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Multipath reception conditions give rise to ghosts in NTSC television

reception. Multipath signals that arrive at the receiver with enough time displacement

10 from the principal signal as to cause discernible ghosts in a received television image
are referred to as “macro-ghosts”. Muitipath signals which arrive over a transmission
path of lesser length than the strongest or “principal” signal reach the receiver earlier
and are referred to as “pre-ghosts™; the ghost images they cause in a received
television image appear to the left of the desired image. Pre-ghosts occurring in

15 off-the-air reception can be displaced as much as 6 microseconds from the “principal”
signal, but typically displacements are no more than 2 microseconds. Multipath
signals which arrive over a transmission path of greater length than the strongest or
“principal” signal reach the receiver later and are referred to as “post-ghosts’; the
ghost images they cause in a received TV image appear to the right of the desired

20 image. Typically, the range for post-ghosts extends to 40 microseconds displacement
from the “principal” signal, with 70% or so of post-ghosts occurring in a sub-range
that extends to 10 microseconds displacement. Multipath signals that arrive at the
receiver with not enough time displacement from the principal signal as to cause
discernible ghosts in a received television image, but which affect transient response,

25 are referred to as “micro-ghosts”. Macro-ghosts are more conmon in over-the-air
terrestrial broadcasts than cablecasting in which micro-ghosts commonly occur
because of cable lengths being terminated incorrectly. Similar multipath reception

conditions obtain in digital television (DTV) systems as in NTSC and other analog
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DTV transmitted by VSB AM during terrestrial broadcasting in the United

States of America comprises a succession of consecutive-in-time data fields each
containing 313 consecutive-in-time data segments or data lines. Each segment of data
15 is preceded by a data segm.ent synchronization (DSS) code group of four symbols
having successive values of +8§, -S, -S and +S. The value +8 is one level below the
maximum positive data excursion, and the value -S is one level above the maximum
negative data excursion. The segments of data are each of 77.3 microsecond duration,
and there are 832 symbols per data segment for a symbol rate of about 10.76 million
20 bauds or symbols per second. The initial line of each data field is a data field
synchronization (DFS) code group that codes a training signal for
channel-equalization and multipath suppression procedures. The remaining lines of
each data field contain data that have been Reed-Solomon forward error-correction
coded. In over-the-air broadcasting the error-correction coded data are then trellis
25 coded using twelve interleaved trellis codes, each a 2/3 rate punctured trellis code
with one uncoded bit. Trellis coding results are parsed into three-bit groups for over-
the-air transmission in eight-level one-dimensional-constellation symbol coding,
which transmission is made without symbol pre-coding separate from the trellis
coding procedure. Trellis coding is not used in cablecasting proposed in the ATSC
30 standard. The error-correction coded data are parsed into four-bit groups for
transmission as sixteen-level one—dirrlensional—constellation symbol coding, which

transmissions are made without precoding.
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NTSC analog television transmissions, although the ghosts are not seen as such by the

15 viewer of the image televised by DTV. Instead, the ghosts cause errors in the
data-slicing procedures used to convert symbol coding to binary code groups. If these
errors are too frequent in nature, the error correction capabilities of the DTV receiver
are overwhelmed, and there is catastrophic failure in the television image. If such
catastrophic failure occurs infrequently, it can be masked to some extent by freezing

20 the last transmitted good TV images, such masking being less satisfactory if the TV
images contain considerable motion content. The catastrophic failure in the television

image is accompanied by loss of sound.

The training signal or ghost-cancellation reference. (GCR) signal in the initial
' line of each data field of an ATSC-standard DTV signal is a data field

25 synchronization (DFS) code comprising a 511-sample psendo-random noise sequence
(or "PN sequence") followed by three 63-sample PN sequences. A 511-sample PN
sequence is referred to as a “PN511 sequence” and a 63-sample PN sequence is
referred to as a “PN63 sequence”. The middle ones of the 63-sample PN sequences in
the field synchronization codes are transmitted in accordance with a first logic

30 convention in the first line of each odd-numbered data field and in accordance with a
second logic convention in the first line of each even-numbered data field, the first

and second logic conventions being one's complementary respective to each other.
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serial No. 08/614,471, the direct component that accompanies baseband VSB signals

20 recovered by synchronous detection, which direct component results from the pilot

carrier being synchronously detected, conditions a multiplexer to apply digitized

baseband VSB signals as input signal to digital filters that provide ghost-cancellation

and equalization. These filters have weighting coefficients that are adjusted by a

digital signal processor responding to a portion of the data field synchronization

‘ 25 (DFS) codes in the first lines or data segments of data fields, providing the direct

component results from the pilot carrier being synchronously detected. Accordingly,

the filters are operated as adaptive filters during the reception of VSB DTV signals.

When QAM signals are received by a receiver as described in patent
application serial No. 08/614,471, no direct component accompanies baseband QAM
30 signals recovered in complex form by synchronous detection. The lack of such direct
component conditions a multiplexer to apply digitized baseband QAM signals in

complex form as input signal to the digital filters that provide ghost-cancellation and
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by a digital signal progessor responding. to a portion of the data
field synchr onREGEIVERS” describes preferred data-directed methods employing the block-LMS

to

weighting-coefficient-error minimization algorithm method, as modified to facilitate

15 calculation in substantially real time.

The passage of the QAM DTV signals through the same ghost;cancellation
and equalization filters as the VSB DTV signals is facilitated by the fact that the
symbol rate in each of the in-phase and quadrature-phase components of the QAM
TV signals is 5.38 "10° symbols per second, resulting in a 10.76 "10° symbols per

20 second combined symbol rate for throughput through the filters. This is the same
throughput rate as for the VSB DTV signals, which have a 10.76 10° symbols per

second symbol rate.

The current de facto standard for ghost-cancellation reference (GCR) signal

in an analog television signal transmitted in accordance with the National '

25 Television
System Committee (NTSC) standard is as follows. A Bessel chirp is transmitted in
the nineteenth vertical-blanking-interval (VBI) horizontal scan line of each field.
This Bessel chirp is transmitted in specified polarities over a cycle of four fields
facilitating its accumulation over one or more such cycles in the receiver for

30 recovering a ghosted Bessel chirp signal on which to base calculation of the

transmission channel characterization. The cost of ghost-cancellation circuitry is
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10 circuitry to suppress ghosts in the NTSC portion of the TV receiver.

This dual usage of the same ghost-cancellation and equalization circuitry is
furthered by the nineteenth VBI scan line of each field including a GCR signal similar
to that used in the DTV signal rather than the Bessel chirp that is the current standard.
The use of a similar GCR signal during DTV transmission and during NTSC

15 transmission, rather than using different GCR signals, expedites using the same
microcomputer program to calculate weighting coefficients for the ghost-cancellation
and equalization filters during the reception of each type of transmission. The
desirability of using a similar GCR signal during DTV transmission and during NTSC
transmission, in order to reduce hardware in an NTSC/DTYV receiver, has not been

20 previously recognized, insofar as the inventors are aware.

- The inventors observe that the 10.76 ‘10° baud rate of DTV using the ATSC
standard and the 3.58 MHz color subcarrier frequency of NTSC TV have harmonics
that are close in frequency, facilitating the construction of a sampling clock generator
for the digital filtering used in the ghost-cancellation and equalization circuitry, which

25 sampling clock generator is susceptible of receiving automatic frequency and phase
control (AF ?C) signal either from the 3.58 MHz color subcarrier frequency
regenefated during NTSC TV reception or from the baud rate information extracted

during DTV reception.
SUMMARY OF THE INVENTION

30 Television signal reception apparatus for receiving a television signal selected
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A species of such television signal reception apparatus is a DTV receiver for receiving
VSB DTV transmissions and QAM DTV fransmissions at different times, which DTV
receiver uses the same ghost-cancellation and equalization filters during the reception
15 of each type of transmission. Another species of such television signal reception
apparatus is an NTSC/DTYV receiver for receiving DTV transmissions and NTSC TV
transmissions at different times, which NTSC/DTV receiver uses the same ghost-

cancellation and equalization filters during the reception of each type of transmission.
BRIEF DESCRIPTION OF THE DRAWING

20 FIGURE 1 is a block schematic diagram of portions of television signal
reception apparatus for receiving NTSC analog television signals, VSB DTV signals
as used in over-the-air terrestrial broadcasting and QAM DTV signals as used in
cablecasting and direct satellite broadcasting, which portions include in accordance
with the invention adaptive ghost-cancellation filter circuitry for use in the reception

25 of any of these signals.

FIGURE 2 is a block schematic diagram showing in detail how QAM DTV
demodulation results can be processed for having baseband equalization applied
thereto by the adaptive ghost-cancellation filter circuitry used in the FIGURE 1

portions of television signal reception apparatus.

30 FIGURE 3 is a block schematic diagram showing in detail how adaptive
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to that used i #ccordanesrvyithiapasnect ofthe mvention fopacREPaRYIng T%?’mzqg T¥ the

current standa issions, T PNTSC3halbE Vo riflissiitls ' afdcddieutivel
transm ssion aﬁ%ﬂs u?sll%rbs’ﬁggﬁ%ﬁ t}?ca}?lsm sglh?)n, rat her l? har? usi ng di ffgr ent
GCR signal s, exmpabiéreémadalorg) t he same m croconputer programto

cal cul ate wei ghting coefficients for the ghost-cancell ation and

equal i zation filter iLhg. the. reception pf h type._of ,SSl: The
desirability of usi ﬁb&g@% ?3&%&%&%?9 %ﬁgﬁﬁgﬁ%s separed AMAE RS
during NTSC o FIGIGRESURS UBN4C lafid ADAS Tirlefrly EsHIBRIE ORGS0 ding sampNEFenbTV

recei ver, has not been 20 previously recognhized, insofar as the inventors
are aware. 10 them in a prescTibed maumert whish §HeR igaakessantialconsistsof20NGhud rat e

of DTV using the ATSC standard and the 3.58 MHz col or subcarrier
frequency of NTESRSF- have har noni cs that are close in frequency,
facilitating the construction of a sanpling clock generator for the
digital filtering uFBBURE 3 e Hbdvksichenativadidgrimmarf aanetliBepihinzadeito the
circuitry, which 25 sanpling. clock generator. i s susceptibl.e of.receiving
automati ¢ freqEREREROTHABSY televisiop sing ecqpﬂppé?pgrﬁtaﬁg} MMHEFr om t he
3.58 MHz col or ar ol : y regenerated during NISC TV
reception or fF@%B;ﬁ%{eélt)g{}ggélg\%gﬁ%f ormati on extracted during DTV
reception. ' SUMVARY OF THE | NVENTI ON

15 DETAILED DESCRIPTION

In FIGURE 1 antenna 1 represents all sources of radio-frequency television
signals to television signal reception apparatus comprising a VSB DTV receiver
portion 2, a QAM DTV receiver portion 3, and an NTSC receiver portion 4. By way
of exarnples, this TV signal reception apparatus may be included in a television set

20 with a viewing screen and apparatus responsive to received baseband signals for
creating images on the viewscreen, or this television signal reception apparatus may
be included in a set-up converter, or this television signal reception apparatus may be
included in a digital video recording apparatus. These receiver portions 2 — 4
preferably share a first mixer and may share intermediate-frequency amplifier

25  circuitry and possibly a further mixer. Various arrangements of this type are
described by A. L. R. Limberg in U. S. patent application serial No. 08/820,193 filed
19 March 1997 and entitled “DIGITAL-AND-ANALOG-TV-SIGNAL RECEIVERS,
EACH WITH SINGLE FIRST DETECTOR AND SHARED HIGH-BAND I-F
AMPLIFICATION?; in U. S. patent application serial No. 08/825,711 filed 19 March

30 1997 and entitled “RADIO RECEIVER DETECTING DIGITAL AND ANALOG



30 Tel evi si on S|gnal reception apparatus for receiving a tel evision

signal selected -7-
fromanong transmtted television signals of different types, which
tel evi si on signal recepti on apparatus enbodies the invention, is
constructed as. follows. There is a récei ver portion for supplying

first digitiz f
aII' recelﬂg%,gbgg“ ng WS&P&RL@VWT}?SINGEE FIRST ©

tel evi sion sign Irst tines, a recelver portion for

suppl yi ng sec @ETEGTOR gard macknhﬁadgb’aﬂnﬂ i @rpatent gpicatgon/seriabNa. QHeEhHE X ype
of t el evi sion i$83 rec %yed during second tines, and adaptive
digital filter®¢ TUHFY 8thlnput and out put ports and with
programabl e filtering weights. The adaptive digital filter circuitry is
connected for adaptlh\HGQH@ AtHeOVSE WTWN it d‘rt161$2 thé DTV setepfeessi Ng
ghosts in said first dlgltlzed baseban nal sanme adaptive
digital fil$erportioncdiandyhe NT Srrm‘tewomn%sypp haU@S@B@FER i on during
sai d seconq ti rrelsogjtgrdlgl%ﬁ)gresm Q{A?koits% §% eon ?‘%ut npra&i gl tized

baseband si gnd"? e’V| reception
apparatus is ahgiﬁ/atkﬂﬁﬁayﬁé dérrbefere Bhscbagl detectloi{SH STpﬁtblﬂa‘ﬁB 51499i4dfis and

M DTV
e oot - cammenraroranaL Ve S reb T wal AR N ss raRE TRAGKEHORS ;"
of each type ofoR 1RESTIES MNA&’WBE‘E/’RE@EWER” W histEbudideayicein®er BIBna!

receptlon apparatus 1s an NI DIV receiver for receiving DIV
transm ssi dhs Gl Rdf&d@nd . L. R. lebelg,sics@me@amldc-ccm\feﬂ’%méw TECeTEET, fOK/\HSBh

NTSC/ DTV receiy use apcel | ati.on.and e | zation
filters duri ngl)ﬁ{élgr”é@éﬁt"ﬁ{ﬁ ’i??elg clﬁml %%mgfhafer gﬁwgys?l%lﬁals B8 A 43
the resulting digital IF signals are synchrodyned to baseband in the digital regime.

