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The ghost signals are delayed from the direct
signal as a function of the relationship of the signal path
lengths between the direct and ghost signals. The '

20 randomness of this relationship from one receiver location
to another dictates that the phase of the ghost (delayed
direct) carrier signal may have any relationship to the
phase of the direct carrier signal.

In many automatic deghosting systems the incoming

25 television signals are synchronously demodulated in phase

U with the picture carrier signal. Exemplary systems of this
type are described in the article entitled “"Adaptive
Multipath Equalization for T.V. Broadcasting", IEEE
Transactions on Consumer Electronics, May 1977, pp. 175-181

30 by H. Thedick; U.S. Patent No. 4,285,006 entitled, "Ghost
Cancellation Circuit System"} and U.S. Patent No. 4,374,400
entitled "Television Ghost Cancellation System with Ghost
Carrier Phase Compensation".

In a typical system of this type, the picture

- 35 carrier signal is extracted from the modulated television
signals provided by the intermediate frequency (IF)
amplifier. This carrier signal is used to synchronize a



2191367 phase | ocked | oop (PLL) whi ch provides a regenerated carrier
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frequency vector sum of the direct and delayed direct (ghost) carrier
signals and, consequently, has a different phase than the
20 direct carrier signal.
~ When the extracted carrier signal is used to
synchronously demodulate the television signals provided by
the IF amplifier, the resulting baseband signals are
distorted by crosstalk from the quadrature component of the
25 modulated television signals. Since television signals are
vestigal sideband modulated signals, this quadrature
component is the Hilbert transform of the in-phase
components having frequencies greater than 1 MHz. The
distortion caused by this quadrature component may appear
30 as excessive péaking of vertical edges in the reproduced
| image or as an apparent loss of horizontal resolution
depending on whether the quadrature component tends to
reinforce or cancel the respective in-phase component.

In accordance with the principles of the present

35 invention, circuitry is provided for reducing demodulation
phase error in a system for processing radio frequency

television signals. The system includes an input terminal



tel evi sion signals. The systemincludes an'input termn nal for applying a
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modi fied firstDeksebann BPgRsl argyFRypled to the input terminal and are
responsive to the radio frequency television signal and to

- 20 the oscillatory signal for generating first (I) and second
(Q) baseband signals each having direct and delayed direct
signal components. The direct signal components of the
first and second baseband signals may include reciprocal
crosstalk distortion components. The baseband signals

25 represent amplitude modulated information carried by the
radio frequency television signal. Additional means are
coupled to the detection means and are responsive to at
least one of the baseband signals for generating a phase
control signal proportional to the difference in phase |

30 between the direct carrier signal and the vector sum of the
direct carrier signal and the delayed direct carrier
signal. Finally a phase correction circuit is provided
responsive to the phase control'signal for modifying one of
the phase difference signal and the first baseband signal

35 to generate a modified first baseband signal having
substantially reduced crosstalk distortion components.

In one embodiment of the present invention the
phase correction circuit includes an adder and a voltage



substanti al | y reduced crosstal k distortipn conponents. In one enbodi nent of .
the present invention the phase correctTon circuit includes an adder and.a
vol t age -4- controll ed OSCI | 'ator and the phase control signal tends™.b
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that are useful in ex Ing t eratron e.portion of the
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’ receiver shown in Figure 1;

Figures 4A-4E are waveform diagrams of amplitude
versus time that are useful in explaining the operation of
the portion of the television receiver shown in Figure 1;

20 Figure 5 is a block diagram of an alternative
demodulation phase error detector which may be used in the
portion of the television receiver shown in Figure 1;

Figure 6 is a block diagram of a further
embodiment of the present invention;

25 Figure 7 is a block diagram of a demodulation
phase error detector which may be used with the embodlment
of Figure 6; and _

Figure 8 is a block diagram of a complex W/
multiplier used in the embodiment of Figure 6.

30 Referring to Figure 1, RF signals are received by
an antenna 8 and applied to tuner circuitry 10. The tuner
circuitry 10, which may be of conventional design,
heterodynes the RF signals with a signal developed by a
local oscillator to develop IF signals, which include

35 composite video signals modulating an IF carrier. These IF
signals are applied to and amplified by an IF amplifier 12
and applied to carrier reference signal extracting

. circuitry 14. The circuitry 14 may, for example, be a



hét erodynes the RF signals with a signal devel oped by a local oscillator to
devef\o/p | F signals, which include .35 cORposi te video signals nodul ating
an I'Fcarrier. These IF signals are applied to and anplified by an I F
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synchronous detector 22. The synchronous detectors 18 and
22 multiply the IF signal, also applied thereto from IF
amplifier 12, by the respective in-phase and quadrature

20 phase carrier signals. The detectors 18 and 20 thereby
respectively generate baseband signals I and Q representing
the in-~-phase and quadrature phase modulation signal
components of the IF signals respectively.

The I and Q signals are applied to automatic

25 deghosting circuitry 24. The deghosting circuitry 24,
which may, for example, be similar to that set forth in the
Thedick article or the U.S. patents referenced above,
processes the I signal to substantially remove multipath
distortion compohents and provides a deghosted signal, 1I?,

30 at its output terminal. _
_ ' As set forth above, ghost signals having carrier
phases which differ from the carrier phase of the direct
signal'may cause the carrier phase of the incoming signals
to be different from that of the direct signal. The ghost

35 signals will be a delayed direct signal component including

' a delayed direct carrier signal. This difference in phase
propagates through the tuner 10 and IF amplifier 12 so the
phase of the carrier signal extracted by the circuitry 14



30 at its output termnal. As set forth_above, ghost signals having
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distorted. The effects of ortion are shown In 15 I gures 4A, 4B,
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anount of tirgudbiyese ihiadei cdfipéneiitsBognthBelvadehgr 8448 of the
vertical synchronization pulse for the direct.éignal. The
leading edge of vertical sync is a training signal
20 generally used by automatic deghosting systems. None of
the waveforms shown in Figures 4A-4E include any ghost
signal components. In the present embodiment, the ghost
signals causing the demodulation phase errors are assumed
to be delayed from the direct signal by an amount of time
25 greater than 21, the amount of time between the points A
and B on the waveform 4B.
As shown in Figure 42, the in-phase component of
the direct signal is a smooth transition from a value et
corresponding to black level at C to a value corresponding
30 to the sync tip level at D without change of direction.
The waveform shown in Figure 4B is the quadrature phase
component of the signal, the Hilbert transform of the
components of signal shown in Figure 4A having frequencies
greater than 1 MHz.
35 Figures 4D and 4E respectively show the effects
of demodulation phase errors on the I and Q signals. In
Figure 4D, the I waveform of the direct signal is no longer
a smooth transition without change in direction from point



