sijomg ecei vers inclu f@ 8s .
canceling circuits, sonme designs based upon the CGhost 20 Cancel i ng

Ref erence (GCR) signals. These techniques mtigate the inpact of ghosting

on tel evision reception. Cable _television systens are generally
operated in such a way_sQ_as tom be materdally free of g’ﬁoﬁting. In
bot h t he foregoi ng exanpl esaspf fagci ent perf or HNCE gRrgin exists to

permt the successful

mul tilevgl &h4ya pf u® thantwo states
and thereby the ingre

et hr oughput rIt 0 | &vel @ystem 25
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present during it oqGe ™us at | ggst flodble-tHaghunber®d ! of
signal levels can be i@ VBI signalipg eret=man \be uied in the
guadr ature met hods: a—present Liquen icr‘i o previ ously
di scussed, current J,'gH | iRy = aydEi ght lgt. wor ds
i n each VBI |ine abljd m&\a I ewch kirel d. Wil e
there are twenty- ! , irku.arq reqli réd for the
vertical synchroni 24t|i - and oné } :
95 reserved by ce-f or tke Cl ofs Zﬂptioni ng sig8al . ,This | eaves
el even |ines evely! o 2 Py v~ |
! pog 0 O 1
U =812 <+ £~ |
L nARE P~ - [
| <20 2| |6 :
i QNDQ" b A P QFN
e oed W S : Q
s &k Su —
Ol 2 ol'
! =) 0 - =
| 3o 5 < 2 |
1 — —— .
2.1 2l -
2 — I
: e i Og N AQ"' ) lL
t | T Tk ug# |
 1# QU]+ Su
Xl !
I |22k [
I 0w S >H>=H>= |
> iy LA S - Yo ) t
! (‘2] i L i 11| < Q b |
1 \ ollBél]loiio 2 ; O |
| ~ =
5 LRI e
o) 0 — !
| - o / \ o) - |
< -~ - Z -
(AU O N Q & © w 2
i ! o O ~ Ow s < !
(14 i QW o o™ EwZ
2 wa — | oo
T a5 29 3<a
w ! o m
P fo N o
s, \\
of
1 4 —
o o
0 @)
m —
2
Z
-
e
o
O,

SUBSTITUTE SHEET (RULE 26)



1

sixtieth of a second or a bit rate of 168,960 b/s.. If eight |evel signaling

I's enployed, this triples to 506,880 b/s. It will be agreciatedthat
since the WORSEMt el evi si on systemppses 8¢ VSB and 16PGBHSHEM3at i on,
it is not unreasonable to consider higher nunber of levels 5 such as 16.
Thi s woul d convey four siyrul taneous bits or 675,840 b/s. | f
instead of justez=the VBI,Qall the lines of the Fignal CO e allocated to
this pur po®e, no C Bsed Captioning wopl d pe nerded [ een
of the 525 |ines\ are unavai | abl e. TheQoq | i ngSLR i mes
a second witH ] ]

3.89 Mo/s. |If yed

si mul t anegusl : :
di scussed ‘ o] ‘ ‘ ' h neous
bits are canJey T i

t he present,‘}',i
tel evision -si dll Gl d adr al
dat a net hods of t he present ilnvention._are_conpal | [
tel etext approadh which utilizes 't {og | evel of | evel sighldng.
It will bgappr ' that the p:r ¢ vOGEBd [0 ssi on Gn jnon- bi nar ®

| ' e ahg‘l i cati onsyps

mul til evelT
wel | . V\hen\ and interfefence
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noi se di sto g’ﬁﬁ N Ran four | eyelgs lof
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y avail abl e
FI GURE 19a

ﬁ%nggghggg of

to Anal og signa
pur pose.

si gnal

npl emented. There are a wide variety
t hora of conmercia

a/ pl@

a
integrated circuits which can be used for this

in which a Digital

tion

can be i

acconpl i shi N2 PM¥588% unc

FI GURE 19a shows t he manner
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voltage V[err] 1908 will be one volt for each unit of current from current

source IDerr] 1

920 and

two volts for

current ooewEs8] err] 1910 as SB?}M]/ ?8bow

each unit of GinRRlodsiem

Derr] Dlerr] MSB LSB V[ef _ of f
of f 0 0 Ov of f 0 0 2 1
1v & of f 1 0 2vrl&,‘,x§0:Q
on on \ | f MSB data input D)[_glh-}é ge nd
t he LSB data e N =Y =YaTl = << ,“3 \%
then the vol Vg a as 19126, 1928, 1 KAl dnd
1932 will re [err] 1934, V[err] {8 Gand:Yth&
1938 are set ‘at s, and 2.5 volts rdgsp E§@§
then a recei {pr vvillé' whi ch data wds by < He
met hods showm in FI S 9 The left side of AL.GURE 19b Sfows
one inplenenfati o g ~Ncijrcuw=t using a 20 diffefentialganplifier
t echni que fam'liﬁ t led in these arts. There gre a w de
variety of netho q ng this function and a pbet hor aj of :
commercial ly avai Ml Rodedrated circuits which can be usefl for this
pur pose. FI GURE | 9b i 1P %hf hne I npl ementation and is fpr
illustrative purposgs o& ’Q\M t limting thewoi ces of actua
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I npl ement ati on. When the input voltage V[err] 1940 on the left transistor
1942 is less than the 25 threshold voltage Vierr] 1944 on |
i e

transi stor PRAESHe |eft transi stongplp429i s of f and the
transistor 1946 is on causing current to flowin |load resistor

R 1948

droppi ng thegy output age V[err] 1950 o its lower v ;
i nput voltage®V[err] I4(Q orxthqd | ef o llr@nsistor 1942 ifs nore_thaa [
the threshol @ vgQltage V[ drr]&1944 o ifghtOt ransi stor 19 6,4@&3? Q
97 left t ' 1943 i S hdgiaght transistor 19 U&&fﬁ“
causing essentildlly no cyrr win |load resistor ghﬁggﬁ
al l.owi ng the output voltdge rise to its higher :)EQWIS&G.
In this manner, the dihfe L3 cap be used as a slﬂg LY
determine if an iYput d ofN bel ow a threstab %?
5 The right 8i de,o ures three shifcei®BW s
1954, and 1956 of the ~ ) 5 ~ 3
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type shown on the left side of FIGURE 19b to determine if the input voltage

V[err]n 1940 exceeds threshold voltage Vthl 1958, threshol d gql t age
V[err] 196809%F508hr eshol d vol tage3}/[ rrdg 1962 for med BfT Mt or
| adder consisting of resistors R171964, R2 1966, R3 1968, and R4

1970. If the voltage thresholds Verr] 1934 and 1958, V[err] 1036 and 1960,
and V[err] 1038 and 10 1962 are set at 0.5 volts, 1.5 volts, and 2.5

volts respectively, then the outputs of the three | evel slicers 1952,
1954, and 1956 are as follows: Logi c I nputs MSB, LSB
00 01 10 11 | nput Vol t age Oov 1lv
2v 3v Slicer #1 L H H H
15 Slicer #2 L L H H

Slicer #3 L L~ 161000 16T02QaL" in the above
tabl e i ndi cat@de-\H-ower v | ogi ¢ 0 _uhi "H i ndi cates a
hi gher vol SAIBCARRIERgi d 1. It canf be seen fhat Slicer] #2 1954 directly

The LS one MLTHLEMEL #3
1 DA%A has a
is logic iGUT

nd Gate 1976,

i ndi cates WITHtDATWI ue |of Hpe I\/B
1956 has a hi-gh—ottptt—er

hi gh output and Slicer # 1254 has
realized in Logic Block 1972 with |
and O Gate 1978. .

