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sanpl es the in-phase and quadrature phase signal conponents of an
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proposed i ngpghahti &tﬁehnafln‘éﬁlaﬂﬂ@ﬂ.@vﬁtfﬁquaﬁy tdcﬁubonents of the
composite'video signal. The rational behind the ASM method
chosen for NTSC video signals is explained in a section of
20 a textbook by Stein et al., Communications Systems and
Techniques, McGraw Hill, 1966, pp 621-638. Since
the sidebands are not symmetric, the quadrature-phase
compohents of the video carrier signal are non-zero. As
broadcast, the DSM portion of a conventional NTSC signal
KJ;S- has a zero valued quadrature signal component while the SSM
portion has a quadrature signal component that is the Hilbert
transform of the baseband signal from 1.25 MHz to 4.2 MHz.
Recently, there has been an increased interest in
utilizing the quadrature phase modulation component of
30 radio frequency (RF) television signals. For example, in
U.S. Patent No. 4,703,357 entitled, "Adaptive Television
Deghosting System," components of a television signal which
are both in-phase with and quadrature phase related to the
video carrier signal are used to cancel multipath or ghost
35 signal distortion in the television signal. 1In addition, it
has been proposed in an article by Y. Yasumoto et al. entitled




- 2- RCA 84,754 "A Wde Aspect Ratio Tel evision System Wth
- Full NTSC Conpatibility", |EEE.-Transactions on Consuner Electronics, Feb.
1988, pp. 121-127, that information not contained in the in-phase conponent
of a television signal, which 5 oec@upi es a band of fIRON@GLIFSRL bet ween 0
and 1.25 MHz, be nodul ated onto a carrier which is in quadrature with the
video carrier. At a recel ver, th| S N nformatl on woul d be recover ed _L‘Lshng

synchr onGiswiee A : S mat i onny
i e s o S stk o

0 es hd qu u

tel evi si sﬂg ggviigd , 15@5’“@%@' ot seteineddd ators and

t hen di gthezml—phasg eemponéntaoil.agﬁelemmﬂmi siqmedr,t eitelclb (ADCs). In

th b t ept t f
at e, ST FEEinEe EcRNg 68 £rBURntli e BARSP W L 1202 AT LY L00C O
al ter nathb%MeOn‘bﬁ ai gﬁtriﬁﬁgm@h Asp s quadrayag atihite tease

conponenryEa&d é‘affiéi:" si R’& al &&%leﬂv%rzothﬂsr e&&aﬁ&ﬂl%ww%ul%’ﬂltwt
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Tel evi sikhf {heing, s Cen loxx andhasedhd®ent, a single
ADC operarihagcet the spioture iafermbtion: lcom@téd by ahey dndplidsd he
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| ow sanpexptatatta panplingbuiltet f H«fc,prfmn: dmhequetdxeat ure phase
frequency, fc, of the color subcarrler s1gna1.
~ An alternatlve scheme for d1g1t1z1ng the in-phase
and quadrature phase components of a telev1slon signal is
20 presented in U.S. Patent 4 686 570 entltled “"Analog-To-
Digital Converter As For An Adaptlve Television Deghosting
System". In this second rege;ence@ patent, a single ADC
operating at a sampiing rate of ch is used to recover both
the in-phase and quadrature phase components of the -
25 television signal. This ADC demodulates the television |
‘'signal directly by sampllnq an 1ntermed1ate frequency (IF)
modulated television 51gna1 at 1nstants correspondlng to the
in-phase and quadrature phase modulatlon components of the
IF carrier signal. In addltlon to using a higher sampling
30 frequency than the first referenced patent, the second |
referenced patent uses an IF carrler that is locked in
phase to the color synchronlzlng burst 51gna1 component of
the received television 51gnals. o
It would be des1rab1e if a d1g1t121ng system
35 could be provided which uses a. comparatlvely low sampling
rate to provide both the 1n?phese end quadrature phase
’( modulation components of a te}evision signal




nbdulatlon conponents of a televisionisighal - 3- RCA 84, 754
According to the present invention, ‘there'i's’ prOV|ded signal sanpling
apparatus for devel oping a sanpl ed data output signal representing

i nformati on conveyed by an asymetrical si_dgband nodul at ed ﬁggngh,7§4
conprising: a source of said asymetrical si deband nodul at'e si gha
denodul ati ng nmeans coupled to said source, for generating first and second
basebaﬁbvglgnals representln’ respectlve i n- phase aggl quadrature phase
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second basebasdmgh@mmdataubutputsnigmmbli@grenentlhgvmngoamanndnru; '
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substantially_fre undesi r abl aJ%fS|n dlstort a sanple
frequency t haloed ’.ﬁ’(ﬂ FURONEGY ?ﬂe ﬁms FF@ é%é’%ponent’ of
said firdi0 anmodmiatbdxﬁignattsigmk&ampllng4means, coupled tcR&aBN754 For
a better “”dehgﬂr@aﬂﬂ%ﬂ{qt L ESEOY 4OVEDS gbgﬂg %ﬂ:g%e%% \Mééhorﬂi)w be

madeT™ by way of exa € ‘acconpanyrin FIG 1
(prior art) i&sampdi Id&ﬁ&xﬁkﬂ%ﬁksdI%@?%ﬁ?ntlng' reSPeCtlvelyl said

first and second baseband signals and said subsampllng

means having a sampling frequency'that is less than twice
15 the highest frequency component of at least one of said
first and second sampled data signals, wherein said at
least one of said first and second sampled data s1gna1s is
contaminated by undesirable aliasing distortion; and.
complex signal filtering means, coupled to said
20 subsampling means, for combining said first and second
sampled data signals to generate said sampled data output
signal, representing said at least tone of said first and
o second baseband signals substantially free of undesirable
N aliasing distortion, and having a sample freguency that is
25 not less than twice the highest frequency component of
said first and second baseband signals.