As shown 'in Figure 4A the in-phase conponent. of the direct signal is a
snnohh/tran3|t|on froma val ue correspondi~g to black level at Cto a val ue
cosrespondi ng 30 to the sync tip level at D w thout change of direction.
The waveform shown in Figure 4B is the quadrature phase conponent of the
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applied to a d@ﬁayCDGQnﬁnvi2h6thheleading edge of the vertical
' synchronization pulse component of the demodulated
composite video signal. '
Figure 2 is a block diagram of a demodulation
20 phase error detector suitable for use as the detector 26.
' Q signals from the synchronous detector 22 are applied to
' the signal input port of sample and hold circuitry 210.
'Ihe signal VSYNC is applied to a delay element 216 wherein
it is delayed by an amount of time t and applied to the .
25 control input terminal of ‘the circuitry 210. The output of
delay element 216 serves as a control input signal. The
U sample and hold circuitry 210 samples the Q signal when the
control input signal is high and holds the value of this
sample while the control signal is low. The value of the
30 sample held by the circuitry 210 is applied to a first
input terminal of a subtracter 218.

The Q input signal is also applied to a delay
element 212 which provides a time delay substantially equal
to 21 time periods. The signal provided by the delay

35 element 212 is applied to second sample and hold circuitry
214, which is also controlled by the delayed‘VSYNC-signal
provided by the delay element 216. The output sample value
of the sample and hold circuitry 214 is applied to a second



it is delayed by an amount of tinme [‘err]and applied to the 25 control
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si gnal provi .he.de n . tp anpl e val ue t he
sanpl e and hg'ep‘apc%’}’t&&a?ﬂf %of@é%p%? %égetgﬁg :géejto:%efeé?wb%ts’t@??ffﬁal of

t he subtract droml &heTicaryiay aeference ssiynaltexthactimg| eivahiktryrbdi ded
by the circuj ; ] ' t L LAl I es
the result tgtf[ Eé' P$€ %6@%41841)&%&@ %egu%p‘gtigé%ﬁ{ﬁ%%igﬁgggg%%f a
phase | ocked SPBBRTSHOTaRIO rand (jehe Lutpt migngl ¢grarent®agegnal s from

the carnoer eehtrd13ed idHElREsAC{VIY) C31SUisrapphiad € Othe JtRee

lied t ' t t 1,nal Qf h t 310 dth t put
Shonal of a JoPERGEeRnaky: The SFORRF) FigReL WEcrhe mhvee GOPREATEF ( he
ot her input Baonisaproporticomail © grké &ifférendeasin ghqpse dhetwedl) | s
ti I h | ffs [ : t | |
Phase di 11or Shase By SIS, | IRIESnles \EERrotnte fPami 0o apdlics

0
the other infQt one inpathiteaminalye £ R sadded| TR  cthe cether t ipPWht put
signal 95 theedniipddl ¥f Whithdsis owpléetest pecefve caheobpdt farda1 K vig

e, scal 110 Sl cull ki 1,20t 3122001 S LDs, ShE oL 11 pece
term nal of &facworpXswifa It siflindecioopifrytIraof the PLL. The
: low-pass filter 316 i”%%ﬁ*ﬁéﬁéé*?ifiéﬁﬁﬂfés the sum of the phase
difference signal and the scaled phase error signal to the
20 input terminal of a low-pass filter 316, the loop filter of
the PLL. The low-pass filter 316 integrates the signals
applied to its input terminal to produce a control signal
for the VCO 318 at its output terminal. The VCO 318, which
may be of conventional design, has a free running freguency
25 approximately equal to the IF carrier frequency. The
signals provided by the low-bass filter 316 adjust the
frequency and phase of the signal produced bj the VCO 318
until it has substantially the same frequency and phase as o/
the direct carrier signal component of the IF signals. The
30 output of the VCO 318 which as noted above is fed back to
the phase comparator 310 serves as the output of the PLL
16.
‘To understand how this occurs, consider, once
again the figures 4A-4E. The waveform 4B shows the portion
35 of the demodulated quadrature signal, Q, corresponding to
the leading edge of the vertical synchronization pulse when
"the signal provided by the PLL 16 has the same frequency
and phase as the direct carrier signal. The'points A and B



applied to its input termnal to produce a control signal for the VCO 318
at it§ output terminal. The VCO 318, which-%my be of conventional design,
has, a free running frequency 25 approximately equal to the IF carrier
frequency. The signals <ﬁrow ded by the | owpass filter 316 adjust_the
frequency and FIRIRESRONGES | Ehey VRILRR R D \PY HEhe/ampke Lﬁ‘ﬂ‘?l held pas
subst ant It al :cyt Ldl&;éiﬁf&i rETRiedey zuel ﬁm@casv?rphdlsm&e Cﬁimermﬂﬁ‘sﬂar%
conponent o e out { he. 318 Ich as note
above is fed bHP 'ﬁ%’%ﬁéseeq‘&ﬁ‘pa%?oﬁ s%’l:?/v %)tpﬁeub%t put of the
PLL 16. To undeie;wm.dlmm rplmsn:mmrmdm: Zﬁlceoagmri?mhelm:gmres

4A- 4E. The ga Q{W | o) r@éjd‘% uadrature
signal,. Q corr ponﬁlg %1 POE Qéhéogﬁaen%fé? e vertica ﬂﬁgtél
synchr oni zat i orS3RLELGAEFLY Heo s%aﬂ’hiﬁ%\ﬁm bSd gnal ARPlieEd ko tHhe ko

