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DIGITALTV RECEIVER CIRCUITRY FOR DETECTING AND 

SUPPRESSING NTSC CO-CHANNEL INTERFERENCE 

This ls a continuation-in~part of U. S. patent application serial No. 081839 ,691 

filed April 15, 1997. 

The present invention relaces to digital television systems, such as the digital 

high-definition television (HDTV) system used for terrestrial broadcasting in the 

S United States of America in accotdanc:e 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. 

10 BACKGROL~D OF THE INVENTION 

A Digital Television Standard published l 6 September 199S by the Advanced 

Television Subcommittee (ATSC) specifies vestigial sideband (VSB) signals for 

transmitting digital television (DTV) signals in 6·MHz-bandwidth television channels 

such as those currently used in over-the-air broadcasting of National Television 

15 Subcdmmittee (NTSC) analog television signals within the United States. The VSB 

DTV signal is designed so its spectrum is likely to interleave with the spectrum of a . 
co--cbannel interfering NTSC analog TV signal. This is done by positioning the pilot 

ca:rrier and 'the principal amplitude-modulation sitleband tiequencies of the DTV 

signal afodd multiples ofone·quarterthe horizontal scan line rate of the NTSC analog 

20 · TV signal that fall between the even multiples of one--ql.iarter the homontal scan line 

rate of the NTSC analog TV signal, at which even multiples most of the energy of the 

luminance and cbrominance components of a co-channel interfering NTSC analog TV 

signal will fall. The video cmiet of an NTSC anAlog TV signal is offset t.25 MHz 

from the lower limit frequency ofibe television channel. The carrier of the OTV 

2S signal is offset from such video carrier by 59. 75 t:i:me$ the horiz.ontal scan line rate of 

the NTSC ~alog TV signal, to place the earner of the DTV signal about 309,877.6 

kHz &om the lower limit frequency of the television channel. Accotdingly, the carrlet 
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ofthe DTV signal is about.2,690122.4 Hz from the middle frequency of the television 

channel. 

The exact symbol rate in the Digital Television Standard is (6841286) times 

the 4 . .S MHz sound carrier offset from video carrier in~ NTSC analog TV signal. 

S The number of :symbols per horizontal scan line in an NTSC :malog TV signal is 684, 

and 286 is the factor by which horizontal scan line rate in an NTSC analog TV signal 

is multiplied to obtain the 4.5 MHz sound carrier offset from video carrier in an NTSC 

analog TV signal. The symbol rate is 10.762238 megasymboJs per second. which can 

be contained in a VSB signal extending 5.381ll9 i'VIHz from DTV signal carrier. 

l 0 That is. the VSB signal can be limited to a band extending 5.690997 MHz from the 

lower limit frequency of the television channel. 

The ATSC standard for digital HDTV signal terrestrial broadcasting in the 

United States of America is capable of transmitting either of two high-definition 

television (HDTV). formats with 16:9 aspect ratio. One HDTV display format. uses 

15 1920 samples per scan Jine and 1080 active horizontal scan lines per 30 Hz frame with 

2: I field interlace. The other HDTV display tbnnat uses 12 80 luminance samples per 

scan line and 720 progressively scanned scan lines of television image per 60 Ht 

frame. ·The ATSC standard also accommodates the transmission of DTV display 

format.s other than HDTV display fonnats, such as the parallel transmission of four 

20 celevision signals haVing normal definition in comparison to an NTSC analog 

television signal. 

DTV transmitted by vestigial-sideband (VSB) amplitude modulation {~>vi) 

duriag terrestrial broadca.stin11 in the United States of America comprises a succession 

of consecutive-in-time data fields each containing 313 consec11tive-in-time data 

25 segments.' The data fields may be considered to be consecutively numbered 

~odulo-2, with each odd-numbered data field and ~ succeedin9 even-numbered data 

field fomring a data ftame. The frame rate is 20.66 frames per se~ond. Each data 
.. 

segment is of77.3 microseconds duration. So, with the symbol rate being 10.76 MHz 

there are 812 symbols per data segment. Each segment of data begins with a line 

30 synchronization code group of foot symbols havina successive values of +S, -S, -S 
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and +S. The value +S is ~nc level below the maximum positive data excursion, and 

the value-Sis 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·equa1ization and multipath suppression procedures. The training 

5 signal is a 511-sample pseudo~nojse sequence (or "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 

i.n rhe first line of each odd-numbered data field and in accordance with a second logic 

convention in the iust line of each even-numbered data field, the first and second 

l 0 logic conventions being one's c:omplementary respective to each other. 

The data within data lines are trellis coded using twelve interleaved trellis 

codes, each a 2/3 rate trellis code with one uncoded bit. 1he interleaved trellis codes 

are subjected to Reed-So!omon forward ertor-corTection codi.ng1 which provides for 

cortection of burst errors arising from noise sources such as a nearby unshielded 

15 automobile ignition system. The Reed-Solomon coding results are transmitted as 

8-level (3 bits/symbol) one-dimensional-constellation symbol coding for over-the-air 

transmission. which transmissions are made without symbol precoding separate from 

the trellis coding procedure. The Reed-Solomon coding results are transmitted as 

16-level ( 4 bits/symbol) one-dirr.ensional~constellation symbol coding for cablecast, 

20 which tran:smi:ssiom are made without preceding. The VSB signals have their natural 

carrier wave, which would vary in amplitude depending on the percentage of 

modulanon1 suppressed. 

The natural earner wave is replaced by a pilot carrier wave of fixed amplitude. . . 
which amplitude corresponds to a prescribed percentage of modulation. This pilot 

25 earner wave of fi."<.ed 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 supplyins the VSB. 

signal as its response. If the eight levels of 4~bit symbol coding have normalized 

values of -7, ~s, -3, -1, + 1, + 3, +5 and + 7 in the carrier modulating signal, the pilot • 
30 carrier has a nomialized vale of 1.25. The normalized value of +S js +5, and the 

normalized "Value of -S js -S. 
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ln the earlier development of the DVT art it was conremplated that the DTV 

broadcaster might be caJled upon to decide whether or not to use a symbol precoder at 

the transmitter, which symbol precoder would follow the symbol gene-ration circuitry 

and provide for pyecoded filtering of sy~bols. This decision by the broadcaster would 

:5 have depended upon whether intetference from a co-channel NTSC broadcasting 

station were expected or not. The symbol precoder would complement the symbol 

postcoding incidentally introduced in each DTV receivet by a comb filter used before 

the da~-slic:er in the symbol decoder circuitry to reject anitacts ofNTSC co-channel 

interfering signal. Symbol precoding would not have been used for data line 

10 synchroniution code groups or during data lines in which data field synctuonization 

data were transmitted. 