S | ogi
nat AW of

DEﬂ'tEﬁlTO
gic Inveyter 1974,

FlG. 16A

16100b 16102b
4 /

SUBCARRIER NYQUIST |
WITH DATA TYPE AM MULTILEVEL
- —=| FILTER b——ul] . DATA
/— '|DETECTOR ouT
F/G. 168
16102C 16100C
AURAL a /
SUBCARRIER
WITH DATA AM BASEBAND MUL'I;A‘\'_-FEVEL
— ]
DETECTOR EQuaLizerl” . ouT
FIG. 16C
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It can be seen from FIGURE 19a that if the output voltage V[err] 1924

encounters pore than one volt of peak to peak (wth zerg \ oi se,
distortion, Vi ference, it mayyongt be 25 possible to at® 5{9@%?9 .
recover the levels transmtted. As long as the peak to peak (with zero

~d.c.) noise, disgortion, or interference remains well below one volt,
accurate recoverd of the tr engnd tavm'll ocedr . <\ 2]
FI GURE 19c descy®bes the use of al’ styfps in the emacog ng'&)b Tata tE
provi de §Te i al noise %ni&,’y and differenQacinAty®o o
di stortion, an O:nt%rference to ?V\EO ~ , W ~ - W
98 . dat a @i&n@_l- : currentq@u cel | rﬁ:hai
been chosen for &l | ahd not A | ﬁ
three tines the strengt buse | stga’
causes the cent@r . g’uasé ot &)@3
risers and gived i ni 2 QZzn
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The differential in inmunity may be selected to be any appropriate val ue
for the specific appl i cation. It will be al;%%_reci%ﬁ t hat
the princiWPa&8i08%ifferential dataq mmupjty can be applied U828 e than
just four levels without further invention or research. The four |evel

exanpl e is presented here for_sinplicity of illustration rather than
as alim tatﬁon. Fut Lmeﬁﬁ( Re ders wFutye.teal evisign
receivers cda take advant a% fSthie Yvailability of the=aba nt o =
signal to HB t e abate usi%a for their part&dtar HOuctme. 18
For exanpl 2Qa, Ml I'y synchri@#2 teci ver woul d nipt feed t heoabat Brrent

si gnal andga_ls ctually would s Bjemsioiia SOTE S | anoin omits L"g

i mposi ti ondWB& duse the i nherent fey mance:ofmt h; chramus
detector is an @enifi 0 @ight N@sc of Sthe
abat enent si gpal _iHd dve s sNel ass 2@t petof Qs ot LW
consequent i al L s Ref adr| SUGURE 9 ég_ﬁnd&E t @

that is used ing@t gl t priss RAM upah b vat | e
to the recefWr & st igga d am In the i 8 be
converted t n andl vé of m ectly ti rred,f‘n AN =>
appropri at e~ req and ' fromthe r gn&f L £f
the recei vér's detector neg¢ds no 8 abptenent, t sign@l i rest § to

its original conditiog, o 5 Let ect or r et
different kind of abageneny, ft dan e cpn trﬁcted | ocal |

receiver correctly K Jtiled dullgt edf ont oan apgro®@ i F S requency
and added to the signa+tbeRor ildeds det 9ctio Thes¢ Sang mprocesses
may be inplenmented at bgsedanyl, n:. fore 80”1556 iy, | — :
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99

It is possible to transmt the data for several varieties
of abatenent si gnal and al | ow the receiver to use the iesbsssd!i t ed
for its desW@P¥5P8¥7 s possible forsghe receiver to modify the received

data to fit nore precisely its design.
n the receiver, noSt” TTRe!Yy “opgrat e ot ~5 ~amg -~~~ '
toNal | ow a viemer(qr ervi cq tqunbci* Qgect m
nt procedures stoigedd ki [ROV@rie i

provi de a control
on- screen nenu,

mul tiple
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receiver to find t™ one nost
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conveyed to
Processor
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> It isZighirabl t\g
s of t pres@Pn i ntrT q
hel:-;firs YF| GURER20 S|

wi t hout deno ating

nmet hods for

15 suppli esZI\ﬁt&:Qr 2004

2004 is a

an | F frequena. | The
q <cg\

N Sui g

Si.nce the abat énprt dat
@n be provided TTom a
or modul ges thq §gr

B2 thi 8 OA Lo&P Oscill at or

1776 \
1778 TN

t hCoge of |i in
ared t @ %csi on signal
i gn Oconve
29 aE gL ly<t e
o —Lt——L—w as ., 3
o= @ = ' M~
2 oL 1
QO g -
@ I jo>
n> o T < d e - - - v
<< - m; | 1
o= x ! !
L '
[ : !
' 4
3
n O N ,o_ : 8 1
s = - - © !
=& gl Bl e uwE|[T '
l.oL — ; \ 1 — (2] '- '
i g \ / T8 T :<E w !
= | X 1
gé / & - i ;
= ' T '
< &[—l { g o ;‘- o |
gz 4 >g : O k 1 r—l c 1
3 = S v 25 X0} | = O !
ot i v 23 1¥89]1 15 |86 :
Zk 25 £z | 00 a9~ [ w :
03 o Q9 20 ' o S s b+ :
i: g |-<—D i E ? < < 8 |
&8 LL! ZE : o '
gE e 8<t ] ]
35‘ ' ~ f
|
'\ 'SD : pe——— ® ‘ 1
<§. ] E t 8 ]
(] ¢ 4
! oy & < frg !
/ ! h- "- f— — !
¥ 8 g___l 1
i
{ t L :
: i
X {
, )
) 1
)

It would be possible to

be2o t he
Q?n be

BPF
+ Excess BW)

1776
|/, +
) VC-
\

]
[]
| 1778

- et e e e we oar ee w> w= - - - e - -

SUBSTITUTE SHEET (RULE 26)



to a Visual IF Amplifier 2010 which passes and anplifies only the visual
portion of the signal. Prior to reaching Visual IF Anplifi 0,
Di recti onaWOMERBEr 2008 separ at es3fL ; 79 portion of the siﬁﬂypg%ﬁ"égéon\[eys
it to Aural IF Anplifier 2012 which passes and anplifies 20 only the aural
portion of the signal. Imediately after M xer 2004, Directional Coupler
2006 separates a portion of the signal and conveys it to Phase Locked Loop
(PLL) 2014 whi ch provi des an unnodul ated output carrier on | ead 2016
which is | ocked in phase and frequency to the visual carried. The

out put of PLL 2014_is_phase |shifted by an appropriate anmount| i n Phase

p = - - - -

pl enent atywons of the Data Encoder of fthe !

Jut of thgData Encoder 20525 is |provi ded
ncoder 20525 is optioHaIIy also’
20995 simlar to the Abatgment

the other inplenentations of .

dg the present invention) which denerates

] .
carrier. This is simlar to 525 off FIl GURE 5A
(or any of thetother ~ ti
present invention). The out
to Conbi ner 2020. The outp
provi ded to Abatenmen®NSig
Si gnal Generat(’br of ,e,"‘ M
abat enment signal 30 ~genenrg

an appropriaterbaseband ab < signal. If the nethods of |FI GURE 13
are used to generate the a ment signal , Optional .
100 Al@at enent  Si gnd ator 20995 will al so requiress<anl}input «from
Visual IF Afplifier 0 = '
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2010 and Phase Lock Loop 2014. The output of optiorial Abatenment Signal

CGener at or 2 I's provided to AM Modul at or 2022, the o ém of
whi ch cones W?Bﬂ%l%gf 2014. Theszgup putg of the AM Modul at %&?@8 2 #SO,
goes to Conbi ner 2020. The conbi ned output 5 of Conbiner 2020 is a visual

