
;e3e11d06fT$>2 o h~~~Y zoos  -1 DIGITAL TV RECEIVER CIRCUITRY FOR DETECTING
AND SUPPRESSING NTSC CO-CHANNEL INTERFERENCE This is a continuation-in-part
of U. S. patent application serial No. 0818;9,691 filed April 15 1997. The
present invention relaxes to digital television systems, such as the
digital high-definition television (HDTV) system used for terrestrial
broadcasting in the United States of America in accordance with the
Advanced 'Television Sub-Committee (ATSC) standard, and more particularly,
to digital television receivers with circuitry for detecting co-channel
interference from analog television signals, such as those conforming to
the National Television Systems Committee (NTSC) standard. BACKGROUND OF
THE INVENTION  *ifiClfih* A Digital Television Standard published 16
September 1995 by the Advanced Television Subcocrunittee (ATS.C) specifics
vestigial sideband (~rSH) signals for transmitting digital television (DTV)
std naLs in 6-\rl~z-bandwidth television channels such as those currently
used in over-the-air broadcasting of ~'ational Television 1 S Subcommittee
(NTS~) analog television signals within the United States. The VSO DTY
signs! is designed so its spectrum is likely to interleave with the
spectrum of a co-channel interfering NTSC analog TV signal. This is done by
positioning the pilot carrier and the principal amplitude-modulation
sideband frequencies of the DTV sisal at odd multiples of one-quarter the
horizontal scan line rate of the NTSC analog 20 ' TV signal that fall
between the even multiples of one-quarter the horizontal scan line rate of
the NTSC analog TV signal) at which even multiples most of the energy of
zhe luminance and chrominance components of a co-channel interfering N?SC
analog TV signal will fall. The video carrier of an NTSC analog TV signal
iS offset 1.?5 MI~z from the lower limit freq of the television channel.
T'he carrier of the IaTV 25 signal is offset from such video carrier by
59.75 times the horizontal scan line rate of the NTSC analog TV signal, to
place the corner ofthe DTV signal about 309,877.6 kHz from the lower limit
frequency of the television channel Accordingly, the carrier   2 0 i'i ~Y
2003 _2_ of the DTV signal is about 2,690122.4 Hz from the middle frequency
of the television c hanne1. 



The exact symbol rate in the Dt;ital Television Standard is (6$4!_i86)
tirn~s the =l ~ uriT-rz sound carrier offset from video carrier in an NTSC
analog TV signal. > The number of symbols per horizontal scan line in an
NTSC analog TV signal is 6S4, and ?8b is the factor by which horizontal
scan line rate in an NTSC analoj T1~ signal is multiplied to obtain the 4.5
NIHz sound carrier offset from video carrier in an NTSC analog TV signal.
The symbol rate is t 10.762238 megasymbol5 per second, lvhich can be
contained in a V5H signal exyending S.38 ( t l9 VIHx from DTV signal
carrier. 10 That is, the VS8 signal can be limited to a band extending
i.690997 NIHz from the lower limit frequency of the television channel. The
ATSC standard for digital HDTV sisal terrestrial broadcasting in the United
States of Americs is capable of transmitting either of two high-defnition
television (HDTV).formats with 16:9 aspect ratio. One HDTV display
format,uses 1 i 1920 samples per scan line and 1080 active horizontal scan
tines per 30 Hz frame with ?:l field interlace. The other HDTV display
format uses 1280 luminance samples per scan line and 72D progressively
scanned scan lines of television imaje per ~0 Hz frame. The ATSC standard
also accommodates the transmission of DTV display formats other than HDTV
display formats, such as the parallel transmission of four 20 television
signals having normal definition in comparison to an NTSC analog television
signal DTV transmitted by vestigial-sideband (VS$) amplitude modulation
{AM) during terrestrial broadcasting L-t the United States of America
comprises a succession of consecutive-in-time data fields each containing
313 consecutive-in-time data 25 segments.' The data field may be considered
to be conserutively numbered modulo-?, with each odd-numbered data field
and the succeeding even-numbered data field forming a data frame. The frame
rate is 30.66 frames per second. Each data segment is of 77.3 microseconds
duration_ So, with the symbol rate being 10.76 iv~-Iz there are 8f2 symbols
per data segment. Each segment of data begins with a lire 30
synchronization code group of four symbols having successive values of +S,
-S, -S   2 0 i il~Y ?_003 -Sand +S. The value +S is one level below the
maximum positive data excursion, and the value -S is one level above the
maximum negative data excursion. The initial line of each data field
includes a field synchronization code group that codes a training Signal
for channel-equalization and multipath suppression procedures. The training
signal is a 511-sample pseudo,noise sequence (ar "PN-Sequence") followed by
three 63-sample PN sequences. The middle ones of the 63-sample PN sequences
in the field synchronization codes are transmitted in accordance with a
first logic convention !n the first line of each odd-numbered data field
arid in accordance wish a second logic convention its the first line of
each even-numbtred data field) the first and second 10 logic conventions
being one's complementary respective to cash other. The data within data
lines are trellis coded using twelve interleaved trellis codes) each a 2/3
rate trellis code with one encoded bit. The interleaved trellis codes tire
subjected to Reed-Solomon far<vard error-correction coding, .which provides
for correction of burst errors arising from noise sources such as a nearby
unshielded 1 ~ automobile ignition system. The Reed-Solomon coding results
are transmitted as 



S-level (3 bits/symbol) one-dimensional-constellation symbol coding for
over-the-air transmission) which transmission are made without symbol
precoding separate from the trellis coding procedure. ?he Reed Iodine
results are transmitted as 16-level (~ bits/symbol)
one-dirrensianal-constellation symbol coding for cablecast, 20 which
transmission are made without precading. The VSH signals have their natural
carrier wave, which would vary in amplitude depending on the percentage of
modulation) suppressed. The natural carrier wave is replaced by a pilot
carrier wave of fsxed amplitude, which amplitude corresponds to a
prescribed percentage of modulation. 'Ibis pilot 25 earner wave of fixed
amplitude is generated by introducing a direct component shift into the
modulating voltage applied to the balanced modulator generating the
amplitude-modulation sidebands that are supplied to the filter supplying
the VSB signal as its response. If the eight levels of 4-bit symbol coding
have normalized values of -7) -5, -3, -1) +l) +3) +S and +7 in the corner
modulating signal, the pilot 30 carrier has 1a normalized vale of 1.2S. The
normalized value of+S is +5, and the normalized value of -S is -5.   ~r~lY
-4In the earlier development of the DVT art it was contemplated that the
DTV broadcaster might be called upon to decide whether or not to use a
symbol precoder at the transmitter which symbol precoder would follow the
symbol generation circuitry and provide for preceded filtering of symbols.
This decision by the broadcaster would have depended upon whether
interference from a co-channel NTSC broadcasting station were expected or
not. The symbol precoder would complement the symbol postcoding
incidentally introduced in each DTV receiver by a comb filter used before
the data-slicer in the symbol decoder circuitry to reject artifacts of NTSC
co-channel interfering signal Symbol preceding would not have been used for
data line . I4 synchronization code groups or during data lines in which
data Held synchronization data were transmitted. Co-channel interference is
reduced at greater distances from the ~'TSC broadcasting stations) and is
more likely to occur when certain ionospheric conditions obtain, the
summertime months during years of h~pi~ solar activity being 15 notorious
for likelihood of co-channel interference. Such interference will nor occur
if there are no co-channel NTSC broadcasting stations, of course. !f there
were likelihood of NTSC interference within his area of broadcast coverage,
it was presumed that the HDTV broadcaster would use the symbol precoder to
facilitate the HDTV signal being more easily separated from NTSC
interference; and, accordingly, ?0 a comb fitter would be employed as
symbol postcoder in the DTV receiver to complete matched filtering. If
there were no possibility of NTSC interference or there were insubstantial
likelihood thereof, in order that noise have a flat frequency spectrum less
likely to cause erroneous decisions as to symbol values in the trellis
decoder, it was presumed that the ~DTY broadcaster would discontinue using
the ?5 symbol precoder; and accordingly, the symbol postcoder would then be
disabled in each DTV receiver Without the broadcaster being aware of the
condition actual cochannel NTSC interference can be substantial for
portions of the reception area for a broadcast, owing to freakish skip
conditions, owing to cablecast leakage) owing to inadequate
intermediate-frequency image suppression in NTSC receivers, owing to 30
magnetic tape used for digital television recording having remnant previous
analog television recording, or owing to some other unusual condition.   ?
~ w;aY z~o~ 



-5 U. S. patent Nv. 5g94,496 issued 14 January 1997 to Nielse;~ et al;i and
entitled "DETECTION Op CO-CIiANNEL INTERFERENCE IN DIGITAL TELEVISION
SiGNAi.S" describes an N T SC co-channel interference detector in which
data segments containing field synchronization codas are subjected to data
field comb filtering to obtain a data field comb filter response with
periodic intervals flee from cymbal coding in which received noise and
co-channel interference can be evaluated. The data field comb filter
response during these perodic intervals is compared with that response as
subjected to Further comb filtering that suppresses artifacts of NTSC
co-channel interference. 1f the further comb filtering results in I O
appreciable reduction in signal level) the signal is presumed co be
comprise substantial artifacts of NTSC co-channel interference) and comb
filtering to suppress artifacts of NTSC co-channel interference is employed
before symbol decoding. if the further comb filtering does not result in
appreciable reduction in detected noise, the noise is presumed to be
primarily Johnson noise, and symbol decoding is done without 1 ~ previously
employing comb filtezing to suppress artifacts of NTSC co-channel
interference. This is because comb filtering in which differentially
delayzd symbol coding is linearly Combined is associated with a 3 d$ or so
increase in Johnson noise. The current ATSC DTV standard does not authorize
the transmitter to use symbol preceding. The suppression of co-channel
interfering analog TV si'nai is 20 presumed to be carried out in the
trellis decoding process, after the data-slicing procedures associated with
symbol decoding. This procedure avoids the problern of determining whither
or not preceding is done at the transmitter. However, co-channel
interfering analog TV signal undesirably introduces errors into the
data-slicing processes, which places more burden on the error-correction
decoding praeedures) ?5 trellis decoding and Reed-Solomon decoding These
errors will reduce the broadcast coverage area, which may Lose revenue for
the commercial pTV broadcaster. So, providing for the suppression of
co-channel interfering analog TV signal before data-slicing is still
desirable, despite symbol preceding at the bTV transmitter not being
authorized by the current ATSC D'T'V standard. 30 The term "linear
combination" refers generically to addition and to subtraction, whether
performed in accordance with a conventional arithmetic or a   2 E r~ ~~Y
2003 -6moduiar srithmet~c, fhe term "modular combination" refers to linear
contbmatt~n carved performed in accordance with a modular arithmetic, That
type of coding char re-codes a digital symbol stream through differential
delay and linear eorrtbinauon a the differentially delayed terms,
exemplified by the symbcl postcoding used in prior-art ~DT'V receivers, is
defined as "symbol re-coding of f rst type" in this specification. That
type ofcodino that re-codes a digital symbol stream through its modular
combination with delayed result of the modular combination, e~emplitied by
the symbol precoding used in prior-art HDTV transmitters, is defined as
"symbol re~eoding of second type" in this specification. 10 i`he problem of
co-channel interference from analog television signals can he viewed froth
the standpoint of being a sometime jamming problem at the reeeiver, to be
solved by adaptive filter circuitry in the receiver. So long as the dynamic
ran~e of the system channel is not exceeded, so that the co-channel
interference can capture the system charmer by destroying signal
transmission capab:lifiy for DTV modulation, the 5 performance of the
system can be viewed as a superposition of signals problem. The fitter
circuitry in the receiver is adapted for selecting the digital signal from
the co-channel interference caused by the analog television signals,
relying on the pronounced correlation and anti-correlation properties of
the analog television signals to reduce their energy sufficiently as to
capture the system channel from tt:em. ?0 Insofar as t~ha co-channel
interference from analog television si'nals is concerned) it eaters the
system channel after the DTV transmitter and before the DTV receiver. The
use or non-use of symbol precriding at the 1~TV transmitter has no effect
on the co-channel interference from analog television sisals. At the D'fV
receiver, so long as the co-channel interference is not so large as to
overload the receiver front-end and capture the system ehazuiel, it is
advantageous to precede the data-slicing circuitry with a comb filter for
reducing the energy of higher-energy spectral components of the co-channel
interference, thus to reduce the errors occurring during data-slicing. T he
DTV broadcaster should adjust his carrier frequency, whsch is nominally 31
OKHz above the lower limit frequency of the television channel 