Digitization of final intermediate-frequency signals and then synchrodyning them to
baseband in the digital regime is also practical for QAM DTV signals, as described in

15 U.S. patent No. 5,506,636 entitled “HDTV SIGNAL RECEIVER WITH
IMAGINARY-SAMPLE-PRESENCE DETECTOR FOR QAM/VSB MODE
SELECTION” and issued 9 April 1996 to C. B. Patel and A. L. R. Limberg.
Digitization of either VSB or QAM DTV final intermediate-frequency signals and
then synchrodyning them to baseband in the digital regime is further described in

20 U.S. patent No. 5,715,012 issued to C. B. Patel and A. L. R. Limberg on 3 February
1998 and entitled “RADIO RECEIVERS FOR RECEIVING BOTH VSB AND QAM
DIGITAL HDTV SIGNALS”. Digitization of either VSB or QAM DTV final
intermediate-frequency signals and then synchrodyning them to baseband in the
digital regime is still further described in U. S. patent application serial No.

25 08/773,949 filed by C. B. Patel and A. L. R. Limberg on 26 December 1996 and
entitled “RADIO RECEIVERS FOR RECEIVING BOTH VSB AND QAM DIGITAL
HDTV SIGNALS” as a continuation-in-part of U. S. patent applications Nos.
08/266,753 and 08/614,471.

A concern in the design of the NTSC receiver portion 4 is the suppression of
30 co-channel interference from VSB DTV signals. So, the NTSC receiver portion 4
preferably is of a form like that described in detail by A. L. R. Limberg in U. S. patent
No. 5,786,870 issued 28 July 1998, entitled “NTSC VIDEO SIGNAL RECEIVERS



BRI EF DESCRI PTI ON OF THE DRAW NG 20 FIGURE 1 is a bl ock schematic
di agram of portions of television signal recepti on apparatus for

recei ving NTSC anal og tel evision signals, VSB DTV signals as used in
over-the-air terrestrial broadcasting and QAM DTV signals as used in

cabl ecasting and direct satellite broadcasting, which portions include in
accordance with the invention adapti-a@-ghost-cancellation filter

circuitry for ' INPEYFERE @sﬁi qlﬂ%l

FIGURE 2 is a Im@%ﬂggg‘l glhgwrlgr?n'r ovm ng 1n 1Het ai S ow %WL
dermodul ati on rBsGITAL Q‘EnENESMNSKSNAM.ST’and hevrpotatdblseriia by refgremkce.zat i on
applied thereto by the adaptive ghost-cancellation filter circuitry

used in the FIGURE ortions of t recetton

gppar ?t Es the figt eban T%WB?%‘??W ﬁ?e@&ﬁb%&@??ﬁﬁ OH% fig in
etail how adaRJdn\éﬁ d to time-interleave #{}fidse GG@ldkatreGihabd dabfplesGh balbE e used
in the FIGURE 1 por?| onsmo% teeia(‘a”\a/l sion si gﬁlg quhgcept | oens apparatus is

m)d: fi Sd ﬁ 0 SWthgMStqaanultmweBS ghethe FIGHREa\VBTNxeesiverdhis interdepvinigiisat i on
appl i ed theret er. circ 4C
and 4D are ti n‘?‘ﬂbyﬂ?‘g 1&% agoggtﬂéf %&atg¥%rbvc?§sé%fl Ofth%analé)c:% gﬁ‘?ge W t?‘g
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the fields of ch NTSC anal og TV transm ssions are _consecuti vel
nunber ed nodul alternately from the analog in-phase response of the QAM DTV receiver portion 3

and from the analog quadrature-phase response of the QAM DTV receiver portion 3.

10 The digital baseband responses from the VSB DTV receiver portion, the QAM
DTV receiver portion, and the NTSC receiver portion are applied as input signals to
the multiplexer 8, which selects one of these digital baseband responses as input
signal for adaptive ghost-cancellation filter circuitry 9. The adaptive
ghost-cancellation filter circuitry 9 is used to filter response from a selected one of the

15 respective digitized baseband responses of the VSB DTV receiver portion 2, the QAM
DTV receiver 1$ortion 3, and the NTSC receiver portion 4. The multiplexer 8 makes
this selection responsive to selection signals supplied by logic circuitry 10 used for
deciding the current mode of reception from the received signal. The multiplexer 8
may comprise three banks of tri-states. When the logic circuitry 10 supplies a signal

20 indicating the reception of 2 VSB DTV signal, a first of these banks of tri-states
supplies the bits of the digital response of ADC 5 at low source impedances to the
input port of the ghost-cancellation filter circuitry 9 as applied input signal thereto.
When the logic circuitry 10 supplies a signal indicating the reception of a QAM DTV
signal, a second bank of these tri-states supplies the bits of the digital response of

25 ADC 6 at low source impedances to the input port of the ghost-cancellation filter
circuitry 9. When the logic circuitry 10 supplies a signal indicating the reception of

anNTSC analog TV signal, a third bank of these tri-states supplies the bits of the
digital response of ADC 7 at low source impedances to the input port of the

ghost—canbellation filter circuitry 9 as applied input signal thereto.

30 If a VSB DTV pilot signal accompanies the signal received by the FIGURE 1
portion of the TV set, a DTV pilot carrier detector 11 associated with the VSB DTV



FIGURE 4E is a timng diagramof a GCR signal as separated fromthe signals
of FI GURES 4A, 4B, 4C and 4D by linearly conbining correspondi ng sanpl es
from1l0 themin a prescribed nmanner, which GCR signal essentially consists
of a PN63 sequence. . FIGURE 5 is a bl ock schematic diagram
of a nodification made to the FI GURE 11 bortions of television signal
reception appajeadivé gorticHn Alsh&d3dé thi€conditioRth Kkllicwe 1 the @éceptién by VBB 15
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- 4 preferably share a first m xer and may share

i nt er medi at e-f?-equency anplifier 25 circuitry and possibly a farther m xer.
Various arrangenments of this type are described by A. L. R Linberg in
U S. patent appli CEtinQITSEkigAAl INQubstihidPélreh i if tdcefved by thelIGURE h pbibh and
entitled "Dl A TAL- AND- ANALOG TV- SI GNAL RECEI VERS, EACH W TH_SI NGLE
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to this condition for indicating the reception of a NTSC analog TV signal. The logic

circuitry 10 responds to the intercarrier sound carrier detector 12 indication of
pronounced 4.5 MHz intercarrier generation for conditioning the third bank of

15 tri-states in the multiplexer 8 to apply the bits of the digital response of ADC 7 at low
source impedances to the input port of the ghost-cancellation filter circuitry 9. The
intercarrier sound carrier detector 12 can be of a type detecting whether the level of
4.5 MHz intercarrier sound intermediate-frequency prior to any limiter or
limiter-amplifier therefor exceeds or does not exceed a prescribed threshold level.

20 Alternatively, the intercarrier sound carrier detector 12 can be of a type detecting
amplitude variations of sound I-F limiter-amplifier response caused by failure of
sustained 4.5 MHz intercarrier generation. This latter alternative avoids the need for
selective filtering other than that used in the sound I-F limiter-amplifier, which

avoidance is desirable in designs using monolithic integrated circuitry.

25 The FIGURE 1 portion of the TV set is constructed so that if a QAM DTV
signal of sufficient strength to be useful is received, a threshold detector 13 will
respond to the development of an automatic gain control (AGC) signal in the QAM
DTV receiver portion 3 of the TV set shown in part in FIGURE 1. If there are no
indications of VSB DTV signal reception or of NTSC analog TV signal reception

30 from the detectors 11 and 12, but the receiver exhibits automatic gain control
responsive to QAM signals being received, the logic circuitry 10 presumes that QAM

DTV reception takes place and conditions the second bank of tri-states in the
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09/ 003, 513 filed 6 January 1998. In FIGURE 1 the VSB DTV
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continuation-i N’I‘@@rrﬁlafbfg T signalPie€BinpaiRP 14 44 598 pBFlﬁ)ns of the received signal

15 containing a ghost-cancellation reference signal on which to base calculations of

initial weighting coefficients for the component digital filters in the circuitry 9. A
read-only memory (ROM) 15 is associated with the computer for storing a priori
knowledge of the preferred form(s) for the selected portions of the received signal as
they would be were they to be received without attending ghosts. At the time of filing

20 this application the ghost-cancellation reference signals for NTSC analog TV and for
ATSC DTV differ, but in accordance with an aspect of the invention it is desiréble
for the ghost-cancellation reference signals for NTSC analog TV and for ATSC DTV
to resemble each other so that the ROM 15 can be constructed without need for as

much storage capability.

25 A sampling clock generator 16 generates the sampling clock signals used by
the ADCs 5, 6 and 7. The rate of the sampling clock signals is preferably a multiple
of the symbol rate for DTV signals, with the multiple preferably being an integral
power of two. This facilitates a symbol counter 17 counting the sampling clock
signals to derive a count of the number of symbols per line — that is, the number of

30 symbols per data segment in the case of DTV signals and the arbitrary number of

symbols per horizontal scan line in the case of analog TV signals. The count of the



08/ 266, 753 and 08/614, 471. A concern in the design of the NTSC
receiver portion 4 is the suppression of 30 co-channel interference from
VSB DTV signals. So, the NTSC receiver portion 4 preferably is of a
formlike that described in detail by A L. R Linberg in U S. patent

No. 5,786,870 issued 28 July 1998, entitlad-"NTSC VI DEO S| GNAL RECEI VERS
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DTV recei ver portion, SC rec : are t

Ei gngl sdt 0 SeSMTRLs AT B?tﬁklg@e"ﬁr[%e C%P’gh*geﬁlé@i smg eB‘fm&% of 01817‘%}%?1 pan’
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filter circuitry 3)8 The ada 1tnl vgc gahog;t cancel | atel Oﬁ@fl I te?&kc)l rcS|ut| try 9

i s used tol9i | prescribed pioe seun’t fiom the cemter Htogeasd HemitheROM 15 using the symbol

count from the symbol counter 17 as read addressing. A count-resets controller 19

determines for the type of TV signal currently being received what the full counts
shall be for the counters 17 and 18; the count-resets controller 19 also determines the
correct phasings of the symbol count and line count the counters 17 and 18

15 respectively provide. These counts are used by the computer 14 to govern its
selection of the portions of the received signal containing GCR signal on which to
base calculations of weighting coefficients for the component digital filters in the

circuitry 9.

The sampling clock generator 16 contains a master clock oscillator receiving

20 frequency and phase control (AFPC) signal from the output port of a multiplexer 20
which selects that AFPC signal from an appropriate source for the type of signal
currently being received. The multiplexer 20 makes this selection responsive to the
selection signals supplied by logic circuitry 10. The output port of the
ghost-cancellation filter circuitry 9 supplies signal to a VSB symbol synchronizer 21

25  supplying a first source of AFPC signal to a first input port of the multiplexer 20, to a
QAM symbol synchronizer 22 supplying a second source of AFPC signal to a second
input port of the multiplexer 20, and to a color burst phase detector 23 supplying a
third source of AFPC signal to a first input port of the multiplexer 20.

A local color oscillator 24 supplies the color burst phase detector 23 with color
30 subcarrier for synchronously detecting gated color burst. The local color oscillator 24
is locked to a subharmonic of the oscillations of the master clock oscillator in the

sampling clock generator 16. This can be accomplished by detecting zero crossings



15 respective digitized baseband responses of the VSB DTV receiver portion
2, the QAM DTV receiver portion 3, and the NTSC receiver portion 4.
The nul ti pl exer 8 makes this selection responsive to selection signals
supplied by logic circuitry 10 used for deci ding the current node of
reception fromthe received-signal. The nultiplexer 8 may conprise
three banks of tri-states. Wen the logic-gaccuitry 10 supplies a signal 20

i ndi cating t he of éeagtillationy ofahd/mBsteiToloskt @eHlatoracduntifig thefdetddREeRAGK Ssirtds
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signal, a thi rd bank of these tri-states supplies the bit
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ghost - cancel | aty circu R et.o.
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portion of thechMnﬁ?tm sappiey thd écmtm fe@été bértraliet wh@rgnmn@am thé edtepidoft he
VSB DTV receiver_ portion responds to this condition to

i ndi cate thkd raB éﬂ‘l’-lpﬁ ) Vo*’rlg%?l»\?BBcWUer 19 15 cgnditionedye usythese fdgectionresudts for
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for 5 exanple. | o sponds . to this indicatjon for
condi ti onlmr:: gt ﬁ@laf frqm eCR(SM féj ﬁgst- ee gﬁoﬁ cancellation reference signal for analog TV.
The output port of the ghost-cancellation filter circuitry 9 supplies input signal to an
15 NTSC composite video signal processor 26, which generates color signals for

application to the remainder of the television receiver apparatus.

‘When the logic circuitry 10 supplies a signal indicating the reception of a VSB

DTV signal, the multiplexer 20 is conditioned to supply the master oscillator in the
sampling clock generator with AFPC signal from the VSB symbol synchronizer 21.