Co-channel interference js reduced at greater distances from the NTSC 

broadcasting station(s} and is more likely to occur when certain ionospheric 

conditions obtain, the summertiaie months during years of high solar activity being 

15 notorious fot likelihood of co-channel interference. Such interference will not occur if 

there are no co-channel NTSC broadcasting stations, of course. lf there were 

likelihood of NTSC interfere.nee within his area of broadcast coverage, it was 

presumed that the HDTV broadcaster would use the symbol precoder to facilitate the 

HDTV sianal being more easily separated :from NTSC interference; and, accordingly, 

20 a comb filter would be employed as symbol postcoder in the DTV teceiver to 

complete matched filtering. If there were no possibility ofNTSC interference or there 

were insubstantial likelihood thereof, in order that noise have a flat frequency 

spectrum less likely to cause moneous decisions as to symbol values in the trellis 

decoder, it wu presumed that the-DTV broadcaster would discontinue using the 

25 symbol precoder; and, accordingly, the symbol postcoder would then be disabled in 

each DTV ftceiver. Without the b:roadcaster being aware of the condition, actual co­

channel NTSC intetfetence can be substantial f 01 portions of the reception area ~or ~ 

broadcast, owing to freakish skip conditions, owing to cablecast leakage. owing to 

inadequate intermediate.frequency image suppression in NTSC receivers, owing to 

JO magnetic ta~ used for digital television recording having remnant previous analog 

television recording, or owing to some other unusual condition. 
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u. S. patent No. 5,594,496 issued 14 January 1997 co Nielsen e1 alii and 

entitled "DETECTION OF CO-CHANNEL INTERFERENCE lN DIGlT AL 

TELEVISION SIGNALS" describes an NTSC co-channel interference detector in 

which data segments containing field synchronization codes are subjected to data field 

5 comb filtering to obtain a data field comb filter response with periodic intervals free 

from symbol coding in which received noise and co-cbannel interference cao be 

evaluated. The data field comb filter response during these periodic intervals is 

compared with that response as subjected to further comb filtering that suppresses 

artifacts of NTSC ~o-channel interference. If the f\.lnher comb filtering results in 

l 0 appreciable reduction in signal level, the signal is :presumed to be comprise substantial 

artifacts ofNTSC 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 

l S previously employing comb filtering to suppress artifacts ofNTSC co·channel 

interference. This is because comb filtering in which differentially delayed symbol 

coding is linearly combined is associated with a 3 dB or so increase in Johnson noise. 

The cunent A TSC DTV .standard does not authorize the transmitter to use 

symbol precoding. The suppression of co-channel interfering analog TV signal is 

20 presumed to be carried out in the trellis decoding process, after the data~slicing 

procedures ~sociated with symbol decoding. This procedure avoids the problem of 

determining whether or not precoding is done at the ttansmittei-. However, co-channel 

interfering analog TV signal undesirably introduces errors into the data-slicing 

proc~sses, which plat"es more burden on the enor~comction decoding procedures, 
,­_.) trellis decoding and Reed·Solomon decoding. These errors will reduce the btoadcast 

coverage area, which may lose revenue for the commercial DTV broadcaster. So, 

providing for the suppression of co--channel interfering analog TV signal before . 

data-slicing is still desirable, despite symbol precoding at the DTV transmitter not 

being authorized by the cUlTent ATSC DTV standard. 

30 The term "linear combination" refers generically to addition and to 
subtraction, whether performed in accordance with a cpnventional arithmetic or a 
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modulaT arithmetic. The renn "modular combination" refers to linear combination 

tarried perfo!1Tled in accordance with a modular arithmetic;. That type of coding chat 

re-codes a digitat symbol stream through differential delay and linear combination of 

the differentially delayed tenns, exemplified by the symbol postcodh1g used in 

5 prior-art HDTV receivers, is defined as ''symbol re-coding of first type" in this 

specification. That type of coding that re-codes a digital symbol stream through its 

modular combination with delayed result of the modular combination. e~empJi.fled by 

the symbol precoding used in prior-art HDTV transmitters, is defined as "symbol 

re..coding of second type'' in this specification. 

10 The problem of co-channel interference from analog television signals can be 

viewed from the standpoint of being a sometimejam:ming problem at the receiver. to 

be solved by adaptive filter circuitry in the receiver. So long as the dynamic range of 

the system channel is not exceedcdt so that the co-channel interfetente can capture the 

system channel by destroying signal transmission capability for DTV modulation. the 

l S performance of the system can be viewed as a superposition of signals problem. The 

filter circuitry in the receiver is adapted for selecting the djgital signal from the 

co-channel interfercmce caused by the analog television signals, relying on the 

pronounced conelation and anti-correlation ptoperties of the analog television signals 

to reduce their energy sufficiently as to captute the system channel from them. 

20 Insofar as rJ1e co-channel interference from analog television siiJlaJs is 

concerned, it enters the system channel after the DTV transmitter and before the DTV 

receiver. The use or non-use of symbol precoding at the DTV transmitter has no 

effeet on the co-channel intetference from analog television signals. At the D'TV 

Teceiver, so long as the co-channel interference is not so large as to overload the 

receiver front-end and capture the system chann'?l, it is advantageous to precede the 
I 

data·sJicing circuitry with a comb filter for reducing the energy of higher-energy 

spectral compone~ts of the co-channel interference, 1hus to reduce the eITors occurring 

during data-slicing. The DTV broadcaster should adjust his carrier frequencyt which 

is nominally 310KHz above the lower limit frequency of the television channel 

30 assignment. so that bis carrier frequency is optimally offset in frequency from the 

video carrier o~ a co-channel NTSC analog TV signal,1,hat is likely to interfere. This 
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optimal offset in earriet fr~quency is exactly 59.75 times the horizontal scan line 

frequency fH of the NTSC analog TV signal. The artifacts of the r:o-cbannel 

interference in the demodulated DTV signal will then include beats at 59.75 times the 

horizontal scan line frequency fH of the NTSC analog TV signal, generated by 

5 heterodyne between the digital HDTV carrier and the video carrier of the co-channel 

interfering analog TV signal. and beats at 287 .25 times fH• generated by heterodyne 

between the digital HDTV carrier and the chrominance subcarrier of the co-channel 

interfeting analog TV signal, which beats are quite close in ·frequency to tl\e fifth 

harmoruc of the beats at 59.75 times fH. The artifacts will further include beats at 

10 apptoxjmately 345.75 times fH, generated by heterodyne between the digital HDTV 

carrier and the audio carrier of the co·channel interfering analog TV signal, which 

beats are quite close in frequency to the sixth harmonic of the beats at 59.75 times fH. 

The nearly harmonic relationship of these beats allows them alt to be suppressed by a 

sing.le properly designed comb filter incorporating only a few symbol epochs of 

15 differential delay. The use of an NTSC-rejectiott comb filter befot'e data-slicing in the 

DTV receiver incidentally performs symbol re-coding of first type, to modify the 

symbols obtained by data-slicing. 

The data-slicing operation that follows this symbol re-coding of first type in 

the DTv receiver is a quantizing process that is not destructive of the symbols 

20 resulting from the symbol re-coding of first type. insofar as the transmission of data is 

concerned, since the data quantization levels are designed 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 apj>reciably smaller than steps- between symbol code levels, however. 

25 This is a species of the capmre phenomenon in which phenomenon a stronger signal 

gains at the eXpenSe of a weaker one in a quand:zing 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 preceding 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 inters}'nlbol distance to 
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help further in overcoming jamming analog TV signal. Instead, the principal 

mechanism for overcoming jamming analog TV signal is its attenuation vis-a-vis 

DTV signal. as provided by the comb filtering a1 the OTV receiver, causing the 

remnant analog TV sjgna! in the comb flJter response to be .suppressed by rhe 

5 quantizing effects in the data-slicer that in1mediately follows tl1e comb filter. 