30 assi;anment, so that his carrier fi-equency is optimally offset in
firequency from the video carrier of a co-channel NTSC analog TV
signal,that is likely to interfere. This   2 8 MAY 2003 optimal offset in
carrier frequency is exactly 59.7 Mmes the horizontal scan line frequency
fH of the NTSC analog TV signal, The artifacts of the co-channel
interference in the demodulated DTV signal will then include beats at ~9,~~
times the horizontal scan line frequency fH of the NTSC analog TV signal,
Generated by heterodyne between the digital HDTV carrier and the video
carrier of the co-channel interfering analog TV signal, and beats at ?87a5
times fH, generated by heterodyne between the digital HDTV carrier and the
chrominance subcarrier of the ca-channel interfering analog TV signal,
which beats are quite close in frEqurrtGy to the rifth harmonic of the
beats at 59.75 times fN. The artifacts will further include beats at 10
apptoximately 3~5.7~ times fH) generated by heterodyne between the digital
HDTV carrier and the audio earner of the co-channel interfering analog Tu
signal) which beats are quite close in frequency to the sixth harmonic of
the beau at 59.7 times fH. The neatly harmonic relationship of these beats
allows them alt to be suppressed by a single properly designed comb filter
incorporating only a few symbol epochs of 15 differential delay. The use of
an NTSC-rejection comb f lter before data-slicing in the DTV receiver
incidentally performs symbol re-codin; of first type, to modify the symbols
obtained by data-slicing. The data slicing operation that fellows this
symbol re-coding of first type in the DTV receiver is a quantizing process
that is not destructive of the symbols ?0 resulting from the symbol
re-coding of first type) insofar as the transmission of data is concerned)
since the data quantization levels are desiorted to match the symbol
levels. The quantization discriminates against the co-channel interfering
analog TV signal remnants that remain after the filtering associated with
symbol re-coding of first type and that are appreciably smaller than steps
between symbol code levEls, however. ~5 This is a species of the capture
phenomenon in 4vhich phenomenon a stronger signal gains at tha expense of a
weaker one in a quantizing process. Insofar as the transmission of data is
concerned, the digital data symbol stream flows through the full length of
the system channel. When Symbol re-coding of second type is done as symbol
precoding at the DTV' transmitter) the additive 30 combination of the
differentially delayed data symbol streams is done on a modular basis that
does not boost transmitter power or increase-average intersymbol distance
to   ?_ ~3 ~lAY a00 _8_ help further in overcoming jamming analog TV
signal. Instead, the principal mechanism for overcoming damming analog TV
signal is its artenustion ms-a-vis DT'V signal, as provided by the comb
filtering art the DTV receiver, causing the remnant analog T'V signal m the
comb filter response to be suppressed by the quantizing effects in the
data-sheer that immediately follows the Comb filter T:::, order of
performing symbol re-coding procedures of first and second types has na
appreciable affect on signal transmission through the system channel under
such circumstances, since neither coding scheme destroys signal
transmission capability for the symbol stream. The order of performing
symbol re-coding 



10 procedures of first and second types has no appreciable affect on the
capability of the digital receiver to suppress co-channel interfering
analog TV signal, as long as symbol re-coding of the second type is not
interposed between symbol re-coding of the first type and the subsequent
data-slicing. These insights provide the general foundation on which the
inventor based 15 apparatus described in U. S. patent application serial
No. 0$J339,691 filed 1 ~ April l 997 and entitled "DIGITAL, TELEVISION
RECEIVER 'WITH ADAPTIVE FILTER CIRCUITRY FOR SUPPRESSING NTSC C)-CHANNEL
INTERFERENCE The adaptive filter circuitry receives for symbol decoding a
stream of ?N-level symbols susceptible to being accompanied by artifacts of
co-channel interfering analog ~0 television signal, N being a positive
integer. In This adaptive filter circuitry NTSC ca-channel interference is
detected and it is determined whether this NTSC co-channel interference has
sufficient energy to introduce uncorrectable errors into the dataslicing
procedure used to perform symbol decoding directly on the baseband signal
recovered by synchronously detecting the VSH-AM DT'V signal. If the NTSC ~5
co-channel interference is determined not to have sufficient energy to
cause uncorrectable errors, the baseband signal is symbol decoded using a
first data sitter to generate symbol decoding results. If the NTSC
co-channel interference is determined to have sufficient energy to cause
uncorrectable errors) the baseband signal is filtered by a first comb
filter, to reduce the energy of the co-channel interference before being 30
symbol decoded using a second data dicer. The first comb filter
incidentally carries out a symbol re-coding procedure of first type that
introduces error into the symbol   ~? MAY 2003 _g_ decoding results
generated by the second data-sliver, This symbol re-coding procedure of
first type carried out before data-slicing by :he second data-sliver is
mewed as a precoding procedure insofar as the adaptive filtering for
5upgressma NTSC eo-channel interference is concerned. A second comb filter
carries out a symbol re-coding procedure of second type after the
data-slicing by the second data-slicer implementing a postcoding procedure
to compensate for the symbol re-coding procedure of first type and generate
symbol decoding results. The symbol re-coding procedure of first typo
re-codes an input symbol stream of through differential delay and first
linear combination of the differentially delayed t 0 terms Tire symbol
re-ceding procedure of second type re-codes partially-filtered symbol
decoding results recovered by the second data-sliver. This Symbol re-codin'
proceduce of second type utilizes second linear combination of the
partially-filtered symbol decoding results with previous symbol decoding
results fed back with delay similar to the differential delay introduced
into the input symbol stream, which second I 5 . linear combination is
performed in accordance with a modulo-2N arithmetic to generate postcoded
symbol decoding results. Running errors rn postcoded symbol decoding
results are curtailed by forcing the symbol decoding results to conform to
ideal symbol decoding results drawn tiom memory in the DTIJ receiver durinb
times data field synchronization information and data segment
syncEuonization information ?0 occur. Ot:e of the first and second linear
combinations is subtractive, arid the other is additive. The invention
concerns determining when the final symbol decoding results are more likely
to be correct based on estimates selected from the postcoded symbol
decoding results obtained after comb filtering to suppress NTSC co-channel
23 interference, rather than on estimates selected froth the interim symbol
decoding results obtained by data-slicing the baseband symbol code without
its having been comb filtered to suppress NTSC co-channel interference.
This determination is made by comparing each postcoded symbol decoding
result to a corresponding interim symbol decoding result throughout each
data segment. Substantial departure of a 3d postcoded symbol decoding
result from the corresponding interim symbol decoding result is presumed to
arse owing to the presence of NTSC artifacts in the baseband  



~ r~'I,!IY 2D03 -lo symbol code) so postcoded symbol decoding results are
selected in preference to interim decoding results for inclusion in final
symbol decoding results) unless other information indicates such selection
would probably be erroneous. SUMMARY OF THE INVENTION 5 A digital
television signal receive; includes digital television signal detection
apparatus for supplying a stream of ZN-level symbols each having a symbol
epoch of a specified length in time, N being a positive integer, which
stream of 2iV-level symbols is susceptible to being accompanied by
artifacts of co-channel interferin3 analog television signal. The symbols
are grouped into successive data segments wich 10 respective headers of
data segment synchxonization code) and the data segments are grouped into
successive data fields with the initial data segment of each data field
containing a data field synchzonization code, which changes from data field
to data field. The digital television sisal receiver includes circuitry for
providing a number M of unique comb filter responses to the stream of
2N-level symbols, each said 1 ~ unique comb filter response being less
susceptible to being accompanied by artifacts - of co-channel interfering
analog television signal than the stream of ?N-level symbols, A plurality
of symbol decoders are included in the digital television signal receiver
for generating respective estimated symbol decoding results. A first of
this plurality of symbol decoders generates first estimated symbol decoding
results directly responsive 2Q to the stream of 2N-level symbols. Each
other of the plurality of symbol decode generates respective estimated
symbol decoding results responsive to a respective one of the M unique comb
filter responses, which respective estimated symbol decoding results are
postcoded to complete a respective matched filtering for the respective one
of said M unique comb filter responses from which those respective
estimated symbol 25 decoding results are obtained. Resides said first
symbol decoder, the plurality of symbol decoders includes at least a second
symbol decoder for generating second estimated symbol decoding results. In
accordance with the invention the digital television signal receiver
includes circuitry for detecting whether or not there currently is
departure between said first and second estimated symbol decoding results
30 and includes best-estimate-selection circuitry far selecting best
estimates from the respective estimated symbol decoding results to generate
final symbol decoding   r, .. ; . f~?,~, r 203 -11resul;s at times between
those times when synchronization codes occur, 'Che selection of the best
estimates by the best-estimate-selection circuitry depends on the current
departure from the first estimated symbol decoding results of each other
estimated symbol decoding results. In one embodiment of the invention M is
two, the plurality of symbol decoders 



including besides said first symbol decoder only a second symbol decoder
kor generating second estimated symbol decoding results. The
best-estimate-selection circuitry takes the following form in this
embodiment of the invention. A multi.plexer a connected to provide the
capability of selecting between the first and second 1 Q estimated symbol
decoding results for generating final symbol decodin' results at times
between those times when synchronization cpd4s occur. There is a squarer
for the departures between the first arid second estimated symbol decoding
results, fur developing squaring results as an absolute measure of those
departures, and a mean averager for generating the mean average of said
squaring results, A threshold 15 detector responds to the mean average of
the squaring results exceedign a prescribed threshold value for
conditioning the multiplexer far selecting the second estimated symbol
decoding results to generate the final symbol decoding results at times
between those times when said synchronization codes occur, and otherwise
conditions the multiplexer for selecting the first estimated symbol
decoding results to generate 2p the final symbol decoding results at times
between those times when synchronization codes occur. BRIEF DESCRIPTION OF
THE DRAWINGS FIGURE 1 is a block schematic diagram of a digital television
signal receiver using an NTSC-rejection comb filter before symbol decoding
and a postcoding comb 25 filter after symbol decoding and, in accordance
with the invention, using a co-channel interference detector that compares
the symbol decoding results obtained without taking measures to suppress
NTSC co-channel interference with symbol decoding results obtained by
taking measures to suppress NTSC co-channel interference. FIGURE 2 is a
block schematic diagram showing details of an NTSC 30 co-channel
interference detector for use in the FIGURE 1 digital television signal   2
8 ~~AY 2003 -12 receiver, which NTSC eo-channel irterferenee de;eetar is
accordance with an aspect of the invention providzs one type of
best-estimate-selection circuitry for selecting best estimates from various
symbol decoding results, to generate fira( symbol decoding results at times
between those times when synchronl~ation codes occur. 5 FIGI.,tR,E 3 is a
black schematic diagram showing details of a portion of the FIGUkE 1
drgital tetevi:ion s~gna! receiver when the NTSC-rejection comb fclttr
employs a 12-symbol delay. FIG~1RE ~ is a block schematic diagram showin'
details of a portion of the FIGL!~ 1 digital television signal receiver
when the NTSC-rejec:ion comb filter l0 employs a o-symbol rielay. FIGURE 5
is a block schematic diaDram showing details of a portion of the FIGURE 1
digital television signal receiver when the NTSC-rejection comb filter
employs a 2-video-line delay. FIGURE 6 is a olock schematic diagram showing
details o>; a portion of the 1 ~ FIGURE 1 digital television signal
receiver when the NTSC-rejection comb filter employs a 262-video-luxe
delay. 1^ICrL.TRE 7 is a block schematic dia~am showing details of a
portion of the FIGURE I digital television signal receiver when the
NTSC-rejection comb i:llter employs a 2-~lideo-frame delay. 20 )rIGURE 8 is
a black schematic diagram showing details of a portion of the 



FIGURE 1 digital television signal receiver for generating prescribed
symbol decoding results during data synchronization intervals. FIGURE 9 is
a block schematic diagram showing a digital television signal receiver
using a plurality of N'fSC-rejection comb f hers for performing parallel 35
symbol decoding. FICiURE 14 is an assembly diagram showir.~ how FIGURES l0A
and !OB can be fitted together io form a single figure referred to as
FIGURE 10 in fd:e detailed   2 8 MAY ?_003 -13description that follows,
which FIGURE IO shows details of spmbol code selectipn circuitry chat can
be used in a digital television signal recewer of the type shown in FIGURE
9. FIGUl~ 1 OA is a block schematic diagram showing details of circuitry in
the FIGURE 9 digital television signal receiver for generating prescribed
symbol decoding results during data synchronization intervals. 1=IGURE 10H
is a block schematic diagram showing details of circuitry in the FIGURE 9
digital television si5nal receiver including in accordance with a further
aspect of the invention a further type of best-estimate-selection circuitry
for 5clecting 10 bes: estimates from various symbol decoding results, to
benerate final symbol decoding results at times beriveen those times when
synchronization codes occur. DETAILED 'DESCR-(PTT0~1 At various points in
the circuits shown in the FIGLTfLES of the drawing, 1 ~ shinzmin5 delays,
have to be inserted in order that the sequence of operation is correct, as
will be understood by those skilled in electronic design. Unless there is
something out of the ordirt4ry about a particular shimming delay
requirement, it will not be explicitly referred to in the sgecif cation
that follows. FIGI.JR.E 1 shows a digital television signal receiver used
for recovering 20 error-corrected data, which data are suitalale for
recording by a digital video cassette recorder or for MI'EG-2 decoding and
display in a tt;tevision set. The FIGURE 1 DTV signal receiver is shown as
receiving television broadcast signals from a receiving, antenna 8, but can
receive the signals from a cable network instead. The television broadcast
sigials are supplied as input signal to "front end" electronics 10. 25 The
"front end" electronics 10 generally include a radio-frequency amplifier
and first detector for converting radio-frequency television signals to
intermediate-frequency television signals, supplied as input signal to an
intermediate-frequency (IF) amplifier chain 12 for vestigial-sideband DTV
signals. The DTV receiver is preferably of   