television signal wth quadrature data and optional abatenent si gnal s.
It will be appreciated that the nethods of FI GURE 4 ar&gj FI QU could al so
be enpl oyed to add visual signal data. ~ Using “het hods
of FIGURE 15 and FIGURE 16, the aural carrier data isc 4 § Bd ins
Aural Data Cenerator 2024 and nodul ated onto t auraFcarrliex¥in i&&alo
Data 10 Modul ator 2026. The output oP the Aur@ Datf Nedullafo 2076~ i
conmbi ned with the visual signal In Conbin . |M xere2030 ig
supplied with the output of Local Gsctllator 2 = |and terocyne@ghe
conbi ned signal output of Combiner 8 back t&L&@ br{ginalS Sz
frequency. Band Pass Filter ( EZ restric ,_‘Et{hgs gneél Qo it apFHqgned
frequency band and anpl ifier%ZO 4 brings ztaéqhé a@r pria emf_tﬁ<
strength for the purposes intgndéd. {t will be pfeci atjed t a{;}','z>a
subsequent frequency transl atior‘rlj chn.__be app ? rpugh tRe <0g =
i npl enentation taught in FIGURE 20 sp as to plcel{the NISC nal je® cﬁa’
with data as provi ded in thgpr bsent i nveption o & differen
frequency. Scal eabjlity An | nportant agpect t he
present invention is itsgscal egbilfity to acconprodate 20 difdefing
transm ssi on path condi tyogs_ds ne as jvari ous appli &tidn dafa ¢ate
requi renents and ecinom ¢ céhst ts_D Scal e%i | iTy qorfes|fr®m two
factors. Firstly, there is thq aki 4 o toutdize thieed f fir ent
paths for data transm ssion: tjre_y aH fcalri el , earal/ar'ie , and -
the VBI. Secondly, each of thd >da e{h’:pl oy typl { gna e\/gl S
rangi ng fromtwo | evel bi to | tigpl € Ie? i-n-laae:-b—af wo and
even to multiple levels whicg / ;g I_|O_
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25 powers of two. These various resources can be nultiplexed into higher

data capacity paths or denul tiplexed into many snal | ehcHAR bﬁmﬂ? hs.
The resouMs@®/SSPHm nmul tiple 6 Mz 37 , channel s and FM si gnal S can
mul tiplexed for still higher data rates Sone of the data paths
of the present invention will be nore robust than others. Sone of the
data paths of the present invention will be nore costly to inplenent than
30 others. Theaw de f ility and scal eability accomrpbdat es many
mar ket pl ace ?r (;'&Qg&f é%Da%
101 MsbHt w lﬁﬂquﬁﬁt pd that the various signal
transm ssi on resesge $ Bt + I nvention forman ensenbl e of
conponent s whijch farrda ZSefuI i h providing for a subst anti al
| mprovenents ijn spectrtn1%tiliz ion oyer the prior art while not
materially WalaTilaTl: MY lSLd li pment in the services expected by. .
their owners. 50 |0010tlory O The communi cati ons
infrastructure-ffrsz,ri f ' Yy nore conplex. In the case of
the addition df st réngSA' on to broadcast, an indicating |ight
nas 0i0]|1 0 2 |

0j|0|1 1 3

0/1]0 0 4

0/1]0 1 5

olilil ol € FIG. 18A-1

0111 1 7

1/]0{0 0 8

1/0{0 1 9

11011 0| 10

110{1 1] 11

111)0 0| 12

1110 1| 13

111]1 0} 14

11111 1} 15

Only Two Symbols
For Two Level Code
0
1
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typically displayed on receivers to indicate the signal was present. Wth

signal s not gj related to the programm ng materi apcpaRb/RSI13SONE .
of those enﬁé%%%%g’yby t he apparatus3g 19 -mBystens, and net hods of the -

present invention, it would be useful and convenient, to survey t he
resources of a cha d tent, all of the channels, within
the range of _an &‘ﬁgfé&th %A%;éiegg or provi ded over a cable or
simlar tel eYiMSR dehvﬂSstystem I n sone instances, it is
concei vabl e trey . it Berereitqbl e to a receiver,
each of which is|carfyijng he Zgﬂt Qna} dn|Suamilal . 1n those cases, it
woul d be 15 usgful| tojident{fy thig ré¢dundancy |land to grade the
availability ach—-oH—t-kP—pat-hst—t-Herpby ~4SSuring that the nost
reliable sigheg Veg aena' ied. 0|0|0!/0| AQtelevision signals
frequently atre—egaveyed-itoopht proy ot—egbl e tel evision
headends or ¢t@er] BaL& h pS m@erQ} ig traadlated in frequency,
swi t ched bet \yegn T pl ¢ (Yol ep\j| defp,] and ot herwi se altered, it
woul d be con \gﬁr nF’ #J ;Lafu f@@@ bﬁ tifvg\tich resources within the
- signal are bgigg egp btml at |arQ (D Qe s®4gs to pernt the
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be configured to permt an i medi ate update of the available resources on
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I nterposed in such a way as to reduce the anplitude (thus creating a
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and over 150 mllion VCRs which operate on the analog tel evision standard

st 5200, R0

val ue is $80

f the average depreci ated val ue of these i s
42 Bilkyon Dollars! Thi s"ﬁiﬁgg#%% )

. investnent by consuners nust not be di senfranchi sed. Not only are
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15 VCRs,

al so be appreci at ed

have VCRs built into themor have VCRs used with them It wll

to those skilled in these arts that t
si gnal s of FRSYEPVE7 2130, 2134, and 2838/ cagyl d be connegkg@sﬁ‘z&sgﬁ -

alternative display devices such as those associated wi th personal

COMULeT  or_ 0o B HEVRI S Porl sl arly advantageous
Decoder unit Fo e ol o od %'@v'fﬂ%ﬁﬁ-é' %136 The Digi tal
Vi deo Disk (a d tala lde Dgital..3\/arﬂti26E3)i 0B fause of its ability
cormercrai 1y hehel A dAa0Cr ) L3 ST TS O J2BEL our she consurer
resistance dupgojiagdylent}ingbi 3 L YQP3I¢P (2 ‘a play-back- 25 only
devi ce for prg=Tetorgeyymedral | tasrHmree —1t is also nodestly
expensi ve ii heR ia i@cl ufles |dedobi Q| 3 | Qi 206 menory for MPEG
processing. 1 STATATAT The |5 WG mevgpepboarat s, syetom, ant
oo canf ek = s H 1 9B P GYQUBOBES 10 D0 | ayer
by providing Bt R tﬁi -in MPHG Be:oaeﬂ Oy I 208} s of the present
|1(r)1\éent|on. co-rrr;-ga?ts.E %Ifgl-l:a [ ncaegs.ﬁsl LD* M{Qj_ commerci al appeal of
DVD players waidelbilaid 31 1/0(3]|211

d (b|bja 3] 1{1j{0/212

d |[blbib 3 1{1]|1(213

d [blble 3T 1121313 F/6. 188-8

d [blbld 3] 1|1]|3]215]

d |bljcia 3| 1]2]|0}(216

d |bjc|b 3] 1i2j1|217

d [bic|c 3| 1|2|2]218]

d {bje|d 3] 1|2|3|219 For Four

d |[bid|a 3| 1/3|0(220 Level Code

d |[b|dib 3| 1(3|1]221 a=2>0

d |bld|c 3[ 1]3]2]222] b =1

d bjd|d 3] 1133|223 c =2

d |[clala 3| 2/0]|0]|224} d =3

d |cla|b 3] 2j0|/1({225

d lclaje 31 2|0{2]226

d |[clfald 3| 2/0}3|227

d |[c|lbj|a 3| 2]1/0/|228

d |[clb|b 3] 2]1|1({229

d [cl|lbic 3] 2i1|2(230

d [elbi|d 3| 2{1|3|231
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yielding a cost effective approach to introducing the receiver of the

present invention.
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"Push Technol ogy". Unl ess the anmount of information is very |arge and
circul ation very rapid, its practical value is |imtedpapydfsiiie case
of Tel et extWO s¥55887 npve to an i §¢ of mgbi on based society, it Is -
expected that Push Technol ogy either standing alone or in 30 conjunction ’
wi th other progranm ng sources such as radio and television wll be broadly