The order of performing symbol re-coding procedures of first and second types 

has no appreciable affect on signal transmission through the syste.m 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 teceivet 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 insi$bts provide the general foundation on which the inventor b~ed 

15 apparatus described in U.S. patent application serial No. 08/839,691 filed 15 April 

1997 and entitled "DIGITAL TELEVISION RECEIVER WITH ADAPTIVE FILTER 

CIRCUITRY FOR SUPPRESSING NTSC CO-CHA~NEL INTERFERENCE". The 

adaptive tilter circuitiy receives for symbol decoding a stream of2N-level symbols 

susceptible to being accompanied by artifacts of co.channel interl"ering analog 

20 television signal, N being a positive integer. In this adaptive filter circuitry NTSC 

co-channel interference is detected. and it is determined whether this NTSC 

co-channel interference has .sufficient energy to introduce uncorrectable errors in.to the 

data-slicing procedure used to pedorm $)'1Ilbol decoding directly on the baseband . . 
signal recove:ed by synchronously detecting the VSB-AM DTV signal. If the NTSC 

25 co-channel interference is determined not to have sufficient energy to cause 
' uncorrectable errors> the. baseband signal is symbol decoded using a fast data slicer to 

generate symbol decoding resulu. If the NTSC co-chanuel interference is dttemrined 

to have sufficient energy to cause uncoi:rectable ertors, 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 slicer. The :fitst comb filter incidentally carries 

out a symbol re-coding procedure of first type that intr9duces errc>T into the symbol 
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decoding results generated by the second data-slicer. This symbol re-coding 

procedure of first type carried out before data·sJicing by the second data~slicer is 

viewed as a preceding procedure insofar as the adaptive filtering for suppressing 

NTSC co-channel interference is concerned. A second comb filter carries out a 

5 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 o( 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·combinatjon of the differentially delayed 

l 0 tenns. The symbol re·coding procedure of second type re-codes partially-filteted 

symbol decoding results recovered by the second data·sJicer. This symbol re-coding 

procedure of second type uti!izes second linear combination of the panial ly-filtered 

symbol decoding resultS with previous symbol decoding results fed back with delay 

similar to the djfferential delay introduced into the input symbol scream, which second 

15 iinear combination·is performed in accordance ·with a :m.odulo-2N arithmetic to 

generate postcoded symbol decoding results. Runnhig errors in postcoded symbol 

decoding results are curcailed by forcing the symbol decoding results to conform to 

ideal symbol decoding results drawn from memory in the DTV receiver during times 

data fi.eld synchronization infonnation and data segment synchronization information 

20 occur. One of the first and second linear combinations is subtractive, and the other is 

additive. 

The invention concerns determining when the final symbol decoding results 

are more likely to be comet based on estimates selected from the postcoded symbol . 
decoding resutts obtained after comb filtering to suppress N!SC co-channel 

25 int.erlen:nc:e, tather than on emmates selected from the interim symbol decoding 
' results obtained by data-slicing the baseband symbol code without its having been 

comb filtered to suppress NTSC c~channel interference. This determination is made 

by comparing each postcoded symbol decoding result to a corresponding interim 

symbol dec.oding result throughout each data segment. Substantial departure of a 

30 postcoded symbol decoding re$Ult from the corresponding interim symbol decoding 

result is presumed to arise owing to the presence of'N!SC artifacts in the baseband 
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symbol code, so postcoded symbol decoding resuJts a.re 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 receiver includes 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, which stream of2N-level 

symbols is susceptible to being accompanied by artifacts of co-channel interfering 

nnalog television signal. The symbols are grouped into successive data segments with 

10 respective headers of data segment synchronization code. and the data segments are 

grouped into successive data fields ·with the initial data segment of each data field 

containing a data field synchronization code, which changes from data field to data 

field. The digital television signal receiver includes circuitry for providing a number 

M of unique comb filter responses to the stream of2N-level symbols. each said 
' . 

15 unique comb filter response being less susceptible to being accompanied by artifacts 

of co-channel interfering analog television signal than the stream of 2N-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 

20 to the stream of2N-level symbols. Each other of the plurality of symbol decoders 

generates respective estimated symbol decoding results responsive to a respeelive one 

of the M unique comb filter responses, which respective estimated symbol decoding 

results ate postcoded to complete a -respective matched filtering f ot the respective one 

of s8.id M unique comb filter responses from which those respective estimated symbot 

25 decoding results are obtained. Besides said first symbol decoder, the plurality of 
' symbol decodet$ 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 for selecting best estimates from the 

respective estimated .symbol decoding results to gener§te final symbol decoding 
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results at timt?s between th~se times when synchronization codes occur. The selection 

of the bes~ estimates by the best-estimate-selection citcuitry depends on the current · 

departure from the first estimated symbol decoding results of each other estimated 

symbol decoding results. 

S In one embodiment of the invention Mis t\\'-O, the. plurality of symbol decoders 

including besides said first symbol decoder only a second symbol decoder tor 

generating second estimated symbol decoding results. The besr-estimate-selection 

circuitry takes the following form in this embodiment of the invention. A multiplexer 

is cotmected to provide the capability of selecting between the first and second 

10 estimated symbol decoding results for generating final symbol decoding results at 

times between those times when synchronization codes occur. ~ere is a squarer for 

the departures between the: first and second estimated symbol decoding results. for 

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 exceeding a prescribed 

threshold value for conditioning the multiple:cer for selecting the second estimated 

symbol decoding results to generate the fmal symboi decoding results at ~imes 

between those ti..-nes when said synchronization codes occur, and otherwise conditions 

the multiplexer fot selecting the first estimated symbol decoding results to generate 

20 the final symbol decoding results at times between those times when synchronization 

codes ·occur. 

BRIEF DESCRIPTION OF THE ORA \VING 

FiqURE l is a block schematic diagram of a di:ital televi$ion signal receiver 

using an NTSC-rejection comb tilter before symbol decoding and a postcoding comb 

25 filt" 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 interfetence detector for use in the FIGURE l digital television signal 
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receiver, which NTSC co-channel interference detector in accordance with an aspecl 

of the invention provides one type of best-estimate-selection circuitry for selecting 

best estimates from various symbol decoding results, to generate final symbol 

decoding results at times between those times when synchronization codes occur. 

5 FIGURE 3 is a block schematic diagram showing details of a portion of the 

FIGURE 1 digital television signal teceiver when the NTSC-rejection comb filter 

employs a 12-symbol delay. 

Fl OURE 4 is a block schematic diagram showing details of a portion of the 

FIGURE l digna.l television signal receiver when the NTSC·r~jection comb filteT 

to employs a 6-symbol delay. 

FIGURES.is a block schematic diagram 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 block schematic diagram showing details of a portion of the 

t 5 FIGURE 1 digital television signal receiver when the N'TSC-rejection comb filter 

employs a 262-video-line delay. 

· FIGURE 7 is a bJock schematic diagram showing details of a portion of the 

FIGURE l digital television signal receiver when the NTSC-rejection comb filter 

employs a 2·video-:&ame delay. 

20 FIGURE 8 is a block schematic diagram showins details of a portion of the 

FlGUR.E 1 digi1al televjsion sianal receiver for generatµig prescribed symbol 

decoding results during data synchronization intervals. 

FIGURE 9 is a block schematic diasram showing a digital television signal 

receiver using a plurality ofNTSC-rejection comb filters for performing parallel 

25 symbol decoding. 

FIGURE 10 is anassembl.y diagram showing how FIGURES lOA and !OB can 

be fitted together to fo11ll a single figute referred to as FIGURE 10 in the detailed 
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description that foUows, ~hich FIGURE 10 shows details of symbol code selection 

circuitry that can be used in a digital television signal receiver of the type shown in 
FIGURE 9. 

FIGURE lOA is a block schematic diagram showing details of circuitry in the 

:5 FIGURE 9 digital television signal receiver for generating prescribed symbol 

decoding results during data synchronization intervals. 

FIGURE IOB is a block schematic diagram showing details of~irc.uitry in the 

FIGURE 9 digital television signal receiver including in accordance with a further 

aspect of the invention a further type of best-estimate-selection circuitry for selecting 

10 best eStimates from various symbol decoding results, to generate final symbol 

decoding results at times between those times when synchronization codes occur. 

DETAILED DESCRIPTION 

At various points in the cucuiu shown in the FIGURES of the drawing. 

15 shimming 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 ordinary about a particular shimming delay requirement, it will not be 

explicitly referred to in the specification that follows. 

FIGURE l shows a digital television signal receiver used for recovering 

20 error-conected data, which data are 5uitable for rec:ord41g· by a digital video cassette 

rec~rdcr er for MPE0·2 decoding and display in a teleyision set. The FIGURE l 

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 signals are supplied as input signal to "front end11 electronics 10. 