z s ~ ~laY Zoo3 -14plural-conversion type with the Ifi anipiiiier chain 1?
rncludtng an IF amplif er for amplifying DTV signals as converted to an
ultra-high-frequency band by the first detector, a second detector for
convertrnJ the amplified DTV signals to a very-hijhfrequency band, and a
further IF amplifier for amplifying DTV signals as converted to the VHF
band. If demodulation to baseband is performed in the digital regime) the
IF amplifier chain 12 will further include a third detector for converting
the amplified DTV signals to a final mtermed~ate-frequency band closer to
baseband. Preferably, a Surface-acoustic-wave (SAW) filter is used in the
IF amplifier for the UHF band, to shape channel selection response and
reject adjacent channels. This 10 SAW filter cuts off rapidly just beyond
i.38 MHz remove from the suppressed carrier frequency of the V513 DTV
sibnal and the pilot carrier, which is of like frequency and of f<,ced
amplitude. This SAW filter accordingly rejects much of thz
frequency-modulated sound carrier of any co-channel interfering analog Tv
signal Removing the FM sound carrier of any co-channel interfering atnaloa
TV signal in the l ~ IF amplifier chain 12 prevents artifacts of that
carrier being generated when the final I-F signal is detected to recover
baseband symbols and forestalls such artifacts interfering with
data-slicing of those baseband symbols during symbol decoding. The
prevention of such artifacts interfering with data-slicing of those
baseband symbols during symbol decoding is berter than can be accomplished
by relying on 20 corns-filtering before data-slicing. The final I>w output
signals from the IF amplifier chain 1? are supplied to a complex
demodulator 1:~, which demodulates the vestigial-s~deband
amplitude-modulation DTV signal in the firyal intermediate-frequency band
to recover a real baseband signal and an imaginary baseband signal.
Demodulation may be done 2~ in the digital regime after analog-to-digital
conversion of a final intermediate-frequency band irt the few megacycle
range as described for e~cample by C. H. Patel et alii in U.S. patent IYo.
S,a79,~9 issued 26 December 199 and entitled "DIGITAL VSH DETECTOR WITH
PHASE TRACKER, .4S FpR NCLUSION IN AiV HDTV RECEIVER" Alternatively,
demodulation may be done in the analog 30 regime, in which case the results
are usually subjected to analog-to-digital conversion to facilitate further
processing. The complex demodulation is preferably done by   2 8 MAY 2003
-15in-phase (I) synchronous demodulation and quadrature-phase (Q)
synchronous demodulation. The digital results of the foregoing den;
odulation procedures conventionally have B-bit accwacy or more and de5cr~be
~~f-level symbols that encode N bits of data. CutTencly, 2V is eight in the
case where the FIGU'EL~ l D; V 5 signal receive: receives a through-the-arr
broadcast via tilt antenna 1? and is sixteen in the case where the FIGURE l
DTV signal receiver receives cablecast The concern of the invention is with
the reception of terrestrial through-the-air broadcasts) and FICrURE 1 does
not shave the portrons of the DTV receiver providing symbol decoding and
error-correction decoding for received cablecast transmissions. 10 Symbol
synchronizer snd equalizer circuitry 1G receives at leas: the digitized
real samples of the in-phase (I-channel) baseband signal from the complex
demodulator l~t; in the FIGURE 1 DTV receiver the circuitry rb is shown
also receiving the dinitized imaginary s~nples of the quadratttre-phase
(Q-charnel) baseband signal. The circuitry 16 includes a digital filter
with adjustable weighting 15 coe~cients that compensates for ghosts and
tilt in the received signal. The syrr,bol synchronizer and equalizer
circuitry Z6 provides symbol synchronization or "de-rotation" as well as
azuplitude equalization and ghost removal Symbol synchronizer and equalizer
circuitry in which symbol syrschronization is accomplished before amplitude
equalization is known from U. S. patent ~lo. 5,479,449. In such 20 desi;ns
the demodulator 1=Z will supply oversampled demodulator response containing
real and imaginary baseband signals to the symbol synchronizer and
equalizer circuitry 16. After symbol synchronization, the oversampled data
are decimated to extract baseband I-channel signal at normal symbol rate,
to reduce sample rate through the di?ital filtering used for amplitude
equalization and ghost removal. ?5 Symbol synchronizer and equalizer
circuitry in which amplitude equalization precedes symbol synchronization,
"de-rotation" or "phase tracking" is also known to those skilled in the art
of digital Signal receiver design. Each sample df the circuitry 1.6 output
signal is resolved to ten or more bits and is, in effect) a digital
description of an analog symbol exhibiting one of (?V=8) 30 levels. The
circuitry 16 output signal is carefully'ain-controlled by any one of
several known methods, so the ideal step levels for symbols are known. One
method   



~ a ~~I,~Y 2003 -16~~f gain control, preferred because the speed of
response of such pair: control is exceptronally rapid, regulates the direct
component of the real baseband signal supplird froth the complex
demodulator 14 to a normalized level of + 1 75 This method of gain control
is generally aescnbed rn U. S patent No. S,-179,449 and rs 5 more
specifically described by C B. fate! et alri in U. S patent No. 5g7;,454
issued 3 lure 1997, entitled "AUTOMATIC GAIN CONTRpL OF Rr~I~TO RECEIVER
FOR It~GEIVIIvCr DIGITAL HIGH-DE'FI~ITIni~1 TELLVISION SIv~IA):S", and
incorporated herein by reference, The o:ttput signal from the circuitry 16
is supplied as input signal cc~ data sync 10 detection circuitry 1$) which
recovers data fteld synchronization informacrvn 1~ and data segment
synchronization in~'otmation S from the equalized baseband i-channzl
signal. Alternatively, the input signal to data sync detection circuitry
I,$ can be obtained prior to equalization. Tree equalized I-channel signal
samples at normal symbol rate supplied as 1 ~ output signal from the
circuitry 16 are applied as the input signal to an NTSC-rejection comb
filter?0. The comb filter 30 includes a first delay device ?t)1 to generate
a parr of differentially delayed streams of the ?~I-level symbols and a
first linear combiner i.01 for linearly combining the differentially
delayed syrr~bol streams to generate the comb filter ~0 response. As
described in U. S, patent No. 5g60,793, 20 the fust delay devicM .'',01 can
provide a delay equal to the period of twelve 2~1-level symbols, and t.~te
first linear combiner ~0'? can be a subtractar. Each sample of the comb
filter 24 output signal is resolved to ten or morn bits and is, in effect,
a digital description of an analog symbol exhibiting one of (4N-1 )=15
levels. Tre 5ytnbol synchronizer and equalizer circuitry 16 is presumed be
designed 2a to suppress the direct bias component of its input signal (as
expressed in digital samples)) which direct bids component has a normalized
level of+1.2~ and appears in the real baseband signal supplied from the
complex demodulator 1~1 owing to detection of the pilot carrier.
:~.eeordmgly) each sample of the circuitry 1.6 output signal applied as
comb filter ZO input signal rs, tn effect, a drgttal description of art 30
analog symbol exhibiting one of the following normalized levels: -7, -5,
-3) -1, T1, +3,   ~ ~ SAY 2003 -mt~ and +7. Thtse symbol levels are
denominatzd as "odd" symbol levels and are detected by an odd-level
data-sliver 3? to generate interim symbol decoding results of 000, 00l,
O10, Ol l, l00, ! Ol, 1 10 and 1 l t, respectively Each sample of the comb
tiller 30 output signal is, in effzet, a digital 5 description of an analog
symbol exhib~tiaa one of the following noanaJized levels -l~l, -12) -I0,
-$, -6, -4, -2, 0, +'~, +~, Tb, ~.g, +l0) +1? and +1'4. These symbol
le.~~els are denominated as "even" symbol levels and are detected by an
even-level data-sliver 2-1 to generate precoded symbol decoding results
of001, 010, OI l, 100, 101) 1 l0) l 1 l, 000, gal, 010, 011, l00) 101, I
10, and 111, respectively, l0 The data-slivers 22 and Z~ can be of the
so-called "hard decision" type, as presumed up to this point in the
description, or can be of the so-called "soft decision" type used in
implementing a Viterbi decoding scheme Arrangements are possible in 



which the odd-level data-sliver 32 and the even-level data-sliver 3:1 are
replaced by a single data-sheer, using multiplexer connections to shift its
place in circuit and to 15 provide bias to modify its slicing ranges) but
these arrangements are not preferred because of the complexity of
operation. The symbol synchronizer and equalizer circuitry 1G is presumed
in the foregoing description to be designed to suppress the direcc bias
component of its input signal (as expressed in digital samples), which
direct bias component has a ?0 normalized level of +1.?~ and appears in the
real basebarrd signal supplied from the comple.c demodulator 14 owing to
detection of the pilot carrier. Alternatively, the symbol synchronizer and
equalizer circuitry 16 is designed to preserve the direct bias component of
its input signal, which simplifies the design of the equalisation fl:er in
the circuitry 15 somewhat. In such case the data-slicing levels in she
add-level 3~ data-siiceY Zz arc offset to take into account the direct bias
component accompanying the d<ua steps in its input signal. Providing that
the first linear combing ?0? is a subtractor) whether the circuitry 16 is
designed to suppress or to preserve the direct bias component of its input
signs! has no consequence in regard to the data-slicing levels in the
even-level data-sliver Z~. However, if the differential delay provided by
30 the fast delay device 20x is chosen so that the first linear ecmbiner
202 is an adder,   2 8 r-~aY 2003 the data-slicing levels in the even-level
data-dicer ?-1 should be offset to take into account the doubled direct
bias component accompanying the data steps in its input Signal. A comb
filter Z6 is used after the data-slivers 2? a;ld ?.l to generate a
postcoding filter response to the precoding filter response of the comb
filter 24, The comb filter ? 6 includes a 3-input multiple;cer 261, a
second linear combines ?6?) and a second delay device 263 with delay equal
to that of the first delay device ?O1 in the comb fetter ?0, The second
linear combines 262 is a madulo-8 adder if the first linear combines ?02 is
a subtractor and is a modulo-8 subtractor of the fi: st linear combines 10
?02 is an adder. The first linear combines 202 and the second linear
combines 262 may be constructed as respective read-only memories (ROivls)
to speed up linear combination operaticns sufficiently to support the
Sample races involved The outpuc sibnal from the :nultiple~cer 26)<
furnishes the response from :he postcodin? comb filter 36 and is delayed by
the second delay device 263. The second linear combines ~ 362 combines
precoded Symbol decoding results from the even-leval data-sficer ?=1 ~ith
the output sijnal from the second delay device 263 The output signal of the
multiplexes 261 rr;produces one of the three input signals applied to the
multiplexes ?fit, as selected iri response to first, Second and third
states of a multiplexes control signal supplied to the multiplexes ~61 from
a 20 controller 28. The first input port of the multiple;~~r 261 recewes
idea! symbol 



decoding results supplied from memory within the controller 3g during times
when dpta field syncluonixation information F and data segment
synchronization information S frnru the equalized baseband 1-channel signal
are recovered by the data sync detection circuitry 18. The controller Z8
supplies the tirst state of the ?a multiplexes control signal to the
rnultrplexer 261 during these times, condi:ioning the multiplexes x61 to
furnish, as the final coding results which are its output signal, the ideal
symbol decoding results supplied from memory within the controller 28. The
add-level data-sltcer ZZ supplies rnterim symbol decoding results as its
output srgnal to the secord input port of the multiplexes Z61. The
multiplexes ~61 is conditioned 30 by the second state of the multiplexes
control signal to reproduce the interim symbol deeodino results) as the
final coding results which are its output signal. The second   2 8 f`1l'.~
~ 2000 -19lcnear combines 262 supplies postcaded syr:zbol decoding results
as its output sibnal to the third input port of tae multiplcxer 261. The
rrtultiplexer 26I is conditioned by the third state of the muitiple:cer
control signal to reproduce the postcodes symbol decoding results, as the
final coding results wh~eh are its output signal. Running errors in the
postcodes symbol decoding results from the postcoding Comb filter 26 are
curtailed by feeding back the ideal symbol decoding results supplied from
memory within the controller 28 during times data sync detectiaa circuitry
18 recovers data ficid synchronization information ~' and data segment
synchronixation information S. This is an important aspect of the
invention, which 10 will be described in greater detail further on in this
specification. The output 3i5na! from the multiple~cer 261 in the
pvstcoding comb filter ?b comprises the final symbol decoding results in
3-parallel-bit groups) assembled by a data assembler 30 for application to
a data interleaves 3?, The data interleav~r a2 commutates the assembled
data into parallel data streams for application to trellis 1 ~ decoder
circuitry 34. Trellis decoder circuitry 3~1 conventionally uses twelve
trellis decoders. The trellis decoding results arc supplied from the
trellis decoder circuitry 3~ to data de-interleaves circuitry 36 for
de-commutation. Byte parsing circuitry 3g converts the data interleaves 3b
output signal into bytes of R=ed-Solomon error-correction coding for
application to Reed-Solomon decoder circuitry =10, which 20 performs
Reed-Solomon decoding to generate an error-corrected byte stre3tn supplied
to a da:a de-randomizer =12. The data de-randomizer 4x supplies reproduced
data to the remainder ofthe receiver (not shown). The remainder of a
complete ATV receiver will include a packet sorter, an audio decoder) an
M~'i;G-2 decoder and so forth. The rennainder of a DT'V receiver
incorporated in a digital tape recorder/reproducer wil! 2~ include
cizcuitry for converting the data to a form far recording. An NTSC
co-channel interference detector 44 supplies the controller 28 with an
indication of whether NTSC co-channel interference is of sufFcient strength
as to cause uncorrectable ewer in the data-slicing performed by the
data-slices ?2. If detector 4:f indicates the NTSC co-channel interference
is not of such strength, the 30 controller ?8 1.1z11 supply the second
state of multiplexes control signal to the   2 ~ MAY 2003 -20muit~plexer 2f
I at times other than those times when data fe!d sy~.chronization
information F and data segment synchronization information S are recovered
by the data sync detection circuitry 18. This conditions the multiplexer
?61 to reproduce as its output signal the interim symbol decoding results
supp;ied from the odd-level dato-slicer '2z. II'detector =1=1 indicates the
~1't5C co-channel interference is of sufileient strength to cause
uneorrectable error in the data-slicing per formed by the data-slicer 22,
the controller ~8 will supply the third state of multiple`er control signal
to the multtplexer 361 at times ocher than those tunes when data field
synchronization information F and data segment synchronization information
S are recovered by the 10 data sync detection circuitry 18. This conditions
the muitiplexer 261 to reproduce as its output signal the postcoded symbol
decoding results provided as second linear comb~nmo results from the second
linear combiner z6?. 