Cor fespond Lo Bh e O A ol d o (ouitry 214 and 210
respond to the val ues e sa cirguitry n
respectively. Since thes@t&v ‘E}é%t]a‘f%l%'ppr%%zﬁﬁ é}‘ f @T‘E\f

provi ded {33% t hqmtmm&d &y otheBGe 16 ris mteteth@rsaﬁetas ttme Riladé of ihe
approxi ma eg t t he
phase erro ]T si ghal- ¢ app dl?él%ﬁaw pASS &#%%I&Si%kg&%% dé%rélgﬁ

Al ternatively, Mam@m&mhé‘s.mmbr@mm 4Bic Iave 16ifEerent

the same as the Phase. Ofrd Nenild inddrsed, oaaéleémég ovidéd r@&@ondl ng
poi nts on the quadrature waveform A Fl GURE 4E, have di fferent

val ues. In thi @q’?ﬂﬂ%*e’-mi RIS RIFXF o‘g?ﬂ%ﬂt‘b’fl $8ATR RRRTZETO A hase
error det ector Sntar ibuios - il fichroly rid utite Splgasé | adjus yméwt tdbgmpdias e

adJ\_;at mant gn ddey_3 t o e, this
signal i s 3 g‘fea‘f%po?éiftfi f'}g %‘g%%é Pﬁr? 6&%% # o?)g‘%;é'r equency
control si gnal gignahas/Chixgratend byrpthe ubl@w-amlsgofalte:y 316 tte ¢enslop
adj ustment si gnal rAL G &Y QoA EEb1 signal for the VCO 318. The amplitude

and polarity of the phase adjustment signal are controlled

by the phase comparison circuitry 310 and the scaling
20 circuitry 314 to ensure that the signal provided by the VCO
318 converges to the frequehcy and phase of the direct
carrier signal.
As set forth above, the demodulation phase error
signal used by this embodiment of the invention is the
25 difference between the values of the Q signal before and
after the leading edge of ‘the vertical synchronization
U pulse. For this system to perform well for signals which
may have different amplitudes, it is preferable for the
television system to include automatic gain control (AGC)
30 circuitry before the demodulation phase error detector 26.
'This circuitry ensures that phase errors of the same
magnitude produce correction signals having substantially
the same magnitude.
' Figure 5 is a block diagram of a demodulation
'35 phase error detector which performs well without AGC
circuitry. This demodulation phasé error detector includes
two circuits, 500 and 530, each of which is identical to
the demodulation phase error detector illustrated in Figure



by the phase conparison circuitry 310 and the scaling 20 circuitry 314 to-
ensure that the signal provided by the‘W@@ 318 converges to the frequeney:
and phase of the direct carrier S|gnal As set forth above, the i
denodul ati on phase error S|gnal used by _this epbodi ment of the invention is®
the 25  di$ferBhcEhiR: sERAdinenta B &f sigpay ipgABRPlEeAcEe A8 after the
-1 eadi ng edg@méuiheswrt | Thissgonheotiaat b.ensnutzﬁem Fogutli $ sysmén to

D ef or abl o 974 el OF EFER ACLEEERR {S PR PBEESREoRRe | o108 FEEGHEFo
(AC) 30 QQGcﬂ#Y¢yOMwaabueﬁeaUembdubutpun phbteactoor 588t ect or 26. This
Circuitdy enspyx né‘feﬁﬂfﬁ? fE‘EQEénPfe Bgﬁwééﬂetﬂég%ﬁ.‘gguaéogfcﬁhe

correctlon Sl gna stantla he same nma ure IS a
bl ock di agredeRal %I%‘Pr%%lui’a@l afites thﬁh&QédéPgoFdﬁét eft vertihcah p¥ncorns

vel | wi t houthe\@ i £diLti $3¢ - dewTéléer‘G‘Eﬂuéét aenlaaaSQtsﬁ{:Oéuﬂeise%:ef
i ncl udes t circuits s.1dentical .to the

-denpdul at i ?ﬂﬁﬁﬁ?%ﬁ??ﬁlﬁ%tgg?oalffFﬁgpFﬁtngwﬁeﬁlBBFeamP 13tude of s
enbodi rrent ,théel | sigmabl béeforppanddafterhthei Leading38dgéhbs veptteaion is
shown 3&@5 1 by the dashed line fromdetector 18 to detector 26. The
circui evel ops values at its output subtractor 518 5 representing the
dlfference bet ween t HEhenputputiesbgnahs Eromgaubtbactersahi8aandr528e

| eadi ng edggrfapiel ié&atosanawi”aercsaswtIEB%eeafwaér&abueéhat Its
out put subtract or 528 ‘greseth% che dlfferen e hetween the a anpl i-tude of

the | S|gnzﬂ-l %ﬁQF%URF yeep eSHPREL BHR bFuéﬁrYPEHPslbs diyidedThe
out put si grey stie ol Sfdtence obetﬁéenaﬁﬂeS28sagnampainpmﬂthaeavdmeder 540.

' ek by L Vb B A P05 oL MRS Tabhes Boh 81phe “ERLLRIE oK OHES ' &
val ue prowphﬁﬁ&nanQiﬁcbetmeenSHDel§Ftnerraﬁgeandothehéiphatecangierbetmeen
the I'F carrjgig Wﬁ@qéjiét%étﬁﬁfiﬁfiy independent of the range of
amplitude values occupied by the I and Q signals. The
values developed by the divider 540 are applied as
20 demodulation'phase error signals to the PLL 16 as set forth
above. . |
Basic to understanding the operation of the
demodulation phase error detector are the equations
- describing the synchronous demodulation of the in-phase,
25 I', and quadrature phase, Q', components of a vestigial
sideband modulated signal using a regenerated carrier which
differs in phase from the carrier of the modulated signal

by an angle 6. These well known equations may be expressed -/
as: '
30 I' =1 cos 6 - Q sin @ : (1)
and
Q' = I sin 6 + Q cos _ (2)

where I and Q are the baseband in-phase and quadrature
phase components which would be obtained if the regenerated
35 carrier had the same phase as the carrier of the desired
"signal. In this instance, the desired signal is the direct
signal component of the IF television signal'and 6 is the
phase angle by which the IF carrier of the combined direct