25 The "front end" electronics 10 generally include a radio-frequency amplifier and first 

detector for converting radio-frequency television signals to intennediate·frequency 

television GignaJs, supplied as input signal to an intennediate-frequency (IF) amplifier 

chain 12 for vestigial-sideband DTV sifPlals. The DTV receiver is preferably of 
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plural-conversion tYPe with the IF amplifier chain 12 including an IF amplifier for 

amplifying DTV signals as converted to an ultra..high-frequency band by the first 

detector, a second detector for converting the amplified DTV signals to a very-high· 

frequency band, and a further IF amplifier for amplifying DTV signals as converted to 

5 the VHF band. If demodulation to baseba."".ld is performed in the digital regime, the IF 
amp1jfier chain 12 will further include a third detector for converting the amplified 

DTV signals ·co a final intermediate-frequency band ctoser 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 SA. W filter cuts off rapidly just beyond 5.38 MHz remove from the suppressed carrier 

frequency of the VSB DTV signal and the piJot Cartier, which is of like frequency and 
offix:ed amplitu~e. This SAW filter accordillgly rejects much of the 

frequency-modulated sound carrier of any co-channel interfering analog TV signal. 

Removing the FM sound camer of any co-channel interfering analog TV sjgnaJ in the 

lS IF amplifier chain 12 prevents artifacts ofthar carrier being generated when the final 

I-F signal is detected to recover baseband symbols and forestalls such artifacts 

interfering with data~sUcing of those baseband symbols during symbol decoding. The 

pre"\'ention of such artifacts interfering with data-slicing of those baseba:ad symbols 

during.symbol decoding is better than can be accomplished by relying on 

20 comb-filtering before data-slicing. 

The final IF output signals from the IF amplifier chain 12 are supplied to a. 

complex demodulator 14, which demodulates the vestigial-sideband 

amplitude-modulation DTV signal in the final inteimediate-frequency band to recover . . 
a re~l baseband signal and an imaginary baseband signal. Demodulation may be done 

in the digiw regime after analogwto·digital conversion of a final 
. I 

intermediate-frequency ban? in the few megaeycle range as described for example by 
C. B. Patel et olii in U.S. patent No. S,479,449 issued 26 December 1995 and entitled 
11DIGITAL VSB DETECTOR WITH PHASE TRACKE~ AS FOR INCLUSION IN 

AN HDTV RECEIVER". Alternatively. demodulation may be done in the analog • 
30 regime, in which case the results are llSUally subjected to analog-to-digital conversion 

·to facilitate further processing. The complex demoduJ.ation is preferably done by 
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in-phase (I) synchronous d~modulation and quadrature-phase (Q) synchronous 

demodulation. The digital results of the foregoing demodulation procedures 

conventionally have 8-bit accuracy or more and describe 2N-level symbols that 

encode N bits of data. Currendy, 2N is ~ight in the case where the FIGURE l DTV 

S signal teceiver receives a through-the-air broadcast via the antenna 12 and is sixteen 

in the case where the FIOURE 1 DTV signal receiver receives cablecast. The concern 

of the invention is with the reception of terrestrial through-the-air broadcasts~ and 

FIGURE l does not show the portions of the DTV receiver providing symbol 

decodL'l'lg and error-COlTection decoding for received cablecast transmissions. 

l 0 Symbol synchronizer and equalizer circuitry 16 receives at least the digitized 

real samples of the in-phase (I-channel) baseband signal from the complex 

demodulator 14; in the FIGURE l DTV receiver the circuitry 16 is shown also 

receiving the digitized imaginary samples of the quadrature-phase (Q-channel) 

baseband signal. The circuitry 16 includes a digital filter with adjustable weighting 

l 5 coefficients that ceimpensates for ghosts and tilt in the received signal. The symbol 

synchronizer and equalizer circuitry 16 provides symbol synchronization or 

"de-rotation" as well as amplitude equalization and ghost removal. Symbol 

synch:roniier and equalizer circuitry in which symbol synchronization is accomplished 

before amplitude equalization is known from U.S. patent No. 5,479.449. In such 

20 designs the demodulator 14 will supply O"Vetsampled demodulacor response containing 

real and imaginary baseband signals to the symbol synchronh:er and equalizer 
. . 

circ'uitry 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 digital filtering used for .amplitude equalization and ghost removal. 

Symbol synchton.i%er and equalizer circuitry in which amplitude equalization precedes 

symbol synchronization, "de-rotation" or "phase tracking" is also known to those 

skilled in the an of digital signal receiver design. 

Each sample of the circuitry 16 output signal is resolved to ten or more bits 

and is, in effect, a digital description of an analog symbol exhibiting one of (2N=8) 
• 

30 levels. The circuitry 16 output signal is carefully gain-controlled by any one of 

several known methods, so the ideal step levels for SYJllbols are known. One method 
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of gain controJ, preferred ~cause the speed of response of such gain control is 

exceptionally rapid, regulates the direct component of the real baseband signal 

supplied from the complex demodulator 14 to a nonna!ized level of+ I .2:5. This 

method of gain control is generalJy described in U.S. patent No. 5,479,449 and is 

5 more specificaUy deseribed by C. B. Patel et a/ii in U.S. patent No . .5,573,454 issued 

3 June 1997, entitled "AUTOMATIC GAIN CONTROL OF RADIO RECEIVER 

FOR RECEIVING DIGITAL HIGH-DE"fINITION TELEVISlON SIGNALS'', and 

incorporated herein by reference, 

The output signal from the circuitry 16 is supplied as input signal to data sync 

10 detection circuitry 18, which recovers data field synchronization information F and 

data segment synchronization infonnation S from the equalized baseband- I-channel 

signal. Alternatively, the input signal to data sync detection circuitry 18 can be 

obtained prior to equalization. 

The equali~d I·cbannel signal samples at normal symbol rate supplie~ as 

15 output signal from the circuitry 16 are applied as the input signal to an 

NTSC¥rejection comb filter 20. The comb filter 20 includes a first delay device 201 

to generate a pair of differentially delayed streams of the 2N·Ievel symbols and a first 

linear combiner :Z02 for linearly combining the differentially delayed symbol streams 

to generate the comb filter 20 response. As described in U.S. patent No. 5,260,793, 

20 the first delay device 201 can provide a delay equal to the period of twelve 2N-lcvel 

symbols, and the first linear combiner 202 can be a subtractor. Each sample of the 

comb :filter 20 oatput signal is resolved to t~n or mote bits and is, in effect, a digital 

description of an analog symbol exhibitin~ one of ( 4N~ l )-15 levels. 

The symbol synchronizer and equalizer circuitry 16 is preswned be designed 

25 to suppress the direct. bias tomponent of its input signal (as expressed in digital 

samples), which direct bias CO'qlponent has a nonnalized level of+ 1.25 and appears in 

the real baseband signal supplied from the complex demodulator 14 owing to 

detection of the pilot canier. Accordingly. each sample of the circuitry 16 output 

signal applied as comb filter 20 input signal is, in effect, a digital description of an 

30 analog symbol exhibiting one of the following nonnali.zed levels: -7. -5, ~3, -1, +l, +3, 
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+5 and +7. Thesesymbol l~vels are denominated as "odd" symbol levels and are 

detected by an odd-level data-slicer 22 to generate interim symbol decoding results of 

000, 001, 010, 01l,100, !01, 110 and Ill, respectively. 