FIGU'R~ 2 shows a form the NTSC co-channel intzrference detector 4~t can
take in one embodiment of the invention. A subtractor ~4z differentially
combinzs 15 the interim symbol decoding results supplied from the odd-EevcI
data-slicer ??' and the posteoded symbol decoding results provided as
second linear combining results from the second linear combiner 252. If the
amount of ~1TSC co-channel interference is negligible, a.nd if the random
noise in tl-~e baseband 1-channel signal is negligible, these interim and
posteoded symbol decoding results should be similar, so the ?0 difference
output signal from the subtractor 44X should be low, 1f the amount of N'TSC
co-channel interference is appreciable, however, the difference output
signal from the subtractor 441 will not he generally low, but rather will
often be high. A measure of the energy in the difference output signal from
the subtractor 4~I is developed by squanng the difference output signal
with a squarer Q142 and 25 determining the mean average of the squarer
response over a prescribed short time interval with a moan averaging
circuit =t43, The squarer 443 can be implemented using read-only memory
(ROIvI). The mean averaging circuit 443 can be implemented using a delay
line memory for storing several successive digital samples and an adder for
summing the digital samples currently stored in the delay line 30 mcrn.
ory_ The chart-term mean average of the energy m the difference output
signal from the 5ubtractor 441, as determined by the mean averaging circus
443, is supplied   2 t~ r'!;~Y 2003 -21tc a di~i:a! comparator connected to
provide a threshold de;~c~or =t:~i-l, The thxeshoid in the threshold
detector 4~d is sufficiently high not to be exceeded the Short-term
mean-average ofdirferences in the random noise aecompanyins the interim
symbol decoding results and the postcoded symbol decoding results applied
to the subtractor 5 ~~1. The threshold is exceeded if the i`(TSC co-channel
interference is of sufficient strength as to cause uncorrectable error in
the data-slicing performed by the data-sliver ??. The threshold detector
~-~=i supplies the controller Z8 indication of whether or not the threshold
is exceeded. In alternative e;nbodiment of the squarer Via? can be replaced
by other 10 circuitry for developing absolute meastues of the departures
between said first and second estimated 5ymbal decoding results, such as an
absolute-value circuit) for example. To speed calculation, such
absolute-value circuit can be realized using read-only memory. )=TGUkE a is
a black schematic diagram showing details of a parion of the 1 s FIGURE 1
digital televaion signal receiver using a species 1N0 of the N T
SC-rejection comp filter ?0 and a species 126 of the postcodmg carob filter
?6 A subtractor 120Z serves a5 the first linear combiner in the
NTSC-rejection comb filter 1~0, and a -nodulo-8 adder lZ6Z serves as the
second linear combiner in the postcodmg comb filter lib. The NTSC-rejection
comb filter 1Z0 uses a first delay device 1?O1 20 e:chibitinb a delay of
twelve syr:~bol epochs, and the posicodrng comb filter 126 uses a 



second delay device 1Z63 also exhibiting a delay of twelve Symbol epochs.
The 12-symbol delay "chibited by each of the delay devices 1.Z01 and 1363
is close to one c ycle delay of the artifact of the analog T'u video
carrier at 39.75 times the analog T'V horizontal start frequency fH. The
1?-symbol delay i$ close to five cycles of the ?5 artifact of the analog TV
cluorninance subcarrier at ?87a5 times fH. The 12-symbol delay is close to
six Cycles of the artifact of the analog T'V sound carrier at 3a5.75 rimes
fH. This is the reason that the differentially combined response of the
subtractor 1Z02 to the audio catxier, to the video carrier and to
Ii~equencies close to chrominance subcarner differentially delayed by the
first delay device 1201 tends to have reduced 30 co-channel interference.
However, in portions of a video signal m which edges cross   z ~ r~,~Y ~oo~
-22a horizontal scan hne, the amount of correlation in the at;alcs i V
video signal at sGCI^ distances in the horizontal spatial direction is
quite low, A species lZb1 of the multiplerer 26I is controlled by a multip;
exrr control signal that is tn its second state most of the time when it is
determined there is ~nsuffieient NTSC eo-channel interference to cause
uncotTectable ;.troy in tl~t output signal from the data-sUcer ~'_' and
thlt is m its third state must of the time when it is determined there is
sufficient NTSC co-channel interference to cause uncorrectable error in the
output signal from the data-sliccr ~2. The multtplexer 1?61 is conditioned
by its control Signal being in its thi:d state to feed back the modulo-8
sum results or 10 the adder 1?62, as delayed twelve symbol epochs by the
delay dwice IZG3, to the adder 12G'3 as a sumrnand. This is a modular
accumulation procedure in which a single error propagates as a running
error, with error rt;curring every twelve symbol epochs. Running errors in
the postcoded symbol decoding results frora the pvstcoding comb filter 136
are curtailed by the multiple,cer 1Z61 being placed into it, first state 15
for four symbol epochs at the beginning of each data segment) as well as
during the entirety of each data segment containing field sync. ~~Vhen this
control signal is in its first state, the multiple;cer I261 reproduces as
its output signal ideal symbol decoding results supplied from memory in the
controller z8, The introduction of ~d~al symbol decoding results into the
multiple;ter 1z61 output signal halts a running error. Since 20 there are
~l + 69(1?) symbols per data sevmert) the ideal symbol decoding results
slip back four symbol epochs in phase each data segment, so no running
error can persist far longer than three data segments. FIGI1RE 4 is a block
schematic diagram showing details of a portion of the fTG~ 1 digital
television signal receiver using a species 230 of the ?a NTSC-rejectiart
comb filter ZD and a species ?Z6 ofthe po5tcoding comb filter M6. The
iVTSC-rejection comb filter ~?fl uses a firs delay device 2201 e,chib~ting
a delay of sip symbol epochs) and the postcoding comb filter Z26 uses a
second delay device 3Zo3 also e:chibiting a delay of six symbol epochs. The
6~syrnbol delay e~chibited by each of the,delay devices 230x and 226 is
close to 0.5 cycle delay of the artifact of 30 thr analog TV video carrier
at 59,75 times the analog TV horizontal scan frequency H) close to 2.5
cycles of the artifact of the artalo~ 'T~ chrominance subcarrier at   2 ~;
~~,4Y 2003 



-23 2S7 2~ t~mus fH, and e!ose to 3 cycles of any art~fa~a ef the analog TV
audio carrier ar 3~~ 75 times ff~, r1n adder 3?OZ series as the first
linear combines in the \'TSC-rejection comb filter 2?0, and a rnodulo-S
subtractor ??6? sezves as the second Linear corrtbiner in the postcodwg
comb filter z2G. Since the delay e:chibrted by the delay devices 2?O1 and
Z263 is shorter than the dc;lay exhibcted by the delay demces I''01 arid
1263, although nulls near frequ~nc~es converted tram a::alo5 TV carrier
frequencies are narrower band, there is more likely to be good
anti-correlation in the signals additrvciy combined by the adder 2?02 titan
there rs likely to be good correlation in the signals differentially
combined by the subtraetor 120Z. The l0 suppression of the sound carrier is
pcorer in the NTSC-rejection comb filter ?20 response than in the
NTSC-refection comb filter 13U response. However, ~Fthc sound carrier of a
co-channel interfzr;ng analog TV signal has baen suppresses! by SAft'
filtering or a sound trap in the IF amplifier chain 12, the poor sound
rejection of the comb filter ??0 is not a problem. The responses to sync
tips is reduced in duration 13 using the NTSC-rejection comb filter ??0 of
FIGURL 4~rather than the NTSC-rejection comb filter 1Z0 of )r ICrURE 3, su
there is substantially reduced tendency to overwhelm error-correction in
the trellis decoding and Reed-Solomon coding. A species 261 of the
multiplexes 26z is controlled by a multiplexes control 30 signal that is in
its second state most of the time when it is determined there is
insufficient NTSC co-channel interference to cause uncorreetable error in
the output signal from the data-slices 22 and that is in its third state
most of the time when it is determined there is sufficient NTSC co-channel
interference to cause uncorrectable Error m the output signal from the
data-slices 2?. The multiplexes Z261 is conditioned 25 by its control
siortai being LIl 1L5 thlId state to feed back the modulo-8 sum results of
the adder Zz6Z) as delayed six symbol epochs by~the delay device zZ63, to
the adder 2262 as a surnmand. This is a modular acGUmulation procedure in
which a single error propagates a5 a running error, Lvith error recurring
every Six Symbol epochsRunning errors rn the postcoded symbol decoding
results from the postcoding comb 3 p f lter 226 ale curtailed by the
multiplexes ?261 being placed into its first state for four symbol epochs
at the beginning of each data segment, as well as during the entirety of
2 ~ MAY 20D3 - 29  data segment containing field sync. When this control
signal is in its first state, the multiplexes 2261 reproduces as its output
signal ideal symbol decoding results supplied from memory in the controller
28. The introduction of ideal symbol decoding results into the multiplexes
226l output signal halts a running error. Since there are 4 + 138(6)
symbols per data segment, the ideal symbol decoding results slip back four
symbols epochs in phase each data segment, so no running error can persist
for longer than two data segments. The likelihood of a protracted period of
running error in the postcoding comb filter 226 is substantially less than
in the postcoding comb filter 126, although the running error recurs more
frequently and affects twice as many of the twelve interleaved trellis
codes. FIGURE 5 is a block schematic diagram showing details of a portion
of the FIGURE 1 digital television signal receiver using a species 320 of
the NTSC-rejection comb filter 20 and a species 326 of the postcoding comb
filter 26. The NTSC-rejection comb filter 320 uses a first delay device
3201 exhibiting a delay of 1368 symbol epochs, which delay is substantially
equal to the epoch of two horizontal scan lines of an analog TV signal, and
the postcoding comb filter 326 uses a second delay device 3263 also
exhibiting such delay. The first linear combines in the NTSC-rejection comb
filter 320 is a subtractor 3202, and the second linear combines in the
postcoding comb filter 326 is a modulo-8 adder 3262. A species 3261 of the
multiplexes 261 is controlled by a multiplexes control signal that is in
its second state most of the time when it is determined there is
insufficient NTSC co-channel interference to cause uncorrectable error in
the output signal from the data-slices 22 and that is in its third state
most of the time when it is determined there is sufficient NTSC co-channel
interference to cause uncorrectable error in the output signal from the
data-slices 22. The DTV receiver preferably contains circuitry for
detecting change between alternate scan lines in the NTSC co-channel
interference, so that the controller 28 can withhold supplying the third
state of the multiplexes 3261 control signal under such conditions. The
multiplexes 3261 is conditioned by its control signal being in its third
state to feed back the modulo-8 sum results of the adder 3262, as delayed
1368   2 a M!w 2003 -25 