5 of atelevision signal transmitter.' FIGS. 2a, 2b and. 2c are di agrans
showi ng the frequency spectra of signals which are useful for explaining
the operation of the transmtter Shth in FIG 1. 10 reca 84754 FIG 3
(prior art) is a block diagramof a television receiver which includes a
conplex filter for cancelling nmultipath distortion. FIGS. 4a, -4b and 4C are
di agrams showi ng the frequency spectra of signals which are useful f |;J 15

- expl aining the op atiagn
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FIGURE 1 is a Iﬁcg dla ramof an NTSC
cancel HB J.pat ist t:Lon .

FIGS. 4a, 4b and 4C are diagrams showing the
frequency spectrazof signals which are useful for
15 explaining the operation of the prior arg receiver shown
in FIG. 3. | : |
FIG. 5 is a block diagram of a television
receiver which 1ncludes an embodiment of the present
invention. _ _
20 FIGS. 6a, 6b and 6c are diagrams showing the
- frequency spectra ef'signais which are useful for
explaining the operation of the receiver shown in F1lG. 5. N
FIG. 7 is a block diagram of a complex filter o’
suitable for use in the receiver shown in FIG. 5. '



television transmtter. In FIGURE. 1, *a source of baseband video signals 110
provi des a conposite video signal, CV, to one input port of a nmodul ator

112. The frequency - spectrum of t he signal CVis shown in FIGURE 2a where fc
is the 20 col or subcarrier frequency.©Fhe nodul ator 112 RGO 8%, 784 t he
signal CV by a carrier signal, CS(t) which is from source 114 and

descri bed by the equatlon (1% = 2,cosine (err) (1) 25
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si gnal which is a
telev1s1on transmitter. 1In FIGURE 1, a source of baseband

video signals 110 provides a composite video signal, CV, to
one input port of a modulator 112. The frequency spectrum
of the signal CV is shown in FIGURE 2a where fc is the

20 color subcarrier frequency. The modulator 112 multiplies
the signal CV by a carrier signal, CS(t), which is from
source 114 and described by the equation (1).

Cs(t) = 2 cosine (2rf t) (1)

25 The output signal, DSBV, produced by the
modulator 112 is a DSM video signal.. The frequency
spectrum of the signal DSBV is shown in FIGURE 2b. The
signal DSBV is applied to an asymmetric sideband (ASB)
filter 116. The filter 116 is a high-pass filter which

30 eliminates the baseband component of the signal DSBV and
the part of the lower sideband component of the modulated
video signals which occupies the band of frequencies
between (fo - 4.2) MHz and (fo = 1.25) MHz and the
corresponding negative frequencies. The output signal,

35 ASBV, provided by the filter 116 is an ASM television

}(. signal the frequency spectrum of which is shown in FIGURE



spectrum of the signal IFV is shown in FIGURE 4a. Note that in Fl GURE 4a,
the relative frequencies of the sidebands is reversed, that isto say, the
“carrier frequency [err] is higher than the col or subcarrier frequency, 20
[err]. Al'so note that the upper sidefand of the nodul at egcA Feg)msgl has
been subjected to a Nyquist filter which has a transition band t hat is
centered about the carrier frequency The Nyquist filtering of th
nodul at ecl F Thegnslighal ASBVefiscappdficdttodiriRE) amg]:uaflane‘rm' tmé

t he quad d 0B C in the range of
frequenc{’g{é ggt gmgeﬁhgkh ?fs %B%%zat(ﬂy a&{‘f‘af@’é%% por |on of the video
signal). The signaFIGPRE, 3pisvirdbdogk diagrammf i ipFiem®@rtiter 318 is
appl i ed televikdenl gateivercyhiehl q&ucmiésarai 1 ghogbase (1) and
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fc, of spectrum of the signal IFV is shown in FIGURE 4a. Note
that in FIGURE 4a, the relative frequencies of the
sidebands is reversed, that iS'to say, the carrier
frequency f, is higher than the color subcarrier frequency,
20 f; - fc. Also note that the upper sideband of the
modulated IF signal has been subjected to a Nyquist filter
which has a transition band- that is centered about the
carrier frequency. The Nyqulst fllterlng of the modulated
IF signal has the effect ofaintroducing signal energy into
25 the quadrature modulation eomponent of the video signal in
the range of frequencies between 0 and 1.25 MHz (i.e. the
DSM portion of the video signal).
The signal, IFV, p?ovided by the IF amplifier and
filter 318 is applied to a &idee-carrier'extractor, 320 and
30 to in-phase (I) and quadratu#e_ghese (Q) synchronous
detectors 322 and 324, respeetiiély. The video carrier
extractor 320, which may inelugefcenventional phase locked
loop (PLL) circuitry, produces a first reference signal,
IC, that is aligned in frequency and phase with the video
35 carrier signal component of . the- IF ‘video 51gna1, IFV. The
‘{ extractor 320 also produces a secoqd reference signal, QC,
that is shifted in phase by 90° with respect to the signal
IC. The signal IC is applied to the I synchronous detector