Each sample of d1e comb filter 20 output signal is, in effect. a digital 

5 description of an analog symbol exhibiting one of the following normali?:ed levels: 

-t4, ·12, ~10, ·8, -6, -4, -2, 0, +2, +4, +6, +8, +10, +12 and +14. These symbol l~vels 

are denominated as "even" symbol levels and are detected by an even-level data-sJicer 

24 to generate precoded symbol decoding results ofOOI, 010, Oll, 100, 101, 110, 111, 

000, 001. 010, 011, 100, 101, 110, and 111, respectively. 

l 0 The data-slicers 22 and 24 can be of the so-called "hard decision" type, as 

preswned 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-slicer 22 arid the even-level data-slicer 24 are replaced by a 

single data-slicer, ~ing multiplel(er COMections to shift its place in circuit an~ 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 equalizet circuitry 16 is presumed in the 

foregoing description to be designed to suppress the direct bias component of its input 

signal (as expressed in digital samples), which direct bias component has a 

20 nonnalized Jevel of +l.25 and appears in the real baseband signal supplied from tbe 

complex demodulator 14 owing to detection of the pilot carrier. Alternatively~ the 

symbol synchronizer and equalizer circuitJy 16 is designed to preserve the direct bias 

component ofits input signal, which simplifies the design of the equalization filler in 

the circuitry 16 somewhat. In such case the data·slicing levels in the odd-level 

25 data~slicet 22 are offset to take into account the direct bias component accompanying 

the data steps in its input signal. Providing that the first linear combiner 202 is a 

subtractor, whether the circuitry 16 is designed to suppress or to preserve the direct 

bias component ofits input signal has no consequence in regard to the data-slicing 

levels in the even-level data-slicer 24. However, if the differential delay provided by 

30 the fll'St delay device 201 is chosen so 'that the first linear combiner 202 is an adder, 
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the data-slicing levels in the even-level data-slicer 24 sbould be offset ro take into 

account the doubled direct bias component accompanying the data steps in its input . 
signal. 

A comb filter 26 is used after the data-slicers 22 and 24 co generate a 

5 postcoding filter response to the precoding filter response of the comb filter 20. The 

comb filter 26 includes a 3-input multipleK..er 2Gl, a second linear combiner 262. and a 

second delay device 263 with delay equal to that of the first delay device 201 in the 

comb filter 20. The second Jinenr combiner 262 is a modulo-8 adder if the first linear 

combiner 202 is a subtractor and is a modulo~S subtractor if the first linear combiner 

10 202 is an adder. The first linear combiner 202 and the second linear combiner 262 

may be constructed as respective read-only memories (ROMs) to speed up linear 

combination operations sufficiently to support the sample rates involved. The output 

signal from the multiplexer 261 fum_ishes the response from the postcoding comb 

filter 26 and is delayed by the second delay device 263. The second linear combiner 

15 262 combines precoded symbol decoding results from the even-level data-slicer 24 

with the output signal from the second delay device 263. 

The output signal of the multiplexer 261 reproduces one of the three input 

signals applied to the multiplexer 261. as selected in response to first, second and 

third states of a multiplexer control signal supplied to the multiplexer 261 from a 

20 contr9ller 28. The first input port of the muJtiplexcr 261 receives ideal symbol 

decoding results supplied from memory within the controller 28 during times when 

data field synchronization infonnation F and data segment synchronization 

infonnation S ftom the equalized baseban~ I-channel signal are recovered by the data 

syn~ detection circuiuy 18. The controller 28 supplies the first state of the 

2.S multiplexer control signal to the multiplexer 261 during these times, conditioning the 
I 

multiplexer 261 to fumish1 as th~ final coding results which are its output signal. the 

ideal symbol decoding resuJts supplied from memory within the controller 28. The 

odd-level data-slicer 22 supplies interim symbol decoding results as its output signal 

to the secopd input port of the multiplexer 261. The multiplexer 261 is conditioned 

30 by the second state of the multiple;-<er control signal to reproduce the interim symbol 

decoding results, as the final coding results which are jts output sigrial. The second 
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lineaz combiner 262 supplies postcoded symbol decoding results as its output signal to 

the third input port of the multiplexer 261. The multiplexer 261 is conditioned by the 

third state of the multiplexer control signal to reproduce the postcoded symbol 

decoding results, as the final coding res~lts which are its output signal. 

5 Running er.rors in the postcoded symbol decoding results from the postcoding 

comb filrer 26 are cunailed by feeding back the ideal symbol decoding results 

supplied from memory within the controller 28 during times data sync detection 

circuitry 18 recovers data field synchronization information F and data seoment 
:;:, 

synchroniza.tion information S. This is an important aspect of the invention, which 

l 0 will be described in greater detail further on in this specification. 

The output signal from the multiplexer 261 in the postcoding comb filter 26 

comprises the final symbol decoding results in 3-parallel-bit groups. assembled by a 

data assembler 30 for application to ·a da.ta interleaver 3l. The data interleaver 32 

conunutates the assembled data into parallel data streams for application to trellis . . . 
15 decoder circuitry 34. Trellis decoder circuitry 31.J conventionally uses twelve trellis 

deco~ers. The trellis decoding results are supplied from the trellis decoder circuitry 

34 to data de-interleaver circuitry 36 for de-conunutation. Byte parsing circuitry 38 

converts the data interleaver 36 output signal into bytes of Reed-Solomon . 
error-correction coding for application to Reed-Solomon decoder circuitry 40, which 

20 perfOJ:fllS Reed-Solomon decoding to generate an error-corrected byte stream supplied 

co a data de-randomizer 42. The data de-randomizer 42 supplies reproduced data to 

the remainder of the receiver (not shown). The remainder of a complete DTV receiver 

will include a packet sorter, an audio deco~er, an MPE~-2 decoder and so forth. The 

rem.8.inder of a DTV receiver incorporated in a digital tape recorder/reproducer will 

25 include circuiny for converting the da.ta to a form for recording. 

An NTSC co-channel interference detector 44 supplies the controller 28 with 

an indication of whether NTSC co-channel interference is of sufficient strength as to 

cause uncorrectable error in the data-slicing performed by the data-slicer 22. If 

detector 44" indicates the NTSC co-channel interference is not of such strength, the 

30 controller 28 wm supply the second state of multiplexer control signal to the 
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multiplexer 261 at times other than those times when data field synchronization 

infonnation F and data segment synchronization infonnation Sare recovered by the· 

data sync detection circuitry 18. This conditions the multiplexer 261 to reproduce as 

its output signal the interim symbol dec~ding results supplied from the odd-level 

5 data·slicer 22. If detector 44 indicates the NTSC cowchannel interference is of 

sufficient strength to cause uncorrectable error in the data-slicing performed by che 

data-slicer 22, the co~troller 28 will supply the third state of multiplexer control signal 

to the multiplexer 261 at times other than those times when data field synchronization 

information F and data segment synchronization information S are recovered bv the 
J 

l 0 data sync detection circuitry 18. This conditions the multiplexer 261 to reproduce as 

its output signal the postcoded symbol decoding results provided as second linear 

combining results from the second linear combiner 262. 

FIGURE 2 shows a form the NTSC co~cbannel interference detector 44 can 

take in one embodiment of the invention. A subtractor 441 differentially combines 

15 the interim symbol' decoding results supplied from the odd~level data·slicer 22· and the 

postcoded symbol decoding results provided as second lillear combining results from 

the second linear combiner :262. If the amount of NTSC co-cban."lel interferem:e is 

negligible, and if the random noise in the baseband I-channel signal is negligible, 

these interim and postcoded symboJ decoding results should be similar. so the 

20 difference output signal from the subtractor 441 should be low. If the amount of 

NTSC co-channel interference is appreciable, however, the difference output signal 

from the subtractor 441 will not be generally low) but rather will often be hiih. 