This value is substantially independent of ‘the. range of anplitude val ues
occupjed by the | and Q signals. The val wag -devel oped by the divider 540
are applied as 20 denodul ati on phase error signals to the PLL 16 as set
forth above. Basic to understanding the operation of the denodul ati on phase
ﬂ]ro_r deLectoanﬂr delllagedqditriearts (dhoati )bited evisiop elhiomadu didffiersulfaomon of

e in-phase, . | q ur, ]:@pé' s 4 CO . vagshi gi al
si deband mduﬁg‘?e&star%l%&gilé%S%ter gg'enerat(:asel(?ggér'r [ ?rgq\%%]%%u%ftﬁggr gszi)ng

phase from t h&heaveluesopf id mpduBdt &f FIFVRE BE MeYahe expaessedriidse

\[N::’:’] knogg?g%gﬁ&%n@abbeWﬁiﬁd P@?&'ln)d?‘% c?fQFIGUIRE 4B [and ]'l:JHe valluees
- . an =1 sin [err] + Qcos

Lerr] s "¢ Snd b of FICPRE, & @9° and Q are the baseband i n-phase and
quadr ature phase conponents whi chatwos a Eemls & redost & he regener at ed335

carrier had the same phase as the gGarsier,. e IJed signal. - In this
I nstance, the desired signal is tth di rﬁ;c lqgie;.nualéj%?r?rp?nent of the IF(Q)

tel evision signal and [ &dmiliasishe ystiee egwatdary (Ahi.cirhengalmesa G @ndof
the conbined ¢hir gt Flﬁlﬁ%d 4gplan,éiié,ﬁﬁtegég@sgs), tel evision signal differs
0 e

fromthe IF carrier IreCt signal. Using equation (2) the val of
A and B1Oof FIGURE 4E may be exp&ssed £°% @nc’?i’b He tht(a z/al ues A 3%3 B
of FI GURE 4B and the values 5 Cpomnc: D ddodleCURB #Ame A = Csin [d&)] +
A cos [err] (3) B =Dsin [err] + B cos[err] (4)
Simlarly, using equation (1), the values C and D of FIGURE 4D may be

- expressed as: The output signal from the @iwider @i( &rff FiguxesiSimay pe

| Eﬁ)g_j?l vi:dgrcg?ﬁ[sg{ﬁhéduf% '51{}1”4&9& eat.eonc:r' bed b t§16) et e PUt >tonal fr_om
(BSA)/(D-C) g Tayn X (=7)(SB'_-1A'e)/(1:¥'-C'e) equati on: .Tan [er(r7]) =
15 substituting the equations (3) through (6) into the
equation (7) and combining like terms yields:
Tan © = ((D-C) sin 6 + (B-A) cos ©)/
({(D-C) cos © - (B-A) sin 6) _ - (8)
From figure 4B it is noted that A = B. This identity is
20 substituted into the equation (8), yielding:

‘Tan & = (D-C) sin 6/(D-C) cos © (9)
the factors (D-C) in the numerator and denominator of
equation (9) cancel, so the equation (9) becomes the well
known identity: ' ' '

25 | .~ Tan @ = sin 8/cos © ' (10)
{;/ ‘ | The embodiments described above are in terms of
analog signals and analog circuitry. The embodiment
illustrated in Figures 6-8 practices the present invention
using digital signals and digital circuitry.
30 . Referring to Figures 6-8, elements which are the
same as those shown in Figures 1-5 are similarly numbered.
In these Figures, broad arrows represent busses
for multiple-bit parallel digital signals and line arrows
represent connections carrying analog signals or single bit
35 digital signals. Depending on the processing speed of the
' devices, compensating delays may be required in certain of
the signal paths. One skilled in the art of digital signal



15 substituting the equations (3)" through (6) into the equation (7) and
combining like terms yields: Tan [err] | =12¥D-C) sin [err] + (B-A cos . -
[err])/ ((D-C cos [err] - (B-A) sin [err]) (8) 2
Fromfigure 4B it is noted that A = B. Thl identity is 20 substituted
into the eqPRAHSPTINT SA%eFehhfesign woyld W‘C)w#ﬁe[%‘t‘?l}/ ¢la¥Scos [err]
(9) the factanmd Q&)neéuém&mmﬁﬂicmd@ﬁ@m@ator of- equation (9)

cancel, so the equat"ig%ﬁg}rﬂ?gco{roe%fm &Pog\g(ﬁqub? #L%éénﬁ%ﬁ?%%?sby

Tan e = sin[err]/cos |
descri bed abthee arttenna t&rand cipphiedgtei twees cincedttyglei r chhe rfunefhe
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signal is applied to one input terminal of a synchronous
detector 18 and to the 90° phase shifting circuitry 20.
The circuitry 20 develops a signal that is quadrature phase
20 related to the oscillatdry signal provided by the PLL 16.
This quadrature oscn.llatory signal is applied to
one input terminal of the synchronous detector 22. The

signal provided by IF amplifier 12 is applied to a second

input terminal of each of the synchronous detectors 18 and
25 22. The synchronous detectors 18 and 22 multiply the IF

signal by the respective in-phase and guadrature phase

- oscillatory signals to generate respectively baseband

signals I and Q. Signals I and Q represent, respectively,

the in-phase and quadrature phase modulation components of
30 the IF signals.

The I and Q signals from detectors 18 and 22 are
applied to and digitized by analog to digital converters
(ADC's) 626 and 624'respectively. The digitized I and Q
signals are applied to a complex multiplier 628 and to a

35 demodulation phase error detector 630. Also applied to the
detector 630 is the VSYNC signal illustrated in Figure 4C.
The demodulation phase error detector 630 and a read-only
memoxy (ROM) 632 develop corréction sig_nalscI and CQ.



corrbo.___nents. This carrier signal is applied’to the phase |ocked | oop (PLL)
16 Wnkgh generates a relatively stabl e'..15‘3t%‘ti | latory signal that is |ocked
i n_frejuency and phase to the extracted carrier -signal. As before, this

oscillatory signal is applied to_ogne input term of synchr onous
detector 18 amhems mhoTahs |are, mERLISH b0 APLTIRtAer o2 Wheke JHeXi5S, 20
dgvel‘f)ps a shg:mibmimi wisthyuady atigictided esidfhals el ainedl Q otd hdewslop | at ory
si gnal provi 16, ' | rys S !
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provi ded by | R'amhiich @rrelxubﬁfaagmeehflx ofree b riirephsignas eyosstakkh
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from det ect or sserl%ct‘a%’%;q‘afteheapp ("Tdeloé oa]!fsltlfjltjéitf’lgScl?ltl isrir‘e%q'gyé 'a%%)%gnf%ogd?gist al
converters (ADefereredmbaR, mureises|the The signal &l subskantis gl s
are” appl e t(}eg‘??g@m Xti’BHﬁl} }ﬁihé&oﬁ@ﬁ:ﬁ%xﬁﬁbx?ex?é arfle Pxbyaddona phase

error detector : so applied to the detector 630 1 s the VSYNC signal
i | lustrated i seghpstedqgingl ddhdfl ks APRRE oM Ratiet ect or 630 and a