the col or subcarrier ‘signal conponent* of.-the baseband video signal. In the
system shown in FIGURE 3, the signal CK is 15°'. generated by conventi onal
PLL circuitry (not shown) internal to thejxideo signal proceggdl gg3gs4lhe
digital frequency spectra of the signal VI generated by the ADC 326 "and of
t he signal VQ generated by the ADC 328 are shown if FIGURES 4b and 4c
respectivel y 3220 and/tthe nsiviesk: gonbonappli&d, tbatheudssgnichalonpuishe sanme
basebaﬁﬁ#re%%%?%%ﬁﬁéum'-a;’f;s'ij_'t he conposite videosignal, CV, shown in
FIGURE 2a. T S Y eqéfency spectrum of the gué&drature conponent, VQ
may be thought of as bé&fhe symchronewshieteqtonst Bd2sagdaB2¢ demodwlate
conpl ex 25 A g idto CredPEcbive nﬂn_ﬁ-_ﬁﬁhsé”ﬁnﬂ”&ﬁ'a@alu\:}e
conponents), that has asymmetrical s|debands. e output signal, VI, of the
ADC 326 and DPRASSGARPANYH:S \%eo%nm’eaa@ccs@eoaﬁe pAFee@PPd igdyiest
cancel | ati on an ldrl ciplco-Idibgbbal econvertaee(aDCY. 3R6t and the HRradbathte357

descri bes ex | ar: |.rcul | C e.us t ghogt | l.ati on
filter 330. %}sé‘ﬂ;ﬁﬁ#'ﬁ{%{h@%bwgﬁeénggdﬂgcsggﬁat eﬁ#‘,e ?‘fn'?g:%gl?%tset
cancel | ati on and 328 plexkikep digitall sanpleswrepesentingorthe tinm-phase

i n-phase conpepe ' ' | o) :
corPected forlﬂJQRiéﬁ or gﬁd%%é§¥6§§Fag?g?o§%?§§het g gﬁgﬁgfpgﬁpﬁﬂgnal
appl i ed 1% a%%ﬁ%ld%%%¢ﬁghy Ar samRddng3gRoGk sAgmal.i £K.uddhe or
exanpl e, t Ci ¥Mgtﬁzll tex Siﬁiﬂ_rlfé.e fd;:;e éMpB?QeaaB?rst BeéxkéaE E%o@wsq@:m nce
conmponents from.the cogposite vidego,signal and. Loce ese_conponent s
Co broduce r BFVIRE S Rk TRy S aF67 chref Cibfal thERTte ey B oY
resp ctiveIyﬁdm&ncomqﬂisnb¢amriemasﬁanlagoﬂpohegtSé&.the baseband vide@URE

o S o SOk AR oy el S ERTehs0R, 18 ACHAR SCeS B0
FI GURE 35 excanenatad by cenventionat RBEE s3ycypéryt (ngtashewa)c sanpling
frequency whijghteahfp s eche@ndidedi $igRal processor 332.

The digital frequency spectra of the signal VI
generated by the ADC 326 and of the signal VQ generated by
the ADC 328 are shown if FIGURES 4b and 4c respectively.

20 The in-phase component, VI, has substantially the same
baseband frequency spectrum as the composite video signal,
CV, shown in FIGURE 2a. The baseband frequency spectrum of
the quadrature component, VQ, may be thought of as being
able to combine with the signal VI to form a complex

25 Dbaseband signal (i.e. one having real and imaginary
components), that has asymmetrical sidebands.

The output signalg VI, of the ADC 326 and the
output signal, VQ, of the ADC 328 are applied to a ghost
cancellation filter 330. The above-referenced U.S. Patent

30 No. 4,703,357 describes exemplary circuitry which may be
' used as the ghost cancellation filter 330.

. As described in the above-referenced U.S. Patent,
the ghost cancellation filter produces a signal, VI', which
corresponds to the in-phase component of a composite video

35 signal which has been corrected for multipath or ghost
signal distortion. the signal VI' is applied to a
!( conventional video signal processor 332 which may include,
for example, circuitry to separate the luminance and



10 both the in-phase and quadrature phase conponents of the video signal.
The resultant sanple rate for each conponent is 2fc, two tines the
frequency, fc, of the color subcarrier signal. The receiver shown in
FIGURE 5 al so includes circuitry 536-6538, and 540 whi chRCANB&p®54t he 15
subsanpl ed i n-phase and quadrature phase conponents of the deghost ed vi deo
signal to_generate an in-phase baseband signal that is substantlalg¥_ \[ ee
of any ach¥emignamce sampanephs fFel Fae compesite 3bd9°résgnﬁlo
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m xer ogal__ osci 0 i fier r vi deo
carrier E%FPEE?b diﬂ? ?i% { Hg C?§§ rBﬁ%B%cgtﬁﬁgﬂba?BFs 522 and 524
perforn1abplnéahmcnﬂtdlauﬁmspiay démncersﬁépondlng conmponents of the
receigver 25 showg, e hegsg, - ts are not
desc§|bed The S|gna prOV|§Eﬁ éﬁ &fgﬁfémon%ug geﬁgg?gfgﬁzz I's applied-
to one | AGeiverwhiichhingl nefmpe@1 @&@F sfctherpresentnput term na
of the mihtieRitdeey. 3@h195&%d§1f@blpi§dsim1£§etdethéeoﬂétQH&wﬁ' gral of the