sytr.bol epochs by the delay device 32b3) to the adder 3262 as a summand
This is a modular accumulation procedure .n which a single error propagates
a_s a running error, vvrth error recurrir:g every 1368 symbol epochs. This
symbol code span is longe.~ than thz span for a sinble block of the
EZeed-Solomon code, so a single running error is readily corrected during
Reed-Solomon decoding Running errors in the postcoded symbol decoding
results from the postcoding comb filter 3?d are curtailed by the
cnultiplexer 3?61 beins placed into is first state during the entirety of
each data segment containing field sync, as well as for tour symbol epochs
tit the beginning of each data segment. 'When this control signal is in its
first state, the multiplexer 3? 61 10 reproduces as its output signal ideal
symbol decoding results supplied from memory in the c4ntroller 28. The
introduction of ideal symbol deeadin5 results into the multiple;cer 3?61
output signal halts a running error. The l6.67 millisecond duration of an
NTSC video field exhibits phase slippage against the 24.19 millisecond
duration of a DT'V data field) so the DTV data segments containing field
sync eventually scan 1 ~ the entire NTSC frarne raster. The 5'26 lines in
the NTSC frame raster each contain 634 symbol cpdchs) for a fatal of 39,100
symbol epochs. Since this is somewhat less than 43~ times the 3~2 symbol
epochs in a DTV data segment containing field sync, ane can guess with
reasonable caniidence that running errors of duration longer than 432 data
fields will be expunged by the multiplexer 3261 reproducing ideal symbol 20
decadino results du:ing DTV data segments containing i;ield sync. There is
also phaso slippa5e between darn segments) for the start code groups of
which ideal symbol decoding results are available, and NTSC video scan
lines. One can estimate 39,100 symbol epochs, which 15 $9,775 times the
four symbol epochs in a code start group) are scanned duxing 89,775
consecutive data segments. Since there are 313 data 2~ segments per D'CV
data field, one can guess with reasonable confidence that running errors of
duration longer than 287 data fields will be expunged by the multiplexer
326X reproducing ideal symbol decvdin5 results during the code start
groups. The two sources of suppression of running errors are reasonably
independent of each other) so running errors of duration longer than twa
hundred or so data fields aze quite 30 unlikely. Fuzthermore) if NTSC
co-channel interference dips low at a time when tht: running error recurs)
to condition the multiplexer .3261 for reproducing the response   ~ $ ~y ~
HY 2003 - 26  of the data-slicer 22 as its output signal, the error may be
corrected earlier than would otherwise be the case. The FIGURE S
NTSC-rejection comb filter 320 is quite good in suppressing demodulation
artifacts generated in response to analog TV horizontal synchronizing
pulses, as well as suppressing many of the demodulation artifacts generated
in response to analog TV vertical synchronizing pulses and equalizing
pulses. These artifacts are the co-channel interference With highest
energy. Except where there is scan-line-toscan-line change in the video
content of the analog TV signal over the period of two scan lines, the
NTSC-rejection comb filter 320 provides reasonably good suppression of that
video content regardless of its color. The suppression of the FM audio
carrier of the analog TV signal is reasonably good, in case it has not been
suppressed by a tracking rejection filter in the symbol synchronization and
equalization circuitry 16. Artifacts of most analog TV color bursts are
suppressed in the NTSC-rejection comb filter 320 response, too.
Furthermore, the filtering provided by the NTSC-rejection comb filter 320
is "orthogonal" to the NTSC-interference rejection built into the trellis
decoding procedures. FIGURE 6 is a block schematic diagram showing details
of a portion of the FIGURE 1 digital television signal receiver using a
species 420 of the NTSC-rejection comb filter 20 and a species 426 of the
postcoding comb filter 26. The NTSC-rejection comb filter 420 uses a first
delay device 420l exhibiting a delay of 179,208 symbol epochs, which delay
is substantially equal to the period of 262 horizontal scanning lines of an
analog TV signal, and the postcoding comb filter 426 uses a second delay
device 4261 also exhibiting such delay. A subtractor 4202 serves as the
first linear combiner in the NTSC-rejection comb filter 420, and a modulo-8
adder 4262 serves as the second linear combiner in the postcoding comb
filter 426. A species 4261 of the multiplexer 261 is controlled by a
multiplexer control signal that is in its second state most of the time
when it is determined there is insufficient NTSC co-channel interference to
cause uncorrectable error in the output signal from the data-slicer 22 and
that is in its third state most of the time when it is   z ~ MaY 2003 -27
determined there is sufficient VTSC co-channel interference to cause
uncorrectable error in the output signal from the data-slicer 2z, The DTV
receiver preferably contains circuitry for detecting field-to-field change
cn the NTSC co-channel interference, so that the controller 28 can
tvithhold supplying the third scats of the multiple.cer 4?61 control signal
under such conditions. The multipiexer 4?61 is conditioned by its cantrei
sion~al being m its third state to feed back the modulo~S sum results of
the adder =1262) as delav~d i 79,?0~ symbol epochs by the delay device
.1363, to the adder :1z6? as a summand, This is a modular accumulation
procedure in which a single error propagates as 1 running error, 10 with
error recurring every I79,?03 symbol epochs. This syrnbai code span ~s
longer than the span for a single blcck of the Reed-Solomon code, so a
single running error is readily corrected during Reed-Solomon decoding.
Running errors it the postcoded symbol decoding results from the postcoding
comb titter 4z6 are curtailed by the multiplexer =t261 being placed into
tts fast state during the entirety of each data 1 ~ segment containing
field sync, as well as for four symbol epochs at the beginning of each data
segment. When this control signal is in its first state, the multiplexer
426>) reproduces as its output signal idea! symbol decoding results
supplied from memory 



in the controller ?8. The mtroduct:on of ideal symbol decoding results into
the multiplexer 42b1 output signal halts a running error. The maximum
ni:.mber of data ?0 fields required to expunge rtuyning error in the
multiple,ce~r =1?61 output signal is presumably substantially the same as
requirEd to e:cpunge running error in the multiplexer 326I output signal.
I-Iowever, the number of times the error recurs in that period is lower by
a factor of 131. The FIGURE 6 NTSC-rejection comb filter Q20 suppresses
most 25 demodulation artifacts generated in response to analog TV vertical
synchronizing pulses and equalizinb pulses) as well as suppressing all the
demodulation artifacts generated in response to analog TV horizontal
synchronizing pulses. These artifacts arz the co-channel interference with
highest enemy. Also) the NTSC-rejection comb filter 420 suppresses
artifacts arising from the video content of the analog TV si~naa 30 that
does not change from field to field or line-to-line, getting rid of
stationary patterns urespective of their horizontal spatial frequency or
color, Artifacts of most   2 8 MAY 2003 -28analog r'J color bursts are
suppressed in the NTSC-rejection comb filter 420 response, too FIGUF.E 7 is
a block schematic diagram showing details ofa portion ofthe fIGURL t
digital televisiot: sianai receiver using a species ~ZU of the
NT5C-rejection comb filter 20 and a sp~r~es ~?6 of the pos:coding comb
tiller 26. The N-CSC-refection comb filter Q30 uses a first delay device
520I eah.ibitmg a delay of 715,200 symbol epochs, which delay is
substantially equal to the period of two frames of an analog TV signal, and
the postcoding comb ftlter ~z6 uses a second delay device 5y61 also
e:chibiting such delay. A subtractor 330? serves as the first I 0 linear
combiner in the :~fTSC-rejection comb filter S20, arid a modulo-8 adder
5262 sarves as the second linear combiner in the posteoding comb filter 326
A species Q261 of the multipiexer Ztii is controlled by a multiplexer
control signal that is in its second state most of the time when it is
determined there is insufficient NTSC co-channel interference to cause
uncorrectabie error in the output 15 signal from the data-slicer 22 and
that is in its third state most of the time when it is determined thexe is
sufficient NTSC eo-channel interference to cause uaeorrectable 



error in the output signal from the data-slicer 22. The DTV receiver
preferably contains circuitry for detecting change between alternate frames
in the NTSC co-channel interference, so that the controller 28 can withhold
supplying the third 20 state of the multiplexer 5z61 control signal t:rider
such conditions. The multiplexer 32b1 is conditioned by its control signal
bein' in its third state to feed back the modulo-8 Burn results of the
adder 52G3, as delayed' 18g00 symbol epochs by the delay device 5263, to
the adder Q262 as a summand. 'This is a tr~odular accumulation procedure in
which a single error propagates as a runnin~ error, ? 5 with error
recurring every 718,200 symbol epochs. This syrnbel code span is lon5er
than the span for a single block of the Reed-Solomon code) so a single
running error is readily corrected Burin' Reed,Solomon decoding. Runtung
errors in the postcoded symbol decoding results from the postcoding comb
filter ~?G are curtailed by the multiploxer 3261 being placed into its f
rst state Busing the emirecy of each data 30 segment containing field sync,
as well as far our symbol epochs at the beginning of   z s M ~Y Q003
-29each data segment, ~~en this control Signal is tn its first state, the
multiplexes 5?b1 reproduces as its output signal ideal symbol decoding
results Supplied from memory iri the controller ~8. The introduction of
ideal symbol decawina results onto the multiplexes 52b 1 output signal
halts a running error. The maximum number of data fields required to
expunge running error in the multiplexes 526I output signal is presumably
substantially the same as required to expunge runncn' error in the
multiplexes 326x output signal. However, the number of times tile error
recurs in that period is lower by a factor of ~2~. The FIGURE 7
irITSC-rejection comb filter 5?D suppresses all demodulation 14 artifacts
generated in response to analog TV vertical synchronizing pulses and
equalizing pulses, a5 well as suppressing a11 the demodulation artifacts
generated in response to analpg TV horizontal synchronizing pulses, These
artifact, are the co-channel interference with highest energy. Also) the
iVTSC-rejection comb alter 520 suppresses artifacts arising from the video
content of the analog TV signal that Z p does not change aver two frames,
getting rid of such very stationary patterns ' irrespective of their
spatial frequency or color. Arifacts of all analog T V color bursts are
suppressed in the NTSC-refection comb filter a20 response, too. One skilled
in the art of televcsion system desi?n will discern other properties of
correlation ancf anti-correlation in analog TV signals that can be
exploited in the '~0 design of NTSC-rejection filters of still other t;~pzs
than thosm shavfn in FIGURES 3 7, The use of NTSC-rejection filters that
cascade two NTSC-refection f hers of the types already disclosed increases
the 2N levels of the baseband signals to (8N-1 ) data levels. Such filters
may be required to overcome particularly bad ca-channel interference
problems despite their shortcoming of reducing signal-to-noise for 25
random noise interference with symbol decoding. FIGURE 8 shows a preferred
construction of the mulnplcxcr 261 of FIGURE l in greater detail, together
with the circuitry for generating the ideal symbol decoding results applied
to the multiplexes 261. The multiplexes ?61 comprises the output buffer
registers of read-only memories (RONIs) 46, =i8, 30 for selectively reading
to a 3b 3-bit-wide output bus 26xQ from the tnultiplexer 261. The
multiplexes Z61 further 



~; i~i ~Y 2003 -30comprises a t.i-state buffer 261I far selectively
fonvardin; the ;-bit-wide output of a multiplexer z61? io the output bus
61,Q durrng times when ideal symbol decoding results are not generated. The
multiplexes z61 responds to the ~TSC co-channel interference detector ~:l
bs,ng a ZERO indicative chat ~ITSC co-chanr:el interference 5 is not of
such arr~plitude ~s to cause uncocrectable zrror in the interim symbol
decoding results supplied by the data-slices ?? to reproduce the interim
symbol decoding results as input signal to the trt-state data duffer 361I.
The mult~plexer ?61 responds to the iV1'SC co-channel interference detector
4-i being a ONI~ indicative that NTSC co-channel interference is of such
amplitude as tp cause uncorrectable error in 1 d the interim symbol
decoding results supplied by the data-sheer ~~ to reproduce the precoded
symbol deoadinb rest:lts from the second linear combines 262 as input
signal to the tri-state data buffer Z611. The circuitry far generating the
ideal symbol decoding results applied to the output bus 2610 comprises the
ROlvfs ab, ~t$, ~0, a symbol clock generator Sz; an 1 p address counter ~4
for addressing the ROVIs 46, :~8, 3fl; jam reset circuitry ~6~for resetting
the counter ~~t; the address decoders 6Q, 62, 64 for generanng read enable
signals far the ROMs a6) ~$, S0; and a NOR gate 92 for controlling the
tri-state buffer ?611. The address counter d~ counts input pulses received
at symbol decoding rare from the symbol clock generator 5?, thereby to
generate successive addresses ?0 respectively desenpti~ae of the symbols in
one data frame. Suitable portions of these addresses are applied to the
RONIs a6, 48, 5Q as their input addresses The jam reset circuitry 56 resets
the counter Sa to appropriate counts responsive to data field
synchronization information F and data segment synchronization information
S recovered by the data sync detection circuitry 18 of FIGURE 1. 23 It is
preferable to configure the counter 5=t so a group ofmore sijnificant bits
counts the number of data segments per data frame and so a group of less
significant bits counts the number of symbols per data segment- This
simplifies the design of the ~ am reset circuitry ~6; reduces the
bit-widths of Input signal to the address decoders 60, 6~. 6~1; and
facilitates the ROIvIs ~16, 48, ~0 being addressed by partial addresses 30
from the counter 5d, reducing the brt widths of ROM addressing.   -31The
ROM 4b stores ideal symbol decnd~n~ results for as odd field sync segment
and is selectively enabled for reading by receiving a ONE from the address
decoder 64. The ROM ~6 is addressed by the group of less significant btts
of counter ~=! output that counts the number at symbols per data segment
group; and the address decoder 60 responds to the group of more significant
bits that counts the number of data segments per data frame. The address
decoder 60 generates a 0`dE when and only when the data segment portion of
the address supplied by the address counter d=4 corresponds to the address
ofan odd geld sync segment. The ROM :Ig stores ideal symbol decoding
results for an even field sync I O segment and is selectively enabled far
reading by receiving a QN'E from tJ=a address decoder 62. The RQyI 48 is
addressed by the group of less significant bits of counter ~~1 output that
counts the number of symbols per data segment group; and the address
decoder 6? responds to the group of more significant bits that counts the
number of data segments per data frame The address decoder 6z generates a
ONE when and 1 ~ only when the data segment portion of the address supplied
by the address counter 5 



