-1- AUXI LARY SIGNAL I N AN | NFORMATI ON CHANNEL This invention relates to an
apparatus f.or transmtting auxiliary information in a television signal. 5
This invention will be described in terms of conbining an auyili-guy fe,0,,
digital) audio signal wthiastandard tel<vision &.gnal for~tTransm s5ion

pur poses, however it should be appreC|ated_that the invention is not

i ntended to be |i rauer N 4y HANNELR J. Court, in
U.S. Patent No. 3,231, 818 descrlbes a subscrlptlon tel evision system -
wherein the nornal carrier is_encoded with subs tjon information
and program sound FggﬁrSW’SEHiBH geﬂﬁg&&eﬁ&,%mgf@%uég Yer placed in

t he vestigrahsmitehagdaakilhar}s intfelrmatiionn i gnalelevisildn siigmslance t he

frequgoney—ﬂodul at e&lgggre %‘sk[ghiﬁh %35'?‘4 ddjes%et&mi?aw ”}ﬁ\so' @ ure car rier.

, in US ESEripes a eIeV|S|on si gnal
format wheembinbngeapi guudéigrgna(le igs ,20igital)amedion sdgnal iwith gcated in

the vest! ok ghaakdcbandyabiandoeghall a’ ¢ ssﬂgmﬂaqg§§§g§ zed that the

energy of TV nals 1's concent In spectra bands i ntegra
mul tipl esh%VeYﬁE h5r sheutd bei apPrecdassd thage ipgientdCay i 8zéu>tt hat, to

effSCtheiﬁﬁéﬁg?ﬂata baeﬁiﬁiteailngﬁislhﬁﬁ?ﬂd&tﬁﬁfﬂdrantageous to db

condj v on the blue_signa a e, spectral,_ha occupi ed by

t he Bb een picture E.B g chﬁ e the b ge Bﬁ% S|3H§qugq§ TV signal, its
energy i sdessnibeacansuhsediphispetbﬂ.elv:.lsamds sartstlent edpexie imultthiepl es of the
[ ne 1T edshal 20a1bogakied:! B8 BhUSJUCLALE Biadl-abeiugen the spectral

bands of € green prcture si I'S acconp cating the green
pi cture si@ﬁgrmeh#pneanétpaﬁgsam seundplis @woanéeﬁapp eh&negwenyequency.

It foll owhoddigatéa QEEQQEkVﬁM(cé&thaﬁ:ﬁea%e@@19’1%‘29('s'i'd];%'btﬁﬁfii' wlclr{ee g., a
e ener 0 e auxilirary

:?;EgpsgﬂﬁﬁiéV$§QEBn§éﬂPPétedIBeFﬁiéngPﬁ§a§ﬁ€cFP§I%%§ﬂ3§nﬁy the TV signal.

modulated carrier is located at 1.0MHz below the picture
carrier. '

'R.B.'Dome, in U.S. Patent No. 2,635,140 describes
a television signal format wherein blue picture signal is

20 modulated on a carrier located in the vestigial sideband of
a green picture signal. Dome recognized that the energy of
TV signals is concentrated in spectral bands located at
integral multiples of tﬁ; horizontal line frequency. He
further recognized that, to effectively separate the

25 signals, it would be advantageous to conditioﬂ the blue
signal to fall between the spectral bands occupied by the -(
green picture signal. Since the blue picture signal is a '
TV signal, its energy is also concentrated in spectral
bands at integral multiples of the line frequency.

30 Locating the blue picture signal between the spectral bands
of the green picture signal is accomplished by locating the
green picture signal carrier at an odd multiple of one-half
the line frequency.

It follows that to effectively separate an

35 auxiliary signal (e.g., a sound signal), combined with a TV
signal, the energy of the auxiliary signal should be
concentrated between the spectral bands of the TV signal.

However, the energy spectrum of analog sound
signals is relatively flat over the frequency band which is



_However, the ener gy .spect rum of anal og sound si gnals is relatively f1at
over the frequency band which is RCA 85,123 -2% t¢pi cal‘ly J0 H2"to-20

kHz. 1f the sound signal is converted to digital format, e.g., binary, duo
-bi nary, etc., the spectral band representing the signal is amoredESA23

broadened (e.g., 350 kHz). It does not ocgur 5 concentrated in spectral

bands | ocated at pultiples of the line fre uency. According to one aspect
oft he pres’éﬁ?*?ﬂ%&t?@ izt FRr 20 kipy ov¥€leéhap§9\ﬂ§tiu§lgaﬁlf isquency

aUxi 11 ary Seapal bedl o o sLber f“*‘. “*aﬂ“a TR R

uou uenc andw
which is gr%gg ?ﬁ%ngggﬁﬁ f?? 201 ES ?ﬁﬁ?iﬂﬁtﬁ.el?ﬁgn?}eéﬁency of said
Vi deoI Si ggaﬁPPswﬁahhwdpma@emﬁmtesgng :38@akBzf or Pt ododesngotabbdcuyxi |l iary
signal §nd &&h SEANS ’;ﬂ{ i zont.al
synchroni zin ée?:g?erel at 2%??0 sal %%?‘%?%%%4 g#‘re@“gtiggﬁﬁn?%seh% sai d
auxhllary %Fﬁp%ﬁﬁm-horlzontal synchroni zi ng S|gnal for apportioning
sai d auxiliary signal t ecan [ ch of which
i ncludes a nutually o %ﬁ{i% %?t?%g%? égi %ug?%lsa%rrgély gnal, and
i ncl udes pol:i.awieu'ly:ijan/,ertlrerqocis iprovided cappavatusafprs |fg1¢auenmans

responsi ve 'ﬁmg g‘{@ ahd
synchroni zi tr'!'% wl@ﬁwﬁ genera [ ng qu r%lfﬁfiie:ﬁp aste!qlavg'ul ated signal;
and nedfs f sdigma ®ignal havingsa substantdatibnal with

sai d video wgahuowcm é&%&\?{dﬁipﬁﬁicﬁf ishgreateantthayeat i on,
there is pI’OVI d_in a receiver, for. detegcting conbi ned s %Yg‘il udi ng an
S

auxiliary smg of fhe horizental, 1ing freguepcy,of |

repwesentlngighal, said apparatus comprising: means for providing
said auxiliary signal and said video signal; means for

15 providing a horizontal synchronizing signal related to
said video signal; means responsive to said auxiliary
signal and said horizontal synchronizing signal, for
apportioning said auxiliary signal to generate first and
second signals each of which includes a mutually

20 exclusive portion of said auxiliary signal, and includes
polarity inverted portions of said auxiliary signal;
means responsive to said first and second signals and
said horizontal synchronizing signal for generating a
quadrature phase modulated signal; and means for

25 combining said quadrature phase modulated signal with
said video signal. ,

. According to another aspect of the present
invention, there is provided in a receiver for detecting
combined signals including an auxiliary signal and a

30 television signal, said auxiliary signal representing an
auxiliary signal having a substantially continuous
frequency spectrum but having its energy concentrated at
odd half multiples of the television signal line
frequency for transmission, apparatus comprising: means

35 for receiving said combined signal; means responsive to
said combined signal for separating said auxiliary
signal; means responsive to said television signal for
providing a horizontal synchronizing signal; means



auxi liary signal having a substantially cOntinuous.frequsncy-spect%un1buf
having its energy concentrated at odd half nulti*pl @s of 2%he *t el‘evi $ion
signal line frequency for transm ssion, apparatus conprising: nmeans 35
for receiving said conbined signal; neans responsive to said conbined
signal for separating said auxiliaLxsngnal; neans resgapshKkg k0 said

tel evision signal for providing a horizontal synchroni zing signhal; neans
- 3 - RCA 85123 responsive to said horizontal synchroni zing
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hor i ggnt terhninalpe bgﬁ@&'edawésﬁaﬂlxéw cwbiénénguﬁﬁaestmuhadst off ge del ay
means an egsecond _aut put terni sai witc ans.for providing an
out put agQRBi 53?’ gﬁ@l P%ICHQ£@%% 9 m ga g";&g@[ ral di agram
showi ng meang85aiternately’ coupldewy dtsreirsticoutiputy terminali &y carri er

the output terminals of the first and second multiplying

means for horizontal line periods and alternately

15 coupling its second output terminal to the output

terminals of said second and first multiplying means for

horizontal line periods; delay means coupled to the

first output terminal of said switch means for delaying

signal by integral horizontal line periods; and signal

20 combining means coupled to the delay means and the second
output terminal of said switch means for providing an
output auxiliary signal.