O Tese Sl onalS. arb aon et B e e e Ly ol b ot nod
-13- ese signals are appli.ed to mulii er ere they.are co

wth the di g BEARE Sl Aetentek ot HRAS 0¥ SHb T vafs adisriet Wil
q_uadriat ure phate defrexitor Ishownl i EIGURE a2 eincbadesttve [sample of direct
signal cresst g, | rd UL | I ' applied
to aut oma%lsc ?@&f}s%x%é)c%%%}flt ry 34. nél”ﬁ% %%Fﬁ%ﬁf%‘h%ﬁ?ﬁ%%%émﬁghl ©
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the U S. Paterire hisienGinft P PIOTHISEDS tdlken bSfre and sfbexk atheal |y

leading edgé of vertical sync. Since the circuits 700 and
730 are identical, only one, 700, is described in detail.

20 ' Digital samples representing the signal Q are
applied to the data input port of a register 710. The
signal VSYNC, is applied to the delay element 716 wherein
it is delayed by an amount of time, t, and is applied to
the clock input terminal (CK) of the register 710. The

25 register 710 loads the'sample value applied to its data
input port coincident with the leading edge of the VSYNC

U pulse and holds this sample value until the next occurrence
~ of ‘a VSYNC pulse. The sample value held by the register

710 is applied to a fifst input terminal of a subtracter

30 718. _

The digitized Q signal is also applied to a delay
element 712 which provides a time delay substantially equal
to an amount of time, 2t. The signal provided by the delay
element 712 is applied to a register 714, which is clocked

35 by the delayed VSYNC signal provided by the delay element

- 716. The sample value held by the register 714 is applied
to a second input terminal of the subtracter 718. The
subtracter 718 subtracts the sample value held by the



10 Femove mul ti path distortion corrponents and provi des a deghosted signal =
" at its output termnal. FIGURE 7 i s"& bl ock di agram of a denodul ati qd
phase error detector suitable for use as the detector 630 . The det ector

shown in FIGURE 2 includes two Sﬁnﬁpﬁ 1g i fference c U|t 700.and 730 °
whi ch devel 5p93FERE| 41 efFaBeihp g B¥r FBe.FE9LS tr"i‘é1 ARBLAEFal ues
of {t he respgréi ¥eéstientdol sainghel dlvalddngbe&mm.nrg aﬂIOer the | eadl ng edge -

of vertical sync. Si ngg?;g%ngarsc%tlﬁegogr%@q_séﬁog)grethl dg{ltfcqﬁl ,I?g one,

700, is described in es representing
the signal fepreseppsi etheodififeggnge hpﬂ':-ﬁeséi\rfthef aalPrléQﬁ“ﬂeeP The the

si gnal ¥SY a t el g’ @nyed by
an am)u%/t l(;l%'?ﬁél B ‘Leﬂr)? &ﬂd Q?;-,Qg-l %Fe&%&?he%dggg;%ﬁﬁlda?m nal (CK)
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to its dat agrawaea%ampmenoadaets \irol s thraadiory meepﬁcerstmﬁﬁw@ml se
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sanple valu
of a subtraafeer36he Iéadifigeedigg oifz yér®isadnsyncs (dl.eo ®IpiQ'edn o a del ay

el enenf 712 v e %W gg,tﬁ.; YE iald 3@ Q._I diidiyount of
tinme, {‘%rr]FmﬂﬁEm gna ]tgpram% glog‘abq' he del ay el enent 2 IS J'apg'pl ied to a
regi ster 714¢ir@nitryi 248locked 35 by the del ayed VSYNC signal provided by

t he del ay el enent 71611{“&&&%&&3?@1&&&1@:1 dﬂtdﬂjﬂ:ﬂyegm a&he/14 is applied

to a second _input ternin of ubtragter .7218. T tract
subtracts tfef §ﬁﬁﬁP€ev9F§'¥eﬁé’1 ﬁ@.mp(i ues e's?lglr% ﬁ?c}rﬁle[%]at

hel d by thebgyeghet ai fféftence betvieen tthe rlesanplieo wiyds (cD'\HQ)'l)ng
a4 e B PR SRR e S s o by
| eadi ng edgwhmchveprreapo®@ﬁct9 the putput sigraire e'ﬂﬂ?Qﬁ%kﬁF%qW'730
simlarly phase error detector 630, (FIGURE 6), is substantlally
equal to the tangent of the phase angle separating the
' extracted IF carrier and the direct IF carrier. This
20 signal is similar to the signal described above with
respect to Figure 5 as the output from the divider 540.
The quations (1)-(10) similarly apply. This signal is
applied to the ROM 632 which develops the correction
signais CI and CQ that gre applied to the complex
25 multiplier 628.
The signal PE provided by the demodulation phase
error detector 630 is applied to the address input port of
ROM 632 which is programmed to provide two transfer
functions, 1CI-and TCQ. The transfer function TC, is equal
30 to the cosine of the arctangent of the applied address code
and TC. is equal to minus the sine of the arctangent of the
applieg address code. Since the address codes are equal to
the tangent of 6, the transfer functions IC, and TCQ
provide the correction signals C; and CQ:
35 C. = cos © (11)

I

= «gi . . 12
CQ sin o (12)

These correction signals and the synchronously
demodulated signals I and Q may be considered to be two