109 utilizeds e rﬁ%pj Imyenti on enabl es Push Technol ogy over
br oadcast and caﬁ%‘g% a:ﬁ' eﬁé#&mre to fore not envisioned by prior
sSBIl1S +8

art net hodw TP ss and speed
provi si one v thelpresent ) nvéntionl{ha d nore sophisticated
applicatioHsa‘.r&hta @ryi :eslvm:lﬂp A § _ ne 5 i nteresting
over an obileBt b| BI Bk bn b hg U |k for kel 655 remote control .
This actiof gou al &l Nk}t hé Vi ¢ 54 i nformation on the
object desi lh*a.m& Jr%' Bl omeld Lstarical, encyclopedic,
or for purch?sin@ @ Vep sijtes 4 [ y accessed. oI
mmy choose |18 b4 Byl c| oilze. Unbt 0] ¢ T and make a payment
icture and ot a2 b o cont: i nterruption It
\F/)vi Il be apgr&i ata(%mm I_em | wer e possi bl e with
Coaky o ETBTGTTI, [TOTOL Tz oy e rior o cais

a talbld Of 011{3 8

a |a|ble 0| O|I14 9

a [ajc|a 0| 0]2]0] 10| F/G. 18C-7

a lalc|b 02117 IT

a [alc|c o1 01212 12

a |[alc|d 0 012131 13

a |alcle of 012741 14

a |ald|a "0 O[3[0[ 15

a |ald|b 01 O]31I] Ie| For Five

a |ald|c 01 03121 17| Level Code

a [ald[d 0 0[3[3| 18| a =0

a |aldle 0| 0|34 19| b =1

a |aje|a 0} 0j4|0]| 20 c =2
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a |ajle|d O 014)3] 23
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"ﬁéde it inpossible to apply these techniques to noving pictures of ordinary
tel evision 15 programm ng. The present i nvention affords peginysobvogss speed

capaci t y winbeésosu | |

en

abl e

? advanced services. FI-GURE
22 shows the situation of FIGURE 21 wth one or nore of the Program
Sources 2102, 21

S Ll L S D
and save t rfappaigssilon @sgl 128 (28| HY | SUmMf the Program Sources
2102, 2104, el Gt RE wi th Data Sources.
Inthisilluﬂratbcrﬁ@lv{vp wereregl_hﬁ gitally
e PR O AT g it o e
present invegi ¢ Qo |the rqceie 0 dhe e of the TVs or VCRs
s o e S P A Y _ﬁg Py R
L le ] oo [Tl tisdat Qg per Telen s on
converts the #latlaly e @ed it o%appowri}t elgc4een3foy di spl ay on
have to i nol e o MecAdecoHer | 1t QlbestoRaDr| caRBoy ¢ the recei ved data
?&%#g gg Eﬁi&%gle\m N am,tebecg;d;rggyaccess
e-mai|l and ﬁﬁtaer Yebeoskevicep if] it Q¢ plav2de wit37

a |blecid 0Ol 112{3|{ 38

a |bjcje O 1{2(4} 39 '

a |bldla ol 1[3]o] 40|F/G. /8C-2

a |b|dlb O( 11311} 41

a |bijdie 0 11312 42

a |bldld 0} 113{3]| 43

a (bldle O 1i3|4]| 44

a |blela 0} 114101 45

a |{bleib 0! 11411 46 For Five

a |{bjelec O 11412 47 Level Code

a [bleld 0| 1:4131 48! a =20

a |blele 0| 11414 49 b=1

a |lcjajla 0] 2i0i0! 50 c =2

a |cla|b 0| 2|10}1| 51 d=3

a lclale 0l 210121 52 e = 4

a lciald 0 21013 53

a |clale 0] 21014 54

a |clbla 0! 21110 55

a |ciblb 0} 21111 56

a |cible 0{ 2{1({2]| 57

SUBSTITUTE SHEET (RULE 26)



110
pat h needs

to the si gNeP9%¥Bce. A twisted pairsaial -7p

onl

be

of

areturn path to the Data Sources 2202 and / or 2204. The return

sufficient capacity to convey Keyciusohesiiback

| and-1i ne 2250 nay be-

used. If the cable system 2240 has two-way capability, it can be used
for the return N Mgrowave angenpa 2242 may al so be used for return
pat h signal s at p?’-?@reieﬂﬁe a ﬁ@dﬁtu*e as_that technol ogy continues to
evol ve. Dec:iié 22B4 sjErSB' RS = D $3|5i G # 1 2232. PC # 1 2232 .
i ncl udes a vent "f_m%ut li °‘,"92“§ *53 ﬂﬂl L5 E"at ed as "qwerty" in
FI GURE 22 ara tlhe {lubtl conput ér pBrf p@:4dl $3 PeB&1| 2234 may si nply
convey dat O |FC J.éédz or Ry wsg.. In the latter case it
may i A @ udeSa EG_dekcods A £ |IMPEG process may be
::irrg{”egeggec h;“rnle 191)%“'1 o 68 ngz\g/a‘rsg.”y greater
capacity a thenjeén ne tha Pr06E|a Source # 1 2306
provi des sifgmat ' tar 2 and Program Source #
2 2304 prouiSes 8Tn Dig nit 2310 and Program
PRI K S L-R1-Ti- B es " " and Digital
Conpr essi or aniytc |8 aspe ee@4 of a high data capacity
in t hg~TTars g&n cn ogrﬁ am Sour ces, Data
Source 234 ?:rn/ e Ji a s¥~nl unit 2342.
the stat! sthSembiradoir hos B8 Use of statistioal 20
Mul ti pl exi r{gaal s £ da ce opgr am Sour ces and Data
Sour ces whi{C Ei gl veén 1 To*gnl y a small capacity
can relinqui%h L. pacfty o S 5 ehFV(G‘/ oy%a.é’
Sour ces whijch uf gend Yyeneed|it. 0| 213 %g dg@Q biream'from
St ati sti cal —r-ttphrexer—2+H ngy—exctedtie-Tc ' pf one

a ldlala | ol 21401 7

a |cleib 0| 21411} 71

a |[cleijc 0] 21]4(2| 72

a |[cleld 0 2(4i3| 73

a |clele 0| 21414 | 74

a |djaja 0} 3|]0i0] 75 For Five

a |dlalb 0] 3|0{1] 76 Level Code

a |dialec 03|02} 77 a=2=0

a |[dljald 0| 3|03 78 b=1

a |(djale 0 3|1014 | 79 c =2

a |[dbija 0f 3|{1|0| 80 d=3

a {(dlbib 0 3{111} 81 e = 4

a |d!blc O 3|12 | 82

a |dbijd 0f 3i1(3| 83

a {d|bje 0| 3|1({4| 84

a |dicla 0! 3{2]0}| 85

a |diec|b 0] 3|12|1| 86

SUBSTITUTE SHEET (RULE 26)



channel's Vi sual Data Encoder 2320, Aural Data Encoder 2322, or VBl Data

stream 2324 25 Then, that channel's Tel evi si on nodul at or o%?,;l'@g%?ghrst er
2328 will WO%GHE7| oaded. In that 53 ; cpase, Data Di'stribut presents

the data to nultiple channels 2318a, 2318b, and 2318n. This is done in

g0es 1o two tﬁ? a;ngﬁg eV ody o e O e commd i h
Conbi ner 233MSB eforBSB vey a]1®5by2@1® Z_E’JESIWDS m crowave antenna
2336, Or OVeftri=f—i SASPHS S| pr—b F-e—aat=einas of the multiple
Tel evi si on np&l cltél’ Gr @randni t{er ] 21 87 _
%Ilti poi ntsyStgnrsll h&ré taat aqzlr 1?L§0Chg ) €|2V%SI Oggf ,IZ\/"[VDtshZXIrZE:ZI’ ve
site, the sipanl |id @t andous Asev8Q@l | tuners. \Wereas
t he Decoders 2t and R13§~0of )ecoder 2234, DVD /
Decoder 5 p&s add azEaApL ange 283 2 Cl uded tuners as )
f thei Fl ¢ B oy vy licitl

enphasi ze  hbapHOet R Falis | e tW “¥71 2550 servi ces
Decoder 2352| @i dhdekdr ﬂ]ﬁe flat aQi : eﬁnlel 92ngd by Tuner # 1
2350 and con ST L 82 | exg 33 93 | GURE 22, Tuner # 2
2356 servi ceE godel wh| ch 3 th it he channel tuned by
T C 5 i ' i kewi se, |
FGRE 22, T WSRO, (L0 3 V%i‘l?‘l;riﬁ?ﬁu Ch extracts the
data in the f@nned {@nka by frundr #Onh|28d 4Hc0c3n\&5$ it