nchr d tecto le a ¢circuit 528
Soth ¢ he PAGPRE, > SR HE gade oR DY toge SBic 836 operering By
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synchron@mge@etsml-sz éfes;ﬂztm eamnleer@tewgrcee@hocamnongnpass t he

si gnal pravbged @WdﬂtimeS'éhe frequency, fc, FEARE. dotos/ H circuitry |23
when CK2 has a value .of %Q?ne circuitry used in_this
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gaing
deghosted video signal to generate an 1n-phase baseband

signal that is substantlally free of any a11a51ng
distortion which may have occurred as a result of
subsampling.
20 in Flgure 5, the antenna, 510, RF ampllfler, 512,
mixer 514, local osc111ator 516, IF ampllfier and filter
518, video carrier extractor 520 and the 1 and Q
synchronous demodulators 522 and 524 perform.the 1dent1cal
function of the correspondlng components of the receiver .
25 shown in FIGURE 3. Consequently, these components are not o
described. | ' o

The signal provided by the I synchronous detector
522 is applied to one input'terﬁinal of an analog
nultiplexer 526. Another 1nput term1na1 of the nultiplexer

30 526 is coupled to recelve the output s1gnal of the Q
synchronous detector as prov1ded by a sample and hold (S/H)
circuit 528. Both the multlplexer 526 and the S/H
circuitry 528 are controlled by ‘a signal CK2 provided by
frequency divide-by-two c1rcu1try 544.. ‘The signal CK2 has

35 a frequency substantially equal to 2fc. The multiplexer

526 is conditioned by the 51gna1 CK2 to pass the signal

£ provided by the I synchronous detector 522 when CK2 has a

value of logic-zero and to pass the 51gna1 prov1ded by the



of CK2 The out put signal of the nultlpl.xer 526 I s-a stream of anal og .
sanpl e val ues having a sanpling frequency of 4fc, where alternate sanples
represent baseband i n-phase 10 and quagrapure phase nodulikgog C%EPOnents
of the internediate frequency video signdlr. The output sign 44

mul tipl exer 526 is applied to an ADC 530 which digitizes t he sanpl e stream
coi nci dent Q83 g n f I | oc | gnhal ,
o wine 108 SERERLERYTS2B yhER" 2y BB 3 VALY 054 13gie-on.o” il
signal CK ofsﬁ GE;FECBJJ‘-I'Y ugedppnu *éblsoe!ﬂh@ IlIWP—!ttﬁ@lI rleiquency

di vi de- bY'td&h&iff&hé&Yb§4ﬁhéOsﬂgﬁﬁlabﬁztQ@ %hﬂ@@e - éﬂ@haQUb@@VfﬂéH‘
of the ADC 530 J.s pI|e to the i.n port 20 a d tipl éxer 532.
The denultlgnéﬂgwa ZSYQCPEQB8H§|9§€FS§ fre CORHER %%;2 for splitting

t he 4f c Sanmieghtive-goingl tpansn.ttidnbyoifhth&l)@:.'@sﬁll mm and Zoc hd®| ed

modl 2t fon COLGRERELS ‘?Q&gghﬁﬁﬂ”ﬁ*‘e@?&&iﬁgﬁﬁﬂ“}t el

Q

| ess than itaf \GKRi st Thet eutput sigpall ods §@tﬁt §-ﬁ h‘k
subsanpl ed QﬁéﬁﬁﬁﬂdoﬂuéﬁéﬁbérQaﬁbiéevﬁlﬁégahaﬁﬁngpﬁp 1 Q4 deo
signal. Corresp d|n anplii he s als VIS and ubst |aIIy
the sane sadﬁf CrasfareIng §q§éﬂgae§pé@PF§sﬁﬁt I%?“H 18614
VQS ar eehovand rqda@naearéaphadeGhodu&amOm nehﬁsolocf lhee delinmits the

baseband sp shaded areas represent
frequency bgﬁﬁ%£ﬁh%§1$ﬁ§|5§§QQ§539aPF§ §1§£%ﬁ6rtlon fromthe inediately
adj acent repeat spectrZhe ¢utputu§19336doﬁythﬁGﬂRﬁ$n&iexm¢ &26 & h the in-
phase”si gnalapf feaapg hicaBEagsel khecRNalgitised (i Bapie Gaue nat od

with aliasing disjfortion, .RCA 8 RE 6¢c is a
di agr am of t%ﬂ?b‘ﬁ%@’ﬁcyl‘éﬁeﬁﬁgéﬁ'ﬂﬁﬁ'gﬁén@oMwlé:l% oo @ RLING part
subst art§ al |yleskiasignal heckagnehi¥hShagd aa frieth@ntsy Y@ fic.suliHeantial ly -

signal CK4 corresponds to the signal CK of FIGURE 3; it is
applied to the input terminal of the frequency divide-
by-two circuitry 544 to generate the signal CK2. The
output signal of the ADC 530 is applied to the input port
20 of a demultiplexer 532. The demultiplexer 532 is
responsive to the clock signal CK2 for splitting the 4fc
sampled data signal provided by the ADC 530 into two 2fc
sampled data signals, VIS and VQS. The signal VIS
represents the baseband in-phase modulation components of
\_ 25 the IF video signal but sampled at a rate less than its
Nyquist rate. The signal VQS similarly represents the
subsampled baseband quadrature phase modulation components
of the IF video signal. Corresponding samples of the
signals VIS and VQS have substantially the same sampling
30 instant.