“



provi des sanpl e val ues fron1subtractor 728 representlng the difference
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vertical sync (i.e. - in 10 FI GURE 4D) to a second input port of the
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quations (1)-(uespeskiYetYy apply. This signal is applied to the ROM 632
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the conpl ex 25 nmul 1 pli 628,.. Th n err vi de Y.} he
denodul ati on dﬂ%%%?%i+€? g%?ECt%PeG bg%gagpﬁi i § ?ﬁgmagaeeé fﬁput port
of ROM 632 mhisﬁpiﬁe@rﬁgramaeﬂnpmtpportdeftaocbnuesteon&hndigbhel [err] and

[err]. ,@%gegéﬂ fb' 0%{1@&%35%&15(4#@@;9 cga?rbﬂenéﬁséﬂehef the

arctange address co to mnus the sine of
t he arctangentamwlxh@ prthed°§h€¥e38P6§d90r5|ﬁéemﬂﬁ§1aﬁﬂﬁ§s§1eodes are

equal to the tpapefp1Pér|816] foihs tnanﬁi:eau&unatl ene beghhasdol andl cy
prOV|de the correction,signals er

[err] = [err] and applies this ? T? ggrpfe 1ngpﬁ ?8FF]°£ a subtracter
(12) These cors£4t|oslﬁiganly,anuetprodyathoﬁnmhel91daaﬁdulaand skgmals I

nS|d akfe® Vipg real
and |nag| g g%f?% r%s%ggﬁiﬁgl?o ?%E Wﬁggﬁag p gg rgggpgeptgse
signal s respec&nohhqr ihBUtonprtxoﬁuthﬁpspbtrezgegoﬁ%&nesSﬂh§§é0ter 814
subtracts the product of the signals Q and CQ from the

product of I and CI to develop the corrected in-phase
‘'signal I'.

20 , Additional multipliers 816 and 818 form the
products of I and CQ and of Q and CI respectively. The
output signals of the multipliers 816 and 818 are applied
to an adder 820 which sums the signals to develop the
corrected quadrature signal Q'.

25 Using the equations 1, 2, 11, and 12, the signals
I' and Q' provided by the complex multiplier 28 may be

W, described by the equations:
I' = (i cos 6§ - g sin 8)cos 6 -
(i sin 6 + g cos 8)(-sin 0) | (13)
30 and .
Q' = (1 sin 6 + q cos 6)cos 6 +
(i cos 8 - g sin 0)(=-sin 6) (14)
Expanding the equations (13) and (14) yields:
_ I' =i cos 6 cos 8 - g sin & cos & +
35 i sin 6 sin ® + g cos 6 sin © (15)

I' =1 (cosz e + sin2 e) (16)



two conplex signals to devel op a pHase.corrected conplex 5 signal having
real and inmaginary parts, |I' and Q respketively. FIGURE 8 is a bhlock ---
di agram showi ng the conplex multiplier 628. The digital signal Qf rom‘KDCs
24 is applied to one in{)ut port of a conventional digital 10 mul tiplier
310. The digital signfdl £1fromROM 32 is applied to the other inpl#7bort
of multiplier 310. Multiplier 810 forns the product of the signals Q and
[err] and applies this_product,to one ié‘lput port of a subtracter 814.
Sinilarly, the product2of= theft® ghaf?® 9 ahdd[€P719i1€°95° “forned by a

mul tiplier 812 which applies ¢de 6 esimtotd qneihed simpud port of thels)
subtracter 814. Subtracter 814 subtracts the product of the signals Qand C
fromthe product of I and [err] tg® devel op,the corrected in-phase signal

1'. 20 Ad@ti%rml(mﬁti?)l'résnp%l%)and 818 formthe prod(®¥ of

| and C and of Qand [err] respectively. The output signals of the

mul tipliers 816 and 818 are applied to an adder 820 which sums the signals
to devel®p the correct®d fuldrature signal Q. 25 Usi ng{2Pd
equations 1, 2, 11, and 12, the signals |I' and Q provided by the conpl ex

sations 1, ] ; and Q provi ¢ )
L PLLET 20 TR B SERbtAih bty S PO T hpBBRehe de o))
30 and = (Sigmalg eft]and Rtaproducédcoy therfompléexcweluiplier 628 .

sinferr]) (- sif [&ddantidilfy F@ENGEan} "GeRGMd] 2016n (FRAs8"Erkdd) Vi el ds:

' =1 cos[err] cos, e - q sin [err[ cos Terr] + 35 i sin
[err] sin [€HF§torgioRCoRponents. err] (15) 1' =i ([err] +
[err] [err]) i (16) - 16 - 1" =i

(17) [err] =1 sin [err] cos [err] + q cos [err] cos [err] - W/



[ 605‘._[er.'r] sin [err] + g sin [err] sin [err] '
([erriirlerr]) | O (19) 8- HM” 11}
(20) Consequerguym he direct signal conponents of the S|gna
produced by the—eﬁ-ﬁ%-ex mul tiplier 628 are substantially free of any

denodul ati on phase err0r1 di SAOd&ir@dil:LﬁOﬂ@ﬁnféBﬁcn.ng déﬁod@&é‘ty@n phase :
* C( L M sfwt for_reduci tion phase“error in a

n
system for proce55| ng ra %qﬁ%‘ﬁc@r?%?%ﬁ'g?oﬁgg?@n FEqUBhpYi $rhgvasion
i nput term nalsﬁmwaleq)mgmmalmgidam inputicteyminhdvifsroappilging Havragsoa

di rect signal é{ﬁig}{&'sf eg al .and,a del ayed
di rect signal %orrponen n%?]jé%\;il ng f%I?aye é‘élfﬁé % ???g % ﬁ?;ll wher ei n
sai d radi @ fr SQTRARERTE NG W%.grﬁxm%m&smrcaxgml angnal da/lhaybdl s a

vect or sum of dia:iétﬁjlﬂﬂﬁlapaééml%néﬁﬂnﬁkcﬁ@1ﬁ&' g 88\ 38 8&588’8 83&%&%{: 10
5|gnal nmeans Gou Ied i nput termnpal for extr I'n car
signal from s&t rﬁ@f‘fe‘}' AR Bregrgnay; tﬁ:'leamse@npswnab sai d

carrier si gnallrmarum lmgpa]ﬂ'lemwmﬁldmiahuﬁs ng G@é‘ﬁ@f' g%ﬁgﬂg' QQP% ohase
circuitry for to aving.a frequ
d:aterm n)éd bydg%:é? Fact ed A 7'@ 4’9%%,[% é%f agkr?‘E)Ek‘éﬂr?%