corresponds to the address of an oven field sync segment The ROlhf 50
stores ideal symbol decoding results for the start code Group at the
begin,nina of each sync se?meat end is selectively enabled for readins by
receiving a ONE from the address decoder 6~, The RONI ~0 responds to the
two least 20 significant bits of counter 5~J output; and the address
dECOder 6:1 responds to thz group of less significant bits of counter 5~t
output that counts the number Of symbols per data segment ;roup, The
address decoder 6~i generates a ONE when and only when the data symbol per
data segment count portion of the address supplied by the address counter
5~1 corresponds to the partial address of a start code group. 2 p 'Ttie NOR
gate 9~ receives the resporsses of the address decoders 50, 6? and G4 at
respective ones of its three input connections. When ideal symbol decoding
results are available, one of the address decoders b0, 6~ and b4 supplies a
ONE as its output signal, conditioning the NOR Gate 9L to supply a ZEfiO
response to the tri-state data buffer ~6X 1. This conditions the tin-state
data buffer 611 to e:chibit hi;h source 30 impedances to the bit lines of
the data bus ?~1U, so the signal for.~~arded from the   2 ~ i tr'i f
-32multiplexer Q611 will not be asserted on the ;-bit-wide data bus z610
fiotn the multiplexer w612, Iluring those portions of data segments for
which ideal symbol decoding results are not predictable, none of the
address decoders d0) 6~ :nd 64 supplies a QNE as its output signal,
conditioning the NOR gate 9~ to supply a QN); response to tl-~e tri-state
data buffec'?611, This conditions the tri-state data buffer z611 to e;
chibit fow source .mpedances to the bit lines of the data b~.a ?610) so the
signal forwarded from the multrpiexer z612 will be asserted on the
3-bit-wide dara bus ?6x p. FIGL)`R.i~ 9 shows a modification of a digital
television signal receiver as ! 0 thusfar described) constructed in
accordance with a further aspect of the mventidn so as to operate in
parallel a plurality of symbol decoders using respective even-level
data-slicers) each preceded by a different type of NTSC-rejection comb
filter and each succeeded by a respective postcoding comb filter to
compensate for the precoding introduced by the preceding NTSC-rejection
comb filter. An even-level data-slicer 1 ~ r~?:4 converts the response of
an NTSC-rejection filter A20 of a frst type to fast precoded symbol
dzcodrng results for application to a postcoding comb filter A.26 of a
first Type. An even-Level data-slicer B2a converts the response of an
NTSC-rejection filter B20 of a second typo to second precoded symbol
decoding results far application to a postcoding cotnb filter B36 of a
second type. An e~~en-level 20 data-slicer C24 converts the response of an
NTSC-rejection filter C~0 of a third type to third precoded syrnbo!
decoding results for application to a postcoding tomb filter Cz6 of a third
type, The prefixes A, B and C in the identification numbers for the
elements of FIGURE 9 are different integers which will correspond to
respective ones of the integers 1, ?, 3) ~1 and 3 when receiver portions as
showy in ones of FIGU~.ES 3 23 - 7 are employed. Symbol decoding selection
circuitry 66 in FIGURE 9 formulates a best estrmate of correct symbol
decoding far application to the trellis decoding circuitry 3~t, seiectrig
from ideal symbol decoding results, from the interim symbol decoding
results recsiv~d ham the data-dicer 23 and from the various postcoded
symbol coding 3G results received from postcodinn comb filters A.zG, B26
and C26. The best estirnate  



2  M ^,Y 2003 -33of symbol decoding results are usEd to correct the
summation procedures in the postcoding comb filters Q36, BZb and C2b. The
NTSC-rejection comb i'ilter A?0 and the posteodir~ comb Flter ~r?6
circtt~try are advantageously chose; to be of types like the
\~TSC-rejection comb lifter >~0 and the postccdirig comb filter ~?6
circuitry of FTGUk.E 7. Th:S is so despite a considerable cost ~n memory,
since 718g00 symbols have to be stored in each of the ?-video-frame delays
520I and ~?b3. However, the storage in the ?-video-frame delay 5201 can be
used for realising the shorter delays ~ZO1, 320L, 2Z01, 1'?OL. r~Iso, the
storage in the 2-video-frame delay can be used far realizing the shorter
delays 10 aZd3, 32b3) Z2b~) 1Z63. The high-energy demodulation artifacts
generated in response to analo? rV synchronizing pulses, equali2ing pulses,
and color bursts are all suppressed when the NTSC-rejection comb flter A~0
additively combines alternate video frames. also, artifacts arising from
the video content of the analog TV signal that does not change 1 p over nva
frames Eue suppressed, g~ttin~ rid of stationary patterns irrespective of
their spatial frequency or color. The remaining problem of suppressing
demodulation artifacts primarily concerns suppressing those demodulation
artifacts arising from frame-to-frame difference at certain pi;tei
locations within the analog TV signal raster. These 20 demodulation
artifacts can be suppressed by intxa-frame altering techniques. The
NTSC-rejection comb filter BZO and the postcoding comb filter B26 circuitry
can be chosen to suppress remnant demodulation artifacts by relying on
correlation in the horizontal direction, and the NTSC-rejection comb ftltEr
CZO and the postcadin? comb filter CZ6 circuitry can be chosen to suppress
remnant demodulation artifacts by 2~ relying on~ correlation in the
vertical direction. Consider how such a design decision can be further
~mplernented. If the sound carrier of a co-channel interfering analog TV
signal is not suppressed by S.4W filtetlng or a sound trap in the IF
amplifier chain 1z, the N1~SC-rejection comb filter Hz0 and the postcoding
comb filter B26 circuitry are 30 advantageously chosen to be of types like
the NTSC-rejection comb Hlter L20 acrd the   ? $ MAY ?.003 -34postcoding
comb filter 1?6 circuitry o; F:GURF ; If the sound Lamer ofa co-cha,-meI
interfering analog TV signal ~s suppressed by S~'1bV filtering or a sound
trap in the IF amplifier chain 1?, the NTSC-rejection bomb filter H20 and
the postcoding comb filter B25 circuitry are advantageously chosen to be of
types like the NTSC-:ejection comb filter 2?0 and the postcoding comb
filter z2G circuitry of FIGURE a. This is because the anti-correlation
between video components only six symbol epochs a~.vay from each other is
usually better than the correlation between video components twelve symbol
epochs away from each other. The optimal choice of the NTSC-red ection comb
filter C?0 and the postcoding 10 comb filter C26 circuitry is less
strai4htfonvard) bECause of the choice one must make (in consideration of
field interlace in the interfering analog T'V signal) whether to choose the
temporally closer scan line in the s2zrte field or the spatially closer
line in the preceding field to be combined with the current scan line in
the NTSC-rejection 



comb filter C20. Choosinj the temporally closer scan line in the same field
is 1 ~ generally the better choice, since jump cuts between fields are less
likely to ravage NTSC rejection by the comb filter CEO. With such choice,
the NTSC-rejection comb filter C?U and the postcoding comb Flter C26
circuitry are of types like the NTSC-rejection comb flter 3z0 and the
postcoding comb filter 326 circuitry of FIGURE 5. With the other choice
instead, the NTSC-rejection comb filter C?0 and 20 the postcoding comb
filter C2b circuitry are of types like the NTSC-rejection coma fzlter 42~
and tt~,e postcoding comb filter 4~6 circuitry of FIGURE 6. The FIGURE 9
digital receiver apparatus is modified in yet other embodiments of the
invention to use additional parallel data-slicing operations, each carried
out by a cascade connection of respective N'TSC-rejection filter followed
by a 25 respective even-level data-slicer followed by a respective
postcoding comb filter. While two additional parallel data-slicing
operations arc shown in FIGU3tE 9, modifications to use still further
parallel data-slicing operations can provide capability far refining the
best estimate of correct symbol decoding result still further. In preferred
embodiments of the FIGU~ 9 circuitry the symbol decoding 30 selection
circuitry 66 selects ideal decoding results as final decoding results when
they   2 ~ r~:~Y 20~~ -35are ,available. ~Jhen it iS established that NTSC
co-channel interference does in fact obtain, d,;~'erences between the
interim syribal decoding results and the various postcoded symbol decoding
results presumably are attributable to NTSC co-channel ~nterf'erence.
Accordingly, the selection of the final decoding results by the symbol
deeodin5 selection circuitry 66 ~L~hen ideal decoding results are not
available can be based an comparing the various pastcoded symbol decoding
results with each other and with the interim,decoding results. The reason
it is desirable initially to establish than N-'fSC co-channel interference
does in fact obtain is that these differences among the various symbol t 0
decoding results can also arse during noisy reception conditions when
"white" noisz is of level sufficient to cause substantially more error iri
the postcoded symbol decoding results than in the interim decoding results.
The fact that NTSC co-channel interference is present ca.~ be ascertained
dtu-in' data segments when field synchronization information occurs, using
the technique described in U. S. patent No. 17 5.594,496 or similar
techniques using different NTSC eo-channel interference' resection filters.
Preferably) however, the stren'th of NTSC co-channel interference is
monitored on a eomirJUOUS real-time basis so that changes in NTSC
co-channel interference level awing to fadin5 or to changes in, video
content can be taken into accaurt. ?0 FIGUfc.E 9 shows such monitoring
being provided by measuring the level of 4.5 4lHz intercarrier in the NTSC
co-channel interference) as taught by the inventor in U. S. patent
application serial No. fl8l$21,9a5 filed 21 March 1997 and entitled "'USING
INTERCAI~RIER SIGNALS FOR DETECTING NTSC INTERFERENCE IN DICrITAL T'V
I~CEIVERS". The DTV signal, as converted to IF by the "front 25 end"
electronics X0) is supplied to an IF amplifier chain 58 of quasi-parallel
type for N`TSC sound signals. The amplifier stages in the IF amplifier
chain 68 for NTSC sound signals correspond to similar amplifier stages in
the IF amplifier chain 12 for DTV signals) having substantially linear gain
and having the same automatic gain control as the corresponding amplifier
stags in the IF amplifier chain x2. The ~0 frequency selectivity of the IF
amplifier chain 68 is such as to emphasize response mthin ~2 ; 01cI-~z of
NTS C audi o earner and within 250 kHz or so of NTS C video   ~ a r~aY Q003
-36carrier. The filtering procedures to establish the frequency selectivity
of the IF amplifier chain 68 can be carried out by SAW filtering in a ~IHF
If amplifier if plural-conversion receiver circuitry is used. The response
of the IF amplifier chain 68 is supplied to an intercarrier detector 70
which uses the modulated NTSC video carver as an exalted carrier for
heterodyning the NTSC audio carrier to generate intercarrier sound
Intermediate-fr:quency signal with a 4.~ iVIH2 canter frequency. This
mcercarrter sound If signal is amplified by an intercarrier-sound
intermediate-frequency amplifier 72, which ~.,5 iVIHz IF amplifier 7?
supplies amplified i.ntercarrier sound IF signal to an intercarrier
amplitude detector 7~. The 



i 0 response of the amplitude detector 7~ is supplied to a :hreshoid
detector 76. The tlweshold in the threshold detector 7fi is e:cceeded if
the NTSC co-channel interference ~s of sufficient strength as to be likely
to cause error in the data-slicing performed by the c;ata-dicer ~?. The
threshold detector 76 supplies the symbol decoding selection circuitry b6
indication of wherher or not the threshold is exceeded. If the indication
is 1 p that the NTSC co-channel interference is not of sufficient strength
as to be likely to cause error in the data-slicing performed by the
data-dicer 2z) this indication conditions the symbol decoding selection
circuitry 66 to select interim symbol decoding results from the data-slicer
z? as final symbol decoding results, provided ideal symbol decoding results
are not available for the current symbol epoch. The "?0 time constant in
the intercarrier amplitude detector 7:l shouEd b? carefully chosen if
optimal perforrria<~i~e is scugF~t. Since isolated symbol decoding errors
are correctable, shc;rt-pulse elitaination of output signal from an
ir~tercarrier a:n.plitude detector 7~t with a fast tiri~e constant is
likely to be prefe;~red for generating a control signal for switching the
selection of final symbol decoding results iom interim symbol ~S decoding
results to pvstcoded symbol decoding results. A variety of circuit
arrangements are available for deriving intercarrier signal by heterodyne
between the audio arid video carriers of a co-channel interfering analog
television signal. A number of such arrangements are disclosed in >_I. S,
patent application Serial No. 031821,9~4~ 30 FIGURES 10A arid 10~ show in
some detail circuitry included within the symbol decoding selection
circuitry 66 for selecting final symbol decoding results   2 ~3 Mi~Y r03
-37FIGC1RE 10 i; an assemoly diag:am showin5 how FIGLJRES 10 A and 10H can
be fitted together to provide a ~omptete block schematic diagram of the
symbol decoding selection circuitry b6. The symbol decoding selection
circuitry 6b has a 3-bit-wide output data bus 78 that runs from the bohom
of FIGURE l0A to the bottom of FIGURE 10I3 and thence to the beginning of a
cascade connection of data assembler 30, data interleavzr 32) trellis
decoder circuitry 3~, data de-tnterleaver 36, byte building circuitry 38,
Reed-Solomon decoder circuitry =40 and data de-randomizer J? similar to
that shown in FIGUIr.E 1. FIGURE 10 A shows circuitry similar to that shown
in FIGURE S for selectively applying ideal symbol decoding results read
from 1 Q ROyIs ~6, 48 and SO to the output data bus 7$. FIGURE 10 E shows
best-estimate-selection circuitry far selecting Tina! symbol decodin
results during time intervals when ideal symbol decoding results are
unavailable, that is time intervals between those in which data segrrient
or data field synchronizing codes are supplied in the LITV signal. The
tri-state data butler '2b11 I > and the rnultiplexer ~~I2 of FIGURE 3 are
replaced by tri-state data buffers 080, A80, S80 and C$0 in the FIGURE l OB
best-estimate-selection circuitry. The tri-state data buffer 080 is
conditioned by the response of an ,AND gate 082 being logic ONE to assert
the interim symbol decoding Te5ultS supplied from the odd-lzvel data-slicer
2? of FIGURE 9 on the output data bus 78, The tri-state data buffer A$D is
20 conditioned by the response ofan ~4ND gate ASZ bein; laic CANE to assert
the pastcoded symbol decoding results supplied from the postcoding comb
filter A~6 of FIGURE 9 on the output data bus 7$. The tn-state data buffer
B80 is conditioned by the response of an AND gate B82 being logic QNE to
assert the postcoded symbol decoding results supplied from the postcoding
comb filter 26 of FIGURE 9 on the 25 output data bus 78. The tri-state data
buffer C80 is conditioned by the response of an AND gate C82 being logic
ONE to assert the postcoded symbol decoding results supplied from the
postcoding comb filter C26 of FIGURE 9 on the output data bus 78. 'fhe NOR
gate 58 of FIGURE 1 OA supplies its response to the AND gates 482, A8?, B82
and C82 as respective ~iriJsuts to each of them, so the ~i-state buffers
O80, A80, 30 B80 and C80 may be conditioned to exhibit low source
impedances to the bit lines of the output data bus 78 only when ideal
symbol decoding results are riot being asserted   