In the drawings:-
FIGURE 1 is a spectral diagram showing the -’
25 spectrum of a video channel including an auxiliary carrier
in the vestigial sideband.
FIGURE 2 is a block diagram of a video signal
encoder including apparatus for adding an auxiliary digital
sound signal to the vestigial sideband of the TV signal.
30 FIGURE 3 is a block diagram of circuitry for
concentrating the auxiliary signal in predetermined
spectral bands.



I n .t"he vestigial sideband. FIGURE 2 is a bl oék di agram of a video signal
encoder including apparatus for adding an auxiliary digital sound signal to

the vestigial sideband of the TV signal. 30 FI GURIRGh i 85 p1 98 ock
di agram of circuitry for concentrating th%auxi liary signal in
predet erm ned spectral bands:: RCA 85,123 FI GURE:4 is a timing di agram

usef ul in describi nFIGURB i 2ot iminghdiagram usefifl RinCdeéseRisimnyg 7.

FI GIRES 5 | Qc [ f s ' j try. for concentrating -
the auxi 11 T SPEHeYc b il ¥hhchicdy, SEFRURES S oy e e s bl ock
di agram of a recei v&IGURRSId mpcié exiet bloick diagrams wf altapndtery
signal traR3Pdii®ty Edr @oREntdatling ¢9eaRthAN 13 rlV sdigwaal 14| GURES 7 and

9 are g‘*ock di ag[l:rans of alternate 10" specific apparatus for recovering the

auxi | i @ty Prgdetermiagd spegtdAd PARIS.gnal. spectrum of a broadcast

tel evision signal WrRIGUREOCI6 NES@ blookTdiadriam @6 aVidededrvdr The tel evi sion
signal, ignoring.the auxil,.ar arrier and_its sidehands, includes

U nance’ Lot X B ey, 68 Brbiostiing Bek ek, PTe modul at ed
on a Vi d_eotmamsindittemgi.rm:tghel atessdt igdardi eyidiebambtdﬁgiaalT\Bis:l@_lmid filtered to
remove signal frequenchizid & Wi 190uck Bhdehand JamANY QY i el 0. 75 Mz
bel ow t he video carri’er. sound Carfier Ts added to the video signal and
resi ddsOat specitic APPRragus dox yesoverdng dde evadddiary mignad .evi sion
signal conponents '?fx@u%& 1N ghidrs' @Rkl $4dhall dpRARILIDHH 2 HrYA-icHst

primarily of | ower equency | um nance conpaneits which are concentrated in

spectral  b&edevision &3l mhdghafoxy NTSH d& dimitedn &9 20ift 33 | ne
frequency. pdnd. The telei®ivnJkRdgna,be thg theleuiddreg wWith this

i r¥éntion, is gn auxiji,ar i er, shqQwn f
carrier and it s(i%re%ands, gncl %‘éswz?l.\/m(}.nance, chrominance

15 and synchronizing components which are modulated on a video
carrier. The modulated carrier is vestigial sideband
filtered to remove signal frequencies in the lower sideband
from approximately 0.75 MHz below the video carrier. A
sound carrier is added to the video signal and resides at

20 the uppér extremity of the video channel. The television
signal components located in the vestigial sideband spectra
consist primarily of lower frequency luminance components
which are concentrated in spectral bands centered on
integral multiples of the horizontal line frequency.

25 The signal to be added, in accordance with this

N invention, is an auxiliary carrier shown (by way of
example) centered at approximately 0.75 MHz below the video
carrier. The sidebands of the auxiliary carrier are
conditioned to occur between the spectral bands occupied by

30 the luminance component. In the diagram the bandwidth of
the auxiliary signal is shown to extend approximately 500
kHz on either side of the auxiliary carrier providing at
least a 500 kHz information bandwidth. The auxiliary
signal in this example is separated from the video carrier

35 by 250 kHz to preclude interference therewith. This
spacing or guardband prevents the auxiliary signal from
producing undesirable interference in the audio signals of
receivers having intercarrier sound detection systems.



exanple) centered at approximtely 0.75 MHz bel ow the video carrier. The

si debands of the auxiliary carrier are conditioned to occur bet ween the
spectral bands occupied by 30 the |um nance conponent. gs ﬁbggran1the
bandwi dth of the auxiliary signal is skmwn to extend apprOX| Ery=500 kHz
on either side of the auxiliary carrfesdproviding at | east a 500 kHz

i nformation band“@ﬂiar IBGFQGﬁRh'2r¥h§éﬂn§hlh9tfat§sei h&rhiii@ﬁarated
fromthe video carrier 35 reclude Lnterference therew thY

This spalPHGTOPREREL BaHBiﬁBeséﬁténYﬁﬁtgﬂ FF&r?es?ﬂHéFmFFBﬁPprOJBC|ng
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t d 5 R f t | GURE 2
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is to be understoo however, the 1 nventi |ze t o encode
any S|gnéF3nGFeﬁaylﬁ@npﬁ§t6ﬁ§93yaéoﬁééﬁBFaieE“&FiPhﬁégPﬁlthﬁlt|ples of the

hOf'ZontﬁbrkhBﬁtE&eQEQBCErEQEeh$8n§BkSﬁt&ﬂshmsQiEH $hoaatv kighb®PJRE 2 the
el enents 10-26 form a_stand

n coder for erating and
transmitting a st&RdEIGURY |§HSI 9“8@58 iangg 2?5”13 §58P8@r§0 Vwhi ch may
be 40el signatnengvdes foraggheedtingaanddeeansmaiessing a2st¥nda@dprocessor

comononty. s48p8T5o 7 F2deB  FEGRR1 sELHCR, BolREk 2b7 CWlReRImEYCERLRD *) 5
whi ch r espdeviedonocameraodposppdiedghal aanptieoupgonedsbat 82.a radio
frequency,i)ﬁbg g;-%%%%b%ﬁ: ﬁhge\i}ﬁ t@%eﬂ Ehgﬁﬁaﬁ?r Ebﬁ‘%obitépglih‘ég to a

vesti gi al imts t requency conEonents of thew
nodul at e§1igngaal nsleéﬁpsrﬁwpshrﬁeizéng §BEEPPBRF§hoﬁﬁd|ﬁPP &emethe

15 composite signal to an RF modulator 14, which responsive to
the composite signal amplitude modulates a radio frequency
video carrier. The modulated video carrier is applied to a
vestigial sideband filter 16 which limits the frequency
components of the modulated signal to conform to the

20 spectrum shown in FIGURE 1.

' Audio signals from an audio source 18 are applied
to a sound processor 20. Processor 20 may include
compansion circuitry or other conventional circuitry to
precondition the audio signal prior to transmission. The

25 preconditioned audio signal from the sound processor 20 is -
applied to an RF modulator 22, wherein it frequency o
modulates a carrier having a frequency 4.5 MHz (NTSC) above
the picture carrier frequency. The modulated composite
signal from the vestigial filter 16 and the modulated sound

30 signal from the modulator 22 are applied to a signal
combiner 24 which, absent an auxiliary signal, forms a
standard TV broadcast signal.