20 The VSB symbol synchronizer 21 preferably includes a filter for selecting 5.38 MHz
half-symbol-rate components from the ghost-cancellation filter circuitry 9 response
and circuitry for doubling or quadrupling the selected half-symbol-rate component for
comparison with frequency-divided oscillations from the master clock oscillator to
generate AFPC signal for the master clock oscillator. When the logic circuitry 10

25 supplies a signal indicating the reception of a QAM DTYV signal, the multiplexer 20 is
conditioned to supply the master oscillator in the sampling clock generator with
AFPC signal from the QAM symbol synchronizer 22. The QAM symbol
synchronizer 21 preferably includes a filter for selecting 2.39 MHz half-symbol-rate
components from the ghost-cancellation filter circuitry 9 response and circuitry for

30 doubling or quadrupling the selected half-symbol-rate component for comparison
with frequency-divided oscillations from the master clock oscillator to generate AFPC

signal for the master clock oscillator. When the logic circuitry 10 supplies a signal



bank of tri-states in the multiplexer 8 to apply the bits of the digital
response of ADC 7 at | ow source inpedances to the input port of the
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responsive to QAM si gnal s belng received, the | ogl c circuitry 10 presunes
that QAM 15 DSV reception takes place and conditions the second bank of
tri-states in the

The output port of the ghost-cancellation filter circuitry 9 supplies input signal
to a QAM DTV symbol decoder 29, which generates a binary code stream for
application to the remainder of the television receiver apparatus. The output port of
the ghost-cancellation filter circuitry 9 supplies input signal to circuitry 30 for

20 detecting the occurrences of line syné codes and field sync codes. These detection
results are supplied to the count resets controller 19 and, when the logic circuitry 10
supplies the count resets controller 19 a signal indicating the reception of a QAM
DTV signal, the controller 19 is conditioned to use these detection results for
determining when the counters 17 and 18 are to be reset to initial count conditions. In

25 case that cablecast standards are developed in which the QAM includes
ghost-cancellation reference signal, this will phase the symbol and sync counts so the
computer 14 can read from the ROM 15 at appropriate times ghost-free
ghost-cancellation reference signal for QAM DTV.

During analog TV reception AGC signal for the NTSC receiver portion 2 can
30 be developed conventionally, in response to peak detection of horizontal sync tips.

To forestall AGC lock-out, the NTSC vertical and horizontal synchronization
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conputer for storing a priorl _. knowl edge of th% referr g forng%)e for
the sel ect el polesirthed bytA-dh&- Limbergdy Us Sgpragnt h1o- 5.8 S%ﬁé?“% PePtERLEer e
they to be r9061'93§,ge11t%1%9°ﬂbr1$ﬂ1mm&@?@MATI@G CONEROL FOR MM20 this

application the st-cancellTation reference signals for NISC anal og TV and
for . ATSC IWADHD RESEIVERS”iand awomrodaed kervintty rafereanspe Adtembtivély, AGCent i on
it is desirable, . for th hosts.cancel | ef erence signals.for. NTSC
anal og TV and fS§0ahip Vﬁ??ﬁded‘g‘ngt%sﬁ é%‘@%bm&?ﬁ} E?P?F&’Pn}g aﬂé&tuciehdeetw 15
can be construcigschdiidiidapeateed for as much storage capability.

15 A number of different arrangements of computer 14 and adaptive

ghost-cancellation filter circuitry 9 elements are known to be possible; and the
selection of which of these arrangements depends in certain degree upon the
ghost-cancellation reference signals that are finally accepted as standard. The
ghost-cancellation filter circuitry 9 that is usually preferred cascades an

20 infinite-impulse-response (IIR) digital filter for canceling post-ghosts with substantial
delay after a finite-impulse-response (FIR) digital filter for canceling post-ghosts with

" little delay, canceling pre-ghosts and implementing channel equalization after

separately defined ghosts are substantially canceled. The IIR filter typically includes
a digital subtractor supplying its difference output signal as a response of the IIR

25 filter, receiving the response of the previous FIR filter as minuend input signal, and
receiving as subtrahend input signal the IIR filter response via a recursive feedback
path that includes a component FIR filter. This component FIR filter has many zero
weighting coefficients in its kernel, which lends it to being designed to have a

specialized construction using programmable bulk delay.

30 Ideally, when DTV signals are being received, the IIR filter response will
switch between certain well-defined signal levels associated with respective symbol

codes. The IIR filter response can be compared with that response as quantized to
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govern its
15 of the ghost-cancellation filter circuitry 9 based on a training signal or

ghost-cancellation (GCR) signal. After such initialization, DFE methods are
advantageously used for adjusting the filter coefficients of the ghost-cancellation filter

circuitry 9 so as to track changes in multipath reception conditions.

Decision-feedback equalization methods using a continuous least-mean-

20 squares (LMS) weighting-coefficient-error minimization algorithm, as modified to
facilitate calculation in substantially real time, are described by A. L. R. Limberg in
U. S. patent application serial No. 08/832,674 filed 8 April 1997 and entitled
“DYNAMICALLY ADAPTIVE EQUALIZER SYSTEM AND METHOD”. U. S.
patent No. 5,648,987 issued 15 July 1997 to J. Yang, C. B. Patel, T. Linand A. L.

25 R. Limberg and entitled “RAPID-UPDATE ADAPTIVE CHANNEL-
EQUALIZATION FILTERING FOR DIGITAL RADIO RECEIVERS, SUCH AS
HDTV RECEIVERS” describes preferred DFE methods employing the block-LMS
weighting-coefficient-error minimization algorithm method, as modified to facilitate
calculation in substantially real time. C. M. Zhao, X.Y. Hu and X. H. Yu indicate in

30 their September 1998 paper “Block Sequential Least Squares Decision Feedback
Equalization Algorithm with Application to Terrestrial HDTV Transmission”
appearing in IEEE Transactions on Broadcasting, Vol. 44, No. 3, that using



selection of the portions of the received signal containing GCR signal on
which to base cal cul ati ons of weighting coefficients for the conponent
digital filters in the circuitry 9. The sanpling cl ock
generator 16 contains a master clock oscil]ator receiving 20 frequency and
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television signals are being received.

The Bessel chirp that is the current de facto standard GCR signal in NTSC
analog TV can be used for adjusting the filter coefficients of the
15  ghost-cancellation filter circuitry 9. This requires the computer 14 to be capable of
calculating weighting coefficients for the adaptive ghost-cancellation filter circuitry 9
by steps of performing discrete Fourier transform (DFT) analysis of the filter circuitry
9 response to the Bessel function, characterizing the channel by dividing the elements
of the DFT response by corresponding elements of the DFT of the ghost-free Bessel
20 chirp as subjected to lowpass filtering descriptive of ideal channel charactemnstics, and
complementing the DFT characterizing the channel to make a current determination
of the weighting coefficients of the filter circuitry 9. After initially determining the
weighting coefficients of the filter circuitry 9 when a transmission channel is first
received, these coefficients can be updated by comparing the current determinations
25 of these coefficients with previous determinations to generate error signals and then
accumulating fractions of these error signals into the previous determinations of these
coefficients to accomplish the updating. The reader is referred to U. S. patent No.
5,331,416 entitled “METHODS FOR OPERATING GHOST-CANCELATION
CIRCUITRY FOR TV RECEIVER OR VIDEO RECORDER?”, which issued 19 July
30 1994 to C. B. Patel and J. Yang, for details concerning calculation of the weighting

coefficients for the adaptive ghost-cancellation filter circuitry 9 using DFT methods.



24 can be done using injection |lock or quadricorrelation procedures. NTSC
vertical 5 and horizontal sync detection circuitry 25 responds to baseband
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master clock oscillator to generate AFPC signal for the master clock

oscillator. Wen the logic circuitry 10 supplies _a signal . .
FIG[JﬂE 2 shows in more detail how QAM DTV demodulation results can be

processed for having baseband equalization applied thereto by the adaptive ghost-

20 cancellation filter circuitry 9. FIGURE 2 shows the analog-to-digital converter 6
comprising two component analog-to-digital converters 31, 32 and a time-division
multiplexer 33. The component ADCs 31 and 32 respectively digitize the in-phase
component and the quadrature-phase component of the baseband QAM DTV
demodulation results supplied from the QAM DTV receiver portion 3. The time-

25 division multiplexer 33 interleaves the digitized in-phase component and the digitized
quadrature-phase component of the baseband QAM DTV demodulation results on an
alternate sample basis for selective application by the multiplexer 9 to the ghost-
cancellation filter circuitry 9. Time-division multiplexing the digitized in-phase
component and the digitized quadrature-phase component of the baseband QAM DTV

30 avoids cross-talk between the two components which can occur if time-division
multiplexing of the analog components to a single analog-to-digital converter is done

nstead.
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GCR signals used in NTSC analog television were more similar to the data field
15 synchronizing (DFS) signal of ATSC digital television. There would then be no need
for storing a Bessel function in the ROM 15 associated with the computer 14. Since
the DFS signal is longer than an NTSC scan line, the inventors propose GCR signals
for NTSC analog television that are based on the triple PN63 component of the DFS

signal.

20 FIGURE 3 shows details of a construction of the channel equalizer 9 which
comprises a finite-impulse-response (FIR) digital filter 91 having filtering coefficients
stored in a temporary storage register 92, a digital subtractor 93, an FIR digital filter
94 having filtering coefficients stored in a temporary storage register 95, a quantizer
96, a feedback selection multiplexer 97 and an error detector 98 for implementing

25 decision feedback procedures when DTV signals are received. The FIR filter 91 is
operated in the channel equalizer 9 as a feedforward FIR filter for suppressing near
ghosts. The feedforward FIR filter 91 helps suppress pre-ghosts, multipath responses
that are received earlier than the principal DTV signal is received. The subtractor 93,
the FIR filter 94, the quantizer 96 and the feedback selection multiplexer 97 combine

30 to provide an infinite-impulse-response (IIR) filter. The FIR filter 94, which has
filtering coefficients stored in a temporary storage register 95, is operated as a

feedback FIR filter in this IIR filter. This IIR filter helps suppress post-ghosts,



determ ning when the counters 17 and 18 are to be reset to initial count
conditions. In 25 <case that cablecast standards are devel oped in which the

QAM i ncl udes ghost-cancel | ation reference signal, this will phase the
synbol and sync counts so the conmput 14 can read fromthe ROM 15 at
appropriate tines ghost-free ghost - cdncel | ati on reference signal for
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reference. Alternatively, AGC signal is devel oped during VSB and/ or

QAM DTV reception bynannhd logfeiReisolo pplies a bitindidaged thi 08 t4edkisn signal
currently being received is a DTV signal, the feedback selection multiplexer 97 is
conditioned by this bit indication for applying the quantizer 96 response as input
signal to the feedback FIR filter 94. The quantizer 96 quantizes the difference output

15 signal from the subtractor 93. The error detector 98, used for implementing decision
feedback procedures when DTV signals are received, generates error signal based on
the difference between the difference output signal from the subtractor 93 and the
quantizer 96 response. Bit indications supplied by the logic circuitry 10 when a VSB
signal is currently being received condition the computer 14 to initially adjust the

20 channel equalization filtering coefficients stored in the temporary storage registers 92
and 95 in reliance upon training signals extracted from the initial data segments of
data fields. Thereafter, the computer 14 adjusts the coefficients stored in the
temporary storage registers 92 and 95 using decision feedback based on the error

| signal generated by the error detector 98. Bit indications supplied by the logic

25 circuitry 10 when a QAM signal is currently being received condition the computer 14
to initialize and thereafter adjust the coefficients stored in the temporary storage
registers 92 and 95 using decision feedback based on the error signal generated by the

error detector 98.

The ghost-cancellation filter circuitry 9 specifically described above does not
30 provide for complex channel-equalization, but equalizes only on a real signal basis in

order to economize on multiplier costs. Adaptive ghost-cancellation filter circuitry



15 A nunber of different arrangenments of conputer 14 and adaptive
ghost-cancel lation filter circuitry 9 elenents are known to be possi bl e;

and the sel ection of which of these arrangenents depends in certain
degree upon the ghost-cancel | ation reference signals that are finally
accepted as standard. The ghost -cancet4ation filter circuitry 9 that

i s usual ly prelgf bafiidaaTereRsplachitneliddhilation t4AbY wed iresen&abddimBits of
digital filter for canceling post-ghosts with substanti al del ay after
a finite-inpul $kenverdioise (FIR) digital filter for canceling post-ghosts
W th little delay, canceling pre-ghosts and inplenenting channel

equal i zation after I f4 e I all

canceled. The IIR fiFII?IeJ}&t%;%’?aﬁl‘% &ﬁcﬁﬁ'gg%ﬂﬁhﬁgéﬁsg@g@og%t rac%/or

suppl ying i th S dkffticalslanlangiitprvhl G/RI) signals fox NED emedeg TV ttamemiskidng 3he fields er ,
receiving the respons t he vious FIR filter as _m nuend,in [ |,
and recei Of W 1%553%@;1;\%&3’6 ‘i‘ﬁﬂ‘ﬂssgqngﬁ’?lcoflff‘éuwﬁyf‘ ; E‘}edlﬁ‘églﬁui?ﬁg'lag\r/‘?a a
recursive feedhgele tmwgsaﬁgﬁgégﬁmhwmm 410 9RO 8 BSmftloR rhddul #'timel N

component FIR filter zero wel ghting coefficients inits
kernel , which MBldsgnals of FIGEIREP 4bs4Byrétandatiharednserted into gursessive fialds F,

construction usi r or anma 1I y_b K. 2 p 30 J— e'ﬁ?%%%fth‘é’qeim DTV
signal's are beimg ¥ESVERTHEY1 I FEF SNl TR SRS SWt ch
bet ween cert ai fhdREN 20'€édah BeleSoHadh fiblay Bk pre3ctPeéfaiefcl béihdtd iASREMENfto

synbol codes. hThe IIRfilter response can be conpared wth_ that
response aslQuahn 19'esgan fine of each field, numbering the scan lines consecutively with the first

-17- ones of _th - i.ne | : | qen | :
Signal's to suppBp gt GELORESE Bl an bR plecclils LT PR bPthe
adj usting the oY digmisintosthe N9t bean line of eachefiedd B3fprésnmed dm fitei description which
ghost-cancellation filter circuitry 9. As long as QAM DTV signals are
transmtted wi #P¥RWS-GCR signals, DFE methods have to be used when

The 19™ scan lines of FIGURES 4A, 4B, 4C and 4D begin with horizontal

15 synchronization pulses 41, 51, 61 and 71, respectively, which pulses are depicted as
being negative-going. The horizontal synchronization pulses 41, 51, 61 and 71 are
respectively followed during ensuing back-porch intervals by chroma bursts 42, 52,
62 and 72. The plus and minus signs near the chroma bursts 42, 52, 62 and 72
indicate their relative polarities respective to each other, per the NTSC standard. The

20 leading edges of the horizontal synchronization pulses 41, 51, 61 and 71 are
considered to be the beginning of the vertical-blanking-interval horizontal scan lines,
which lines are each of 63.55 microsecond duration in NTSC standard signals. This
63.55 microsecond duration corresponds to substantially 684 symbol periods of
ATSC DTV signal and approximately 113 of these symbol periods are taken up by the - -

25 horizontal synchronization pulse and its flanking porches.