Frequency spectra for the 51gnals VIS and VQS are
shown in figures 6a and 6b, respectively. A bold line
delimits the baseband spectrum in each of these figures.
The shaded areas represent frequency bands that include

35 aliasing diétortion from the immediately adjacent repeat -
_ spectra. As illustrated by FIGURES 6a and 6b, both the in-
;( phase signal, VIS, and the quadrature phase signal, VQs,
are contaminated with aliasing distortion.



equal to the signal VQS. As illustrated by, FIGURE 6¢,- 5 there is no
aliasing distortion in the conplex signal. Consequently, any signal
processi ng which uses both the signals VIS and V(& as a single conpl ex
signal - for exanple, the ghost camd@tlation filter useRCAn84h&54bove .
referenced U S. Patent No. 4,703,357 - is not affected by 10 the aliasing
distortion in the conponent signals. Mreover, if the conplex si gn'a!j,';eq\ere
passed through a fEIGURE heitg) a rilagramief ther EXeQuency cspecirum <

g Gnal *oE Chiel S S L e e R T ot an
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di st or t ConsgaueRhly :al%ﬁ%%tnﬁqumglm%t'éﬂe%ybmxé% 6a and 6b.
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response filter 540 havin e, trag r._char act er
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and VQSfltl%elietlﬁR}]! tHe vEdniefer Cﬁhéf‘@cir%ﬁfsﬁﬂcsaﬂﬁ?es Php Ni@al!%/t h oLy
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The szgnals Vis and VQS are applied to a ghost
cancellatlon fllter 534, whlch may be 1dent1cal to that
described in the referenced U.s. Patent No. 4,703,357. The
output signals, VIS' and VQs', provlded by the filter 534,
20 are substantially free of any multlpath distortion but have
aliasing distortion as indicated by FIGURES 6a and 6b.
The signals VIS' and'VQS? are next processed by a
complex finite-impulse respense'(FIR) filter 540 having the
~ transfer characteristic, HCF, illustrated by the broken
25 line in FIGURE 6c. This fllter effectlvely 1nterpolates A
the missing samples of the ;n-phase signal component from
the known in-phase and quadrature:phase samples. ‘since the
quadrature phase samples represent the Hllbert transform of
the baseband in-phase video: 51gna1 sufflclent 1nformatlon
30 is present in the pair of s1gnals Vis' and VQs! to
determine the values-of the m1551ng samples of VIS' with
only insignificant errors.
The first step in the: fllterlng process is to
change the sample rate of both vis! and VQS' to 4fc by
35 inserting 1nterst1t1a1 zero-valued samples into each of the
sampled data signals. In the present embodlment of the
invention, this step is performed by a multlplexer 536 and
a source of zero-valued samples 538. The multlplexer 536
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is conditioned by the signal CK2 to bassfthé val ues of the signals VIS
and VQS' when the signal CK2. is in a'logic-zero state and to pass a
zero-valued or null sanple from source 538 when CK2 is in a | ogic-one
state. The 5 signals VIS and VQS'' prdlided by the nulti R4 558 are
applied to a conplex filter 540. Circuitry suitable for use as the conplex
FIRfilter 540 is i|lustrated ipn FIGURE.7. In FIGJRE 7, the signhal _VIS" is
appl i pthto aiBFAWALEERRAE PYothRi SRIPaL (B2 §0 Passsithe valgies, phrthe
segi al f)é cor&ﬁagmagsdvtsy &hdivgss fahen rtgae: tsdigmiald‘ @y i gmer&s 7r112’ 714,OI
716, 718, 7 o 724, E nts, 7 { hr.ou 14 an
720 through%g%%; E$§€§ §§ﬁ§?eg§§Iﬁgsb§§5L59%£F§%ﬁg§q%§mﬂ%|ﬁ§xlt%%q3£9
peri ods of tfixomigearcexkd3s8i wvhen K2 ishdndel dpgis~-oneemhate.71&end 718
del ay t sagggﬁh I na [ o kReal@n : _ g t he
si gnal §4, 17 e, ?!é[veﬁsf%)aﬁ#hgéﬁu%gigﬁaggupﬁ seﬂ1 %g&lﬁp&ﬁﬁég é&%%
applied to ARREWR £ odpcempPier; LLyeXonAct ed del ay el enents, 770, 772,
774, 776, 7?0, 782 andciﬂéuieﬁyhsuﬁtagtlehfa& u&@\aisieﬁleéldo@dﬁﬂezﬂ@mi The
i nput signal 8. M.S" VOS: . ar by 732, resul ting
sumis appli€%#¢%%oﬁ£8iﬁ%ﬁ%lgggF%gggg %Bgﬁi?m®§ﬂﬁgng§ﬁb?aggﬁ&$§h.%iﬁﬁ
net wor k 734 sitigizsal (EISY ghal appdiedetiobn dedaydedenedt 730a whiiginligprthe ded
by the | ay. 2 b ' ' ' | I
provi de%lk?by fﬁé de gyze gam:ﬁﬂt 6?8%‘.& i‘.%%g'l&re%u t%r(l{t@ gﬁr%% :j'rsgya%eelm?a %o EI})lnseo
i nput port oRGLYHRGdelay7edemanEsndi2i ngdd pdlio o7 18ne 740+ 7122 And36 i s
G vl L e 20 236",
[ al val u : o] u i_gnal._provi e ul.tiplier i's
the sum of +FRFQNGh 1 2a Hebdvecgampls iRLuBE) ppTIaR tood t, LiFt Hont
el enent 724 by nuso tperiodasabfpthei déagnayt CK4 ddl.@y el2afent Tyt dedldy