a |dle|b 0| 3[4|1} 96

a |dleje 0| 3l4|2| 97 |F/G. 18C-4

a |[die|d 0] 3|]4|3| 98

a |[dle|e O 3|4(4| 99

a |ejajla 0| 4 0l0|i00

a |elalb ol 4jof1]101

a |eja|c 0| 4]0|2 (102

a |elald Ol 4/0]3(103

a |ejaje 0| 4/10(4 {104 For Five

a |elbla O| 4{1/0{105 Level Code

a |elblb 0| 411111106 a=2=e0

a |jejbjc 0| 4|12 1107 b=1

a |ebi|d O 4113|108 c =2

a |lebile 0| 4114|109 d=3

a |ejcja 0| 4(2|0 (110 e = 4

a |elcib 0| 4]2|1 111

a |elcjc 0 4212|112

a |leje|d 0 4123113

a |lejcle 0] 4|24 1114

a |(el|dja 0| 4|3|0 (115
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to Miultiplexer 2354. There are "n" Tuners and Decoders where 'n' is sone
nunber of channels with sufficient data capacity to cagd¢pusdomssiat a
provi ded aWwQ 650687 gi nation point by ; 79 Data Distributor 2316. Note that
the anal og channels continue to carry ordinary NTSC 15 signals for direct

use by existing gﬁwrm@#gﬂ_s@ad’gzel vers. However, it is not necessary

h |CVIJIUII rcuCl V | i
:)gss?\t;faet?c MSBi z¢ bl I‘rsjﬁ-r ﬁg /%k iasmo g\rﬁgnhgogouné,ljsust
h der | Wt 1 ' : i I
possi bl ¢ 4 BB 4G B wrak < lgnal [ Ad B L LELEC ¢ S5 i h ornary or
nul ti-Ilevel é_igwé |l@ whilejstifl | @ingdti8 j@hel J&Ppf oaches of the present
i nvention. pRe=——fdH-rpirexer—3354 g—frpmthe "n" channels
and presentjsa@it| i d;s to | a r Y 13.99§ ich as PC # 1 2332 in

23. 4392 2 il's ; I f devi
i ch cay e LB deidn Tk 20 10 4,13 AN @0 xR @ of @ fece
FIGURE 22, PR #| &@4&3an FIGUHE 29 fay4 ©® [220n|path for interactive
appl i cati onf: The at L.surc P, T 12314 increases the
efficiency p& t edelbai gn : _ *Ezi Iﬁlg resource by :
oo s P ACLEIGE I 0 i P Tl L%
Sources whifl haee l@ |dlittle detfI| addl4 b8 tB28nlto tenporarily
tribute rapat b d tatistical
E)ﬁgn(r)lmegafa E}é r;@e;r OE o ‘S(r)]ﬁengoln F gat i&ﬂu e?fsfcigzt Swalis3bca
3_e Eh_ebrtesg b i 'Sée%lts innG [ he (d&t f'emQ; ogr am Soggces to be
i stribut edl=e—Hore = re—chereT—Cp
need to nonjkpor |r@r@atilan orle chanidel] t@ |0 |1 |126 y/p‘ﬁG ¢8@.LT§
b |jalale 1] 01012 {127
b |lajald 1{ 010131128
b |ajale 1{ 0104 {129
b |lajbla 1] 011i01130
b |[ajblb 1) 01141131
b |jable 11 0112 }132
b (aib|d 1] 0413 (133 For Five
b (able 1] 01(1{4134 | Level Code
b laicla 1{0(21(01135 a=20
b lalelb 1] 01211 1136 b=1
b jalcle 11012])2 137 c =2
b |lajec|d 11 01}23|138 d=3
b |ajcle 1({01214 (139 e = 4
b laidla 1] 01310 (140
b laldib 1101311 1141
b laldic 11 03312 1142
b laldld 110033143
b jlajdle 10314144
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112 extract the information necessary to re-create the Program Sour ce
data stream Because of this Multiplexer 2354 is used E,glgg Ie a
data strewmontssesh i s delivered to g/PI;G 79 Decoder 2366 tB FVi ce -

tel evision receiver TV #1 2368. T(‘? m ni m ze costs in the receiving

equi pnent, Data byt 16 erated in a manner that insures that
data fromany R&i&v :!é?é .Qé&é usually be found on no nore than

two chann¢l MSBhese crj'aSB 125(# 25 q | 8@ 4dj acent and they can
b mas-amaa R ' t '
maki ng t 4D A BpEbdAs. | | L] BLBEOkLA5]niar to FORE 23 in

3 f :
N VA e T A T
as, for e>ah)l padte Avanged [Tel ekilsi @ &b@id tthee standar]g si gnal
f t rgveE F o T
rncj)lr'[r?plse sV :F%ri@ 0 ) LI—JBT ng . ?3‘1'1&;% up Sgelga%/es. rcC)Ilmher F
the i1 el oh2ds od atireotalq[phg] tvie vould regure
are appl i ddb n} B« a4 for this DdrpdspQ MO { i oB€xdr 2454 services 15
d d P — ti |1
?n\éfiﬂg: a V\ﬁje Ib[ eé's L?&ﬁle\r/ \r;ertxii'tﬁO an £ orr:?él OPelsglnﬁtig_n, 5.1
i opl 2ys dp i Faney age “O?f?ig?ﬁ;}xizldeiaﬁﬂ oning. o
The presej{\bn dotlia] dl so | esltlhe kIO 8 ¥y B Iijgnal s which may be

d f r F T T I | evi si

channel . TnBua R e”f“f K AP I ETEBAT rted® o di i cal
sound (cur} gt ECbteéekuon’ sou]ld |g_ g @) 155 F/G 786"6

b |b|b|b 1] 1]1(1]156 '

b |bible 1] 1]11{2]|157

b [b[bld 1| 1]1[3]158

b |blbje 1| 1}1|4]|159

b |bjc|la 1| 1{2|0/|160

b |blelb 1! 1{2}1i161

b |bjc|e 1] 1j12]2]162 For Five

b |bjec|d 1] 1|12{3]|163 Level Code

b (bicle 11 112(4]164 a==~0

b |bid|a 1| 1|3|0]165| b =1

b |bidlb 1] 1i3]1]166 c =2

b |b|d|c 1] 1|3|2)167 d =3

b |bijdld 1| 1i3|13({168 e = 4
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b |bleja 1| 1/14{0]|170

b |[ble|b 1) 1(4111171

b |(blelec 1] 11412172

b |ble|d 1] 1114|3173
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i mproved col or signals and other signals which will allow for a higher
qual ity anal og signal to be seen on advanced tel evi si OpciRSSI/08813S.

This functiWaapFI? can al so i ncl udesd nf orgat i on regardi ng the program
being displayed. This information m ght include the name of the 25

program the time remaining in a novie, or the call letters of a station or
nane of the E‘;uyami.mvelw@edﬂhen used in conJ unctlon with a

G aphi cal ) Y ked on" to initiate
ot her acti v| t}sk astlur ep 182575225 |§at _smkls - capability.

FI GURE 25 d[Ty RE 20 | thtl‘ dagi 41| gnal s are used as
hel pers to {h&

S R-a-0-5 =—gi gn H-1eh ' the receiver TV 2568
as- olrdi nary Inne.:t i od p572 & Onel @Bt of origi n?t i on,
Resol ution § 26974 ar] owp | Or Vet INT pass to Tel evision.
nmodul at or of s 25._Q_m;+ 92{ :J-i i&,é

113 olityaf Ne i I esfol uli onve] e t i g not normally a part
of Nrsc Thisg @b EFe S i N Vﬂnc-r%%
a
n

- sed to Digital
Conpressi on|uly t| ZBp@&Md ch | hef pr dcbss2 0he3| 178 gital portion of the
signal in th

ner as| fodind 14n} H 2 approach
rel axes the aHe ¢ quilred: h Ji?&{lpir hi%\é C signal and may find
sufficient c B a’n j pst jone nnel s. In