A measure of the energy in the difference outpu~ signal from the subtracter 

441 is developed by squaring the difference output signal with a squarer 442 and 

25 determining the mean average of the squarer resj,onse over a prescribed short 1ime 
I 

interval with a rnean averaging circuit 443. The squarer 442 can be implemented 

using read-only memocy (ROM). The mean averaging circuit 443 can be 

implemented using a delay line memory for storing several successive digital samples 

and an add~r for sum.ming the digiral samples Clln'ently stored in the delay line 

30 memory. Tue short~tenn mean average of the energy in the difference output signal 

from the subtractor 441, as determined by the ~ean averaging circuit 443, is supplied 
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[C a digital comparator.connected to provide a threshold detector 444. The threshold 

in the threshold detector 444 is 3ufficiently high not to be exceeded the short-term · 

mean-average of differences in the random noise accompanying the interim symbol 

decoding results and the postcoded symbol decoding results opplied to the subtracter 

5 4 .. 1. The threshold is exc:eeded if the NTSC co-channel interference is of sufficient 

strength as to cause uncorrectable error in the data-slicing performed by the data-slicer 

22. The threshold detector q44 supplies the controller 28 indication of whether or not 
the threshold is exceeded. 

Jn altemative embodiment of the squarer 442 can be replaced by other 

10 circuitry for developing absolute measures of the departures between $aid first and 

second estimated symbol decoding results, such as an absolute-value circuit, for 

example. To speed calculation, such absolute .. value circuit can be realized using 

read-only memory. 

FIGURE 3 is a block schematic diagram showing details of a por-.ion C!f the 
15 FIGURE l digitaJ ·re le vision signal receiver using a species 120 of the NTSC-rejection 

comb filter 20 and a species 126 of the postcoding comb filter 26. A subtractor 1202 

serves~ the first linear combiner jn the NTSC-rejection comb filter 120, and a 

modulo·8 adder 1262 serves as the second Jinear combiner in the postcoding comb 

fi.lter 126. The NTSC-rejection comb filter 120 uses a fmt delay device 1201 

20 exhibjting a delay of twelve symbol epochs. and the postcoding comb filter 126 uses a 

second delay devfoe 1263 also exhibiting a delay of twelve syrnbol epochs. The 

12-symbol delay e:chibited by each of the delay devices 1201and1263 is close to one 

cycJe delay of the artifact of the analog TV video carrier at 59.75 times the analog TV . . 
horlZontaI scan frequency fH. The 12-symbol delay is close to five cycles of the 

25 artifact of the analog lV chrominance subcarrier at 287.25 times fH. The 12-symbol 
! 

delay is close to six cycles of the artifact of the analog TV sound earner at 345.75 

times fH. This is the reason that the differentially combined response of the subtractor 

1202 to the audio camer, to the video curler and to frequencies close to chrominance 

subcarrier tµfferentially delayed by the first delay device 1201 tends to haYe reduced 

30 co-channel interference. However, in portions of a video signal in which edges cross 
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a horizontal scan line. the amount of correlation in the analcg TV video signal at such 

distances in the horizontal spatial direction is quite low. 

A species 1261 of the multipJe~eT 261 is controlled by a multiplexer control 

signal that is in its second stare most of the time when it is determined there is 

5 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 rime when it is 

determined there is sufficient NTSC co-channel interference to cause uncorrectable 

error in the output signal from the data-slicer 22. The multiple:<er 1261 is conditioned 

by its control signal being in its third state to feed back the modulo-8 sum results of 

l 0 the adder 1262, as delayed twelve symbol epochs by the delay device 1263. to the 

adder 1262 as a summand. This is a modular accumulation procedure in which a 

single error propagates as a running error, with error recurring every twelve symbol 

epochs. Rlllllling errors in the postc~ded symbol decoding results from the postcoding 

comb filter 126 are cunailed by the multiplexer 1261 being placed into its first state 

15 for four symbol epochs at the begirming of each data segment, as well as during the 

entirety of each data segment containing field .sync. 'When this control signal is in its 

first state, the multiplexer 1261 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 multiplexer 1261 output signal baits a running error. Since 

20 there are 4 + 69( 12) symbols pet data seamen~ the ideal symbol decoding results slip 

back four symbol epochs in phase each data segment, so no running error can persist 

for longer than three data segments. 

,. 
-.:> 

30 

FIGURE 4 is a. block schematic di~gram sh~ details ofa portion of the 

FIGURE 1 digital television signal receiver using a species l:ZO of the 

NTSC-rejection comb filter 20 a.'ld a species 226 of'the postcoding comb filter 26. . 
The NTSC~rejection comb filter 220 llses a first delay device 2201 exhibiting a delay 

of six symbol epochs, and the postcoding comb filter 226 usc:s a second delay device 

1263 also exhibiting a delay of six symbol epochs. The 6wsymbol delay exhibited by 

each ofthe,delay devices 2201 and 2263 i.s close to O.S cycle delay of the artifact of 

the analog TV video canier at 59. 75 times the analog TV horizontal scan frequency 

ft11 close to 2.5 cycles of the artifact of the analog TV chrominance subcarrier at 
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287.25 times fff, and c!ose to 3 cycles of any artifact of the analog TV audio carrier ar 

345.75 times fH. An adder 2202 serves as the first linear combiner in the 

NTSC-rejection comb filter 220, and a modulo-8 subtrac[or 2262 serves as the second 

linear combiner in the postcodin~ comb filter 226. Since the delay exhibited by che 

5 delay devices 2201 and 2263 is shoner than the delay exhibited by the delay devices 

1201 and 1263, although nulls near frequencies converted from analog TV carrier 

frequencies are narrower band, there is more likely to be good anti-correlation in che 

signals additively combined by the adder 2202 than there is likely to be good 

correlation in the signals diffeientially combined by the subtractor 1202. The 

10 suppression of the sound carrier is poorer in the NTSC-rejection comb filter 220 

response than in the NTSC-rejection comb filter 120 response. However, if the sound 

carrier of a co-charmel interfering analog TV signal has been suppressed by SAW 

filtering or a sound trap in the IF amplifier chain 12, the poor sound rejection of the 

comb filter 220 is not a problem. Ttie responses to sync tips is reduced in duration 

15 using the NTSC-rejection comb filter 220 of FIGURE ·4 rather than the 

NTSC-rejection comb filter llO of FIGURE 3, so there is substantially reduced 

tendency to oveiwhelm error-correction in the trellis decoding and Reed-Solomon 

coding. 

· A species 2261 of the multiplexer 261 is controlled by a multiplexer control 

20 signal that is in its second state most of the time when it is determined there is 

insufficient NTSC co-challllel interference to cause uncorrectable error in the output 

signal from the data-slicer 22 and that is in its third state mo~ 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-slicer 22. The multiplexer 2261 is conditioned 

25 by its contrOl signal being in its third state to feed back the modulo-8 sum results of 

the adder 2262. as delayed six symbol epochs by.the delay device 2263, to the adder 

2262 as a summand. nus is a modular accumulation procedure in wbic:h a single 

error propagates as a running ettor, with enor recurring every six symbol epochs. 

Running errors in the postcoded symbol decoding results from the postcoding comb 

30 filter 226 aie curtailed by the muhiplexer 2261 being placed into its first State for four 

symbol epochs at the beginning of each data segment, as well a.s during the entirety of 
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each data segment coTitaining field sync. When this control signal is in its first state, 

the multiplexer 2261 reproduces as its output signal ideal symbol decoding results 

supplied from memory in the controlter 28. The introduction of ideal symbol 

decoding results into the multiplexer 2261 output signal halts a rnnniog error. Since 

5 there are 4 -t- I 38(6) symbols per do.ta segment, the ideal symbol decoding results slip 

back four symbol epochs in phase each data segment, so no rurming error can persist 

for longer than two data segments. The likelihood ofa protracted period of running 

error in the postcoding comb filter 226 is substantialJy less than in the postcoding 

comb filter 126, although the running error recurs more frequently and affects twice as 

10 many of the t\.Velve interleaved trellis codes. 

FIGURE 5 is a block schematic diagram showing details of a ponion of the 

FIGURE 1 digital television signal receiver using a species 326 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 e:<ltibiting a delay of 

l 5 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 3163 also exhibiting such delay. The fint linear combiner in the 

NTSC~rejection comb filter 320 is an adder 3202, and the second linear combiner in 

the poStcoding comb filter 3:Z6 is a modulo-8 subtractor 3262. 