I tipljed i ciet ayal . +Thi f L gnal anold ed t
Mot ey CPLeREnoPrieCaRE! 74R UE1AY che! AR el i gl S S D BT
sum of pr odu‘éheuérmpvagepezsw byec@enet perdedp@f dhensimrl KK4el Gy &4 enent

770 is subtrayp! edrhé oguhfLatirBUphasendnput siemial,awgsrendy apk fug a
subtractor 742 and [heresullLg added)in 3 sump o Jigiowh JAE fo the
signal's provt¥ed B group 4 Y ‘
' 770, 772, 774, 776, 780, 782 and 784, each of which
20 provides a 2t delay. The input signals VIS" and VQS" are
summed by an adder 732, and the resulting sum is'applied to
one input port of a signal summing network 734. The
network 734 adds the signal provided'by the adder 732 to a
signal provided by the delay element 724 and subtracts from
Y 25 - this sum, the signal provided by the delay element 784.
The resultant sum is applied to one input port of a
multiplier 736. Another input port of the multiplier 736
is coupled to receive a filter coeffecient value, h4,
'provided by a source of digital value 738. The output
30 signal provided by the multiplier 736 is the sum of the
signals VISY, VQsS" and the signal provided by the delay
element 724 minus the signal provided by the delay element
784, all multiplied by the coefficient value h4. This
output signal is applied to an input port of a summing
35 network 740. In the same manner, three other sum of
product terms are developed: the output signal of the delay
}(' element 770 is subtracted from the output signal of the
delay element 710 by a subtractor 742 and the result is
added, in a summing'netowrk 744, to the signals provided by




RCA 84,754 the delay elenments 744 and 782. The output signal of the
summi ng network 744 is applied to a nmultiplier 746 which scal es the sum by
a coefficient value h3; the output signals of the delay elenents 712, 772
and 720 are sunmed, 5 t he output signal of the delay elenment 780 is
subtracted fromthis sumand the reS‘ﬁfr is multiplied bRGR €4afM54ki ent
value h2; and the output signals of.the delay el enments 714, 776 andf718 are

sumed, the o] he 74 is .sub ed fromethis
sum and élh $%i eigﬂ 8 t’]q‘?‘ a ég%y 1“1 “@nts%qie °r£l thegach of
t hese scahmdrngnnetwonkpﬂ&édlsoappiepdr&bealmpatlpdubroﬂ4whoﬂﬂmﬂﬂ1ng

net wor k déDe §h€h§ !9263v#ﬁg§fgﬁlgnﬁ q%?%ér g&ﬁ¥h§%also applied

to the sunmn summ n ther all of
the 15 swrgﬂquﬁsoﬁp'phﬁeéeiém elemapts gdeys778 pnddl?a@ areogumed,i gnal VI
whi oy Iwhs&eﬁtaisignameosaﬁaeaaemy élﬁﬁéhtVbaop&%V'Mﬁé@ ghost

cancel |l ati on er 3 f _ Fl GURE and stantially free of

d.
al i asi ngtXARHr1% oRumTRBRA s HYRaFeGRit; 18 ﬁb‘ﬁé&iﬂ&%a | FeGo8tfigighcessor
532 20 vatluet'hmayahd tHenobutplitt sighalpr ofether d&&&yofelléhﬁﬂ‘h‘é 13?14;,escrl bed
above. o] 4 ORRaPhi | and B
whi ch are ap ﬁ? éf% g’f}{lﬂ@g?‘ iJ'gev gBrgﬁ'Gg?'éﬁraé 8&2’?’2‘% #?]Tag | evi si on
di spl ay. ehmemte'rmc:r.ensubtracteﬂlfrnn\otghsmumoandschm msult is present

\e/% . miﬁ\il@ipiféd'ﬂyeﬂt b@@ffielbh%t odiue hhie Tehlh oy%s@e,fcfafé&nt

h2,
0.1380 H¥ms is applieg ot97§55ﬁ2arate input pogtoed, the EUINHOG nvent i on \‘js
descri batetwortke740nt exheoélgnamnpeotmdedl byelthw defay edement 7116 i S

contemegegaégiapﬁfféd to”@ﬁeagﬁﬂmgﬁguﬁggwtg e&ade an enhanced tel evi sion
The summing network 740 adds together all of the
15 signals applied to its input ports to produce an output
signal VI' which is substantlally the same as the 51gna1
VI' provided by the ghost cancellat1on fllter 330 of FIGURE
3 and which is substantlally free of aliasing distortion.
The signal VI' is applled to a v1deo signal processor 542
20 whlch may be identical to the processor 332 of FIGURE 3,
described above. The processor 542 develops primary color
signals, R, G, and B, which are applied to the display
dev1ce 546 to generate the telev151on dlsplay.
The coefficient values hl through h4 for use in

25 the present embodiment of the ;nvent;on are listed in the
Table. I
. TABLE .