The 551 symbol period between each back porch and the ensuing front porch
is of sufficient duration to accommodate a pedestal extending for the 189 symbol
periods taken up by three PN63 sequences and having 6-symbol-epoch rise and fall
times. The current preference is for the PN sequences accompanying NTSC analog

30 TV signals to have —1 and +1 values at —15 IRE and +95 IRE levels, respectively.

This provides these sequences with substantial energy to improve the identification of



5 receiving QAM DTV signals. So-called "blind" equalization, which does
not rely on a priorii know edge of the transm ssion channel has to be
used for initial adjustnent of t he wei ghti ng coefficients of the
ghost-cancel lation filter circuitry 9 when :g DTV channel is first
tuned to. Blind equalization is subject tof &t al I i ng when the

gr adi ent - f ol | oweakerghoste,duinite ayouting someafithengp-tigearities giaomyd:arassebiaaidimm

rat hor than ¢ hBOO RGBS o IR R OEHs aR-o it BRADIE 40y KRbsead i eeere

Bl i nd equal i zatéfBcitiveTNE3 sequdiceyUs, 44 aRA 95 o larp%dma 6t 8 Pﬁ\re?,r!;'ég%e?éés%
channel is badly hosted as it is apt to be whe recei vi ng rrestri al
over-the-air mﬂlgatmgmaen PNEB semened 4halle EiGéJRlé 4BiVWRBIjscan line bas thrbe

equal i zatio hewed of he filte

coeffi ci entsrg 1 oﬁse ?I‘g SHE R %# %3 %Egﬂjl tpsa“i?‘?éu@??’%@ sﬁﬁléeélﬁest)# a
training si gnahnd)54 and 55 @l@ﬂﬁﬁtmg&ﬁ@?NE&E«tqﬁanc{e@@R)an& 4gand 45 6f FREURBAA. The
initialization, DFE_nethods are advant ageously used for adjusting the

filter coefficFURVRESAC VIR seandine hasihues sonsecyiive PNGA sequencesi3; 6hprd §5 ango as
to track c hanggéq(ésﬁl a5, lthé PRES sé(ﬁ%?ﬁ% 32 in§ 85 géﬁlfcg&?ﬁ the PN63 spquences 3¢ 53 and 5;0

Deci si on-f eedbac ual1 zat1on usin I NUOUS ast - mean-
squares (LMS) méFIj}iﬂRBch OEHef BN sequienee 6400f BTGI]IR:H 4@1has)theahxge amplitade as the

nodi fied to facili | at on| substanti al |y aI tine, are
described BY APNLseq‘F?n"E%’ﬁ‘BgFg&Jﬁg 4k ll’utlf)‘as %B?%Wtse%i?pﬂflpe n TheFIGHRKq
08/ 832, 674 il gg PRrRGh hmeags?th%aceoﬁg&hﬁwms  scquetOAMY Gk Y ARIIAE )
EQUALI ZER SYSTEM AND METHOD No. 5,648, 987 | SS 1
July 1997 to J76 \tthNéﬁ:se@enmﬂéla,ndw apd GS amcatmgthe?N&RequgnntseG@mlrﬁ#
entitled "RAPI D V Z F RI N

DI G TAL RADI O %@?@Eﬁ&%@h i@epe %rllbﬁsﬁrzé%ﬁé‘ A%eé‘g ¥y be }EﬁP@ erred
DFE ‘met hods enpdciang avhke B 946 TRB/Bevels and ahahéns 19 1618 &fvel fbRithe FErERss at 0
mnimzation algorithmnethod, as nodified to facilitate cal cul ati on

i n subst antlial tevsls ogn be made aprapihy as thy 49-IREqlexeldragsitipps Orﬁhqnwm@bmm n 30
their Sept e”be@u ?@g;?%&h 14RE QK tlﬁlﬁwtrh kosle&ﬁﬁt ﬁ%&%@ﬁ ‘fih&”
qua erres

Feedback ation gorrthmwth rcation t rial HDTV
Transmi ssion" constraiis) @eh| fagprévent EEI;‘:eEressaa’naanmmrmeaomtdaﬁmdwwithmgnx XNOBC 44,

No. 3, that us
! Iyn(“i'bol epochs, or 0.557 microsecond.

The 19" scan lines of FIGURES 4A, 4B, 4C and 4D end when the front
20 porches for the horizontal synchronization pulses 47, 57, 67 and 77, respectively, of
the ensuing 20™ scan lines begin. The horizontal synchronization pulses 47, 57, 67
and 77 are respectively followed during ensuing back-porch intervals by chroma
bursts 48, 58, 68 and 78 of those 20™ scan lines.

FIGURE 4E shows the separated GCR signal 84 that results when the GCR
25 signals from two successive fields that are in two successive frames of NTSC analog
TV signal are differentially combined, assuming that the GCR signals are of the sort
shown in FIGURES 4A, 4B, 4C and 4D. A separated GCR signal per FIGURE 4E
results when the sum of the GCR signals of fields F, and F, of FIGURES 4A and 4B
is differentially combined with the sum of fields F, and F, of FIGURES 4C and 4D,
30 the combinings being done on a corresponding samples basis. The horizontal
synchronizing pulses, their porches and the chroma bursts, as well as the second

component GCR signal, are suppressed in the separated GCR signal of FIGURE 4E.



- 18- bl ock-sequential LMS optim zation procedures rather than

conti nuous LMS opti'm zati on procedures permts a bit error rate of
3x10e[err] to be achieved with si gnal s having 3.5 dB poorer

signal -to-noise ratio. ghlstorrary to include the
guanti zer in the recursive feedback path of*the 5 IIRfilter when DTV

signals are being rSuppusifig trdnitiarPN6Dseqhenddd8 k53768 andi$3 & egin 125 sigakblf or
adj usting the coefficients of the adaﬁ_gl ve ghost-cancel |l ation filter

circuitry 9. epocfw@er aw?ahesenm fihes VB senging e geparied Gl eanal 86 walin
certain well -def t LENE to
deci si on-f eedbgjfc(:3 rret 0 saltlézr\fﬁé &fx@gﬁth%‘?mﬂ?orpﬁ’l sclnrﬂglgeponse I|e‘4s\ll?§rlrpar ed
with that res pcsmbohqmqhamﬁerzbdstm oﬁtieshontorttﬂessm life. Rveighestefip retl7.467nal

| evel s. Any guantizer ded i e. feedback path of t he
TR er di Gt LAk ol coolbots h L O ERL pARRPRAARISC. anal og
tel evision si gﬂfé{e‘éteﬁrfﬁarﬂ@derﬂmﬁfﬁ%%nal wuhout bein N% overldppe®s §%halcﬁ’élﬁlﬁ1é hat

is the current de facto standard GCR si g analog TV can be
used for adj ustpreagdingeVBl $®eiln@oB¢$1gbpﬁﬂd§ayﬁdm 59528@ﬂ0msem g64b6at i on

filter circuitr Th| res. th u a,

cal cul at 1 g werRPPHPREBTeE e pRiobiBg) epHE i ol B Reci b B SniGURE
filter circuitrgE Qgnal wmiauttséi BPSveRlap Pt Byodi ghal ol bvaaE ﬂie%a&@ddiﬂcﬁﬁn theansf orm
(DFT) analysis of the filter circuitry 9 response to the Bessel
function, chir SeseedngiBkssan iignnel by dividing the el enents of the
DFT response by correspondi ng el enents of the DFT of the ghost free Bessel
20 chirp as subj ectxﬁd,aﬁané orpase Jﬂsigtnsrs sHQwﬁ'?r?P cﬂmgaAOhB' %
characteristics, and conpl enenting the aracterizing t annel
to make a currd%N63omge¢n¢s$1ﬁ3 i53n63 and 73)aretdiﬁpemdg\hﬁn\mgoltyaa‘hﬁlpantandﬂled?Nﬁme

filter CII’CUI'[I’ i termni t he Lghtin
coefficients of ‘@‘f‘?@c?si‘ffg? @4 7"@344[%9 em&wgﬁ\%ﬁaﬁ?swgﬁ #éh%ﬂﬁ% T r st
recei ved, thesensralahtsd Biinte. CRils R@yanBskahe Skpliat s OODR sigh] 845 BHE FRBeasing
determ nations 25 of these coefficients with previous determ nations to

generate erltdr pgp—gh@gt detgpigon ¢ppability in favor of increasing post-ghost detection capability.

FIGURE 5 shows a modification of the FIGURE 1 portions of television
signal. reception apparatus, which modification is made in an alternative embodiment
of the invention. The modification determines the times when VSB DTV signal is
being received by detecting the presence of a prescribed portion of the data field

20 synchronizing signal consisting of a large number of samples of known value. This
prescribed portion of the DFS signal can be the PN511 sequence, for example. Or this
prescribed portion of the DFS signal can be the PN511 sequence followed by the
earliest PN63 sequence, by way of a counterexample. A match filter 85 for the
prescribed portion of the DFS signal supplies a response to baseband signal from the

25 VSB DTV receiver portion 2 of the television receiver. This response peaks
whenever the prescribed portion of the DFS signal occurs, but is of substantially
lower value for other portions of the baseband signal. A threshold detector 86
responds to the match filter 85 response for supplying a ONE when the match filter 85
response exceeds a prescribed threshold value and for supplying a ZERO when the

30 match filter 85 response does not exceed the prescribed threshold value. The
threshold detector 86 output signal is supplied as input signal to a pulse stretcher 87,

which stretches any ONE pulse in the threshold detector 86 output signal to a



accurul ating fractions of these error signals into the previous

determ nations of these coefficients to acconplish the updating. The
reader is referred to U. S. patent No. 5,331,416 entitled "METHODS FOR
OPERATI NG GHOST- CANCELATI ON Cl RCU TRY FOR TV RECEI VER OR VI DEO

RECORDER", which issued 19 July 30 1994 1t2$-C. B. Patel and J. Yang, for
det ai | s concer gifiBu6a OMEAxt@ingfoviehsn idred) sbigwhat longee eahiacdaenfiddf or t he
adaptive ghost-cancellation filter circuitry 9 using DFT nethods.

-19- interffle i ddl e PN63 sequence included in DFS signal of the
1995 ATSCdDTV istandard, as separated by differentially conbining
correspondi ng sanp Qﬁﬁﬁ' V., | {'ghg@'ﬁgge' Lofe
sequences, can be tﬁg@g{a%iiSSShfog}rg [ t%ea |e{zc:h§llg§l7t%§% wei h'[h?(?]}g coe??ringi ents
of the filter itérosl] s indBtatien ofithBFteptidrhafsY SB MTY sighaliwidl tettpamtginedieyem i ng

coefficients thi. voids th bl . ]
Chat the: or Sai BmPRBERSIE s Buehs SeSRRRaPres SHOURAh 1Pt o5 Esboie

coefficients shahlis iy L5l theSibld 2h186 Thetrlicti pRibd'candderpnicd 1"
rat her than reg%éln%’g tr‘{gpéeessi red real m ni rrumlﬁ%ﬂt)er initi lgﬂazi ng tahe

wei ghti ng coef féve fremes ifdhrthérémpilse peise immunity iy fonmgtp fg desirablg-Thegtitsds i t

can be advant agequs switch over,t0 j - . Iy -1 }
orrors that 't norater 8y ol bh A R Sapik RiRliBhofior B 06 bhCin iephBARRTY
tend better tochidueton AR sHeferabds 16iuse aGistebld mgltivibratotr boses-réset flip-flopawhichaf t
flutter). ) U S. patent No. 5,600, 380 entitled

" GHOST- CANGIL ATS sehbREOMNTFeigr: the threshplddagectay fﬂ@ﬁ@@?%&ﬁ“ﬁ%\‘l, PUSESFOR TV

RECEI VER OR VI DEO y i i ebruary 1997 to C. B.
ated a&%ﬁ%%terv og chlkenr?%h’ ﬁxﬁgﬁaﬁ y

Patel and J. Y§ﬁ_e, 'S I'ncorporate | y reference for its detailed
description of circuitry for separating first and second conponent GCR
signals from NTSC siTheadgic ciftiitsy &0 could be yecosnacteddp uge the pulsg glpicher &/sutput

separating fi ' i
P g rr szgnglna% the sole. gas?so 108 8ch1c%}1g wE ﬁle%hse} 9rnr9olt %hef Ju%ﬁg iefved Mvision
signal is a VSB DTV signal. However, FIGURE 5 shows logic circuitry 10

15 reconnected for receiving the response of an OR gate 88. The OR gate 88 logically
" combines the pulse stretcher 87 indication of a VSB DTV signal being currently

received with the DTV pilot carrier detector 11 indication of a VSB DTV signal being
currently received. If multipath distortion reduces pilot carrier level sufficiently that
the DTV pilot carrier detector 11 fails to indicate the current reception of a VSB DTV

20 signal, the pulse stretcher 87 indication of a VSB DTV signal being currently received
is likely to remain, keeping the television receiver in its VSB reception mode. If
impulse noise interferes with match filter 85 response peaking above prescribed
threshold value during the current reception of a VSB DTV signal, so the pulse
stretcher 87 fails to indicate the current reception of a VSB DTV signal, the DTV

25 pilot carrier detector 11 is likely to indicate the presence of pilot carrier, keeping the

television receiver in its VSB reception mode.