20 A specJes 3261 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 t.'i.e output 

signal from the data-slicer ll and that is in its third state most of the time when it is . 
determined there is sufficient NTSC co-channel intetference to cause uncorrectable 

25 error in the output signal from the data-slfoer 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 multiplexer 3261 control signal under such conditions. 

Tile multiplexer 3261 is conditioned by its control signal being in its third 

30 s1ate to feed back the modulo-8 sum results of1he adder 3262, as delayed 1368 
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symbol epochs by the deJay device 3263, to the adder 3262 as a summand. This is a 

modular nccumulation procedure in which a single error propagates as a running error, 

with error recurring every 1368 symbol epochs. This syn1bol code span is longer than 

the span for a single block of the Reed-Solomon code, so a singJe running etTOr is 

5 readily corrected during Reed-Solomon decoding. Running errors in the postcoded 

symbol decoding results from the postcoding comb filter 326 are curtailed by the 

muttiplexer 3261 being placed into its tirsr state during the entirety of each data 

stgmenE containing field sync, as well as for four symbol epochs at the beginning of 

each data segment. "Nnen this control signal is in its first state, rhe multiplexer 3261 

10 reproduces as its output signal ideal symbol decoding results supplied from memory 

in the controller 28. The introduction of ideaJ symbol decoding results into the 

multiplexer 3261 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 DTV data field. so the DTV data segments contaimng field sync evenrually scan 

15 the entire NTSC fr.a.me raster. The S25 lines in the NTSC frame raster each contain 

684 symbol epochs, for a total of 359, l O~ symbol epochs. Since this is somewhat less 

than 432 times the 832 symbol epochs in a DTV data segment containing field sync, 

one can guess with reasonable confidence that run..-U.ng errors of duration longei than 

432 data fields will be expunged by the multiplexer 3261 reproducing ideal symbol 

20 decoding results du.ring DTV data segments containing field sync. Thcte is also phase 

sUpp~ge between data segments, for the start code groups of which. ideal symbol 

decoding results are available, and NTSC video scan lines. One can estimate 359, 100 

symbol epochs. which is 89.775 times the four symbol epochs in a code start group, 

are scanned during 89,775 consecutive data segments. Since there are 313 data 
., .. _J 

. 
segments per DTV data field, one can guess with reasonable confidence that running 

errors of duration longer than 287 data fields will be expunged by the multiplexer 
1 

3261 reproducing ideal symbol decoding results during the code start groups. The 

two sources of suppression of ru:mUng errors are reasonably independellt of each 

other, so running eITors of duration longer than two hundred or so data fields are quite 

30 un.lilcely. Furthermore. ifNTSC co-channel interference dips low at a time when the 

running error recurs, to condition the multiplexer 3261 for reproducing the response 
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of the data-slicer 22 as its ~utput signal. the error may be corrected earlier than would 

othe[".vise be the case. 

The FIGURE 5 NTSC-rejection comb filter 320 is quite good in suppressing_ 

demodulation artifacts generated in response to analog TV horizontal synchronizing 

5 pulses, as well as suppressing many of the demodulation artifacts generated in 

response to analog TV vertical synchroni:zing pulses and equalizing pulses. These 

artifacts are the co-channel interference with highest energy. Except where there is 

scan· line-to-scan-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 

10 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 filler in the srmbol synchroniution and 

equa.lization circuitry 16. Artifacts ~f most analog TV color bursts are suppressed in 

the NTSC-rejection comb filter 320 res:po11se, too. FurthermoreJ the filtering provided 

15 by the NTSC-rejeetion comb filter 320 is "orthogonal" to the NTSC·interfererice 

rejection built into the trellis decoding procedures. 

FIGURE 6 is a block schematic diagram showing details ofa portion oft~e 

FIGURE 1 digital television signal receiver using a species 420 of the 

NTSC-rejection eomb tilter 20 and a. species 426 of t.i.e postcoding comb tilter 26. 

20 The NTSC·rejection comb filter 420 uses a. first delay device 4l01 exhibiting a delay 

of 179,208 symbol epochs. which delay is substantially equal to the perfod of 262. 

horizontal scanning lines of an analog TV signal, and the postcodiilg comb filter 426 

uses a second delay device 4261 also exhibiting such delay. An adder 4202 serves as 
' . 

the first linear combmer in the NTSC-rejection comb tilter 420, and a modulo-8 

25 subtracter 4262 serves a.s the .second linear combiner in the postcoding comb filter 
I 

426. 

A species 4261 of the multiplexer 261 is controlled by a multiplexer control 

signaJ that is in its second state mosi of the time when it is determined there is 

insufficient NTSC co-channel int~rferencc to cause u.'lCorrectable error in the output 

30 signal from the data-slicer 22 and that is in its third state most of the time when it is 
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determined there is su.ffici~nt NTSC co-channel interference to cause uncorrectable 

error in the output signal from the data-sHcer 22. The DTV rec:eiver preferably 
contains circuitry for detecting field-to-field change in the NTSC co-channel 

interference, so that the controller 28 can withhold supplying the third state of the 
5 multiplexer 4261 conlrol signal under such conditions. 

The multiplexer 4261 is conditioned by its control signal being in its third 
state to feed back the modulo--8 sum results of the adder 4262. as de!aved 179.208 
symbol epochs by the delay device 4263, to the adder 4262 as a summand. This is a 

n1odular accwnulation procedure in which a singJe ertor propagates as a running error, 
10 with error recurring every 179,208 symbol epochs. This symbol code span is longer 

than the span for a. single block of the Reed-Solomon code, so a single runrung error is 

readily corrected during Reed-Solomon decoding. Running errors in the postcoded 

symbol decoding results from the postcoding comb filter :.j26 are curtailed by the 

multiplexer 4261 being placed into its first state during the entirety of each data 
15 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 fIIst state, the multiplexer 4261 

reproduces as its output signal ideal symbol decoding resuits supplied from memory 

in the controller 28. The introduct:on of ideal symbol decoding resulu into the 
multiplexer 4261 output signal halts a running error. The maximum number of data 

20 fields required to expunge running error in the multiplexer 4261 output signal is 

presumably substantially the same as required to expunge .running error in the 
multiplexer 3261 output signal. However. the number of times the error recurs in that 

period is lower by a factor of 131. 

,­_) 

The FIGURE 6 NTSC-rejection comb filter 42D suppresses most 

demodulation artifacts generated in response to analog TV venical synchronizing 
' 

puJsr:s and equalizing pulses. as well as suppressing all the demodulation artifacts 

generated in response to analog TV hori.tontal synchroni:ring pulses. These artifacts 
are the co-channel interference with highest energy. Also, the NTSC-rejection comb 
filter 420 suppresses anifacu arising from the video content of the analog TV signal • 

30 that does not change from. field to field or line-to-line1 getting rid of stationary 

patterns irrespective of their horizontal spatial frequency or color. Artifacts of most 
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analog TV color bursts are suppressed in the NTSC-rejection comb filter 420 

response, too 

FIGURE 1 is a block schematic diagram showing details of a portion of the 

FIGURE l digital television signal receiver using a species 520 of the 

S NTSC-rejection comb filter 20 and a species 526 of the postcoding comb filter 26. 

The NTSC-rejection comb filter 520 uses a first delay device 5201 exhibiting a delay 

of 718,200 symbol epochs, which delay is substantially equal to the period of two 

frames of an analog TV signal, and the postcoding comb filter 526 uses a second 

delay device 5261 also exhibiting such delay. A subt.ractor 5202 serves as the first 

I 0 linear combiner in the NTSC-rejection comb fitter 520, and a modulo-8 adder .5262 

serves as the second linear combiner in the postcoding comb filter 5:26. 