The audio signal from the audio source 18 is also
applied to a digitizer and processor 28 wherein the audio

35 signal (or signals in the case of stereo signals) is
digitized and formatted in serial form. The signal
provided by the processor 28 may be in a binary bit stream
format, in duo binary format, etc. The formatted signal is



-Audfo signals froman audio soqrce718¥éf&fabplied to a sound processor 20.
Processor 20 may include conpansion circuitry or other conventional
circuitry to precondition the audio signal prior to transni%&foQS 25
precondi ti oned audi o signal fromthe soungd processor 20 is_apgﬁied 0 an RF
nodul ator 22, wherein it frequency nodufates~a carrier having a frequency
4.3 Mz (NESep1880¥8 EhSféblﬁikalecéﬁaltﬁbnékeQD?nﬁﬁicﬁhéoﬁe@hlt%‘E@sPOWposl te
si ghal frﬁght e vestigia f[lteé 13 and tge nodul at ed ngn 30 si gnal .
from the nbBfil SRBFI¥20%, EhgpaPPied sigupd i EBRGFREL DAngs crntarstht an
auxi liary ehgodd, mhdtiplessdfndnedhd¥fbthadiiane fregaencyhe ohei o signal
fromthe ayg] 0 i 50 apRLI digitizer processor 28
wherein thgggﬁaioygéﬁ é@?ggggkgg?isgé%gggagﬂgfhggcggeggPigg r§§ i gnals) is
di gi ti Sed modulatont 82dwhhcher responsiveTho thgnwiidpoocadedery t he
processor eyl LN Lk aS : kA~duomlin r mat ,
o The rarogadedca; gl SldeRphazhbRaTht 8L Phrrirl O thel Bl ol
condi t i onePf3bhewnpdnlatatcd?r 46c8 EAETEAEr BaVonat AeLABAMPBEYSi gnal in
iﬁectral Féiﬁ?oﬁtﬁﬂéeéﬁ* Qmslomzmgénwl Eﬁeggiééé' balk.-—hgbteahungoahqar&{acy- -

e signal fromthe s ral conditione is applie nodul gt or
which Of esBUkS bR auRhoL0THCBL880 L1 o The, Shgnal BroRngpaulekeBaty 1o
modul 3t0ed applied. tdhtheutpubinért D¢ whepeahoit32si addicawvelyr having a
frequency XL yat { h I d canrier . .and.nodul ated with
the auxil i§$§£§f’§ﬁgwﬂ¥h'éh§i%/§§??${;§# ﬁ%‘ﬁﬂ%gii‘gg ‘ﬁdFS f&gng&pl ied to the
conbi ner 24 wherei N"FIGURE adilllustrgtesndi fiddsti embodémentubst tieconposite
vi deo sign i aggs | I s} Lmgnt t I
cortl t1 oneeP S5t SR byconat fHHARE 30 ook b PRRORETDY Bhe' BLAMIERT o )
requires tpfecBIGPREa8i (gndsFIGURRAfAY; reqpinesgthreenaperatdngal (FH 2) of
hal f - LiSne signals; 1) a square wave signal (Fyp/2) of half-line

frequency, 2) a cosinusoidal signal of frequency ® =

2nkfy, where k is an integer and fyg corresponds to the
frequency of the signal Fyg, and 3) a sinusoidal signal of
frequency = 2nkfy. These three signals are generated in a
20 conventional phase-locked-loop (PLL) circuit 31 (FIGURE 2)
responsive to a horizontal synchronizing signal Fyg provided
by the video processor 12. _ _
' In FIGURE 3, input signal is coupled to
multiplexing circuitry 301, which, responsive to the signal
25 Fyg/2 alternately couples.the input signal to connections 01
N and 02 for periods of one horizontal line interval. The
signal applied to connection 01 is coupled to the input -
connection of a one horizontal line interval delay element
302 and to the minuend input connection of a subtracter
30 304. The output connection of the delay element 302 is
coupled to the subtrahend input connection of the _
subtracter 304. For one horizontal line interval prior to
input signal being coupled to connection 01, no signal is
coupled to connection 01. Therefore, at the beginning of
35 each line interval that signal is applied to connection 01,
the delay element 302 contains no data. Consequently
during the line interval that signal is coupled to
connection 01, delay element 302 applies no signal to the



frequency, 2) a cosinusoidal signal of frequency w = 2[err], where k is an
integer and [err] corresponds to the frequency of the S|gnal [err] and 3) a

si nusoi dal signal of frequency = 2[err]. These three sign e. generat ed
in a 20 conventional phase-locked-loop YPLL) circuit 31 €¢$c§$£?g§

responsive to a horizontal synchroni zimg-signal [err] provided by the video

processo I i t | £&Xi ng

circuit réuég{aégﬁg 151%) e%%%n@%esf%ﬁhﬁeaﬁsﬁg @#%%%g&ﬂ##@r ately coupl e{
the i npupaasgaathrgugbnhbet$@Isrmt%md3m¢2 ynalteredds Rirbne thiszont al

i ne | nteixal 1ndBeval 0BRE ARELT Kok (R EPNGM | ROl P £9UBbEGed 0 Lhe input

connection of a one_horizontal line interval delay elenent 302 and to the

mi nuend 1REAttRendetay oplepent 304 and APRRRIB@AL "the CWeP¥E 9L onnect i on of
t he el adeBb?”GDém&ﬂQ 362@&1@1@@ me t b Sedpidrh eNthe NPnte e@aDeCt i on of the

bt t 04. F t | t ut si I
o no. cOBYEREFe SBRIES Fi% G dment it Inemfad ne CtRRBEL i on 0T
Ther ef oreignalt he diégconnected fEbmennﬁnéctﬁnnrﬂkﬂsauthmaioslgnal i's

appl i ed L?gﬁ&%&ﬁ?&bfgﬁglyyté‘&%f'é‘i/exf‘é 2 3¢ &Ikéfé&st 0 data,

Consequen ne 1 merva si‘gna coupl ed to connection
01, deIa?ubt§ﬁ§h§r3©Q4appThb% stgralnis Qutnukaby e Sebtip&cter subtracter

3041 andwipg §t9nﬁbl&?ﬂ:&%‘nv&&r@&i‘neoﬁﬁ@rb&lpwséfsswéﬁ"ﬂ&é{‘%é&‘bt racter

304 unal ter erva rt |nterval S
| oaded l%?ogFﬁégﬂﬁ#ﬁg %leﬁﬁﬂtliaﬂf ;éﬂ:%i§§§# g u#%ﬁ? delay
el gment BBZiduhtam lhﬁesybﬁmsmf I $mantﬁ€8éimi'bd@]/fr%r?désﬂﬁdt he
su seque e interva Si sc ecte connection
01 so trBY SRRoYsPURBEAh, 307 AR LAuELTACE e o S s
subt ractErogédedmvstbegﬁabtmcw peRS byStql@%th%t%z in IGURE
15 4.
In FIGURE 4 the waveform labeled Fy represents the
horizontal synchronizing signal and the row of blocks
labeled input represents the auxiliary signal. Each of the

blocks A, B, C, etc., represents a horizontal line interval
20 of signal information. The signals S; and Sy represented

by the rows of blocks designated S; and S; contain signal

information from alternate lines of the input signal. It
can be seen that there is 100 percent redundancy in the
combined signals S1 and S;. Note that the elements in both
25 signal paths pass fullband signals. Signal is coupled )
through one path or the other at all times so there is no o
loss of information. Also note that the combination of
delay element and subtracter is arranged in the form of a
subtractive 1-H comb filter, which as is well known passes
30 signal energy in spectral bands centered at odd multiples
of one-half the line frequency.
The signal S; from subtracter 304 is coupled to a

multiplier 306 wherein it is multiplied by a carrier signal
of constant frequency kfyg. The signal S from subtracter

35 305 is coupled to a multiplier 307 wherein it is multiplied
by a carrier signal of constant frequency kfy but 90

degrees out of phase with respect to the carrier signal
applied to multiplier 306. Output signals from multipliers



10 with its polarity |nverted T ‘put? of - substracter-304 is

desi gnat ed [err] and illustrated in*FI'GIRE4. Al ternate horizontal |ine
periods of signal are simlarly processed by del ay el ement 3R3aa88l, 123
subtracter '305. The output signal providegdy the subtracter 305 is
designated [err] in FIGURE 15 4. In FIGURE 4 the waveform | abel ed FH
represents 30t6c amgk i309ntaxie gnmadodmmmg agidem 308k q Ifomm\e sfugdratare

| ab¥l ed i NgidayIaRY %r?.xlﬁc? e 18| WA 48N Hop 13 By dHe it dy B G

etc., represents a ne I nterval of signal information. The
si gnal s [ed? (FIGUBE ﬂépresented by the rows of blocks designated [err] and
[err] contain signalFigury FRiHI1QRstreted taqrﬁatxﬁdivaemqfcdjhﬁ-y nfog signal .