There are reasons for one to use passband ghost-cancellation filter circuitry
with the QAM DTV receiver portion 3, rather than baseband ghost-cancellation filter
circuitry. So, embodiments of the invention in which the baseband adaptive ghost-

30 cancellation filter circuitry 9 is used only for digitized baseband signals from the VSB

DTV receiver portion 2 and the NTSC receiver portion 4 are contemplated by the



FIGURE 2 shows in nore detail how QAM DTV denodul ation results can be
processed for having baseband equalization applied thereto by the adaptive
ghost- 20 cancellation filter circuitry 9. FIGJURE 2 shows the

anal og-to-digital converter 6 conprising two conponent

anal og-to-digital converters 31, 32 and a tine-division mul ti pl exer

33. The conponent ADCs 31 and 32 respectively digitize the in-phase
conponent and the quadrat ur e- phase conponéfit of the baseband QAM DTV
denodul ati on resul i r : : i i The
e 25 i vi SaNOR SR 5 e R ien Al Mch Bl A8 ghos
conponent and theelatiint filte dircuitry Sgmado st fractopdidaed-caeppratinstionfratheethaas eband

QAM DTV denodul ation results on an | t ernat e sanpl e_basi
sel ective appl baudTaseiplization g %F%?%&geﬁgy%nﬁﬂg&ﬁ The ﬁé@'&%@el | ati on
filter circuit Eﬁcexﬁgy 14 B afied kS ineett Hvdt-rddubd SitdrhR 1 Helduamizer D6 Rh@ &8

conponent and t gitized quadrature-phase conponent of the baseband QAM
DTV 30 avoi ds dnsesta-re-ahiphng AkearafiehthetquantizenPe se theserwiridetecton A8 seseives i f

anaog- 1 o-ci g1 egpls SHyeh Al BbinadiTo BEyBRu R T Yesicnd Sechis Rk

- 20- infoffhd8dBE 2 shows in nore detail the construction of the QAM
DTV synbol decoder 29 as a hard-decision type conprising a
time-division de-nultiplexer 34, data .sli-cers 35 and_ 36, and read-only
memory 37. A ti me- dibyfhecdaimgavhieh follpwethe vanousggceiver portins wcivd@ﬁég e%@e

response of th ?319\;}8?#1 -sg%gl%%égﬁgh ?@pa%%th% ﬁéy g‘gclﬁj !shﬁréd SlekinfsQfsey i cog_ﬁll:{l/&lf' By€

5 and quadr at ureé-phas nen al'ized base asn QAM
denodul at i oyp r @slehétswb of tipetdceirti portions. T dpeddimsevidelt follow, therveor@Ssaddis36.

The data slicers_are bin conparatgrs that .gengrafe input .addyesses for
the ROM 37 whi dfedktogpdisate antece&leg%@qer&gggm\ﬁ%rq g}ﬂo\‘.j’ ClE‘éso‘Fs&ag‘?ch @nerates
synbol decodi ng . &sida3 plifposSPONSE to




put addresses These synbol decoding results are supplied to QAM

i
proceSS| IIHIEMMIM“P the remaining portion of the televisiaon.
recei ver ncl udes a convol ut fonalrgpit £CEP- SMERTS eave8G
and Reed- Sol onon decod; ng The inventor.s observe that theh d
programming of the conmputer 14 for cat 4l at if Ry Desesippion g IRP$’1‘? """" 1o page 5
coef ficients ofwthe SidtemEDNSUitry 9 could be laifm{d |fP4$"h‘e “’P%
signal s used in NTSC anal og tel evision were nore 0 iewingts) :tphecddat: a“’fi"b‘F‘H
15 synchronizing (DFS) signal of ATSC digital tdi[gAbsiract. Tipsges \A@uF‘dP%BH%n'
be no need for storing a Bessel function in b—aasgetatetnrtt

the conputer 14. Since the DFS signal is |longer than an NTSC scan
line, the inventors f si on
that are bas edlilon tﬁ‘p{e%rg%p e%%%gécg@%lo ?lrtatug trﬁgg‘[?)@g%akﬁglgﬁgin%m 20

FI GURE 3 showsseledted fremafmangdransmittedttelevisioh sighals off diffesdnt dypea) saxkteledisivn ch
conprises a finjte-i r%ul se-res onsepﬁ1s IR) digital filter 91 having
filtering coef PiSRRdRE tlonappagztl ¥ EYRIPE t enporary storage register 92, a
digital subtractor 93, an FIR digital filter 94 having filtering
coefficients storedairfcedvel ﬁ%ﬁ@éﬂsu%ﬁlg{rwsf digitizt &bas8bandighabrspassive to a
96, a feedback selectlon nmul tipl exer 97 and an error detector 98 for

i npl enenti ng 2§rstdmﬂ@tdnvmewmkremiwehmsﬁmmwsmv signal s are
received. The FIRfilter 91 is operated in the channel equalizer 9 as
a feedforward FlRfI| e%ﬁ&ﬁ rd
FIR filter 91 hel ps g%c%%\?eggfmi%g%ﬁgéfyﬂ% éggﬁdi %gmﬁe(?ig%%%%ggggﬁlf th sg{ewgr e
recei ved earl i aseddndnypeef tplevisionpidnalErtisedydaing sscorgidgnesgdnd The subtract or
93, the FIRfilter 94, the quantizer 96 and the feedback sel ection

mul ti pl exer 97 conbi ne 30 ovi.de. an infinjt se (IR
filter. The FIR fil lag%}ptgrg dlgmﬂ ﬁherl.f;érscmtry with HPP{;?H%%"QE‘-}L){@P%F %Q'th st f)r ed)i n
a tenporary st gragemaeleFiIRFind Weighls, CORedle dorRiaptive operdtidadnaa) skt Rréti | t er

inthis IIRfilter. This | | R Fil ter hel ps suppress post-ghosts,
10 times for suppressing ghosts in said first digitized baseband signal, and connected for

adaptive operation during said second times for suppressing ghosts in said second

digitized baseband signal.

2. The television signal reception apparatus of claim 1, wherein said adaptive

15 digital filter circuitry comprises:

a feedback selection multiplexer having first and second input ports and
having an output port for supplying a feedback selection multiplexer output signal
selectively responsive during said first times to signal supplied to said first input port
of said feedback selection multiplexer and selectively responsive during said second

20 times to signal supplied to said second input port of said feedback selection

multiplexer;

a first finite-impulse-response adaptive digital filter connected for supplying a
feedforward response to said first digitized baseband signal during said first times and

to said second digitized baseband signal during said second times;

25 a second finite-impulse-response adaptive digital filter connected for

This Sheet Has Been Rei




-21- mul ti path responses that are received |ater than the principal DIV

si gnal m When the logic circuitry 10 supplies a bit
i ndi cati jrl"mgnmj "Immll si on signal currently being received is an
NTSC anal oYy tl évi 8i oh signal, the feedback sel ection mul tipl exer 97

is conditioned by this bit indication for applying the difference output 5
signal fromthe subtractor 93 directly t o48%me feedback FIR filter 94. Bit
indications  suppiyf®hife@dbick re§onkO@ saidfeédvatk Edlectidn'WndtipeRerShifut 8133h100

tel evision S|gnal Is currently bei ng received -condition the conputer
14 to adjust the channel equal i zati on fllterlng coefficients stored in
the tenporary stora@ digig}y F pler conngeigd ;ffHT?“r'FlYIBgF%ﬁé@dERSWHI Iesponge a5 i ng
signal s extrac f on
Feadback 10 merpasetdfk dnd K RedkraRERQ HaReck reckbiie de'aSubifanc Sk

the logic cir cmlgnalyaﬁld)fos syplying adlﬂﬁarenaermdtpm&slgmlaSIaagu&Hzedtabmsesufsmdm gnal

currently ng,receiyved a.DTV sjgnal e feedback sel ec

mul 11 pl exerto7aapive clgiiab i et s pindied 2 S AL JVDROR OF S Begbard e
quanti zer 96 rgap&%qnﬂggegaut signal to the feedback FIR filter 94.
The quantizer 96 quantizes the difference output 15 signal fromthe
subtractor 93. The error detector 98, used for inplenenting decision
feedback procedur esagHaMiZBTNesRINgivalte said equaliced responsg ef eaid adaptive rltgﬁakﬁlch:ral
based on ff e e [ he -
subtractor 93 anﬁ" &kfor smg%%&%n‘i“%@%r%%s?%g t{éaﬁs erCp%x g% Paglirl (S:e;ct ﬁgﬁl u{ |% Pl ed

by the logic cgildmddbycldg&leah@mnﬂlt}ﬁ&er; signal is currently bei ng
recei ved condition the conputer 14 to initially adjust the 20 channel

equallzatlonfllterln coff|C|ents stored .i.n t rary siorage .
registers AR Geieqial forgroeralipg Aeqizign #fﬁa %ngﬁ]aqr@ 10 PY ERIPRAIING om
the initial daEﬁd%ﬁE?@rWe%u&;ut s1§na1 tg%&qﬁérﬁizgﬁresﬁ?ﬁé .embter, the conputer 14
adjusts the coefficients store t enpor ar y storage regi sters 92
and 95 usi ng deci sion feedback based on the error ignal generated by
the error detector 98omphier forgpmputingiadietmpnts eﬁsmptqwmmgble fiftgring veights, r y
10 when a QAM

o initialive ool i e diie 3R FEtdiRS epPlite o FTRKISOn ™

tenporary st or ggdback infor@eliGi Snsratedl duntthg 3pidustoid thiees. si on f eedback based on
the error signal generated by the error detector 98.

40

3. The television signal reception apparatus of claim 2, wherein said computer
during said first times computes adjustments of said programmable filtering weights

depending on training signal extracted from said first digitized baseband signal.

4, The television signal reception apparatus of claim 3, wherein said first type of

television signal is an analog television signal.

5. The television signal reception apparatus of claim 4, wherein said second type
of television signal is a vestigial-sideband amplitude-modulation digital television

signal.

6. The television signal reception apparatus of claim 5, wherein said computer

This Sheet Has Been R
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en—f+tter circuitry 9 specifically described above does
lir‘Ut'Tx channel - equal i zati on, but equalizes only on a

+ 3
U1

The ghost=tancet+=a

not 30 p

real sig lm u order to econonize on nmultiplier costs. Adaptive
ghost - caneeld alul circuitry

-22- that provides for conplex channel -equalization can be used in .

ot her enbodi nents of the invention. =29~ FI GURES 4A, 4B, 4C
and 4D are ti nwﬁlg(Ny%ﬁﬁie%ﬁd BhePéRNR&Anitial adjl\(ﬁﬁﬁ:ht@ %kszmi Pfﬂglrﬁﬁmhm%fé

(VvBl') signals for SC anal og TV transm ssi ons, the %
NTSC anal og T\Weightssiepesdingion Ha@mg@bmttaa@ﬂfrmmés@eann@dbaseband
These timng di.agrans and that of FI GURES 4E share a common nodul ar tine.

The vBl sT8Mil s of FI GURES 4A, 4B, 4C and 4D are inserted into
successive fields Flerr], Flerr], Flerr] and F[err], respectively.
These VBI signals may conprise any one of the 11[err] t hrough 20[err]

scan lines of each field, the present preference being to insert theminto
10 the 19[err%\ﬂ scan. |ine of each field, nunberi gaﬁthe can |i.|
consecutivel y %ith {heteigvisien signa T?QBH@WE}W‘? i3 §e°8’f‘d 5®i ve

scan in the preeg Iyg Sorl éx%ﬂ is a:{l}ﬁl ﬂxdéfm&hﬂ’atlon dlgﬂﬂﬂteléhﬂaﬁgﬁnblm o the

19[err] scan line eac S pres ned in the description wh

fol |l ows. The 19[err] scan lines of FIGURES 4A, 4B, 4C and 4D
begin with horizontal 15 synchronization pulses 41, 51, 61 and 71,
respectively, which pul ses are depicted as bei ng negati ve-goi ng. The

hori zontal synghron gqﬁ ely
fol |l oned duri n ensEﬁ%gel% El%lg&ﬁ rec]eml%#});?ﬂa t E"‘r}%‘%“a’%‘ SIF'%T% g E&E@W
62 and 72. Th edﬂﬁﬂgssawékcﬁhmtiﬁlﬁ t@nputesiaftial hki;uﬂhitﬁmbf baid ptoprédmabl? fileFingnd

72
weights depending on training signal extracted from said second digitized baseband

signal.

9. - A television signal reception apparatus for receiving a television signal
selected from among digital television and analog television signals, said television

signal reception apparatus comprising:

a receiver portion for supplying first digitized baseband signal responsive to a
5 vestigial sideband amplitude-modulation analog television signal received during first

times;

a receiver portion for supplying second digitized baseband signal responsive to

a digital television signal received during second times; and

adaptive digital filter circuitry with input and output ports and with
10 programmable filtering weights, connected for adaptive operation during said first
times for suppressing ghosts in said first digitized baseband signal, and conmected for
adaptive operation during said second times for suppressing ghosts in said second

digitized baseband signal.