’ COefficienti ?. Value

hr © 0.4472
30 h2 0.1380

h3 -0.0715

ha ~0.0352

While the invention is descrlbed 1n the context
of a conventional television receiver, it is contemplated -
‘( 35 that it may also be used to decode an enhanced television
signal such as that descrlbed in the above-referenced
article by Yasumoto et al. Even though the quadrature



signal such as that described in the above referenced article by Yasunoto
et al.” Even though the quadrature - -13- RCA 84, 754

nodul ati on conponent of this enhanced tel evision signal contains
information that is not in the in-phase nodul ati on conponent, the conpl ex
filter 540 does not introduce cross-tal k distortion between the in-phase
and quadr-ature 5- nodul ation conponents. Aff-1 nformation in t ReAq8ag7&Hqur e
conmponepfwhi ch is not in thg.jn-phase conponent is_canceled by the filter
540. If this systemwere used*to decode an enhanced:iel evision signal, it

i s contenpl ameduﬂh&umhe:mpy@nt/@f @M|wﬂan9edheegamsloanselgm on 10

filter 534 |4 I r 4,0
FI GURE 7 ange%sﬁlgﬁlggﬁ&@mt ﬁr@%ﬁj {é ﬁ‘ﬁ%ngh%ﬁ %hu hgrg%sﬁbet Weetﬂ'o(}1
and 1.25 MzCompenead,| the cq v&f Heo4Ppees nett Retroduses gnal
processor 54&ré&st-lte1wa:ir§ttdmﬁdmdaémhém tRapdnephasék hha gaadietarkd

vi deo si naI resent i nvent,i on sed o subsa e th hase

hnd quadbar el aRiSR Ronnbraies’" Kl b3 at oR" PhoRe” guadratite

subsanpl ed scgmpbaem: mnml'erlsnrrmbrlrbowe oin{-phasegaainponenﬂr. dgbstantial ly

no aliasing g ? kg Q,?t Cri{erinss Hltgmbﬁre%t use@led he
ﬁavrn he |n df #ﬁ g

COI'Tp| ex si gna ase an qua mponents as I ts

real and i nagrrade a@rresﬂmp teﬁl%ﬁigcmewmlonl%éﬁ §§n§mlart
subsanpl i ng ¢ahe tWe lsdgiia mgse r@rm@drwttﬁé I;hestn&aﬁbema%&on used

S'ngg;g' 1bror EIG8E, 534 may C&eoca&fi SR 2ol ekt #1188 BimdTar R, " "

CLAI MBhat. sBoymalirs #{BURE) Apgrad atlnmfba_.ndehmmpedgta occupy a
band of frequencies between 0 and 1.25 MHz. The resultant
signal would be applied to the video signal processor 542
as the quadrature modulation component of the enhanced

15 wvideo signal.
_ The present invention may be used to subsample
the in-phase and quadrature phase components of an ASM
signal and then process the subsampled signals to recover
one or both of the signals with substantially no aliasing

20 distortion. Only one criterion should be met, that the _
complex signal having the in-phase and quadrature phase
components as its real and imaginary parts has no aliasing
distortion when sampled at the subsampling rate.

- While the present embodiment of the invention

25 used digital technology, it is contemplated that the
invention may be used in an analog sampled data signal
processing system.




sanpl ed data output signal representing informtion conveyed by an
asymetrical sideband nodul ated signal, conprising: a source of said
asymetrical sideband nodul ated signal; denodul ati ng neans coupled to said
source, for generating first and second baseband signals representing
respective in-phase and quadrature pﬂﬁee nmodul ati on conmozergds, 754 sai d
~asymmetrical sideband nodul ated signal; subsanpling neans, coupled tTe-said
denodul ati ng nmeans, for developing first and second sanpl ed data sigmﬂfs
represer@hAIMSs espectively, said first and second baseband signals and said

subsanpl i ng nmeans ilav'sﬂgﬁaiaaain msnf;r Sﬁbﬁ&%ﬂ:u%h%r' SRS 4 W ce the
hi ghest freguenc onént of | east "one qf sal first and second

sanpl ed REEPElﬁiQQPd IePresepting 3590t and second
sanpl ed daiveyed rﬁy san sasgninetirieaddstidebands mbahlletdd asiigrpXj stortion;

and conpl%ggﬁﬁg¥$ filtering neans, coupled to said subsanpling neans, for
combi ni it 9%t and second sanpled data signals to generate said

sanpl ed data out puad seynee, ofcpridepsympetyicadt sidehanshaadulate first
and sec fpeband signal s substantially free of undesirable aliasing

di stortion, and havi a_sanple fre uenc Ha Is not less than twice the
hi ghest frequency @%H%GH@ﬁFl g 9828 oS3 BRWINRSW si gnal s. -

15 - for generaEKH98£1¥54 andTEEC@hﬂabaEbbdwm dhyﬁdlslﬁ Caiml, -
wherein;_said so rce Ls.a sgurce ﬁ_ ﬁg % g%énE§F§ sid band nodul at ed
teIeV|$5ﬁP§ﬁiﬁﬁ. ind FRsREGEANS HRgPRES ﬁﬁéq 259 1 equency t hat
i s | ess mddulavion chmphnghsstofrsqaénayymm#ﬁ&msnﬂ @hdﬁbahdirst baseband)

signal,ﬁgyh %hféiéﬁaganpled data signal is contam nated by undesirablé
al i asi ng stor :
subsampling means, coupled to said demodulating

means, for developing first and second sampled
data signals representing, respectively, said first and
second baseband signals and said subsampling means
having a sampling frequency that is less than twice the
highest frequency cbmponent'oﬁ at least one of said first
and second sampled data signals, wherein said at least one
of said first and second sampled data signals is contaminated
by undesirable aliasing distortion; and

complex éignal filtering'means, coupled to
said subsampling means, for combining said first and second .
sampled data signals to generate said sampled data output o
signal, representing said at least one of said first and
second baseband signals substantially free of undesirable
aliasing distortion, and having a sample frequency that is
not less than twice the highest'frequency component of said
first and second baseband signals. '