:Eé
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Digital Conpression unit 2608. On the signal
2654 serves Per sonal
in turn sSWO\RESsSM82| evi si on
26 is the same as FIGURE 25 and F
t he Per sonal

g TV 2668. In

?ZURE 10

reception side,
Cbnputer PC # 1 2632 and Wb AppLiff

Mul ti pl exer

S5085186 whi ch
ot her respects FIL GURE

24. The Wb Appliance 2666 and

[Eit‘? 163 have return paths 2672 and 2670
TV Gt _ . ble tel
e AT EY T o (s 120 Moo
i [ f 3 | ay. |
!sﬂoﬁl gagpibhw ﬁn r%:Li fZS(c]t t(rjlrfT gu :” Sls Cir szgil\sllocg)s/ can be deli verted
over a 15 | O tdl a tgway} such ai bul3 Q|14 m2eRtio facsimle, audio
servi ces, ey tetemret =g~ US tel evision
i s under gdi by h @dibbd @hande. |H th[%ef& 1 b0 T208dion is expect ed
b il @bl f U Pag | I 1998. Th
| nvent ?Xﬁ}é&&‘ =3 - T St g ] e ey’ 5 anal og wor | d (o
w ' I d by 20 i mi i f th
whi oh st Eetor (ke A * anal 0g ¢ el evi 81 on
recei vers.| tur { edililp ltde pdi cel forlorv3 ] 31 proj ected to range
f 1 : ' ' ff
S S VG S LA E VT ey
i mproved ¢ §i1 nel|bg tel eviisi o8 pr24r@RNQ pr a host of data
services a R [ 5 QLTI Ng to utilize existing
anal og telg ! rélal e} anal og
tel evi sion ) rgﬂ 2 v212h Si nce
broadcast [erke e RELTs bl
h;\?g oas hby i 3¢RilB ezngeEthzggat Zaﬁ'ﬁaes
f th T oregif t Ity.
Simi | :?Fy By ok B 2h AL A 30 i nto smalier
[ d | ¢ [ Th
icﬁ\egﬁltit)cl)n atﬁ Ff& - ' aS ng dentei ?;eZﬁgt al | ocate
t he conbin_a_(_bresdj 1| 313111216 :
b ldidle 1] . 313|12(217
b |d|dd 1] 313]3(218
b [dldle 1| 3[3]4f219
b diela 1| 31410(220 For Five
b (dlelb 1] 31411({221 Level Code
b |dlelc 1| 3141212221 a =20
b (dleld 1| 3[4(3]|223 b=1
b idlele 1] 3144224 c =2
b |elala 1| 4/0/0]|225| d =3
bleialb 1| 410]111226 e = 4
blelalc 1| 410(21227
b |elald 1| 4/0/3}228
b |elale 1! 410141229
b lelbla 411/10(230
b |elblb 1| 4|11|1|231
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114 Havi ng thus described a preferred enbodi nent of apparatus,
systens and net hods for expandi ng data capacity in transor/gs99masi3
systens, | WOPHIN be apparent to tdgoge Bkilled in the art that certain
advant ages have been achieved. It should al so be appreciated that

various nodificatj .%e?‘ﬁ@ﬁ@l’”@pﬁ@ al ter nf;tlt i ve enbodi ments thereof,
may be made A—re—serperartsprrr—ot—t-re—pre3ent i nvention. The
i nvention i $ M&@Rhet deLiSBd by MSTZS (5 ¢l jStmai|ns:
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VWhat is dainmed is:

conpri si NYO 99/55087
informati on onto a carrier;

carrier with anal og televis

1
digital information fromat |east one program 2
C|rCU|try5§or/ mpdul ating the nul ti

1.

A system for trarism

source,

tting nultilevel

Fgﬁgﬁ d‘fsgltal-

circuitry for nodulating the

progranm ng; and 5

a vi sual

transmtter coufd! :evequeare?SEmGadg circuitry. 1 2. The system for
transm ttff Trar e, TR E O 1 fm 1, wherein the 2
circuitry pg ulat@ d$ﬁ'< B‘ﬂ rmation onto the
carrier_fur¢h rai ¢|cmrilses| g ph@@Inodul ator for phase
nodul at i rng =-fH-eret he 5 visual carrier, .
t he phasq & gl@tl@f & eaffi ﬁi&ﬁzgds about the phase 6
gﬁgg;gt gf ge qugsng’: gqﬁj??s; ngngm)ltlt}[ﬁge?ii gin?al .
programing psarleg|ted if d almzlvw‘@ eglh 4Ne2B4 circuitry for adj gsti.ng
2 Tirst b landrdlm Lol B 8he0 |2BBek to the Nyauist filter
?Eg tn'hie]; re;t 0 CHI abora.i_sgcmd ng‘ u@#b{ﬁ Bﬁrgaa s filter coupled to

c |aldjc 2 312|267

¢ |ajd|ld 2 0 3| 3|268

c |ajdje 2| 0{314|269

c |alela 2| 0(4{0(|270

c [ale|b 2| ola|1|271|F/C6. 18C-10

c |ajelc 2| 0|4|2|272

c |ale|d 2| 01413273

c |alele 2] 0j4141274

c |blala 2] 1/0(0|275

c |blalb 2] 1{0j1|276

c |blale 2] 1j0}2]277

c |blald 2| 1{0|3|278 For Five

c |bjale 2| 1]0}141279 Level Code

c |bilbla 2| 11110|280 a=2=0

c |bilbl|b 2| 1j111i281 b=1

c |blb|c 2| 1112|282 c =2

c |bibld 2| 11131283 d=3

¢c |{b|bje 2| 1114|284 e = 4

c |blcla 2| 1201285

¢c |bjeib 2] 1121|286

c |bjejc 2| 1|2|21|287

c |bjeci|d 2| 1}213|288

c |bjcje 2| 1241289
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8 a second m xer coupled to the first bandpass filter and the

second oscillator; and 9 a second bandpass filter £kQ the
second mi xerWO 99/55087 60 / 79 FetRssbs 116.
1 4. . The systemfor transmtting multilevel digital information from
at | east one progr api e RFE] 2 ted in Claim1l, wherein the
circuitry for ital 3 Lof ormati on onto the
carrier furt eMSBprlsesLSB 125 ZEph&el @i br for phase

nodul ating t ) o t al =t . first carrier,
the nodul ati g @r b ﬁrﬁfir‘t |UI‘62ItV1] i Qb0 hbout the first
modul ated 6 atr oil r cuit r upting anplitudes and
phases of thqg “é :tbép-l-g' lﬁity of &-d&nﬂg‘ 1 1:10‘ 29§£|, circuitry for
anpl i tude no uleat addoposite vi d@|si 3laB anzgeri rst carrier, the

9 nmodul ati an 3 aqtl €l ¢vi §Ton Yisual |- circuitry
for® nodul at i éh ba] a I@vel di di Ié nf i h optionally 11
suppressed sgcead rd¢rai N guadr at t d S Arrier, the

modul ati on of ‘gc iBr d e orfl | lzé?wgl stier creating a
second plurall € -afbéleeétands abdqut t2¢ 131 e@n@ 98l ated carrier; 14
circuitry for [ n npl 1 fuddqs a pn ol ttEsserond plurality of -
si debands; %j g ab rE i 59%9
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15 and 16 circuitry for conbining the second plurality of
sidebands with the television visual 17 carrier. 1 5. ,.04Eb80s8)5St €M
for transWOSA®7nul til evel digitg) iynfegmation, as recited in Claim4,. 2
further conprising: 3 a second program source providing second
multilevel digital information; and 4 circuitry for nodul ating
the second mult Fiwe devel nCodeion onto the second 5 carrier.