10.  The television signal reception apparatus of claim 9 further comprising:



indicate théirT refative—potarities respective to each other, per the NTSC

standard. T I i ges of the horizontal synchronization pul ses
st TR

onsi dered to be the beginning of the
verti cal - bl ankiengei nt

«» norizontal scan |ines, which lines are each
of 63.55 m crosecond duration in NTSC standard signals. This 63. 55
m crosecond duration corresponds to substantially 684 synbol periods of
ATSC DTV signal and approxi mately 113 of t¥H¥se synmbol periods are taken up

by the 25 jRori zont ainudiysleter Bt seRbiiaily Bppisiag a4id firktdidilindtkta3€bape s¥Aakto the
The 551 synbol period between each_ back porch and the ensuing front porch
i s of suffici emputipartief sid adsptive digheldttes cacyiy dumng sawk fiesh Hmses apdfort he 189

o Synbol - cpoch Ty BB s sdoBhF elRpasRUEEm oMbl B oLegid

PN sequences aﬁ%ﬁvaﬂtgﬁtﬁnﬁhﬁﬁﬁcﬁimldﬁlﬁn§@aiif‘s’ea)hgItiaies;and have -1 and +1
val ues at -15 | and +95 | RE | evel s, respectively. Thi s provi des

t hese sequences with substantial _ener to inprove the jidentification o
23 Seaker | GhBs PSR 980 SRAP dPtTRE SR o dBi P e O o Simal

may be assggi a2y -éJ}tio for s¥iinyg thk GEneRitiohSINinteR B YOI cafrierdctidiat i on. The
FI GURE 4A | scan ne lF1as three consecutive PN63 sequences 43, 44

and 45 on a pertspémsived6 redehtorPdBdidengtiginbsideband amplituderanotBlatioplanalagi ng t he

PN63 sequence 44. .The .FI GJRE 4B.VBI .scap. L ine has rhree .5 c cult.l.ve, PN63
sequences 53, ISkVifion ggnaio o %ﬁa&f m%@‘,pllelxﬁ’étoﬁﬁ%ﬁ el 6%3488%183%5‘ i 2efhd 54
and 55 repli capidRgardd§orANGthe e 6t of éadd adti¢d digiel Miker @irclitrldis 4put The

FI GURE 4C VBI scan i ngeIPhas threeﬁconsecut&ilh?e PN%% sequences 63, g? and 65

on a pedesigndl. 66, the PN63 sequences 63 and 65 replicating the PN63
sequences 53 and 55 of FIGURE 4B. The PN sequence 64 of FI GURE 4C has
the sanme anplitude as the 10 PN sequence 54 of FIGURE 4B but has the
opposite séfnse of polarity. The FlI GURE

11.  The television signal reception apparatus of claim 10, wherein said received
digital television signal received during said second times is one transmitted by
vestigial sideband amplitude-modulation accompanied by a pilot subcarrier, said

television signal reception apparatus further comprising:

30 a pilot subcarrier detector connected for sensing the substantial presence of
said pilot subcarrier accompanying said digital television signal being received to
condition said multiplexer to selectively apply said second digitized baseband signal

to the input port of said adaptive digital filter circuitry as its input signal.

35 12.  The television signal reception apparatus of claim 10, wherein said received
digital television signal received during said second times is one transmitted by
vestigial sideband amplitude-modulation accompanied by a data field synchronizing
signal, said television signal reception apparatus further comprising:

I —
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4D VBl scan—|+ne—-has-three consecutive PN63 sequences 73, 74 and 75 on a
pedest al : t he PN63 sequences 73 and 74 and 75 replicating the PN63
sequences tgnﬂéguk I"uﬂtuﬂud:GS of FI GURE 4C. The pedestals 46, 56, 66 and
76 in fiel 10w ety Flerr] and Flerr] each have a val ue of
+40 IRE levels and transitions to this level fromthe porches at 0 15 |IRE
| evel s can be nade as rapidly as the 40-1RE-1evel transitions of horizontal
sync pul se edges, which take | ess than 0.254 microsecond. There are no
bandwi dt h COHS&if@ﬁ:?} Fespbh§iVe tolthe PreSatRB 'of h PResorgsiafortior 6f2H6 Hith et each
to be nmade within six A $C __synbol epochs, or 0.557 mcrosecond. .

The 19][ er r BO0s caymchionizing¥igal @urikbdigital telgyision signal heing rreeixpdfor sraditiasing 20
porches for the.horizontal s i zat i SRS. . 1: Lo o -
respectively, %?glmulmpq?’f% Oe%e\éét}lgﬂgg@%%@rs? r}’géc)‘f':;lﬂrﬁl ‘ﬁg‘ﬁlg%d %agé?ar?ﬁ ﬂé’gpﬁotrgf ot al
synchroni zat i oporpbf ssed adbptivedigitBl/filter circwitiet af s tpat sigaglect i vel y fol | owed
during ensui ng back-porch intervals by chroma bursts 48, 58, 68 and 78
of those 20[err] scan lines FI GURE 4E shows the separated CGCR
signal 84 that results when the GCR 25 signals fromtwo successive fields
that are in tw successive franes of' NTSC anal og TV signal are

differentially ,Onbirﬂéfélev?s‘i&mgﬁmré fiort fpafdaiR of il PwhéeinGhid digitgor t
shown in FI GURES 4A, 4B, 4C and 4D. separated GCR signal per FIGURE 4E

resul ts when t tetevision signal ece3ER duiing sdid sesfond tinled is @jedranpmifted by] vestigiabf
FI GURES 4A and.aq) ¥ if&ﬁﬁﬁq}ially conbined with the sumof fields
Flerr] and F[ eFiffoas ag}p&ﬁ)f_%gn A& 4D, " 30 the conbinings being done on a
correspondi ng sanpl es basis. The horizontal synchroni zi ng pul ses,
t heir porches and the chroma bursts, as well as the second conponent
GCR signal, are suppressed in the separated GCR signal of FI GURE 4E.
- 24- e . . . ..
14.  The television signal reception apparatus of claim 13 further comprising:
a receiver portion for supplying third digitized baseband signal responsive to a
quadrature-amplitude-modulation digital television signal received during third times,
with said adaptive digital filter circuitry being connected for suppressing ghosts in

5  said third digitized baseband signal during said third times.

15.  The television signal reception apparatus of claim 14 further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuitry during said first times, for selectively
10 applying said second digitized baseband signal to the input port of said adaptive
digital filter circuitry during said second times, and for selectively applying said third
digitized baseband signal to the input port of said adaptive digital filter circuitry

during said third times;

—_—
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Supposi ng t he+nitial PN63 sequences 43, 53, 63 and 73 to begin 125 synbol

epochs after”“ED beii nni nm&f the VBI scan line, the separated GCR signal
s

84 will Icuﬂ mnm L epochs after the start of the horizontal scan
line and wi | . nbol epochs after the start of the horizontal

scan line. Pre-ghosts up to 17.467 5 nicroseconds (188 synbol epochs)
before the principal received signal can _fkg_ detected fromthe FI GURE
4E signal w thout being overlapped by signal fromthe precedi ng. VBI
scan |ine. Post - ghoan taledrgsgundcargesiptesing canractpsde said anlog ¢elevision sigalo|

epochs) after the pringcipal j ' I f e Fl GURE
3E st gha dht Hete BAREE B el Rl R PEpRREAG B YRR, T
the 10 succeegdigitized/Bhsebsiaisignal o the input port of said hdeptiae dipitbfilér cirbeitiyets isf
signals shown in FIGURES 4A,. 4B, 4C and. 4D, ..the . PN63 se%&nces 43, 53,
63 and 73 ar e @PidERAbTeRORHValhe gersration of dptercayier F‘?}E‘Hﬂ%?’ nthin §aidences
44, 54, 64 and i N > : : i@ Pai 5 are
noved ahead iﬁm?el %%Hgll%?ingd gﬂ@gfn%%es&t he ggpargtgtﬁo@g %ég%lgﬁlgéﬁflﬁ tinme,
decreasi ng 15 amplitudgdramidubdtion endlogtebevisadn digna); and f avor of i ncreasing

post - ghost detection capability. FI GURE 5 shows a nodification

ohi ch' modi PPeat i o # BIGBearEcriesier aPmseteg oL R ane Hommitial RARA
i nvention. Thes gt saBédrer dé@&rﬁﬁmyﬁ%ssaid’tﬁ?'ftéllfﬁévi%ﬁig‘d@)dﬁ]’g\/reﬁéigétaio is
anp

bei ng received by detecting the presence o )rescri bed _portion of the
data field 20 conditismrsaid muliiplexerjioselectvely annly gaid secand digiized haseband siggalnp| es

of known val ue, .This 3 i td : i can be the
PN5 11 sequencté),th?&puéa%%?geaﬁ%app ﬁ?gi‘%ﬂﬁl ﬁlpegrcgéllclwg‘%gg §’5’r§ % :s-igﬁi 1'of t he DFS
signal can be the PN51 1 sequence followed by the earliest PN63

sequence, by way of a counterexanple. A match filter 85 for the . .
prescri bed portion of the DFS signal supplies a response to baseband signal

fromthe 25 VSB DTV recei.ver .portion.2 of the television, receiver. This
response p@éks%B- %?ﬁeé’é%?n $1RAl FRceRE ?i’é’araﬁi?rqfi%kf’rlfnolﬁ e SR Pe iRl

occurs, but is of substantially | ower val ue for other portions of the
baseband signal. A }Mese] detélesaehfdctddito said redeid podidntfor supplyiey thirdf i | t er
85 response for supplying a ONE when the match filter 85 . response

exceeds a pr es@igitived baspbardsiernl for regpoafag toputematic supAGoRtrolbringmeHed ife 30
match filter 85

The il FRRREP Sorﬂ&? Yor MppIGEafth bi3RiRl baLhbhRfdeddl tEShRibn@lde-
multiplexer to selectively apply said third digitized baseband signal to the input port

30 of said adaptive digital filter circuitry as its input signal.

17.  The television signal reception apparatus of claim 14 further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuitry during said first times, for selectively
35 applying said second digitized baseband signal to the input port of said adaptive
digital filter circuitry during said second times, and for selectively applying said third
digitized baseband signal to the input port of said adaptive digital filter circuitry

during said third times;



threshold d it signal is supplied as input signal to a pul se
stretcher S?Eﬁmmju)m”ﬁmﬁmletches any ONE pulse in the threshold detector
86 out put si s Iy

- 25- conti nuous -ONE extendi ng over an interval somewhat |onger than a
data field I nterval . FI 5 shows the pul se stretcher 87
as stretching pul sesnfiptercaritaiseurid @iffter detector BdRierRH to Said mitlog RlldviNloéighdle
reception of a VSB DTV si %nal wi |l be mintained even i f 1 npul se noise

] 5 if [
during one #FsTESsivsT paTtignfopselestistygonditineing said mulaplexss to apply sad first
peaki ng above pg ' # ny 20U Rg: | -g‘ﬂ#};; .
extended to a I%ﬁﬁ%fadw ?%&rrrlgss ? P%oﬁ?%’ﬁ%ﬁ@gogpﬁfsg ?a& %1‘%*){5}? @%ﬁ@ﬁﬁ"ggﬁ’s Eﬁgst o]
be desirabl e. Thmtpignak responsive totthdgeneBifion afi inltercarriensonat afirier within saicdr at or
or "one-shot", .but in i n]:llgfrated-ci rcgi t. construction.it Afgﬂ{) ef erabl e
to use a bi st abNECATIE SOt Sarer dstector during recentiqn pf spid yegiigialisi set by

ONEs from the tLhgahrldofahest flalodicRPlidnSignatan@er i odi cal |y by pul ses
i .

generated at data frane intervals or at |onger intervals. The
logic circuitry 10 could be reconnected to use the pulse stretcher 87
out put 45%j gnal #ércuitey, Emspensbiedp she peseaexoin mgsqu%e@ pettiogof therdagaBeld

currently recei I.SLON: -1 1:Sd J:S. & I: L
FIGRE 5 shove “Tadreeit elingliy spid Bl Mbvlion Beda e B 0 hor Rl ing
response of an s&id rgaltiplekSr to kblRcirelgappty S4d kaghd diditized basebandbighsl 3o thesinputl se
stretcher 87 indication of a VSB DIV signal being currently recei ved
with the DTV piPeHofsaidadaptivedigital dilten qirquitgy asis gRutENgl.vSB DTV si gnal Dbei ng
currently received. If nultipath distortion reduces pilot carrier |evel
sufficiently that the DTV pilot carrier detector 11 fails to indicate
the current reception of a VSB DIV 20 signal, the pul se stretcher 87

I ndi cation of a VSB DTV signal being currently received
50 18.  The television signal reception apparatus of claim 17 further comprising:

a threshold detector connected to said receiver portion for supplying third
digitized baseband signal for responding to antomatic gain control being applied to
said receiver portion for supplying third digitized baseband signal to condition said
multiplexer to selectively apply said third digitized baseband signal to the input port

55 of said adaptive digital filter circuitry as its input signal.

19.  The television signal reception apparatus of claim 9 wherein said digital
television signal received during said second times is one transmitted by quadrature-

amplitude-modulation.

20. A television signal reception apparatus for receiving a television signal
selected from digital television signals transmitted by vestigial sideband amplitude-
modulation and digital television signals transmitted by quadrature-amplitude-

modulation, said television signal reception apparatus comprising:

5 a receiver portion for supplying first digitized baseband signal responsive to a

vestigial sideband amplitude-modulation digital television signal received during first



i's Iikelywhe television receiver inits VSB reception
node. | mpul se noise interferes with match filter 85 response

peaki ng abomlj mﬁﬂ"’ﬁm t hreshol d val ue during the current reception
of a VSB DT ,Hmpul se stretcher 87 fails to indicate the
current receptlon ‘of "a YSB*DTV signal, the DTV 25 pilot carrier detector
11 is likely to indicate the presence of pilot carrier, keeping the
television receiver inits VSB reception rbdde. There are
reasons for onaihé&;use passband ghost-cancellation filter circuitry

with the QAM DTV receiver portion 3, rather than baseband

ghost-cancel lation filter circuitry. So, enbodinents of the invention
in which the basebar?crea@&?ftnoei%mgmg@plmg ée&ﬁ&fémgmeérbaﬁqu@lgml TOSPPRFYE® i s

used only for I er
portion 2 and ?‘Jhcgj Qﬁa@%@ ﬁ@éﬁ%;}mﬁdl %n(ﬁ%lft%?éeﬁ%éc}ﬁ g%?l receévelgl[&%é%ggon

- 26- I ¥y entmess andEnbodi nents of the invention in which the baseband
adapti ve ghost - cancel | ati on filter ci rcuitry 9 enpl oys

fractional - baud-rate u n_rat her b : e equal i zatlo

are al so contenpl at &ﬁlaﬁ@ ‘#151 Sy pﬁq@ﬁ@agg%l{engg PELR Liﬁ’f"’i’%e"te
modi fied to insgf ﬁda%tﬁ'@b?e‘rﬁt@cﬂﬁdﬂﬂrfg%afd' ﬁrEﬁim@.@fBP&S}gI‘é&@ing BBt ARdaiPHrsfnd to 5

i nsert a re- sar‘g)l ing fil after the quantizer so the error detector
98 recei ves igitizefhlasebanidisigrialy Iand d@rglecfad fayadepiivetdperation dugngpaid eetondr

generating dec'tlsnlwos o; gup%lr)esmlﬁg ghosts n sa1 s%%ondoﬁgltlzed baseband signal.