It can gde see h t there is 100 per,cent the c i ned signals
Ler] aha PEEEPriNgs. tias et Horbriars o i § BRe & ciFSiphe Hhe
ful | band smglta:l s:edu‘.ﬁeghaianmvazwpl at FIGUREh Sond npatth sdigridie i her at all

times so tl&%@ﬁgﬁ? gqbl O%%n% dt'l I’%tol (}%M“?ﬁ"&fti% that &%elb rac rgatlon of

del ay ele & ST arrange orm’o ive 1-H
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bands cent gnghealcciid BildP HaS s e Rl Wil g SauRAgt. Sg. Si gnal

[err] om suybtracter 304 1s coupled to a | tiplier 06 mhereln It is

nul ti I ed DS\l ayed, sdiana lsifxem tG‘F G&daiva ol ef“}eé’d:uesr%'y evaRsed ghihl [err]
frIO{n S:Jbt :j@gil%.&i%@ bﬁQ&v‘e&t@iUﬁ:de athlt %dtwefltdd)'tlcﬁfth@_ﬁ. elt ngbt dl S

mul tiplie rier,.Si of _constant, .frequengy egr ees
out of pha$ éAﬁqﬁ% a%@PFﬁe of aEhee S 54&? tiplier 306.
Qut put si ng&Iitdar:lmgl mﬂxtcxﬂ]tl &0s, reE@&n&'ile&dS@ﬁx mptén’ﬂt?iny es:egxratecbf n an
adder 308 i 5%2 %‘%’ ata‘i"t%r'ﬁ‘&@@l? %uﬂite%u'[inpﬂtg@nd@liﬂfbﬂss s@pplied to

t he nqﬂylator FI GURE | ustrates alternatlve circuitry for
o an output connectlon S, for successive line

intervals. Switching circuit 503 also alternately couples
input connections X3 and'x4 to an output connection Sy for

successive line intervals. The signals at output

connections S; and Sy respectively conform to signals S;
20 and-Sz in FIGURE 4. The signals from connections S; and S

quadrature modulate a carrier signal of frequency kfg in

| elements 306, 307 and 308, the output of which is applied
to the modulator 32 (FIGURE 2).
The carrier of frequency kfy is phase locked to

25 the horizontal frequency of the video signal and the
i operating signal FH/Z applied to the multlplexers or

switching circuits 301 and 503 is also phase locked to the
horizontal frequency. By virtue of switching at fy/2 and
the subtractive comb filter function, the energy of the |
30 processed auxiliary signal falls in spectral bands at odd
multiples of half the'line frequency.' Modulating the
signals S; and Sy at a frequency kfy translates the signal
spectra by an integer multiple of the horizontal frequency.
For k=47 the spectra is translated upward'in frequency by
35 approximately 0.75 MHz. When the translated signal is
single side band (lower band) modulated by the video
carrier, the auxiliary signal carrier is located at kfy

below the video carrier and the auxiliary signal may be



5 performng the sanme function as the FIGURE 3 circuitry but with reduced
hardware. |In FIGURE 5, input signal is applied to a connection 500 from
which it is coupled to a one horizontal line period delay_egle ni 01 and
to the input connections X1 and X4 of e switching ci r cueRs Eg

Del ayed si gnal fron1the del ay el ement=5@1—~s reversed in polarlty by
I nverter _502 and c n nngc S f t he ~
Swi t chi n&%‘ﬂ%‘ﬂﬁ’f gﬁ\? %l btl&pﬁwbﬁcf“%ﬁ?ﬂé)%s%%ﬁ%‘?@%ngb operating -
;Egnal oéimpkmummdytivzly ebmhin&ngﬂgheomﬁgmzlsnput connections X1 1 5 and
to an out put | r chin
ﬁ%ﬁﬁer na?’r% coup PAEEETEAY Cedd T6E | Eﬁ@ y?ﬁéemsﬁbi g9

circuit 503 al so esS | nput connectl ons and X4 to an

out put cerarenithingran 4%# Liaryssigral jir 3 eandaxd q“e3§9©ﬂﬁfs at
out p§t Cw“ﬁtéﬁm&&fﬁﬁa@%§%ﬁfﬁpﬁ&iy vélgnaDr{ oran §ousdgspgraierr] 20

and [er El U Th I d
qugdigéf#%;; Rgiﬁsﬁsgag“a G =19 ol cres hved B cefient < 506, 307
an ,ahiténmalt 600 ®hd W 4 tuhép ‘séet bonu6Gl or BRe (RFGURE 2). Th
carrier % ﬁq?rencyt FL @bEeggz@piékgg z F%SCOAQUn@ Or;fneéaegreque%cy o?
t he vi de% M l??le %‘S% a qﬂjél ghal ‘g ? g‘% %e mul ti pl exers
or smﬁtcprugesso:UGOE 80t genetaBing QJEbs@mhs@i$B%kEd tEOtﬁetthlzontal
”eﬂ'tfv‘“ci(n? ¥u¥%i§.§§y %1%510%&'&1%&&6& aux?fi&faf”bi&éﬁ&haeiﬁonb filter

functi on cesse i ar S iLn

spectralsbhﬂﬁénbiaggﬂ ﬁﬁt?ﬂ%@%@doPYHEP? Nyquistet *i% EeﬂE9°tiBBuP§t|ng t he

si gnal s ESﬁ{anéﬂQnEErﬁlcﬁxré ireayee@ytffraﬂxdtmﬁslabes hbe signal spectra
by an integer nulti hori zont al %&&uency For k=47 the spectra is

transl at tAtEGFHEFS VgtPrEgﬁ Gtpye BrogRF R hately 0.75 Miz. Wien the o
transl at ed S|gnaIThe RFNgignal derbmnthé | burer bhsdouplieiated by t he video

AT chGeRYELhbR! YoSh"BECERLLIEL LE-LQseLgIeas A1t RbockRe Vi doo

carfri‘er
and processes the conventionally transmitted sound signal.

Audio signals from the circuitry 603 are coupled to a
multiplexer 608, the output of which is coupled to sound
reproduction apparatus 609. The apparatus 609 may include

20 amplifiers and speakers. The other input to the
multiplexer is the auxiliary sound signal which under
normal conditions, and being a digital signal, is assumed
to be of higher quality than the conventionally transmitted
sound signal. The multiplexer 608 is controlled by a

25 SELECT signal which may be manually provided by the user of
the receiver or internally generated as a function of, ~
e.g., the signal/noise ratio of the auxiliary signal, the
conventional sound signal or both, etc.