F MAY 2003 -38on t;~~ data bus 78 by any one or the tri-state outpet
buffer= of the ROIvIs a6, ~8 and ~ I). The output signal from the FIGUltI=
9 threshold detector 76 is a logic pN~ when the NTSC co-channel
interference ~s of sufficient strength to cause error in chc data-slicing
performed by the data-slicer '??. The output si?naI from the FIGURlr 9
threshold detector 76 is applied as a respective input signal to each of
the AND gatzs AB~, HSZ and CBZ) so the tn-state buffers A80, H80 and C80
may be conditioned to exhibit law source irztpedances to the bit lines of
the output data bus 78 only when the NTSC co-channel interference is of
sufficient strength to cause error tn the l0 data-sluing performed by the
data-slicer Z?. The output signal from the FIGURE 9 threshold detector 76
is complemented before being applied as an input sibnal to the Au'17 gate
O82, so the tri-state buffer 080 may be conditioned to exhibit low source
impedances to the bit lines of the output data bus 7$ only when the NTSC
cv-channel interference is of insufficient strength to cause error in the
data-slicing performed by 1 a the data-slicer 2~. Consider now how
;electiot: is made amonS the postcoded symbol decoding results supplied
from the postcoding comb alters A.26, B~6 and C26 of FTGC~h~ 9 when the
output sibnal from the FIGURE 9 threshold detector 7b is a logic ONI'r,
indicating that the N: SC co-chorale= interference is of sufficient
strength to cause ?0 error in the interim symbol decoding results supplied
by the data-slicer Z?. The postcoded symbol decoding result that departs
most from the interim symbol decoding result in absolute terms is presumed
to exhibit such absolute departure because the comb filterira used to
achieve that postcoded symbol decoding result has been snore effective in
suppressing th a NTS C co-c hannel interference artifact than the comb 25
filtering used to achieve the other postcpded symbol decoding results.
Accordingly) the differences between the interim symbol decoding result
supplied by the data-slicer z2 and the postcoded symbol decoding results
supplied by the postcodang comb filters AZ6, Hz6 and C2b are determined by
the digital subiractors A8=t, BS=t and C8~ of FTGURE t OB. The absolute
values of these differences are determined by 30 absolute-value circuits
A86, B86 and I~$6, to determine the absolute departures of the postcoded
symbol decoding results supplied trom the postcdding comb alters A26,   2 8
MAY 2003 -39BZ6 and C2G from t"e interim symbol decoding result supplied by
the data-dicer ?? The absolute-value circuits A86) B8b and C86 may be
;eafized using read-only memories (ROMs) to achieve berter calculation
speed than by selectively bit-complementing a.nd adding ONE. Even better
calculation spied can bz achieved 5 by using R.OMs to carry out both the
subtraction and absolute-value procedures simultaneously. The FICr'LJRE 10H
best-escimate-selection circuitry includes digital comparators A88, B88 and
C88 in addition to the tri-state buffers O80, A80, B80 and C80 and in
addition to the ANI~ gates 08~, A8?) Q82 and C82. The digits! 10 comparator
A8& determines whether tl-~e absolute departure from the interim symbol
decoding result of the postcoded symbol decoding result supplied by the
postcoding comb filter t126 equals or exceeds the absolute departure from
the internn symbol decedtng result of the postcoded symbol decoding result
supplied by the pastcoding comb filter 826, supplying a logic pNE if it
does and a logic GlrhO if it does not. 1 a The digital comparator B$8
determines whether the absolute departure from the interim symbol decoding
result of the postcoded symbol decoding result supplied by the pastcodin;
comb filter H26 exceeds the absolute departure from the interim symbol
decoding result of the postcoded symbol decoding result supplied by the
postcoding comb filter C26, supplying a logic ON>r if it does and a logic
ZERO if it 



20 dons not. A digital comparatac C8$ determines ~.vhether the absolute
departure from the interim symbol decoding result of the postcoded symbol
decoding result supplied by the postcoding comb filter C26 exceeds the
absolute departure from the interim symbol decodiraa result of the
pos:eoded symbol decoding result supplied by the pastcoding corzib filter
A26, supplying a logic ONE if ii does and a logic ZERO if it 25 does not.
rn order for the ANb gate A82 response to be a logic UN'E for conditioning
the m-state buffer A80 td assert the postcoded Symbol decoding result
supplied by the postcoding comb filter r126 an the output data bus ~8, the
digital comparator ASS must determine that the absolute departure from the
intenm symbol decedin~ result of 30 the pastcoded symbol decoding result
supplied by the postcoding comb filter A26 equals or exceeds the absolute
departure from the interim symbol decoding result of   2 8 MAY 2D03 -40the
postcoded symbol decoding result supplied by the po5tcod;ng comb Filter B26
at the same time that the digital comparator C88 determines that the
departure from tha intenm symbol decoding result of the postcoded symbol
decoding result supplied by the postcodtng comb filter Cz6 does hat exceed
the departure from the interim symbol decoding result of the postcoded
symbol decoding result supplied by the postcoding comb filter A26. In order
far the AND Sate B8? response to be a logic ONE for conditioning the
tri-state butter B80 co assert the pasrcoded symbol decoding result
supplied by the postcoding comb filter l~?6 on the output data bus 78, the
digital comparato~ H88 must determine that the absolute departure from the
interim symbol 10 decoding result of the postcaded symbol decoding result
Supplied by the postcoding comb filter HZ6 exceeds the absolute departure
from the interim symbol decoding result of the postcoded sytrbol decoding
result supplied by the postcoding comb t7Iter C?6 at the same time that the
digital comparator A88 determines that the absolute deparnue from the
interim symbol decodin8 result of the postcoded symbol decoding 15 result
supplied by the pastcoding comb filter r1?6 does not equal or exceed the
departure from the intenm symbol decoding result of the postcoded symbol
decodin' result supplied by the postcoding comb filter H=G. In order for
the AND gate C8? response tv be a logic ON>r for conditioning the tri-state
bufi"er C80 to assert the postcoded symbol decoding result supplied by the
postcoding comb filter C.6 an the ?0 output data bus 78) the digital
compurator C$R must determine that the absolute departure from the interim
symbol decodin8 result of the postcoded symbol decoding result supplied by
the postcodin' comb fiber C26 equals or exceeds the absolute departure
froth the interim symbol decoding result of the posteoded symbol decoding
result supplied by the postcoding comb filter Anti at tt~e same time that
the di3ital 23 comparator B88 determines that the departure from the
intetzm symbol decoding result of the postcoded cymbal decoding result
supplied by the postcoding comb filter B2C does hat exceed the departure
from the interim symbol decoding result of the postcoded symbol decoding
result supplied by the postcoding comb filter C36. One and only one of the
comparators A88, B88 and C88 (the comparator A88 in FIGURE 30 10B) is made
to supply a logic ONE when its rivo respective inputs are equal cn value,
to avoid a condition in wrich none of the tri-state data buffers A80, B80
and C80 can be conditioned to drive the bit lines of the output data bus 78
from low source   z a MaY Zoos -41 