15
21.  The television signal receptiox{ apparatus of claim 20, wherein said vestigial
sideband amplitude-modulation digital television signal received during said first
times is accompanied by a pilot subcarrier, said television signal reception apparatus
further comprising:

20 a multiplexer for selectively applying said first digitized baseband signal to the

input port of said adaptive digital filter circuitry during said first times and for
selectively applying said second digitized baseband signal to the input port of said

adaptive digital filter circuitry during said second times; and

a pilot subcarrier detector connected for sensing the substantial presence of
25 said pilot subcarrier accompanying said digital television signal being received to
condition said multiplexer to selectively apply said first digitized baseband signal to
the input port of said adaptive digital filter circuitry as its input signal.
I ——
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In the clains which follow, the various receiver portions included in each

tel evi gi I on apparatus may include shared el enents used in
Comnﬂmﬂ!mmmm"mgmtm of those receiver portions. In the clains which
follow, the word""shid" is used to indicate antecedence rather than
the word "the", which is used for other granmati cal purposes.

[err] 1. A tel evision signal recepti gn appar at us for receiving a

tel evi si on signal sel ected from anong ?ransm’ tted tel evision signals of
di fferent t3(ped?. saildetelbdvionisignal receptioy apparateseflaion2G perear said yestigialsi ng:

fo o Vot Pot sl haidmptRls hofiatied Gritl PebsbGaiatirals frimd garone' ve
a receiver por inQR i§ fdcofipaiied bPd daRFHsyicBriohiZAgCkidas samdlesisihafignal

responsive ' to a second type of television signal received during second
tinmes; and reception apRegrEps EXROFPTIINGE i | ter circuitry with input and
out put ports and with

a multiplexer for selectively applying said first digitized baseband signal to the
35 input port of said adaptive digital filter circuitry during said first times and for
selectively applying said second digitized baseband signal to the input port of said

adaptive digital filter circuitry during said second times; and

circuitry, responsive to tlie presence of a prescribed portion of the data field
synchronizing signal in said digital television signal being received, for conditioning
40 said multiplexer to selectively apply said first digitized baseband signal to the input
port of said adaptive digital filter circuitry as its input signal.

This Sheet Has Been Reﬁaced
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programmabl e filtering weights, connected for adaptive operation during

said first times for suppressing ghosts in said first digitized
baseband signal, and connected for adaptive operation during said
second times for suppressing ghosts in said second digitized baseband
si gnal . wherein said adaptive digital filter circuitry conprises:

a feedback selection nultiplexer having first and second-input ports and
havi ng an output port for supplying a feed ggk sel ection nultiplexer output
si gnal sel ectively responsive during said first tines to signa

suppt i ed o sald iiy RECERRONDRPBARATUR USING!SARRS BARUS RElAGEELDATION

mul ti pl exer and sel ectively responsive during sald secon tines to
signal suppdsd ed t o GRIQUITRAOFROR RECEIVIDIG DIFFERENT T&@HSa0K T3S KaVADS

mul ti pl exer; a first finite-inpul se-response adaptive digita
filter connected for supplying a feedf.arward response to said first
digitized baseband signal during stﬁm?wﬁéﬁh%ﬁhﬁégm"e and to said second
digitized baseband signal during said second tines; - a second
finite-inpul se-responi@idsiagiphal@eddpiort fpafanistfor receiningel teldvisivh signal selected
REPLACEMENT SHEET 16JUN 200|

- from among transmitted television signals of different types includes ayospacties

SHEET receiver portion for each of the different types. Responsive to its respective type of

50 television signal being received, each receiver portion supplies digitized baseband
signal to adaptive digital filter circuitry shared by each receiver portion. The adaptive
digital filter circuitry is operated for suppressing ghosts in that digitized baseband
signal.

(Fig. 1)



[err] _ : : 28 supplying a

f eedback response to said feedback sel ection multiplexer output signal;

a digital subtractor connected for receiving said feedforward response as a
m nuend i nput signal, for receiving said feedback response as a subtrahend

I nput signal, and for supplying a difference output signal as a
equal i zed response of said adaptivéAﬁgﬁtaJ filter circuitry that is
applied to said first input port of said feedback sel ection
mul tiplexer;| |NTER h quanbA@q((fesponsﬁq;7&o1said equal i zed
L ARRIER . AG . . .
response of saj ﬁé%ﬂ&#ﬂ@hd artalpdreby 8k ciYcuitry for supplying a
quanti zer respongerg RIS ap)ﬁiedj%e satd Feconﬁ I nput port of said
f eedback sel ectian ul t | pl exer ; 13 . angerror_detector for
generating deci $i d&”f eedfBack i forndtion by'conparinq sald difference
out put signal tofsardmuant | zen | nespense; atdQAM DTV _ NFsgomput er for
computing adj us{ rentAr@ERSaL | P REERIVERILe &) RéGEVRR Ve JHEsEIVER | Sai d
adj ustments bei ng pereeteR P i NeorandnSErond pbirTRSN J8pendeagTRIN $3i d
deci si on feedba¢k—rferratio uri hg—sai econd—t4 2.
The tel evision &ignal secept Lol appagrarus of gl i M@, Wher ef njsar d comput
LOGICFOR | 1° S :
DECIDING ANALOG- ANALOG- ANALOG-
MODE OF | TO-DIGITAL | | TO-DIGITAL TO-DIGITAL |
RECEPTION 5 | CONVERTER | g | CONVERTER CONVERTER | 7
, ] [ l
* MULTIPLEXER FOR SELECTING INPUTTO | o
GHOST-CANCELLATION FILTER CIRCUITRY
l .
COMPUTER FOR ADAPTIVE GHOST- | o N
GHOST-CANCELLATION  }------ { CANCELLATION F|g 1
FILTER COEFFICIENTS  [Y14 FILTER CIRCUITRY

‘ - L. 3

3 |

ROM FOR 21 22 23y |
TRAINING VSB SYMBOL QAM SYMBOL COLOR BURST
SIGNALS SYNCHRONIZER SYNCHRONIZER ¢ DETECTOR |,
G 1 1 1
MULTIPLEXER FOR SELECTING SOURCE OF | 20
SYMBOL CLOCK OSCILLATOR AFPC SIGNAL }
— l .
18 | LINEOR SYMBOL SYMBOL SUBHARMONIC
4 SEGMENT h— COUNTER [ CLOCK . LOCKCOLOR H
COUNTER OSCILLATOR OSCILLATOR
| Gz Y6 24/
19y | | | ! !
COUNT 27 | VSBDTV QAM DTV NTSC COMPOSITE
RESETS ~—1 SYMBOL SYMBOL VIDEO SIGNAL
CONTROL DECODER DECODER PROCESSOR
v / /
12121 29 26 3
RECEPTION _ T TOREST
CONTROL OF SET
SIGNALS 1 304 25y |
TO REST
OF S | VSBLINE & FIELD QAM LINE & FIELD NTSC V & H
| SYNC DETECTOR SYNC DETECTOR SYNC DETECTOR
28 CIRCUITRY CIRCUITRY CIRCUITRY




during said first tines conputes adjustnents of said programable filtering

wei ght's depending on training signal extracted fromsaid first
digitized baseband signal . 3. The tel evision signal reception
apparatus of claim?2, wherein said first type of tel evision signal is
an anal og tel evision signal. 4. The television signal reception
apparatus of claim3, wherein said second type of television signal is
a vestigi al - si deband anplitude-nndulationzg'gital tel evi si on si gnal
5. The tel evision signal reception apparatus of claim4, wherein said
conput er REPLACEMENT SHEET
16 JUN 2000
AVENDED SHEET [err] 29
3| QAMDTV
RECEIVER
PORTION
I ~ Q
6.

31/ 32/| 33

TIME-DIVISION /
MULTIPLEXER

 ADC ADC |,

N |abc| |Apc

MULTIPLEXER FOR SELECTING INPUT TO
GHOST-CANCELLATION FILTER CIRCUITRY |-
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DATA- DATA-
SLICER SLICER

357 | 36/ | 37
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IN ROM -

. 14 347 Fa

TO QAM PROCESSING
CIRCUITRY IN THE REST
OF THE RECEIVER



during said second tines conputes initial adjustnents of said programuable
filtering weights depending on training signal extracted fromsaid second

digitized baseband signal . 6. The tel evision signal reception apparatus
of claim3, wherein said second type of television signal is a
guadr at ure- anpl i tude-nodul ation digital television signal. 7. The

tel evision signal reception apparatus of claim1l, wherein said conputer
during said second tinmes conputes initial348justnents of said progranmabl e
filtering meights depending on training signal extracted from said second

digitized 8. A tel evision signal reception apparatus
for receiV| l I's HOS|gnaI sel ected fromanong digital television
and anal og |t I Jﬁals said television signal reception apparatus

conpri si ng: eceiver portion for supplying first digitized
baseband si|g aﬁEQQ% e to a vestigial S|debamd anplitude quuIation
anal og teIeV|S|om qignal receivgp_dLLLng_iiLsL—Lﬁﬂ ei ver
portion forsupptyr g secynd—dirgj tMEEHPbEXERZAR SEIFEIINGIY Hﬁs'rQ/e,..tgo a

di gital telepision—sigralireceiveGHART-BHNSELIAHON TeER CIRCUITRYafapt j ve
digital filgpr circuitry uith |nput and output p¢rts_and wi th programrmabl e

e

t
filtering we| ghts—conmetted—for—adapti ve operatijon HSOAk said first times
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mul ti pl exer for selectively applying said first digitized baseband si gnal
to the input port of said adaptive digital filter circuitry during said
first tinmes and for selectively applying &4 d second digitized baseband
signal to the input port of said adaptive digital filter circuitry during
said second tines; and an intercarrier sound carrier detector
connected to said anal og tel evisiofr signal féceiVyess portion for sensing the
generation of intercarrier sound capserpNareraEs|l/f esponsive to reception of
sai d vestigiau:igfeuqu anpl i4p de-TnQyLau4 n apalog tel evision sigHd
condition sai tipl exer LE Fﬁ%é*tTV |y apply' $& i gt
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baseband signal to the input port of said adaptive digital filter circuitry
as its input signal. 9. The tel evision signal reception apparatus of
claim8, wherein said received digital television signal received during
said second tinmes is one transmtted by vestigial sideband

anpl i t ude- nodul ati on acconpani ed by a pilot subcarrier, said television
signal reception apparatus further conprl a pilot subcarrier
detect or connected for sensing the substan{lal presence of said pilot
subcarrier acconpanying said digital television signal being received to
condition said nmultiplexer to selectively apply said second digitized
baseband signal to the input port of said adaptive digital filter circuitry
as its input signal. 10. The television signal receﬂgtgg_apparatus of
claim8, wherein said received digital television sign redei ved durlng
said second tinmes is one transmtted by vesti gi al S|debbnd

anpl i tude- nodul ati on acconpani ed by a data field synchrpn|2|ng signal, said
tel evi sion signal reception apparatus fqrtner conprTS|np |
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second di gitized baseband signal to the | ut pﬂrAbgafamsal

filter circuitry as its input signal. FheteIeV|S|.

reception apparatus of claim8 wherein sal d d,,nﬁt bﬁl sl on -ﬁ éeg
recei ved d@LAIMSai d second tinmes is one tran j=ass1.088and
anpl i t ude- nodul ati on. 12. The tel evision signal recept i on apparatus of
claim 11l further conprising: a receiver portion for supplying

third digifli zed Aodelevisich sigmall receplionshpsaratus? for receiving a televisi ion sgnad
quadraturega[%q(%ﬂde nodul ation digital television signal recelved du

third time OH) amegrananitied telavisian signalsiof different tyriesy sainhietsision

for suppre éﬁyﬁi .gitized baseband signal during said
third 'Itoloneghyﬂwr ?ﬁedﬁg, rﬁ\lflgg?o#r hal reception apparatus of claim12

further conprising:
a receiver portion for supplying first digitized baseband signal responsive to a
first type of television signal received during first times;

a receiver portion for supplying second digitized baseband signal responsive
to a second type of television signal received during second times; and

adaptive digital filter circuitry with input and output ports and with
programmable filtering weights, connected for adaptive operation during said first
times for suppressing ghosts in said first digitized baseband signal, and connected
for adaptive operation during said second times for suppressing ghosts in said
second digitized baseband signal.

N4 wherein said adaptive digital filter circuitry comprises:

a feedback selection multiplexer having first and second input ports and
having an output port for supplying a feedback selection multiplexer output signal
selectively responsive during said first times to signal supplied to said first input port
of said feedback selection muitiplexer and selectively responsive during said second
times to signal supplied to said second input port of said feedback selection
multiplexer;

a first finite-impulse-response adaptive digital filter connected for supplying a
e feedforward response to said first digitized baseband signal during said first times
and to said second digitized baseband signal during said second times;

a second finite-impulse-response adaptive digital .ﬁlter connected for
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a nultipl eXET—f*OT—sﬁ—ECﬁ—VEW—appI ying said first digitized baseband signal
to t he i nput ptive digital filter circuitry during said
f| rst times ”nm”m mﬁ"! m appl yi ng said second digitized baseband si gnal
o the input {oret m gal aptive digital filter circuitry during said
second tines, and for selecti veI y applyinggsaid third digitized baseband

signal to the I nput port of said adaptive digital filter circuitry during
said third tines; REPLACEMENT SHEET

11 JUN supplymg a feedback résponse to said feedback selection multiplexer output signal;
ANMENDED .SHEET

a digital subtractor connected for receiving said feedforward response as a
minuend input signal, for receiving said feedback response as a subtrahend input
signal, and for supplying a difference output signal as a equalized response of said

adaptive digital filter circuitry that is applied to said first input port of said feedback
selection multiplexer; |

a quantizer responsive to said equalized response of said adaptive digital filter

circuitry for supplying a quantizer response that is applied to said second input port
of said feedback selection multiplexer;

an error detector for generating decision feedback information by comparing
said difference output signal to said quantizer response; and

a computer for computing adjustments of said programmable filtering weights,
said adjustments being computed during said second times depending on said
decision feedback information generated during said second times.