The RF signal from the tuner 601 is coupled to an

30 auxiliary IF/detector circuit 604 which is tailored to
respond to the vestigial sideband of the transmitted
signal. The circuitry 604 produces baseband Quadrature
modulated auxiliary signal, by for example quadrature
detecting the video carrier. '

35 The baseband auxiliary signal is decoded in
circuitry 605 responsive to signals of frequency fy/2 and

kfy provided by the phase locked loop 606. Decoded
auxiliary signal is processed in circuitry 607 and coupled



RCA" 85, 123 -9- frequency |nter1ea ed W|th the | um nance conponent, by
"sinply additively conbining t he 'si ‘gi'fnal s. FI'GURE 6 shows the receiving end
of the systemfor transmitting an auxiliary signal in a stangs gs,Mz3 gnal .
5 It is assuned that the auxiliary s,j_gr]ﬁ?_l_s a sound signal. In FI'GURE 6
the transmtted signal is received by an tenna 600 and coupled to a tuner

sect-i on 600 Ehe Waltiglaker’ GOS8t he-rhengﬁ:oees&ﬂhbl eirrc@;ieqursoanwal

vi-deo proc ssQr 602 for eparatin visual di e, that, 1 t he
auxiliary i% ke \98%9% iraf Si-de a§t¥b§i§2¥%llﬁ IQS?
att enuat edphraﬂ.tl.ell\lm'.elreb hlilghaﬂ.sf,uantil ddgdﬂ:ad.e‘-rtwemadmg qeinvente s,

circuitry apd. . thus does not interfere with the picture processing. The RF
si gnal fromithe tuner is coupled to 1 5 conventional sound processjng

circuitYy 603 whi chasxexaspdeand Shecbesebante ayariidamyodadodar £0hitt ed
sound si gnglg i&‘i@l‘s‘&r’i‘t@'&aﬁﬁ fE‘E[@'ﬁ‘RkhQ Ci haldebandd a4 x319 aG F%Ji%atlo from

mul ti pl exer 608 t he ut whi ch is coupl dto sound re rou, |
apparatus &b¢ I E&'ﬁﬁé'to%t rGG‘é-tm?;o i A8 GPRL EPpeenngat I['?‘:ﬂ?d 3];9eakers
Thg ot her la:ihlwtc . 1@aetwhﬁﬂmgwaerlss 7K)|26a@1|@<I7|0I4ar?/'1$leainﬂJ1g.raady whi ch f
under nor ma itio ng_a i.t,a a une e o
hi gher qual® iﬁ;’;‘aﬂhéﬁ ﬂ@téaqg&ﬁ'[ : Ilgri%rléﬁﬁ?l %gd%%ﬁz?’ q'én%n‘ﬁs

nul t i dl @xeofEequensyt kéiy @@dbﬁuadZQtUSELE@P‘-’@l WWM‘H"CWW%@%nuaI ly

provi ded b f cel or, t fdypction
of, e.g., )ér;!'g%g‘%ngo/sﬁm g)gx‘?:;:h?: %i§?‘%tlh(§r|§&x |ar s#%nngoakt %?ﬁvgrﬁl onal
sound si gnalo & loot passt £ilties RO6si hel outmtt 9 Rt to

an 30 auxid ear a)lu? el onls! & bn@0%aVyCh hmttawer,ei- t& respond to
the/ vestlgl a and of the transmtted signal. The ci rcw tj!% gg)a
produces bﬂ@% Sdrgudite 70001 QuERUEy SRy fTogh A ltdpk 4npl e
. quadratsrei%et@?nirw e avi1éR0 padls! ifd1ted5 708, the outPut wEedminh is
auxiliary g pied %:od%%Od%.%ﬂurt]: connections X2 and X3 of the

multiplexer 710.  The bandwidth of the low pass filters 706

and 708 is selected to pass the frequency components of
signals Sq1 and S; and is at least not substantially greater

20 than kfy. Letting ® = 2xkfy, the received baseband
auxiliary signal S(t) can be described by S(t) = Sj(t)cosmt
+ Sp(t)sinwt. The product provided by the multiplier 702
is equal to S;j(t) cos2®t + Sp(t)cos®t sin®t, which can be

converted, using trigonometric identities, to the form
25 s1(t)/2 - 81(t) cos2mt/2 + Sp(t) sin2wt/2. Only.the first
1, term is passed by the filter 706. By similar analysis it
can be shown that the signal provided by low pass filter
708 is equal to Sy (t)/2.
The multiplexer 710 alternately couples, at one-
30 half the horizontal line rate, signals S3/2 and S2/2 to a

one horizontal period delay eleﬁent 712 and alternately
couples the signals S,/2 and S1/2 to respective first input
connections of an adder 716 and a subtracter 714. The
output of delay element 712 is coupled to respective second
35 input connections of the subtracter 714 and the adder 716.
: Referring to FIGURE 4 the signal applied to the
delay element 712 is designated S3 and the signal applied

to the first input connections of the adder 716 and the



circuitry 605 responsive to signals of frequency [err] and kfH provided by
t he phase | ocked | oop 606. Decoded auxiliary signal is processed in
circuitry 607 and coupl ed RCA 85,123 to the nultipl exgic@E, 12e
processing circuitry 607 may include_c c WCU|try to decode, e.g., duo binary
signals to parallel stereo signals, digital -to-anal og converters, etc.
5 subtrtha‘Irm ela)fdetmm&;d aashel mbpuae@ddahes@&haa -

1ot Al 73T e RN | Al (Al LRIDGY FAGETECTCR
704. Tha@ddex langd \the gawtnas:m taqa |do@i49namg|d mpln oml m.and 704 by

si gnal s yl} égtjj‘;eq_ leNGpj W %rpl";q_\(ll q%d the the PLL
circuit 605’ CUtput si gha fron1nu|t|p ler 702 1's a ied to a | ow pass

filter ARSoded anpiiiary sygnad iapd digpifarmed bye ¢ GGFi@Gﬁﬂbctlons X1 and
X4 of adﬁdﬁdgﬂr@(%@rrﬁuﬁdﬂﬂw(bi@xfﬂw Tof73i>pdaittléu cliagidly . r ese@ll tiplier

704 15 t | t { whi ch | ed
(o the EHBEPHINRAY Giemel b REtenua: o, ¥ (ATtere oty Mfzrmé%bééw"ﬁ?ﬁ of
t he | owtgken fdﬂrtesrtslwderqmameomlgis@ee@redhoo (edshen & ¥ loerq@emoy
tiall

o g s MY Bt At P

awd ¢ |ar151&ﬁlg!héﬂ° [hmu}qrecmma@@dm s&e presence- dfendise).cos[err]t +
52(05'”[6”1t ij &Y QY hnPhiitted W ithiteertdd,! tHedual to

rr

[err](t) cos[err]t + |e t)co err]t sin[ferr]t, which can be converted,

usi ng t AYRWHHREIR q*tﬁa d"#%%r@ﬁ% Peftonzenq PUERNY  rst term
s passeﬂ:dw ddie l'htsarinmfbat%s @ rﬂﬂaafsxﬁrs:ﬂm eriforGan The Yudputt hat the

o0 B U SPYE  IR I S L, S o Ny Pl ever
[erk$ ard [proviide & control signal for corrective action or
adaptive processing. For example, a threshold detected
signal from -adder 716 may be utilized to provide the SELECT
control for multiplexer 608 (FIGURE 6). (By threshold
detection is meant the generation of a control signal if
20 the level of the error signal from the adder 716 exceeds a
predetermined level.)
FIGURE 8 illustrates a further auxiliary signal
spectral conditioner circuit which may be implemented for
element 30 in FIGURE 2. FIGURE 9 illustrates the inverse
25 circuitry which may be implemented for element 605 in
FIGURE 6. ~
In FIGURE 8 the angular frequency ® is defined'm
= 2Rnfy/4 where n is a small odd integer. The angular
frequency ®g is defined 2x(P-kfy) where P is the frequency
30 of the video carrier. Four operating signals cos{®t),
sin(®t), cos(®pt) and sin(mpt) are required to generate
the auxiliary signal for transmission. These signals are
generated in a convention manner by the PLL 800 and mixer
802 responsive to the horizontal synchronizing signal Fy
35 and the video carrier.
The auxiliary signal S(t) is applied to fespective
input connections of two multiplier circuits 804 and 806.
The signal S(t) is multiplied by quadrature phase carriers



one  horizontal period delay elenent 712 and alternately couples the signals
‘[err]- and [err] to respective first-'i nput ¢onnections of an adder 716 and a
subtracter 71I4. The output of delay elenent 712 is coupl ed RCA 885paA23 ve
second 35 " input connections of the subt}@&gter 714 and the adder 716.
Referring to FIGURE 4 the signal applied to the delay el enent 712 is
desi-gnat edo£3£aRAUEREYsi §ndl s afpl fed Notenkhat the| GRLriesnAECANEASY0f the