~mpedances o~~ing to the absolute departures supplied fro.rn the
aosoluce-value circuits A8b, B86 and C86 all being equal (7ne skilled in
the art ofdig~tal communications receives desyn and acquainted with the
foregoing specification and its draw~na will be zc:abJed to desyn many
embodiments of the invention other titan the preferred ones specifically
describzd. This should be borne in mind when eonstruar<8 tha scope of the
broader claims which follow. In the claims which follow, the ward "said" is
used wherever reference is made to an antecedent, and the ward "the'' is
tt5ed fur ~rammarica! purposes other than to refer back to an antecedent.
~~~`~ Q003 -42 ~V~IAT IS CLAIivIED IS A dijital television signal receiver
camprisins; digital television signal detection apparatus for supplying a
Stream of 2N-level symbols each having a symbol epoch of a specified length
in time) N being a positive integer, said stream of ?N-level symbols
suscept~bie to being accompailied by artifacts of co-channel interfering
analog television Signal, said symbols being grouped into successive data
segments with respective headers of data segment synchronization code, said
data segments being brouped into successive data fields wish the initial
data segment of each data field containing a data field sy nchronizatian
code which changes from data field to data field, 10 circuitry for
providing a number ivI of unique comb filter responses to said stream of
2N-level symbols, each said unique; comb titter response being less
susceptible to being accompanied by artifacts of co-channel interfering
analog television signal than said stream of 2N-level symbols; a plurality
of symbol decoders for generating respectwe estimated symbol t> decoding
results, a first of said plurality of symbol decoders generating first
estimated symbol decoding results responsive to said stream of 2N-level
symbols, each other of ,_.,.._-r-- said plurality of symbol decoders
generating respective estimated symbol decoding results re$pon5ive to a
respective one of said M unique comb filter responses, which respective
estimated symbol decoding results are postcoded to complete respective ZO
matched filtering for said respectwe one of said iVI unique comb filter
responses from which said respective estimated symbol decoding results are
obtained) said other of said plurality of symbol decoders including a
second symbol decoder for generating second estimated symbol decoding
results; circuitry for detecting whether or not there currently is
departure between said 23 first and second estimated symbol decoding
results; and   2 o r~~Y zoo3 -43 best-estimate-selection circuitry for
selecting best estimates from said respective estimated symbol decoding
resT.tlts to generate final symbol decoding results at tirr:es between
those times when synchronization codes occGr, the sefecnon 



of said best estimates depending on the departures from said first
est~matec symbol 30 deeodirg results of other estimated symbol decoding
results. 2. The digital television signal receiver set forth irl claim 1,
further comprising: trellis decoder circuitry responsive to final symbol
decoding results for benerating inner error-correction decoding results;
and steed-Solomon decoder circuitry responsive to bytzs of said irwer eror
5 correction decoding results for generating outer error-correction
decoding results. The digital television signal receiver set forth in
ciaini i, wherein iv( is one. 'The digital television signal receiver set
forth in claim 3, wherein said best,estimate-selection circuitry comprises:
a mttltiplexer connected to provide the capability of selecting between
said fast and second estimated symbol decoding results for generating said
final symbal decoding results at times between those tunes when said
synchronization codes occur; circuitry for developing absolute measures of
the departures between said first and second estimated symbol decoding
results; a mean averager for generating the mean average of said absolute
measures; and   2 a rY ~oo~ -44! U a tl"~reshold detector; responsiv= =o
said mean average of said squaring results exceeding a prescribed threshold
value for cond~do7ina said mulnpte~cer for sclr.cting ;aid seco~:d
estimated symbol decoding results to generate said final symbol decoding
results at times between those times when said synchronization codes occur,
arid otherwise conditioning said mulnplexer for selecting said Fret
estimated symbol 1 a decoding rzsults to generate said final symbol
decoding results at times bet~,veen those times when said synchronization
codes occur. The digital television signal receiver set forth in claim 3,
wherein said best-estimate-selection circuitry comprises: a tr~ultip'.e~cer
connected to provide the capability of selectin; between said first and
second estimated symbol decoding results for gene:atir_g said final symbol
decodin' results at times betlveen those times when said synchzanizatian
codes occur; a squarer for the departures between said first and second
estimated symbol 



decoding results) for developing squarin' results as an absolute measure of
those departures; a meaxt averager for generating the mean average of said
squaring results; and 10 a threshold detector) responsive to said mean
average of said squaring results exceeding a prescribed threshold value for
cQnditivaing said multiplexer for selecting said second estimated symbol
decoding results to generate said final symbol decoding results at times
between those times when said synchronization codes occur, and otherwise
conditioning said tnultiplexer for selecting said first estimated symbol 1
~ decoding results to generate said final symbol decoding results at times
between those times when said synchronization codes occur.   2 ~ MAY ?..OQ~
-45 b The digital television signal recewer set forth m clam ~, furcl:er
compris~ng~ trellis decoder circuitry responsive tc final >ymbol decoding
results far generating inner error-correction decoding results; and
Reed-Solomon decoder circuitry responsive to bytes of said inner
error-correction tiecading results far generating outer error-correction
decoding results. 7. The digital television signal receiver set forth in
claim l, wherein i~t is at least two. The digital television signal
receiver set forth in claim 7) further comprising: circuitry for
determining whether or not said ca-channel mterfe^ng analog television
signal is currently of sufficient level as to give rise to error in said
first estimated symbol decoding results, for providing a first indication
when said co-charnel interfering analog television signal is deterrr>sned
not to be of su~cient level as to give rise to error ~n said first
estimated cymbal decoding results) and for providinn a second indication
when said co-channel interfering analog television signal is determined to
be of sufFt;ient level as to give rise to error in said first estimated
syrubol decoding results; and, within said best-estimate-selection
circuitry; lb and circuitry responsive to said first indication for
currently selecting said best estimates solely frarrz said first estimated
symbol decoding results, for generating said 



final symbol decoding results at times between those times when said
synchronization codes occur. 1~   2 ~ r~a~r Q003 -46The digital telzvisvan
signal receiver set forth in clams 8, wherein said hrest-estimate-se!ectian
circuitry further comprises: circuitry for determining which of the
departures from said first esnmated symbol decoding results of other
estimated symbol decoding results has the largest absolute value) to
generate an indication of which other est~:nated symbol decoding result is
least likely to be m error caused by said art~zacts of co-channel
interfering analog television signal; and circuitry responsive to said
indication of which other estimated symbol decoding results are least
likely to be in error owing to said artifacts of coehannel interfering
analog television signal, when and only when said second indication is
concurrently provided) to select said best estimates from said other
estimated symbol decoding results so indicated to be feast likely to be in
error owing to said artifacts of co-channel interfering analog television
signal, for generating said final symbol decoding results at times between
those times when said synchronization codes occur. t0 The digital
television signal receiver sat forth in claim 7) further comprising:
circuitry for deriving intercazrier signal from the heterodyne between the
audio and video carriers of said co-channel interferira~ analob television
signal; circuitry for detecting when the amplitude of such intercanrier
Si?naf exceeds a 5 prescribed level) for fumishino an indication that said
co-channel interfering analog television signal i3 of sufficient level ns
to give rise to error in said first estimated symbol decoding results
generated by said first symbol decoder, and for otherwise furnishing ~an
indication chat said co-chorales interfering analog television signal is of
insufficient level as to give rise to error in said first estimated symbol
decoding 10 results; and) witrun sand best-estimate-selection circuitry;
and circuitry which is responsive to said ind~catian that said co-chan.nel
interfering analog television signal is of insuffcient level as to give
rise to error in said first   



2 ~ r~AY 2003 -47estimated symbat decoding results for causing said best
esnrnates currently to be selected solely from said first estimated symbol
decoding results. 15   s M aY zno~ -48 1 l, T'he digital televisipn signal
receiver set forth in claim l0, vrherein said best-estimate-selection
circuitry further comprises, circuitry for determining which of the
departures from sold first estimated symbol decoding results of other
estimated cymbal Geced~ng results has the largest absolute value, to
generate an indication of which other estimated symbol decoding result is
:east likely to be in error caused by sand artifacts 4f co-cha,nncl
interfering analoj television siarxal; and circuitry responsive to said
indication of wrich other estimated symbol decpding res~.tlts are least
likely to be in error owing to said artifacts of co-channel 10 interfering
a.talc~a television signal, when and only when said Secona indlcaCton is
concurrently provided) to select said best estimates from said other
estimated symbol decoding results so indicated to be least likely to be in
error owing to said artifacts of co-ehanne! intezfering analog relevis~on
signal, for generating said final syrzbol decoding results at times between
these rimes :vhen said synchzonization codes occur. I?, f1 digital
television signal receiver comprisin5: digital television signal detection
apparatus fvr supplying a stream of ?N-level symbols eacl^. having a symbol
epoch of a specified length in time, N bein5 a posrnve integer, said stream
of 2N-level symbpls susceptible to being accompar_i~d by artlfaCLs of
ca-channel interfering analog television signal, said symbols being grouped
into successive data segtrents with respective headers of data segment
synehroniaation code) said data segments being grouped into successive data
f olds with the initial data segment of etch data fold containing a data
field synchronization code which changes fzam data field ;o data f old; l0
a first symbol decoder generating first estimated symbol decoding results
responsive to said stream of 2N-level symbols;   2 8 MAY 2003 -49circuitry
for providing a plurality of unidue comb ti lter responses !c said stream
of 2N-level symbols, each said unique comb flter response being less
susceptible to being accompanied by artifacts of co-channel in~erfering
analo? 13 television signal than said stream of 3N-level symbols; n
respective symbol decoder responsive to each respective one ofsaid
plu:ality of unique comb filter responses for generating respective
est~rna~ed symbol decoding results) whirr. respective estimated symbol
decoding results are postcocled to complete respective matched filtering
for said respective one of said unique comb filter 20 responses from which
said respective estimates symbol decoding results are obtained; circuitry
for deriving interearrier signal from they heterodyne between the audio and
video carriers of said co-channel interfering analog television signal;
circuitry for detecting rwhen the amplitude of such intercarrier signal
exceeds a prescribed level, for fvmishing an indication that said
co-channel interferir5 analog ?~ television signal is of su~cient level as
to give nse to error in said first estimated symbol decoding results
generated by said frst symbol decoder, and for otherwise 



furnishing an indicatian that said ca-channel interfering analog television
signal ~s of insufficient Level as to ~ive rise to error in said first
estimated symbol decoding results; 30 , circuitry for detecting the
presence of synchronization codes in said stream. of 2N-Level symbols, far
supplying indications of the presence of synchronization codes in said
stream of 2N-level symbols, and for supplying an indication of the absence
of synchronization codes in said stream of 2N-level symbols; circni~try
responsive to the presence of synchronization codes in said 5-tream of 35
?N-level symbols bein' detected fer generating ideal symbol decoding
results for said synchronization codes;   2 B M,4Y ?003 -50 circuitry for
determining which of said estimated symbol decoding results ocher than said
first estirr~ated symbol decoding result currently has the largest absolute
departure from said first estimated symbol decoding result, to'enerate 40
indications of which of said ether estimated symbol decoding results is
Ieasc likely to be in error caused by said artifacts of eo-channel
interferins analog television signal; a rnultiplexer for providing final
symbol decoding results by reproducing a currently selected one of a
plurality of input signals supplied thereto, said plurality of input
signals including said first estimated symbol deeodin3 results) each said
othtr 45 estimated symbol decoding results and said idea! symbol decoding
results; said multiplexer selectwely being conditioned to provide said
final symbol decoding results by reproducing said ideal symbol decoding
results in response to said indications of the presence of synchronization
codes ~n said stream of ?I~'-level symbols; said multipiexer selectively
being conditioned to provide said final symbol 6a decoding results by
reproducing said first symbol decoding results, in response to the
concurrent provision of said indication of the absence of synchronization
codes in said stream of 2N-level symbols and said indication that said
co-channel interfering analo; television signal is ofinsufficient level as
to give rise to error in said first estimated symbol decoding results; and
said multiplexer being selectivzly conditioned to 55 provide said final
symbol decoding results by reproducing said other estimated symbol decoding
result that is Ieast likely to be in error caused by said artifacts of
co-channel interfering analog television signal) in response to the
concurrent provision of said indication of the absence of synchronization
codes in said sueam of ?N-level symbols, said indication that said
co-channel irnerfering analog television signal is of 60 sufFcient level as
to give rise to error in said first estimated symbol decoding results, and
said indication of which of said other estimated symbol decoding results is
least likely to be in error caused by said artifacts of co-channel
interfering analog television 



signal.   2 ~ t~1,4Y 2Q3 -5113. The digital television signal receiver set
forth in claim l2) furtrer comprising. trellis decoder circuitry responsive
to final symbol decoding results far generating inner error-carrecttar.
decoding results; and Reed-Solomon decoder circuitry responsive to bytes of
said inner error-correction decoding results for'enerating outer
error-correction decoding results. 1~4, A digital television signal
receiver comprising: digital television signal detection apparatus far
supplying a stream of 2N-Level symbols each having a symbol epoch of a
specified length in time) N being a positive integer) said stream of
?N-level symbols susceptible to being accompanied by artifacts of
co-channel interfering analog television signal, said symbols being grouped
into suceessivs data segrnents with respective headers of data segment
synchronization code) said data segments being grouped into successive data
fields with the initial data segment of each data field containing a data
field syr_chronization code which changes from data field to date field; 10
a first symbol decoder generating Lust estimated symbol decoding results
responsive to said stream of 2N-level symbols; circuitry for providing
first, second and third unique comb filter responses to said Stream of
2N-level symbols, each said unique comb filter response being less
susceptible to being accompanied by artifacts of co-channel interfer~na
analo' 15 television signal than said stream of2~l-Level symbols; a second
symbol decoder responsive to said first comb filter response for generating
second estimated symbol decoding results) said second symbol decoder
including a first postcoding comb filter for supplying said second
estimated symbol decoding results in matched filter response to said first
comb filter response;   z a r~~Y z~o3 -5220 a third symbol decoder
responsive to said second comb filter response for generattni third
estimatEd symbol decoding results, said third syrrtbol decoder including a
second postcoding comb filter for supplying sale! third estirnatzd symbol
decoding results in matched filter response to said second comb filter
response; a fourth symESOI decoder responsive to said third comb filter
response for 23 generating Fourth estimated symbol decoding results, said
fourth symbol decoder including a third postcoding comb titter for
5upplyin~ said fourth estimated symbol decoding results in matched filter
response to said third comb filter response; 



circuitry for dei~,ving intercarrier signal frt~m the heterodyne between
the audio and video carriers of said co-channel interfering analog
television signal; circuitry far detecting when the amplitude of such
mtercarrier signal exceeds a prescribed level, for furnishing an indication
that said co-channel interfering analog television signal is of sufficient
level as to give rise to error in said first e5t~mated symbol decoding
results generated by said first symbol decoder, and for otherwise
furnishing an indication that said co-channel interfering analog television
signal is of 3 ~ insufficient level as to give rise to error in said first
estimated symbol decoding results; circuitry far detecting 11`te presence
of synchrot>ization codes in said stream of ~N-level symbols, for supplying
indications of the presence of synchronization codes in said stream of
2~'-level symbols, and for supplying an indication of the absence of ~0
synchxanization codes in said stream of 2N-level symbols; circuitry
responsive to the presence of synchronization codes in said stream of
2N-level gymbols being detected for generating ideal symbol decoding
results for said synchronizt~tion codas;   2 8 M,4Y 2003 -53 means for
detetTrtint; g rvh~cn of said second, third dnd fourth esti~_ated 4p symbol
decodin, results currently has the largest absolute departure tiom said
first estimated symbol decoding result) to generate Indications of which of
said second, third and fourth estimated symbol decoding results is least
likely to be :n error caused by said artifacts of co-channel interfering
analog television si~t~al; a multipl~,cer for providing final symbol
decoding results by reproducing a ~0 currently selected one of a plurality
of input signals supplied thereto, said plurality of lllp:tt signals
including said first estimated symbol decoding results, said second
esnmated symbol decodin5 results, said third estimated symbol decoding
results, said fourth estimated symbol decoding results and said ideal
symbol decoding results; said multiplexer selectwely being conditioned to
provide said final symbol decoding a > results by reproducing said ideal
symbol decoding results in response to said indications of the presence of
synchronization codes in said stream of 2N-level symbols; said m~ultiplexer
selectively being conditioned to provide said rinal symbol . decoding
results by reproducing said first symbol decoding results, in response to
the concurrent provtsiorl of s2:id indication of the absence of
syt:chroni2ation codes in said 60 stream of 2N-level sytnbois and said
indication that said co-channel interfering analog television stonal is of
insufficient le~~e: as to gwe rise to error in said first estimated symbol
decoding results; said multiplexer being selectively conditioned to provide
said final symbol decoding results by reproducing said second symbol
decoding results, in response to the concurrent pravisivn of said
indication of the absence of 6~ synchronization codes in said stream of
2N-level symbols, said indication that said co-channel interfering analog
television signal is of sufficient level as to give rise to arroi in said
first estimated symbol decoding results, and said indication that said
second estimated symbol decoding result is least likely to be in error
caused by said artifacts of co-chaxutel interfering analog tele vision
signal; said multiplexer being 



70 selectively conditioned to provide said final symbol decoding results by
reproducing said third symbol decoding results, in response to the
concurrent provision of said indication of the absence of synchronization
codes in said stream of 2N-level symbols, said indication that said
co-channel interfering analog television si?r;al is of sufficient level as
to give rise to error in said first estimated symbol decoding results,   2
8 M ~,Y 2033 -5475 and said indication that said third estimated Symbol
decoding result ~s (east likely to bz in error caused by said artifacts of
co-channel interfering analog television signal, and said multip!exer being
selectively conditioned to provrde said final symbol decoding results by
reproducing sold fourth symbol decoding results, in response to the
concurrent provision of said indication of the absence of syncctronization
codes in 30 Said stream of 2N-level symbols, said indication that sand
co-ehan.nel interfering analog television signal i~ of sufficient level as
to give rise to error in said first estimated symbol decoding results, and
said indication that said fourth estimated symbol decoding result is least
likely to be in error caused by said artifacts of ca-channel interfering
analog television signal. 15. The digital television signal receiver set
forth in claim l~i, further conspris~ng: trellis decoder circuitry
responsive to final symbol decoding results for generating inner
error-correction decoding results; and Reed-Solomon decoder circuitry
responsive to bytes of said inner error-correction decoding results for
generating outer error-correction decoding results. .A.A.Ar.A Y.A&(
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