117 1 xS TO 12533 U FREEVEl digital information
froma prp SO rce)j's's 2 iﬁ grs(oﬁrisis&fm?, circuitry
' W34

for creat|na 4 Fed| earr| er jnodi@ pt e ngig el evi si on progranm ng;
&4 - cre%ﬁ-ﬁw n quadrature to the .
b i rcudfrye uB2hp the mul tilevel

4
od
he $E€COTHIt Cam| AT 4 [0 3fTE nodul ation creating a
Lilll Pg |§1%;]1 .
4

vi sual ca rae};

digital i T&'

plurality}olf s he suppressed 7
322
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8 circuitry for adjusting the anpl i tude and phase of the second

plurality of sidebands; 9 | evel control circuitrpcringssvegidisti ng
strength” oWAMWESMIdul at ed second calrifer7®nd the 10 plurality of -
si debands; 11 circuitry for conbining the plurality of sidebands

wi th the visual c@'j,lvse B@v&l Code a visual transmtter coupled to

h nbi emrf =T ' [ [til I
EZII SI fgl :m‘ r asIﬂsated |]r25 25 ygtif§l : ?n(S:?n;)Hg?ngu Hieve
i it f o | al d pict
fesul ting 3 rﬁgﬁ & 8o 'ehm A D38 Y Cartier, the
visibility reé,lcli Al @ra@itry 4] p@@Ees3iing itds 3|49ile¥el 1(::Ii gitaltt
i rf ti ' e A acAM a3 et e -~ Al 1 tti
mil tilevel 4 @ taie] @b@ntipn las 2k 18] O G380 2  further
i ng- ! . ! g q
TP 1 e Ll B g TATOTR SRy b, S e
9. dThe Eyg emédyra r@nsm ttling 2 ti&évﬁl nformatigni as t
t a1 TeTgi n frie T Carit a1 1 ng an abat enen
gleglnale fLPtheCco@ri%e “ 3 é’ a ubylét%ﬁ ve?ormshapi ng
[ its; 4 t ' ' th I it f
\(/:\/:el\r/g?l)r%sha th c?rc%n ?Vg “T r(2 Claa;'([]:th &%& (r)cui'? Eoﬂ[)?elj %/oot he
| evel contrdl cei | aiftbi@ 2 $ecdidlo Bclit coupled to the
[ it f ot ' I 3T Ay nbi | ed
tCi)r"t:Ela ;gcoa‘dcéle o cBr zit. -Jal 15. ‘ S t;-rﬁ angmp'?ti Inger cotpte
mul til evel dlig&t 1Ie| réati n fromz Iqasg_ oge gsqr
c |elbid 21 4|1|3}358 F16. 18C-13
c |eible 2| 4111|4359
c |e|lc|la 2| 4/2)0}360
c |e|lclb 2] 41211361
c |elcle 2| 41212362
c |elicld 2| 41213363
c |e|jcle . 2| 41214364
c |ejdla . 2| 4|3|/0({365 For Five
c |eidib 2] 4|13]11)366 Level Code
c |eldlc 2| 4|13]12(367 a=2>0
c |e|did 2] 41313368 b=1
c |e|d|e 2 413{4)369 c =2
c |eje|a 2| 414|0|370 d =3
c |elelb 2| 41411371 e = 4
c |elelc 2| 41412372
c |eleid 2| 414)3,373
c |el|lele 2| 414141374}
d |ajala 31 0j0]0i375]
d |ajal|b 3] 0]10}1(376
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2 source, the system conprising: '
118 3 circuitry for creating a visual carrier ppgisspdgian th

anal og t SWOMISFMA programming; 4¢3 ; 79 circuitry for creating a second
carrier in quadrature to the visual carrier; 5 circuitry for

nmodul ati ng rrultlﬂgve amvéll nCodaion onto t he second carrier, the -6

nodul ati o et e nodul at ed second

carrier; MSﬁ IZSE i trﬁmsa na. | litude and phase of

t he secon ST febqnads; control circuitry for
L@r gt D021

adj usting Jgih he _hoddlat Jahd the 9 plurality
of si debarhcﬁ,‘ gdlald cifrcui3dy QadrQco®o| PR {he plurality of

si debands pPrt=t-~t-re—vristrat—t ar e+ et a visual transmtter
coupl ed t ¢ Ghel BIR 2@ ng fi rcuitr@; 10{0]| 4379 {econd digital program
source pr¢veding 3350 multilfevelqadi gntlal en; 13
CHENEIE FIELE

circuitry Hok Lag-tfie 4eca ael il | information onto an

(P

aural 14 withh te3¢vi Bl pld| 38and 15 an aural
carrier cqgupyire FEul tiry— T, mp—tre—second nultil evel
digital 16 11 y%hebsﬁie "882 dnsnitting miltilevel

digital i
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2 wherein the circuitry for nodul ating the second nultilevel digital

information further 3  conprises: 4 a multilevel pdghmosigusixe; 5
a baseband WOINESS8burce; 6 64a/sagnd frequency nodul ation nodul at or
coupl ed to the baseband sound source; 7 an anplitude nodul ation

dat a nodul at or haw n 4 ougl 0 an output of the 8 sound

frequency npdul at] iqﬁédl;%j!nfﬁﬁ orand aunl ed to the nultil evel

data 9 soirMSBI1O0 LSB| a ﬂaﬁ@b d to the anplitude

nodul ati on bg {nd = g Yoy §m tter coupled to the

bandpass fil D' IThelsysn f& 806y multilevel digital
0 4N aimillap temnn hire=dandpass filter has a
¢ BT 21 AT e

I nformati on,
vestigial si ractery stic f o To e wtirical 3 si deband
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3 a video receiver adapted to receive a desired frequency band
containing the visual 4 carrier; 5 a first datgf At or
coupl ed twotdEsM82Cei ver and 6 a first data extrhgelor coupl ed to
t he data denodul at or. 14. %e syst em for receiving digital

progranm ng, a teﬁa&%urt her 2 conprising: 3 an
audi o recgaluer si.red freguency band containing an
aural 4 | MBB et ha%.>ecc |25 go [ 15 a second
dat a dermela'u O piee—] 0 tH e ,@%6 a second
data extrna6ko QJL@F@I tolthd datd lde @@ alQ) 435 | 15.  The systemfor
receiving ¢y of tall Qigqrani nd, asaqrlecid 3, wherein the 2
system i s g\p r?r r@ ol o dtelBlis § a:jp \£3% 1 16. The system
for receilvihg| apgidsglepr ograrmi ng3 fas 2kQ | @143 di m 13, wherein the 2
second ds rt Qer— cQnprt a bandpass filter;

and 4 5 c c | i tude Inpdudddt i v;z.gi(AB(ELpl ed to the bandpass
filter. |1 17 sy$tem f orqrlecey yi i} O programm ng, as recited
in CIaim“Ig,' cré.c‘ fi.u? d-az-g(l- drt her conprises: 3

a pluraliftg o \d’allcers each3vﬁtl2:)® pled to a data

denodul at|or cond}i ngut cgQupT ircuit, and a third -

I nput coupded i*¥f er ént { hreehol &= b
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6 a plurality of logic circuits coupled to the plurality of |evel
slicers, the logic circuits 7 converting outputs of the ppgfaisydossof

| evel slicew@99/6i087 bi nary | ogic valggs, agpd 8 a plurality of -~
non-equal |y spaced threshold voltages to provide for differential noise 9
imunity for nultiple data signals. 1 18. The system for receiving

digital programﬂmv@ Ieevred i C@d@m 16, further 2 conprising: 3
a baseband | -

120 4 wkerel:als
det ection cT‘gﬁ', T LM
system for jtgCelyv nd%

mented foll ow ng
pelgpr. 1 19, The

nalla n Claim13, wherein
the 2 flrstddptdddpaula or : a mxer; 4
a phase shij<e+t+ee fijes potiotst-irer gz 5 an
anplifier cou.dl edao cond input3 f e i rd@%
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6 a phase | ocked | oop coupled to the phase shifter; 7 a
bandpass filter coupled to the phase | ocked | oop; and 8 CT/US99/08513

t el evi si ONO9®S88Yer having an intgymediate frequency anpl i FEEr coupled.to
the 9 bandpass filter. 1 20. The system for receiving digital

progr anm ng, o tqget‘pe aicbjd wher ei n the 2 first data denodul ator
further ﬂ@ryssﬂ-r ' a first m xer
coupl ed ftMSB onbi L8B|5 |125]| 25 rs&;ru.tasm ter coupled to the

conbi nerg x-gecofo eT y T qel conbi ner; 7 a
" phase | ad | ndpl ed to thfﬁ -:3r 3593

a receiver haV|ng

an infte.rmai taé f@qeenc a olifge[ tqipeg t4 t 49 frpquency band 9

cont ai ni S=fi=Sttert—eerfil | efTt et coupl ed to the phase
| ocked 1phad; 1@l @] @ |an arrpl3 WARIN-Y 4(9%9 first mxer, the

second nyxer, out qut pf t 11y nker&dd requency anmplifier; 12,
a phase :Jﬁf'rpérﬁ‘, d.tlo t Ta ne anplifier and the
first mkeq. | & ét.c THe s ste for4_me46i2i ng@fol tal programm ng, as

recited Fm=tiarmrA—whenei nfTire 2T bdul at or further
conpri sep d el el & arki nb-i net vad t3edD8| gnal 3 detector. 1

roner LB LR PSR PRIBSTRAR T,  SE
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121 1 23. The system for receiving digital programmng, as recited
in daim22_wherein the 2 output device further conpriseg E513
conpr essed WREYSHL oder . 1 24. g8 Theypystem for receivi ng‘?’gjlsggdlj)t al .
programming, as recited in Caim22, wherein the 2 out put device further

o v dedalcogh din 0 VYL,
conprises a peMSBal | conLEB sSumflor receiving digital
' ' é‘ ut put device further