addér 716 apd he 85y nt SYP1L 85! Bhad b SHERSkIRRREE£S4. The
out put of ?Eé %glgﬁngggéén?i§§§f}é;ﬁ%§¥g%é?gdeéiéEéQ%ebgﬁgﬁgﬁgho§5put by
the adder &he shgnddbSihit apdakhugeipidaves sprrhhasing cemppeeptsely. The
output of pbe geRbraekar 7ﬁ6wé$ei'Eebéc§€§é’d€He agyadiatiiréi 88AboneAtisS

formed by effectivyely_ averagi t he redundant. signals of osit larity.
Note t ke aG%FlFHP}géxéﬁaFPea?Egﬁﬁ F@dCBWP%P?%E?o'anbilﬁ}gﬁEQatgstggen
directl é f th&n téeenrulegi.gl ghers%&ﬁalepi‘bcﬁc{:srfi:omrtl}ermi:).tibmﬂxersr 80le

aver aged signalprovi de ubtr (. 714 i | to_Rpe e
accurate iﬁgahgogr8§8n88u8¥e§0F§3§g%$lYﬁ%ys#én%&ngégggﬁgn?tFegg%éthout
error, thefadltpus 808nante8ifder THeGecomb| £hkters o80B andz810 out put from

adder 716 kadpeateveldy! p2Badkestna QigﬁalsTbg anars), eéraddarbyléneny be
noni tqred and, e.g., ?hreshold detected 15 To provide a control signal for
cor r edtQ veeguatdans: adapti ve processing. For exanple, a threshold detected

signal from adder 7%$6 #=ag(bg coslwtpd-t 8(prBYi des®hdtSHLECT control for

mul ti pl exer 608 (FIGORE 6),.(By_ thresho detection is_neant the generation
of a control. signal bf=2g‘t%h§¥Pi@%F 6fg?ﬁeﬁ£r?bP8%ﬁbngp fromthe adder 716

exceeds a BbaaGLe! MeB8E (t¥§! =) sEhEJRF 8nbl bynly@Le9 & ldusifesy) aseiliary
signal spectral conditioner circuit which nmay be inplenmented for elenment 30

in FI GURE $haf| 8grENd Sp| BeY ReckeVRitFeRer se
15 _ S = S(t) cos(®t) - S(t-H) sin(wt)

Sp = S(t) sin(wt) + S(t-H) cos(wt). The signals -
Sa and Sp are respectively coupled to the multiplier
circuits 812 and 814 wherein they are multiplied by
quadrature phase related signals of angular frequency Qg.
20 The signal products from the multipliers 812 and 814 are
summed in the adder 816, producing a modulated carrier Sg
which may be added directly to the modulated vestigial
sideband video signal. The signal Sg is described by the
equation
25 ' - 8g = Su cos(Wpt) + Sp sin(®pt)
gz The auxiliary signal decoder in the receiver
(FIGURE 9) requires four operating signals designated Sg -
Sg defined: S '
Sg = cos(®t) cos (Wpt)
30 : S S¢ = sin(@t) sin(wpt)
.87 = -sin(ot) cos(mpt)
Sg = cos(®t) sin(@,t)
where the angular frequencies ® and ®g are as defined with
respect to the FIGURE 8 circuitry. These four signals are
35 generated by conventional methods in the signal generator
900, responsive to the horizontal synchronizing signal Fy

and the video carrier.



25 circuitry which may be inplenmented fof elenment 605 in FIGURE 6. In

FI GURE 8 the angul ar frequency [err] is defined [err] 2[err] where nis a
smal | odd integer. The angular frequency [err] is defineﬁcﬁ[gggnghere P
is the frequency 30 of the video caL[gﬁg. Four operating signals
cos([err]t), sin([err]t), cos([err]t) STn([err]ot) are required to
generate the auxiihagNe StéE@ivéPRE I MIGAAFSELEm the€SeusesNPss are generaggd
in a co veqéion nggfer QX }he PLL 800 and-nLéfr 80€¢é§§£€£§iv to the

hori zontBRNEPARS BhiLeFGA s fERPase the Jeestigliat s r#Rer. The

auxi | i argosplied| t&(thei surppiarey $bognakpdetoder i hppit coompettbos of two
mul tipli CirguitLs 4 angd_8 np ' | lfiplied by
quadratugglbhaggi%a?g %?g 93 %§§&§%§f§gqgﬁéf$%§ %%€§?Ee$%8?£[err]. Not e
t hat 3t hecerpecetons coficmeitipliens (202 2904, s906| and 2908 ywhereinhih t he

bandwi dt s ohulbEpEi@daby| €hé ] sbhwaluss f oS gpoves Smdaggasi ng conponents are
generated. However, because the quadrature conponents 5 are available the
al i asi ngFeIPPEhLYeLY canThe eigpdhpEedusts @eneEated by the sjgnal products

f1 r ﬂm t Ebexm?yltippiégg 396951 g%i, 8?_@6 adifd csl?ml eﬂeree@;gséa\éséy%éetsubltyact : ve
-H co ilte an e_co [ rs a r ective

pr oduce Fﬂes£?£iﬁfs§35.gﬂﬁssﬁiﬁ€?¥ﬂe§P%y %%g'lgﬁgqﬁ% i%ﬁ : [gﬁg]ing(t¥
costCerrpays-£Elterds 808F216] attendatersignab(frequencies] great &gt - H)
Sin[err]tﬁ&nFﬂhébﬁﬁyﬁiar09§ééﬁéﬁéi'&%.= 9h8( beslyh) candeehher be(t-H =

cos([err]t) so that "Sa and Sb may be rewitten: 15 err] = S(t)
cos([errthe filtters)isjthaerthey pass]|signpl)fsequeneies)containgy
cos([errin)thédheighgbabsticos?oend [err] are respectively coupled to the
multiplier circuits 812 and 814 wherein they are nmultiplied 8y guadr at ur e~
phase rel at ed sigﬂ&FE“Efséﬂﬁﬁiérf¥?%qﬁ%%c§°¥e??f? filters 510" and _

15 912 are coupled to an adder 918. The sum of the signals,
Sg, provided by adder 918 can be shown to be equal to

Sg=1/2[S(t)cos2wt-S (t-H) sin®t coswt + S(t)sin2wt +
S (t-H)sin®tcoswt] collecting like terms Sg = 1/2 S(t)
[cos2mt + S(t) sin2mt]

20 or
s9-1/2 S(t) [cos2mt + sin2wt] = S(t)/2

Output signals from the low pass filters 914 and
916 are coupled to the adder 920 which generates a signal
S10 that can be shown to equal Sjgp = S(t-H)/2.

25 The signal Sy is coupled to a one horizontal line
delay element 922, which delays the signal Sg = S(t)/2 and ~
produces a delayed signal Sg' = S(t-H)/2. The signal Sg'
is coupled to respective first input connection of an adder
924 and a subtracter 926. The signal Sjg is coupled to

30 respective second input connection of the adder 924 and the
subtracter 926. The adder 924 produces the signal S(t-H)
which is equivalent to the desired signal delayed by one
line interval. The subtracter 926 produces a zero valued
signal except when transmission errors occur, in which case

35 it produces an error signal.

Note in FIGURE 9 the low pass filters 910-916 may
be eliminated and two similar lowpass filters inserted
after the adders 918 and 920.