2. The television signal reception apparatus of claim 1, wherein said computer
during said first times computes adjustments of said programmable filtering weights
depending on training signal extracted from said first digitized baseband signal.
~ 3. The television signal reception apparatus of claim 2, wherein said first type of
television signal is an analog television signal.

4.  The television signal reoeption_épparatus of claim 3, wherein said second type
of television signal is a vestigial-sideband amplitude-modulation digital television
. signal.

5. The television signal reception apparatus of claim 4, wherein said computer
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32 an intercarrier sound carrier detector connected to said anal og
t el evi si on Siﬁlm ' tion for selectively conditioning said
mul ti pl exer t Hnmcnlmmldll t digitized baseband signal to the input port
of said adaptive digit#&l f#ilter circuitry as its input signal, responsive
to the generation of intercarrier sound Qgrri er wwthin said intercarrier

0

sound carrier detector during reception sai d vestigi al sideband
anpl i t ude- nodul ati on anal og tel evision signal; and a pilot

subcarri erdlﬂﬁ"g?%iarse%@ﬁﬂQﬁ@c&rﬁgu&%ﬁﬁﬁiwaﬂjbﬁnﬁéﬂﬁto?@"aid%r ranRRbRe fikeridy d

pi l ot subcai ner acconpanying said digital television signal’ being received
to condi t i WRighls depending|andeaining sighalextiasted fippl said siegond sligitizet! basehant
baseband Séigﬂgll to the input port of said adaptive digital filter circuitry
as its input Srgnal. 14. The television signal reception apparatus of
claim 13 further conprising: » a threshold detector connected to

Cespondi ngbt o a8y eR. SR bAoAt ik £ RN sdteBeng 3ing on
for suppl yoftelevision sijngl is & qladetgeaartiplitugeahod laticsrdigitaloielessdion Blgnial.pl exer

to selectively apply said third digitized baseband signal to the input port
of said adaptive digital filter circuitry as its input signal. 15. The

t el evi si on7si gnhe teleeidior Sighap esciption Gippairatul) dfcldiv Hh Whe?€iPsAid i stnputer
a multiplexer for selectively applying said first digitized baseband si gnal
to the i npﬁ'ﬁ'"@ﬂ)?@'do?e‘f@apd"ﬁ%ﬁaﬁ@mw 8 igitiabadiustreents of said programmahle §lietdng
first ti Megeightd d8pLAGinG'GH ¥aining signal extracted from said second digitized baseband

signal.

8. A television signal reception apparatus for receiving a television signal
selected from among digital television and analog television signals, said television
signal reception apparatus comprising:

a receiver portion for supplying first digitized baseband signal responsive to a
vestigial sideband amplitude-modulation analog television signal received during first
times; '

a receiver portion for supplying second digitized baseband signal responsive
to a digital television signal received during second times;

adaptive digital filter circuitry with ini:)ut and output ports and with
programmable filtering weights, connected for adaptive operation during said first
times for suppressing ghosts in said first digitized baseband signal, and connected
for édaptive operation during said second times for suppressing ghosts in said
seconq digitized baseband signal;
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applying said second di d baseband signal to the input port of said

itize
adaptive di gi I lm ﬂﬂl‘lml try during said second tines, and for :
sel ectively a . hE d digitized baseband signal to the input port
of "sai d adaptl\fe di gt tal filter circuitry during said third tines;

REPL ACEFE! - | 30 16 JUN ueFd
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an intercarrier sound carrier detector connected to said anal og tel evision

si gnal réelcei vera paultiplexrer for sel@cﬁ@ély\aplpWqu)Bdrdtﬂrﬁﬂdeﬂlz&dlbésﬁb'ahd Bigﬁéﬂ*lo te
apply sai st di |t|éed baseband si to the 1 nput port of said

adapti ve PBP{ fork jof said aqaptive, digital ifiter jcirguitrys idyring , saidsfitsh tires tand Her
.

g ity o oy Bt sl B it ot

anpl i t ude} adapfivetdigitalfilier oigcuitry during saidsseponld; timest and

an intercarrier sound carrier detector connected to said analog television
signal receiver portion for sensing the generatioh of intercarrier sound carrier therein
responsive to reception of said vestigial sideband amplitude-modulation analog
television signal to condition said multiplexer to selectively apply said first digitized
baseband signal to the input port of said adaptive digital filter circuitry as its input
signal.

9. The television signal reception apparatus of claim 8, wherein said received
digital television signal received during said second times is one transmitted by
vestigial sideband amplitude-modulation accompanied by a pilot subcarrier, said
television signal reception apparatus further comprising:

a pilot subcarrier detector connected for sensing the substantial presence of
said pilot subcarrier accompanying said digital television signal being received to
condition said multiplexer to selectively apply said second digitized baseband signal
to the input port of said adaptive digital filter circuitry as its input signal.

10. The television signal reception apparatus of claim 8, wherein said received
digital television signal received during said second times is one transmitted by
vestigial sideband amplitude-modulation accompanied by a data field synchronizing
signal, said television signal reception apparatus further comprising:
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circuitry, responsive to the presence of a prescribed portion of the data
field synchro”ml‘mnnﬂg “J“Isai d digital television signal being

recei ved, for d multiplexer to selectively apply said
second digitizéd basebdnd®si gnal to the input port of said adaptive digital
filter circuitry as its input signal. 3¢. The television signal
reception apparatus of claim 15 further conprising: a threshold

detector connected to said receiver portion for supplying third digitized
baseband si gnal cifonitry, sepporiBive to meiptesmiceoof@presmbedchorﬁem of the Mat@cﬁeld)

condi ¢ on ScaRHiFnG e (5 Mell television Hogeiciiind rRreliod: Gr epsioning
baseband sidi@ahuktiplexee tb f‘ééléctﬁ@[yt aFE)lyss"éld s%&eaaldﬁgnéealﬁaﬂebhhatﬁ n&ll I tHd Y

as its input signal. he "tel evision signal “reception appalatus o
clai m 8 whHBput por of gaidi agiap&vetd@wﬁﬁemrwitm it énpit wighadur i ng sai d second
times is one transmtted by quadrature- anplitude-nodulation. 18. A

tel evision signal reception apparatus for receiving a television signal

sel ected f1bm dTkg ttelevisiore \signal nresegtion sappasatisi of elpimy By wdherejnasaidi digitahd

anpl i t ude- t V, d

qundr at ur LeRof it HaGeied dytind S8 3eieRd, e % gL FATThl oy Vestiia
appar at us sidepand anglitude-modulationecei ver portion for supplying first
digitized baseband signal responsive to a vestigial sideband
anplitude-nodul ation digital television signal received during first tines;

EPLACE ENI2. , The television signal reception apparatus of tfaichAfigther comprising:

~
ﬂ

a receiver portion for supplying third digitized baseband signal responsive to a
quadrature-amplitude-modulation digital television signal received during third times,
with said adaptive digital filter circuitry being connected for suppressing ghosts in
said third digitized baseband signal during said third times.

13.  The television signal reception apparatus of claim 12 further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuitry during said first times, for selectively
applying said second digitized baseband signal to the input port of said adaptive
digital filter circuitry during said second times, and for selectively applying said third
digitized baseband signal to the input port of said adapt'ive digital filter circuitry during
said third times;
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AVENDED 34
a recei ver pH“JI m mg‘ %H!Hpng second digitized baseband signal
responsive t | i tude-nodul ation digital television signal
recei ved durlng secon tlnes adaptive digital filter circuitry

Wi th programmable filtering meights conp Ected for adaptive operation
during said first tines for suppressing ghosts in said first digitized
baseband signal, and connected for adaptive operation during said second
tinmes for SUpprmanmc@hest@md savrier sdutectdr dopinktield td akd aivdisg d8RVisigind

wherein said vesti si deband anplitude-podul atjon digital television
si gnal rec@%@'dre@& Q°§t§?fh mlwdwemq@tl%%ﬁg&nmgmp?gxea taiapply said first

subcarri er I [ [
il 11 pl 2Pl BeepuhdisAaP OB, ibBE ol cfSaRPARAMS A fISE oERY X A
t o t he i npinpupsignabf respodswdanot theegeinagatlam dfi lhtmcamer soundycatrier mgthimisaid
first times,and for sel‘fct vely %gg

d d. d b d
signal to IfRICAMIGN SQURd GRMEL e Fgﬁtﬁj g_lsqz;: SFé‘StI'COO'{‘] qft Iégidzz |"|%§gglf’f§se'8%??%

sai d secongmpliftie-maddiation analog television signal; and

a pilot subcarrier detector connected for sensing the substantial presence of
said pilot subcairier accompanying said digital television signal being received to
condition said multiplexer to selectively apply said second digitized baseband signal
to the input port of said adaptive digital filter circuitry-as-its input signal. -

14. The television signal rebeption apparatus of claim 13 further comprising:

a threshold detector connected to said receiver portion for supplying third
digitized baseband signal for responding to automatic gain control being applied to
said receiver portion for supplying third digitized baseband signal to condition said
multiplexer to selectively apply said third digitized baseband signal to the input port
of said adaptive digital filter circuitry as its input signal.

15.  The television signal reception apparatus of claim 12 further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuitry during said first times, for selectively
applying said second digitized baseband signal to the input port of said adaptive
digital filter circuitry during said second times, and for selectively applying said third
digitized baseband signal to the input port of said adaptive digital filter circuitry during
said third times;
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a pilot subcarrier detector connected for sensing the subst ntla presence
of said pilot subcarrier acconpanying said dlgltau I |m l al being
received to condition said nultiplexer to selecti C h |rst_
di-giti zed baseband signal to the input port of sald adapti ve dlgltal filter
circuitry as its input signal. 33
REPLACEVET &HEL [err]
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an intercarrier sound carrier detector conneéted to said analog television
signal receiver portion for selectively conditioning said multiplexer to apply said first
digitized baseband signal to the input port of said adaptive digital filter circuitry as its
input signal, responsive to the generation of intercarrier sound carrier within said
intercarrier sound carrier detector during reqeption of said vestigial sideband
amplitude-modulation analog television signal; a_ﬁd

circuitry, responsive to the presence of a prescribed portion of the data field
synchronizing signal in said digital television signal being received, for conditioning
said multiplexer to selectively apply said second digitized baseband signal to the
input port of said adaptive digital filter circuitry as its input signal.

16.  The television signal reception apparatus of claim 15 further comprising:

a threshold detector connected to said receiver portion for supplying third
digitized baseband signal for responding to automatic gain control being applied to
said receiver portion for supplying third digitized baseband signal to condition said
multiplexer to selectively apply said third digitized baseband signal to the input port
of said adaptive digital filter ciréuitry as its input signal.

17.  The television signal reception apparatus of claim 8 wherein said digital

television signal received during said second times is one transmitted by quadrature-
amplitude-modulation.

18. A television signal reception apparatus for receiving a television signal
selected from digital television signals transmitted by vestigial sideband amplitude-
modulation and digital television signals transmitted by quadrature-amplitude-
modulation, said television signal reception apparatus comprising:

a receiver portion for supplying first digitized baseband signal responsive to a
vestigial sideband amplitude-modulation digital television signal received during first

HEL fNI
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35 19. The television signal reception apparatus of claim 18, wherein

sal d vestigial sideband anpl it ude. odul ation diat ! EMENMRAI NN

synchroni zing signal, said tel evision signal receptioh &pparatussfurther
conpri si ng: a nmultiplexer for glectively’applying said first
digitized baseband signal to the input gort of said adaptive digital filter
circuitry during said first tines and for selectively applying said second

digitized basef %aéeis'dﬂ BahiohgfoP !éapwmgtn%éwﬁd dibitizal haREBARY \SRyridl Fespdnsive t er

circuitry during said second tines; anc _ Ccircuitry, Tesponsive to
t he presel®c@ quadeatyie=amplitide-rpodulation digitahtelenisian fsignall recgjvechduring sagond

si gnal iniﬁ@%d digital television signal being received, for conditioning
sai d nult}p Xer to selectively apply said first digitized baseband si gnal
to the input port of said adaptive,,digital filter circuitry as its input

signal. adaptive digital filter circuitry with programmable filtering weights, connected
for adaptive operation during said first times for suppressing ghosts in said first
digitized baseband signal, and connected for adaptive operation during said second
times for suppressing ghosts in said second digitized baseband signal; and wherein
said vestigial sideband amplitude-modulation digital television signal received during
said first times is accompanied by a pilot subcarrier, said television signal reception
apparatus further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuitry during said first times and for
selectively applying said second digitized baseband signal to the input port of said
adaptive digital filter circuitry during said second times; and

a pilot subcarrier detector connected for sensing the substantial presence of
said pilot subcarrier accompanying said digital television signal being received to
condition said multiplexer to selectively apply said first digitized baseband signal to

the input port of said adaptive digital filter circuitry as its input signal.
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19.  The television signal reception apparatus of claim 18, wherein said vestigial
sideband amplitude-modulation digital television signal received during said first
times is accompanied by a data field synchronizing signal, said television signal
reception apparatus further comprising:

a multiplexer for selectively applying said first digitized baseband signal to the
input port of said adaptive digital filter circuifry during said first times and for
selectively applying said second digitized baseband signal to the input port of said
adaptive digital filter circuitry during said second times; and

circuitry, responsive to the presence of a prescribhed portion of the .data field. .

synchronizing signal in said digital television signal being received, for conditioning
said multiplexer to selectively apply said first digitized baseband signal to the input
port of said adaptive,digital filter circuitry as its input signal.
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