circuitryO; ncISG@TD@é phase conpar at or neans responS| ve to sai d

extracted carrier signalpmaik 28up1L8 $8! Eaggc#kg ttoq:%rﬁ‘lﬁglgﬁaggolr)egenerati ng

a phase dlfference signal re resentl ng t ence t ween said
oscillatory af¥%& ﬂﬂéfrqaé?nsql@ﬂ@ahef&mwmcofmwenoysal d

i nput 25 t etellesticdioth lsEgilSi ve to said radl o frequency tel evision
signal and to said oscillatory si aéa for eneratipng fiyst and second

baseband si gnal s each hAARIF HPEE L) RPER 1K 1Signmh| exXbraering s,
wherei n 1he dimeans anghdincluding phase locked loop circuitry for

generating an oscillatory signal having a frequency and
Phase determined by said extracted carrier signal, said
phase locked loop circuitry including phase comparator
means responsive to said extracted carrier signal and
20 to said oscillatory signal for generating a phase
difference signal representing the difference in phase
between said oscillatory and extracted carrier signals;

detection means coupled to said input
25 terminal and responsive to said radio frequency television
_ signal and to said oscillatory signal for generating first
-/ . and second baseband signals each having direct and
delayed direct signal components, wherein the direct signal
components of said first and second baseband signals may
30 include reciprocal crosstalk distortion components, said
baseband signals representing amplitude modulated
information carried by said radio frequency television
signal;
means coupled to said detection means
35 and responsive to at least one of said baseband
signals for generating a phase control signal proportional
to the difference in phase between said direct carrier



conponents of said first and second baseband signals may 30 I ncl ude

reci procal crosstal k distortion conponeqi ,_5ai d baseband sigrats— &=/
representing anplitude nodul ated i nformatlon carried by saij ' Roc
frequency tel evision signal; nmeans coupled to said ﬂmﬁmmm@}m“k )
and responsive to at |east one of said baseband si griRERfgy atdi ng a '
phasé control signal proportional to the difference in phase between said
direct carrier - 18 - * C L M S * signal and the vector sum of
said direct §3ghhaer ahddRbe Fedtod Guielow ash H I@tte SR B i S gé‘fériaif‘ &
phase correctloa éerUIt 3& responsive to, said phase control signal tor
modi fyi ng on833f H&1AYSALSd TSY SARFde it n®id first baseband
signal to generate a nadiphias# dorxdediHsgbayiraiipnal havi ng substantially

reduced gros | k. di.stortiaon. qQnents. 2. circuit_as claiped in claim1l
10  wheTei n§§§Pangﬁ§§etgo%aé‘c%toi%3' & rccodﬁr‘?ir?cﬁ’tﬁf&% aﬁf’rad?ﬁéfigﬁ‘d‘% QRf t age
control |l ed oefi shaiophase diiffertensre cugnal arid)rsdid efidsst badubmgsit he
phase of saig; hl hat ignal, i 4 Q{jd’s‘iﬁ anj4 yde. of said
phase cont roglg}ﬁg%a:t? %%}ﬁe%lag:% 2 %ﬁﬁgﬁeﬁcﬁ%&l as ‘E{c"fl‘foiigr?fl n‘!llfn%g?e‘é’rnrﬁ 1
wher ei n sai dsphatangdpldyt refusedc gnosstalki i skartsigrorcoppanentsy a phase
correction signal and neans for conbining said phase correction signal and
said first baseband signal ., 2Q ) 4. _Acircuit as clainmed in
clains 1, 2, or 3 wheréirn: ASRFTEE &5 FRIMRY 3IXAMR dh signal s include
a synchreni zwheret gnskidophasenicdradatg aqrerdintiwi ¢ riansivded Sin adliedd
sai d phase control ssi.gna rat] I ncl.udes, neans, responsive to
said first and sec%ﬁé g bOQ%Q%e doht BA'Ea scffié%or and said ‘
phase control signal tends to change the phase of said \_)

U

oscillatory signal in a sense to reduce the magnitude of
said phase control signal.

15 3. A circuit as claimed in claim 1
wherein said phase correction circuit includes means
for generating a phase correction signal and means
for-combinihg said phase correction signal and said first
baseband signal.

20 4. A circuit as ciaimed in claims 1, 2, or 3
wherein:
said radio frequency television signals include a
synchronizing signal component having periodic - N\
transitions; and
25 : said phase control signal generating means
includes means responsive to said first and second
baseband signals for generating a signal proportional to
the ratio of the difference between the values of said
~second baseband signal at times immediately before and
30 immediately after one of said periodic transitions and the
difference between the values of said first baseband signal
at times immediately before and immediately after one of
said periodic transitions.



baseband si,gnals for generating a signal proportional tot | f
di ffé@nce bet ween t he val ues of said second baseband si grﬁﬂ,ﬂﬂ[ﬂlﬂ'ﬂmm’ngml
i mediately before and 30 i medi ately after one of sai CN s
transitions and the difference between thggval ues of said first baseband
signal at tines imrediately before and i mmédi ately after one of said

periodic transitions. *» C L MS * -19- 5. Acircuit as clained in

claims3 wherein: said phaseaCesieeliolssclaihealsl Silalith ARANRedd)q] Hdes
means responsive to said phase control 5 signal for generating said phase
correction signal being proportional to the cosine of the difference in

phase between said diresaidaphase cogitection slignudcgeherdating mahfisdi rect

and del ayed direct reier signals, and said ¢onbini,ng, neans i ncl udes
means 10 for multi BRGLHIcE PAaPs sespooaiin €8 gadf Bpass gopkaol
correcti oft sighghalcfor genewating shidnpliase cobxrrectiohcsignalshednghase

control si 9NahrbSoPteoRal eaaukocbagn&ogn 983k edlehe ' pRASRACE | N

phase betweens rect carrier signal and the vector sumof sald direct
and del ayed dPetweensepid; dirgst sarriey gageal apd, &hei yactpyngum of
generati ng nMegsid difedtdand dedaved dbfmmscarier signdlgphand di fference 20
signal for generating saiddfirg%.and-second phase corieﬁtion signals bei ng
proportional, respectivBfy® EORPARBLBISPRARENG si nelBFIBAESPNSEBSHi f f er ence
represenl@d bforamdlpiplyidgf aidnfirstgbakebaddssignainbynsajdnphase