20 " The signal products fromthe:nultipliers 812 and 814 are sumed in the
“adder 816, producing a nodulated-carrier :[err] which nmay be added directly -
to the nodul ated vestigial sideband videg signal. The si gnaRCRe®8S5] 123
descri bed by the equation 25 oo — Ll———[err] = [err] The auxiliary
signal decoder in the receiver (FIGURE 9) requires four_operating signals
designated [err] - B8 theiebaimscthe signal definedms(heving)azo

[exi] = si 184 NEbRE: efféqaency Spéetihi) means( ar slighaflerr] =
cos([err])Q§+§%fﬁé%T%?bmﬁéggiéﬁ%ugnfu+%?efrggﬁ%ncﬁes [err# nd égrr% re as
defined wivhichsiees Pﬁtth%V?Igiﬁ&?ge59¥cﬁ??'??t¥ﬁﬁgg #bu ngFﬁﬁ § ®%e 35
gener at ed $ie CoorEPbNh AR £P@ibeNSy | Of t Hevidgoasignaky aand 200 facespaysi ve

to theghorizontal synchronizin igna H vid ag Ll et

85, 12351 n 196 Bave: ororpiarone SrFaRreRy BRshefnt,oRaECLs i may
pass the \Vmaveghalesiandiod)peakiscbupits spechrunmuxiliary signal decoder

i nput connection 901. This signal is applied to the respective input 5
connections of nultipliers 902, 904, 906 and 908 wherein it is nmultiplied
by the signals [err], respectively. The signal products generated by the
mul tipliers 902, 904, 906 and 908 are coupled respectively to-simlar |ow
pass filters 910, 912, 914 and 916. The low 10 pass filters 910-916
attenuate signal frequencies greater than the angular frequency [err]. The
design constraint of the filters is that they pass signal frequencies
contained in the signal S(t)cos[err])t. Qutput signals fromthe | ow pass
filters 910 and 15 912 are coupled to an adder 918. The sum of the

si gnal s, . .

L



[err], prOV|ded by adder 918 can be shewtto- be-equaL¢{o [err] [efr]

coIIectlng like terms [err] = 1/2 S(t err erf]l=1/2
S(t)[cos[err]t + sin[err]t] = S(t)/2 i on1the | ow pass
filters 914 and 916 are coupled to the} generates a signa
[err] that can be shown to equal'[err] - S(t FD/Z 25 RCA 8570@3si gna
[err] is coupled to a one horizontal LLangelay el emrent 922, which del ayse
the signal [err] - S(t)/2 and produces a uwelayed signal [err] - S(t-H)/2.

The signal [err] is coupled to respective first input connection of an
adder 924 gpEirMssubtracter 926. The signal [err] is coupled to 30
respective second i put connecthP of _the adder he subtracter 926.

The adder 924 prod tEFgIYERTH *@F %%. #t3Po the desired
si gnal delmm;orﬁtjnmb wttleruatelé’hssswts:b@ﬂ, SHigraduddiazyzero

broduces arandh RO ARdeRe Rt ARt F iy £xdogtib . S%570° 016 my
be eHlﬂrmb&nﬂn&dthvnhtnhniaugtﬁnﬁnssthantQrmultinlee@father the adders 918
and 920. %@@aﬂﬂn&“ﬁécﬁué cbei SR14Np1868 8L Hﬁi' ns%as having a

substantla.?y cont 1 nuous freq ency” spectrum neans a I gnal I ch does not
have its cAHRPITALYH ORPRL intervals of the horizontal frequency of a

vi deo signal, and 'ﬂeiﬁ’&tfé@y ﬁ@um{ Sa£QNARRIDYEr | SOHRATY ahiBE Galildn
That is, it g hfve foles and/or peaks in its spectrum
vide gna
means for providing a horizontal synchronizing
signal related to said video signal; ~

means responsive to said auxiliary signal and
said horizontal synchronizing signal, for apportioning
said auxiliary signal to generate first and second
signals each of which includes a mutually exclusive
portion of said auxiliary signal, and includes polarity
inverted portions of said auxiliary signal;

means responsive to said first and second signals
and said horizontal synchronizing signal for generating a
quadrature phase modulated signal; and

means for combining said quadrature phase
modulated signal with said video signal.

2. The apparatus set forth in claim 1 wherein
said video signal is a vestigial sideband signal and said
quadrature phase modulated signal is added to the vestigial
sideband of said video signal.



RCA 85,123 1. Apparatus for frequency |nterIeavrng an auxrlrar
“a television signal, said auxi'liary signal having®a substﬁ“\“ \&‘N\E\“\V‘“‘
- continuous frequency bandwi dth which is greater than a nu

.horizontal- I'ine frequency of said video signal, said apparatus conprrsrng
means for providing said auxiliary signal and sard vi deo sign CA nggnizﬁor
providing a horizontal synchronizing signal related to said video srgnar,
méans responsive to said auxiliary signal —an id horizontal synchronizing
signal, for apportioning said auxiliary srgnal to generate first and second
signals each of which ijpcludas a_nutuall p rtr n,of .sa

auxiliary signal, and i Iu%% p?)PB?FP u n\ﬁﬁ' éfﬂ’rﬁf Bk ?)'Fms?;u h&ﬁﬁim ary
signal ; neansaies s £am qapdr{:ionﬁ.ngnéas.&mis‘lm sshgnalaitcludes:
hori zont al synchronrzrn for adr at ur hase popdul at ed
signal ; and neans for %}p}t%pﬁ.& tﬁf?éﬁ}gﬁ Lﬁe"a'tp&ir%Y A9 t h
sai d vi deo sisguisdl aukillhmyapﬁamaﬂusanﬂ.Hayﬂﬂgrﬂindtuand.s&unmdrbuapdtvideo

S gnal 15 acgerTee ?ﬁés'vfg’?f?*g&.‘* SRR AL G L Gansy TRl o

85,123 3.  eesajgafimst sad rs@rqqad Putirtntempaads for dotereals:
apportronlngegghq X ithied b cl! @hﬂ'%%‘##%& beﬂﬂddﬁﬂt”%iné“%%&éﬁbﬁ€ySa'd
means for providing sai,d auxi |ary Si and having first and Second
output terninals, for SrSE f8de qﬂ%ﬁ?:ﬁ%ﬁ?@ﬂﬁél#ﬁﬁ%ﬁ?ﬁ Yto said

first and seemmeut ot shaanfaelsa: fa@id isdcRn@ cutsitalt i1 g eci prical of

said horizontal 1ine fr%%Hen%%bled to an output terminal of said first
delay element and to said first output terminal, for
subtractively combining signals to generate said first
signal, and

means coupled to an output terminal of said second

delay element and to said second output terminal, for

- subtractively combining signals to generate said second
signal.

4. The apparatus set forth in claim 1 wherein

the means for apportioning said auxiliary signal includes:

delaf means having an input terminal for receiving
said auxiliary signal and an output terminal for providing
delayed and polarity reversed auxiliaty signal;

switch means, having respective input terminals
coupled to the input and output terminals of said delay
means, having first and second output terminals for
providing said first and second signals respectively, and
responsive to said horizontal synchronizing signal for
alternately connecting said first output terminal to said
input and output terminals of said delay means at a rate
equal to one-half said horizontal line frequency, and for
alternately connecting said second output terminal to said
output and input terminals of said delay means at a rate
equal to one-half said horizontal line frequency.



first and second del ay el ements respectively coupled to said first “and '
second out put term nals; neans coupled to an out put first
del ay el enent and to said first output termnal, f(““ﬂmﬂlu““mlllﬂuw
conbining signals to generate said first signal; and néan$ cBupfed to an
output term nal of said second delay elenment and to sai d R8s, @BPuUL
termnal, for subtractively conbining_irgqgls to generate said second =
signal. 4. The apparatus set forth i | aim1 wherein the nmeans for \ad
apportioning said auxiliary signal includes: delay nmeans having an input
termnal for rec®ivi ngheaagparatusasetsifoith A clafit HUbr! 8" Untdle P’
provi di ng_dgl ayed aﬂg olarlt¥ ieversed agxilia;z signal; imﬁtc neans,
havi ng re¥P %t¥§QP§ FEREFALINT R Fradrature Lhast: maAyL8teFut terninal s
of said delgyaleeomprbsesng first and second output terminals for providing
said first and sec [ ecti wangd re ngi ve, to gai.d

hori zont al synchr6%?%?%99€$%§%#f§§r€%1¥§*%a?§¥§238ﬁ§gc§¥ﬂ§h§3P§ t

out put t eshgmalstfoxagenerptingnfinst pandt second| cavfiexni digamdy neans at a
rate equ - 8@l ' ?ﬂ{' o, | e ngy nat el y
connectiE%:ggygngeggﬁéeig%gh %%d?%g+t%%9§%§% gﬂ?pgtfgggqfhg tq#%gﬁ%nals
of said & melhiple of  the freanerey @€-thefhonigondalzontal |ine
frequencygsynchBShi 8Pnd 2$ignal; The apparatus set forth in claim3 or 4

wherein said neans_for genera ingpa guadr ature phase nodul ated si gnal
conprises: neans rEiF8hspyitiplying meansonresPePRiNechezsaddsifdrats for
gener at i ngattriét SELOPOrCcRGIt Bl pingasaiaaripgtasgnaagr ee phase

e ationship and Lt g miYe Bl flnd néafl) ' FEbBoRs1vE el SAUEY Of the
second carrier signal, for multiplying said second signal;

and

v

means for additively combining signals provided by
said first and second multiplying means.