Z‘. 22\ system f or

progranmmi ng, {aS TG T Suf I Crii n
conprises an a®allo gl sion re

@ 39ram source, the 2

a visual carrier

transmtting|ngl tf lpyed| @ oithl |

system corrprirl-e-b-n-g:r B 2

nmodul at ed wi {h@anfal@&g @ kl@vi s} on 4|52 circuitry for

transmttingfa_dal /£T Ihfo naﬁw | ated visual 5
526 |

carrier;

527 |
5281
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533|F/G. 18C-79
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6 C|rCU|try for creating a second carrier in quadrature to the
visual carrier; circuitry for nodulating the nultilevel
digital i n‘?’@r9ﬂ’ﬁ§q86n onto the seconggcarriger, 8 the nodul BEPERBEAting a

plurality of sidebands about the nodul at ed second carrier; 9
mrcwtryfor aqiusting.the a s and phases of the pIurallty of
si debands; %’Née c&ﬁV@ﬂl ﬁqgﬁy for adjusting strength of the

nodul at ed[sS m Far ri nd Ul -ty debands; 12
circuitryjlfor conbin rEst puEa]5 ﬁd it th the visual carrier;
t 5%

and 13 e | Cha hal tralpsmt45r Euﬁ) e<1 conbining circuitry.

1 28. Hre—tsystenrtor—tr angmmtt oo rogrefming, as recited in
Cl aim 27, V\ﬁereiq 3| Cinq di Iect i?e Qf%s:55f data types of
the nul ti Fegel I Rl NTrmgti o angd ocations of a
plurality nge nf‘gnf the “r# o.i..é 55?3\ mation. 1 29. The

syst em f of e ani a '} dipital pr4 ra

wherein Z‘W Ty de

55I5f41 ;aﬂ in C a: m 27,

gJSISI e Vvisual carrier.
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122 1 30. The system for transmtting digital programmng, as recited

in Caim27 further 2 conprising a digital conpression uni g,cf,bgggmgggoves
redundancy WQM/I5A¥ nultilevel digiygl/379 information.

123 1 31. A systemfor transmtting digital programm ng conprising: 2

a fi rst_dat a sourcg-,'ré’y(’f%_ Level taca%nd dat a sour ce; 4 a

t el evi si on sjiagnal of erence ascill ator; 6

a band pass [IMSB; | 7 LSB 125525 B To@tm|to the band pass

filter; 8 fm@f==d N C Cf~Orsei=t the first mxer; 9
a first conb] fr |c d& 0 t]he i rsﬂ -?36— a doubl e bal anced
581

nodul at or cofipLe B‘TeHi rq4t cpnbi aqr:
582

583
584
585
586
587
588
589
590

o1 FlG. 18C-27
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11
an aur al

an aur al

nmodul at or WO 99/§5087
coupled to the aural
second directional

co

data encoder coupled to the first data source;
I ntermedi ate frequency anplifier coupled to the double bal anced
haV|ng

a f

i nt er medi at e

upl er

coupl er

|rst(M1equ
equency anpl

14

12

Vs Btout

ifier; 15 a

havi ng a pass-through out put coupled to the

a second m xer coupled to the

source and the
20 athird -
led to the second 21

y anplifier coupled to
out put of the first
tion nodul at or coupl ed

dop coupled to the

of the second
er coupled to the
a phase shifter

a second data source.

information from at

he steps of:

FlG. 18C-22

first 16 directional coupler; 17
second di rectlorﬁn.vejpl[ﬁeveﬁg Coelesi on signal 18
f ~Erir O~ =50 -
directiond bl gr ral-ﬁ'%% a pal?5r§gh5>
i : ;
Che third S kSR 9o Z‘#Ld”@f-r @H%'
di recti ongl €@olp@4rC adp| |
h dorretomiro rTese
;ﬁp}isuzg n&iu| &Lild Jadulator and4 t FZL
di z ; -
cecond cofunal LS o)ond ua A [CRT2
coupl ed td ehef\@qualf dat a |encpder4 [and 2|3 | 613
1 32. AmettrogfoT rarrgm t gt Pttt}
| east one #péoq %_2_&_ ourg?, gheg Vst Z)Tﬁlg t
e |e|dla 4| 4|3|0}615
e |e|d|b 4| 4|3|1|616
e |eld|c 41 43121617
e |le|d|d 4| 4|3|3]618
e |e|dle 4 4134619
e (elela 4| 41410 (620
e |eleib 4] 41411 |621
e |ele|e 41 4142|622
e leleld 4| 4143623
e |[elele 41 414 1|4 {624
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124 3
carrier; 4
pr ogr ami ng Wsasse87

nodul ating the nultilevel
nodul ating the carrier with anal og teI
transnimyt yngrot he nodul at ed carrl er.

di gi

'information onto a

§U§/fssn

t al

33.

The nethod for transmtting nultilevel digital information, as recited in
Claim32, 2 further conprising theystepsiof: 3 phase nodul ati ng
the multilevel digital information ogtjo t visual carrier, the phase 4
nodul ation creatgngqsa Rhurality of_st e_QaE_s_ng_ug_ t he phase nodul at ed
carrier; 5 M m amjusting a i t ddes dnd phase of the sidebands. 6
34. The met hod®f o t Eansnitting! iNevdl digiwal information, as '
recited in aimB2,57 J wherein { af nmodugating the nultilevel
digital informatfowomo a carries r 48 corrpr}isesthe steps of: 9
phase nodul ati ng tihellnul til evel dig/t I nflormat i #n1onto a first carrier,
the 10 nodul atlmgwre-atlng a fII’Sl: lur al i tjy | debands about the first
nodul at ed carri “:1]|_ adj &Stli ng argplfi t ud s:and phases of the first
plurality of S|§eg;anﬁ:s 12 Fo gnpl i t yd¢ nod Iat&ng a conposite video
signal onto t etfnrst; carrier, th¢ nmgdul at ijo regeing a tel evision
visual carrie i —m nodulating the fﬂevé;lmdl gital information
onto a secon nier i@ Quadratuye tlo 15 tlhe |vesjualy parrier, the
nodul ati on o(\l seoontr arrier a:reati ng & G Mjrality of
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16 si debands about the second nodul ated carrier; 17 adj usting
anpl i tude and phases of the second plurality of sidebands; and 18
conbi ni ng WRI¥$5PE: and second pl urgl ijt y7ef " si debands with PEE/USeYessIBi on

visual 19 carrier.

125 1 35. A nmethod for tr Ltting nultilevel digital information
fromat | east one pro og qe, the nethod conprising the steps of:
3 creati ng~3 o |} cqrd dr nodul ated with anal og tel evision
programm ng; 4 % Egd-r- i nige cond carrier in quadrature to the
visual carrier; 5 o lmoaa= ing the multilevel digital information
onto the second carmN cg 6 creating a plurality of
si debands about the nod ed s¢cgnq Q@rrier; 7 adj usti ng
anpl i tudes and phase &f,h se pI‘HraIity of sidebands; 8
adj usting strength gf hexno second carrier and the plurality of
si debands; 9 o cgnby ni pkaur al | pem—atems| debands W TN}t he :
visual carrier; andMO0 tm% mgti ng ﬁ& dqonbi ned sidebar‘\ds and .
visual carrier. Wiy & <
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