I ncl udes a co Lplier having first and second real and
| magi nary inp§?£€%?§§°gnggbé§ “and i magi nary output ports, said first real

and i magi nary input ports being coupled to receive said first and second
bageband signal s respecgivehyecitahfitsagoataifed 3ndc1ERal Aar ynbpaYh :parts

bei ng coupled to receive
| said phase control signal is proportional to the
15 tangent of the difference in phase between said direct
carrier signal and the vector sum of said direct and
delayed direct carrier signals;
said -phase, correction signﬁl generating means
includes means:responsive to said phase difference
20 signal for generating said first and second phase
correction signals being proportional, respectively, to the
cosine and eine of the phase difference represented by said
_ phase difference signal and
. said combining means includes a complex
25 multiplier having first and second real and imaginary input
ports and real and imaginary output ports, said first real
and imaginary input ports being coupled to receive said
first and second baéeband signals respectively, said second
real and imaginary input ports being coupled to receive
30 said first and second phase correction signals
respectively, and said real and imaginary output ports
" providing respectively, said modified first and second
baseband signals having'substantially reduced crosstalk
distortion components. :



30- saTd first and second phase correctlon sign and said
real and imaginary output ports providing respecﬂ,ﬂlﬂﬁmwucmgyﬂltl ed fIfI‘St
and second baseband si gnal s havi ng subsLQotlaIIy reduc ChOS

di stortion conponents. - 20- cC L MS *7. A CIrCUIt
as claimed in claiml wherein the nmagnitude of said phase control signa

genefated by said generalimgcﬂreuStiaspcmamméaomalclalm phase angl e by

which said o C|Ilat diyff eEs drature phase
related to §§1&'di %Fué%gﬁglsggankﬁaSECU|gtg§§cféﬁﬁ§§ inclaiml
or 7 mherEngnEﬂ&tedmbm saEQUganyrasn39|megnmm;ﬁw@ramm#tmhnah 1)

vertical fig ﬁgp éh@@ﬁ'sSQHPBEEEEIaEngsQ?Qnﬁﬁag f%gQEerom

si gnal generatln I S Tesponsive_to componen and Signa
prOV|ded5byhﬁ%nﬂcﬁ%%ﬁ%ﬁ%ﬁﬁﬁeﬁgéséoFﬁé§§§ﬁdFﬁgSﬂédséiaev§rFBG&hetleId
synchronlmlgléﬁgmal conponent for 15 generating said phase contro
signal. 9. Acircuit as clainmed in claim8 wherein: said vertical field
synchroni zi ng signal conponent includes periodic transitions; and 20

sai d phase control sigpal myesgrauivgaseetaimedl idealaimml erand hol d neans
coupled to ‘ggd second synchronous detection neans for generati'ng first and
second sanpl %ﬁrESpondlng to the values of said second 25 baseband

si gnal at a time |nnedsaiélyapnoofrequeneyoteAQVGSpenlsdgoaﬂransﬂuﬁelsaand

at a tiy 5&yfféi&rs9ﬂsheapggaﬂgp§&ggg cbﬁgggh eongagespectivel y;

and sanp e subttactton nmeans, cou neans, for
generating a signal prepbd t Phage gentrpé Fhsnéﬂf9@ﬂ§ﬁé§lbstwsénssald first

and second 3ﬁ¥ﬂ9é5p0n51ve to components of the baseband signal provided
by said detection means corresponding to said o/
vertical field synchronizing signal component for )
15 generating said phase control signal.

9. A circuit as claimed in claim 8
wherein:
said vertical field synchronizing signal
component includes periodic transitions; and
20 said phase control signal generating means
includes: '
sample and hold means coupled to said
second synchronous detection means for generating first and
second samples corresponding to the values of said second
25 Dbaseband signal at a time immediately prior to one of said
periodic transitions and at a time immediately after one of
said periodic transitions respectively; and
sample subtraction means, coupled to said
sample and hold means, for générating a signal proportional
30 to_fhe difference between said first and second samples.



\
-21- 10.» Acircuit as claimed in Caim 1 wherein said pha
conpfises: a variable oscillator esponsiyme to a frequency?ﬂ“ﬂmﬁmuﬂﬂtuIIII
far herating said 5 oscillatory signal; phase conparisorf méans cbupl ed
to said variable oscillatof.,and,to,said _nmeans.fpr extragii aid carrier
signal, for generating a p%QSe 6iFFEFEﬁEea§iﬁ%ﬁﬁhﬁsoéﬁrgiiﬂalftﬂh?ﬁﬁln
~diffektence in phsaid bphasenlébkedi loopccobmptbsgssi gnal and said extracted
carrier signal; and neans go ' )]t} ' aps for
foyirtioig Sec1PESE £R0BORLENE 570

conbi ning said phase difference si g sal Signal to
devel op the freqfep@yeneyii fontrolssianpls for sgeneyatingl saddcillator. 11. A
phase error §eduss&PD1&tbsy kigHRstantially as herei nbefore described wth
reference to Figure 1 of the acco ag¥gggndramﬁngs al one or 20, toget her

with Figure 3 and/or one oPPEPg§UFEEP sheans "gounled &P 8rideduction
circuit substantvariabhe bsctibhcbor eandetorshtd meédhsr £bLr éRELatoilggure 6

of e accompany, 10, 4Lay 093 BLGRE1"" e87 bEHEEDELnY' A phASS" &1, 8PERSL

signal proportional to the difference in phase between
10 said oscillatory signal and said extracted carrier
signal; and _
means coupled to said phase comparison means
for combining said phase difference signal and said
phase control signal to develop the frequency control
\— 15 signal for said variable oscillator. -

11. A phase error reduction circuit _
substantially as hereinbefore described with reference
to Figure 1 of the accompanying drawings alone or

20 together with Figure 3 and/or one of Figures 2 and 5.

12. A phase error reduction circuit
substantially as hereinbefore described with reference
to Figure 6 of the accompanying drawings alone or

25 together with Figure 7 and/or Figure 8.