6. The apparatus set forth in claim 1 wherein
said means for apportioning said auxiliary signal includes:
means responsive to said horizontal synchronizing
signal for generating first and second operating signals
having a 90 degree phase relationship and a frequency which
is an odd multiple® of one-fourth of said horizontal line
frequency;

first and second multiplying means responsive to ~
said first ahd second operating signals, for multiplying
said auxiliary signal;

a first subtractive comb filter coupled to an
output of said first multiplying means for providing said
first signal; and

a second subtractive comb filter coupled to an
output of said second multiplying means for providing said
second signal. '



.synchronizing 5|4nuu+_iLL§LnnuJL|pEy1ﬁétﬁeénsm respan5|ve°io-§a|d fi'} st

“carrier signal, for nultiplying said first signal; second” kyhgg '
nmeans, respon5|ve arrier S|gnal for mul tip ylng

second si gnal ; cliﬂmﬁﬂuﬂilﬂﬁﬂﬁmmlml vel-y-?&b-'-nl ng signals provided by said
first and second mil t Fpl i fy rfeads. 6. The apparatus set forth in claim1
wherein said neans for apportioning sald auxiliary signal includes: neans
r€sponsi ve to sai d bQ“ 10! AppAratisO Yet E@r&w&aﬂ dleringanewrﬁrmfl rst and

second opera s hav a 90 ree se” re tlons nd,a
frequency ﬁﬁ&- S’Edcr?m&’gg‘&r“@s s@ﬂ"% lh?f “fﬁz%’ﬁ'%l li ne
frequgncy si?han &&dhseeﬁmf \mdetal Elignag m1mdees:pon5| ve to said first and
second operating sign or t signal; a first
subtractive conb fi %I%P E&ﬁp gﬂétn sag.l %33%6'%? %H' Sal d |n¥lst ?rul tiplying
rreanls gor provi di ngmeans ffiors megiudatiingsaid K& oarnien ianak €HED filter
coupl ed toggR40 gagég(&f“!% ipg,?g% g{gﬁ I jreans for providing said
second S|gnaF &h lﬂmﬁ%%gé?’ s 'set forth in claimil
wherei n sai d nmeans for -conbining sai d quadrature phase nodul ated signa
with said video siggal Enchuteseiwesofiptedeteghing sambinedssdemalsing

means f or mgﬂ,?ghggaﬁamxﬁiaﬁyr 525nah0aAl W £81804816HAdIGONLS s

o aux || sRyRBiapay sAGnall ErPRRSEBRiss AR Susiidesn, pBTA) BAgRS B O
representi ggbgPadtixbhhg’ LohtinabuBafireguency spectrum but having its

energy concentrated at odd half multiples of the television
[N signal line frequenc& for transmiésion, apparatus
comprising:

means for receiving said combined signal;

means responsive to said combined signal for
separating said auxiliary signal;

means responsive to said television signal for
providing a horizontal synchronizing signal;

means. responsive to said horizontal synchronizing
signal for providing first and second operating signals
having a 90 degree phase reiétionship and a frequency which
is a multiple of the frequency of said horizontal
synchronizing signal; :

first .and second multiplying means having
respective output terminals, for respectively multiplying
said auxiliary signal by said first and second operating
signais; ' | _ -

switch means having first and second output
terminals and having respective input terminals coupled
respectively to the output terminals of said first and
second multiplying means, said switch means alternatelx
coupling its first output terminal to the output terminals
of the first and second hnltiplying means for horizontal
line periods and alternately coupling its second output
terminal to the output terminals of said second and first
multiplying means for horizontal line periods;



substantially continuous frequency sp lung its energx . -
concentrated at odd half nultiples of ﬂw“fm“mu “HI gna+ I’s ne*frequency ~
for transm ssion, apparatus conprising* neans fr *recei vi nBCAa8#, zeBbi ned
signal; neans responsive to said conblnqu3|gnal for separating said

auxiliary signal; neans responsive to s “Tel evision signal for providing
a hori zont al synchron|2|ng signal ; nmeans responsive to said horizontal f‘

synchr oni zi ng Slgnag 8y & ﬁébdbagﬁiéas£8a9ﬂ$f§2999 SBmgﬁ Qﬂr&%%ﬁg

havi ng a 90_degr ee tions enc
of the freffed §do§"§§F€ HGFP?O#?EIdg&ﬂﬁﬁﬂﬁnﬁignglsbgn&ntegrﬂit and second

nultlplylnncﬁtﬁaﬁtagvlmgergéggg&bveaﬁatput termnals, for respectively
mul tiplying said auxgllaiyﬁs nal said first and second operating

signals; switch neafis9R FPéFgaﬂﬁagﬁcﬁﬁﬂpbﬁngP thenfgdry me@nsavi ng
respectiveandpunetseabnaleuepualedrmcﬁaxcbfvsb!dtewlﬂehoubaub teeini nal s of

said first n | Li 1 ans aid.switch neans alternately
coupl i ng i?g8?+§§§8ogPB§F£P§ nF ﬁ%g?ﬁr¥h§igﬂ? at ternminals of the first and

second mul tiplying neans for horizontal |line periods and alternately

coupling its secondgqutpyﬁe &éﬁ&ﬁﬂéu&Osé@efGHEﬂUintéiﬂlﬂaéngéiﬁggd iggond

and first i I ng,-nmeans for horizontal |ine, periods
del ay nearg% %’?ﬁe‘ﬂ’@?%pﬁ?"t%?ﬂ?nﬁ* ters respertiNed¥ans for
del ayi ng coupled\betireen csalar £108¢t candi Secosd | ke ipIgingoneansoahdni ng
means coupgaefi?é) 'It’%%d%% means and the second output term nal of said
switch neans 10 % an output auxiliary signal.
10. The apparatus set forth in claim 8 further N
‘including further combining means coupled to said delay
means and the second output terminal of said switch means

for generating a signal indicating errors in transmitted
auxiliary signal.

11. Apparatus for frequency interleaving an
auxiliary signal with a television signal substantially
as hereiéhefore described with reference to Figure 2
together with Figure 38 or S.

12. A receiver for detecting combined signals
including an auxiliary signal and a'television signal
substantially as hereinbefore described with reference to
Figures 6 and 7.

13. Apparatus for frequency interleaving an
auxiliary signal with a television signal substantially
_as hereinbefore described with reference to Figures 2 and



-9..The apparatus set forth in claim8 further inc]uding f,i;;st."anq‘séc;ond .
.lowpass filters respectively coupled betweer said fl1rst and Secofd
nul tiplying freans and said switch means._10. The apparat us RE& 85orii23 i n
claim8 further including further corr_tlicaﬁ}g means coupled to said del ay
means and the second output term nal of d"switch nmeans for generating a

si.gnal indicating errors in transmtted auxiliary si gnal “ﬁ m m for
f requency interl eaving an auxiliary signal with a:telev I"I "m ﬂﬂl |”"l o
substantially as hereinbefore described with reference td Figure® foget her
with Figure 3 or 5. 12. A receiver for detecting conbi ned signals including
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