O 0



said conplex signal filtering means, generates a 10 sanpl ed data out put
signal, which is substantially free of ug§e3|rable aI|aS|ngﬂE§i§£t7§) and
represents said baseband signal. 3. The paratus set forth'in di

wher ei n said subsanpling nmeans conpri ses: means for applylng

a subsanpling clock signalqnhau %pﬂk&ﬁuﬁgséﬁa%rtﬁoﬂﬂ ed dlien nECRinrsa d
first and second baseband. SI S and_responsiv éaﬁgfld subsampllng cl ock

si gnal ibT’sequentlall§ab¢o§ HFﬁﬁ lﬁu?lﬁﬁ LCEi R
subsanpl|ngsidnﬂamdgm@ﬂulaﬁed ‘televisndnssdigndlanaliig val ues substantlally

equal to respective vaéggg gﬁg #%}Ehgshf%%% ﬁﬁgpgpegﬂﬁggﬁgg signals at an

I nstant determ ned by sai si gnal for applying a
sanpl i n§ cl dediepey that havlegsathanqtwice tbe higbestafnegquanashe

frequency ofcaapdnanbsagpltsari@ d;&@ﬁ %amia&an&%@ﬁ@ipgaha dhqgt al t g
conver sion s, cou ai d,nu exin a responsive to sai
sanpl i ng C|g§§E p}ed gééélﬁbgﬂﬁ ﬁrFﬂB Bé%@%vg q&he%%ﬁﬁi&?
second peri clsiadingi distoptiog; candk signal, first and second digita
sanpl e val ues representhgg, cE: pREG! i chrix\é 1‘1:4:11 n?é% &He@géég

va ueS e& of

val ues, wherein said first an secon sanp re samp

sai d fitPst aﬁﬂi“%%%%rﬂa*éﬁnﬁ}l‘éﬁudaﬁég%awblqbesl[?ecﬁqhﬁé;i}ntlalmfgeﬁbt 4

4. The apparxﬁiwsmbierammalﬁbaa%%dﬂ%%rﬁw%ﬁré&b&@l Sagqwherein
sai d asymmﬂgﬁ % aédeband nodul at ed tel evision signal includes a color

I nformation gRghr which nodul ates a suppressed col or subcarrier
signal having a predetern1ned frequency; and wher ei n said subsanpl i ng cl ock

Si ﬁar has a frequency, subst anti al ual ,t ce._s r edet er g ned
frgquency, and q Y33 fﬁe appaLXtug set %or@h in p q.or'E

wherein said subsampling means comprises:
15 means for applying a subsampling clock signal;
multiplexing means, coupled to receive said
first and second baseband signals and responsive to said
subsampling clock signal for sequentially providing,
during a single period of said subsampling clock signal,
20 first and second analog values substantially equal to
respective values of said first and second baseband
signals at. an instant determined by said subsampling clock.
signal;
| means for applying a sampling'clock signal
\_ 25 having a frequency not less than twice the frequency of
sa1d subsampling clock signal; and
analog-to-digital conversion means coupled to
said multiplexing means and responsive to said sampling
clock signal for developing, during respective first and
30 second periods of said sampling clock signal, first and
second digital sample values representing, respectively,
said first and second analog values, wherein said first
and second digital sample values are samples of said first
and second sampled data signals, respectively.

A



sai d sanpling clock signal has a frequency substantially equal to four
times said predeterm ned frequency. 5. The apparatus set forth in Caim]l,
2, 3 or 4 wherein said conplex filtering nmeans conprises: further

mul ti pl exi ng nmeans, coupled to receive said first and second sanpl ed data
signals and coupled to a source of nu signal value and res onsive to said
subsanpl i.ng cl ock signal, for provid? sanmpl es of said RFAs84ahb4sEcend
sanpl ed data signals interleaved with sanples of said null signal t0
generate respective first and second further sanpled data signals; and
conplex finite inpul se response filtering means for conbining said first
and second further 4samihed appgaratiug adet -BortlesiroClaimr @avhend | magi nary |
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accordlng any rece Ing_clam
carrier signal having a predetermined frequency; and

wherein

said subsampling clock signal has a frequency
substantially eqﬁal to twice said predetermined frequency;
and _

said sampling clock signal has a frequency . \J
substantially equal to four times said predetermined '
frequency. |

5. The apparatus set forth in Claim 1, 2, 3 or
4 wherein said complex filtering means comprises: _

further'multiplexing means, coupled to receive
said first and second sampled data signals and coupled to a
source of null signal value and responsive to said
subsampling clock 51gnal for prov1d1ng samples of said
first and second sampled data 51gna1s 1nter1eaved with
samples of said null signal to generate respective first and \;)
second further sampled data signals; and

complex finite impulse response filtering means
for combining said first and second further sampled data
signals--as respective real and imaginary parts of a single
complex signal, to generate said sampled data output signal.

6. Sigﬁal sampling apparatus substantially as
hereinbefore described with reference to Figure 5 or to
Figures 5 and 7 of the accompanying drawings.

7. A television reeeiver including apparatus
according to any preceding claim.
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