A species 5261 of the multiplexer :261 is controlled by a. multiplexer control 

signal that is in its sec:ond state most of the time when it is detennined there js 

insufficient NTSC co-channel interference to cause uncorrectable error in the 9utput 

15 signal from the data·slicer 22 and that is in its third state most of the time when it is 

determined there is sufficient NTSC. co-channel inteTference to cause uncorrectable 

errot in the output signal from the data-slicer :22. The DTV receiver preferably 

contains circuitry for detecting change between alternate frames in the N!SC 

co-channel interi'erence, so that the controller 28 can with.hold .supplying the third 

20 state of the multiplexer 5261 control signal under such conditions. 

The multiplexer 5261 is conditioned by its control signal being in its third 

state to feed back the modulo-8 sum results of the adder5262, as delayed 718.200 

symbol epochs by the delay device 5263, to the adder 5262 as a summand. Titl.s is a 

modular accumuJa-tion procedure in which a single error propagates as a running error, 

25 with error·recurring every 718,200 symbol epochs. This symbol code span is longer 

t~ the span for a single block of the Reed-Solomon code, so a single running error is 

readily corrected durlng Reed"Solomon decoding. Running enors in the postcoded 

s~bol decoding results from the postcoding comb filter 526 are curtailed by the 

multiplexet S:Z61 being placed into its first state during the entirery of each data 

30 segment containing field sync, as well as for four symbol epochs at the beginning of 
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each data segment. When this control signal is in its firsc state, rhe multiplexer 5261 

reproduces as its output signal idea! symbol decoding results supplied from memory· 
in the controller 28. The introduction of ideal symbol decoding results into the 

multiplexer 5261 output signal halts a r~nning error. The maximum number of data 
5 fields required to expunge running error in the multiplexer 5261 output signal is 

presumably substantially the same as required to expunge running error in the 

multiplexer 3261 output signal. However, che number of times the error recurs in that 
period is lower by a factor of 525. 

The FIGURE 7 NTSC-rejection comb filter 520 suppresses all demodulation 
1 0 artlfacls generated in response to analog TV vertical synchronizing pulses and 

equalizing pulses, as well as suppressing all the demodulation artifacts generated in 
response to analog TV horizontal synchronizing pulses. These artifacts are the 

co-channel interference with highest. energy. Also. the l'-i!SC-rejection comb filter 
520 suppresses artifacts a.rising Crom the video content of the analog TV signal that 

15 does not change over two frames. getting rid of such very stationary pattems · 
irrespective of their spatial frequency or color. Artifacts of aJJ analog TV color bursts 
are suppressed in the NTSC-rejection comb filter ·520 response. too. 

One skilled in the art of television system design will discern other properties 

of correlation and antiMcorrelation in analog TV signals tpat can be exploited in the 
20 design of NTSC-rejection filters of still other types than those shown in FIGURES 3 -

7. The use ofNTSC-rejection filters that cascade two NTSC-rejection filters of the 
types already disclosed increases the 2N levels of the baseband signals to (8N-l) data 
levels. Such filters may be required to overcome particu!arJy bad co-channel . . 
intefrerence problems despite their shortcoming of teducing· signal-to.noise for 

25 random noise interference with symbol decoding. 

FIGURE 8 shows a preferred const?Uction of the multiplexer 261 of FIGURE 
l in greater detail. together with the circuitry for generating the ideal symbol decoding 
results applied to the multiplexer 261. The multiplexer 261 comprises the output 
buffer regiSters of read-only memories (ROMs) 46, 48. 50 for selectively reading to a 

30 3-bit-wide output bus 2610 'from the multiplexer 261. The multiplexer 261 further 
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comprises a tri-state buffer.26ll for selectively forwarding the 3·bir-wide output of a 

multiplexer 2612 to the output bus 2610 during times when ideal symbol dec~ding · 

resulcs are not generated. The multiplexer 261 responds co the NTSC co-channel 

interference detector 44 being a ZERO indicative rhat NTSC co-char.net interference 

5 is not of such amplitude as to cause uncorrectable error in the interim symbol 

decoding results supplied by the data-slicer 22 to reproduce the interim svmbol ,, 
decoding results as input signnl to the tri-statc data buffer l6ll. The multiplexer 261 

responds to the NTSC co-channel interference detector 44 being a ONE indicative that 
NTSC co-channel_interference is of such amplitude as to cause uncorrectable error in 

10 the interim symbol decoding results supplied by the data-slicer 22 10 reproduce the 

preceded symbol decoding resltlts from the second linear combiner 262 as input signal 

to the tri-state data buffer 2611. 

The circuitry for generating the ideal symbol decoding resuJrs applied to rhe 
output bus 2610 comprises the RO Ms 46, 48, SO; a symbol clock generator S2; an 

l 5 address counter 54"for add:ressing the ROMs 46, 48, 50; jam reset circuitry 56.for 

resetting 1he counter 54; the address decoders 60, 62, 64 for generating read enable 

signals for the ROMs 46, 48, 50; and a NOR gate 92 for controlling the tri-state buffer 

2611. The address counter 54 counts input puJses received at symbol decoding race 
from the symbol clock generator 52, thereby to generate successive addresses 

20 respectively descriptive of the symbols in one data frame. Suitable portions of these 

addresses are applied to the ROMs 46, 48, 50 as their input addresses. The jam reset 
circuitry 56 resets the counter 54 to appropriate count:s responsive to data field 

synchronization infonnation F and data segment synchroniution infor.mation S 

recovered by the data sync detection circuitry 18 of FIGURE 1. 

25 It i,s preferable to configure the counter~ so a group of more significant 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 
jam reset circuitry 56; reduces the bit-widths of input signal to the address decoders 

60, 62t 64; and facilitates the ROMs 46, 48, 50 being addressed by partial addresses • 
30 from the counter 541 reducing the bit widths of ROM addressing. 
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The ROM 46 store13 ideal symbol decoding results for an odd field sync 

segment and is selectively enabled for reading by receiving a ONE from the address 

decoder 60. The ROM 46 is addressed by the group of less significant bits of counter 

54 oUtp\lt that counts the number of symbols per data segment group; and the address 

5 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 ONE when and 

only when the data segment portion of the address supplied by the address counter 54 

corresponds to the address of an odd field sync segment. 

The ROM 48 stores ideal symbol decoding results for an even field sync 

10 segmeni and is selectively enabled for reading by receiving a ONE from the address 

decoder 62. The ROM 48 is addressed by the group of less signJficant bits of counter 

54 output that counts the number of symbols per data segment group; and the address 

decoder 62 responds to the group o( more significant bits that counts the number of 

data segments per data frame. The address decoder 62 generates a ONE when and 

15 only when the data segment portion of the address supplied by the address co Linter 54 

corresponds to the address of an even field sync segment. 

The ROM 50 stores ideal symbol decoding results for the start code group at 

the beginning of each sync segment and is selectively enabled for reading by receiving 

a ONE from the address decoder 64. The ROM 50 responds to the two least 

20 significant bits of counter 54 output; and the address decoder 64 responds to the group 

of less significant bits of counter 54 output that counts me number of symbols per data 

segment group. The address decoder 64 generates a ONE when and onJy when. the 

data. symbol per data segment count porti~n of the ad~ess supplied by the address 

counter 54 conesponds to the partial address of a start code group. 

25 Tlie NOR gate 92 receives the responses of the address decoders 60, 62 ~d 64 

at r~spective ones of its three input connections. When ideal symbQL decoding results 

are available, one of the address decoders 60, 62 and 64 supplies a ONE as its output 

signal. conditioning the NOR gate 92 to supply a ZERO response to the tri-state data 

buffer 261 i. This condhions the tri-statc data buffer 2611 to exhibit hjgh source 

30 impedances to the bit lines of the data bus 2610, so the signal fotw"arded from the 
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multiplexer2611 will not be asserted on the 3-bit-wide data bus 2610 from the 

multiplexer 2612. During those portions of data segments for which ideal symbol 
decoding results are not predictable, none of the address decoders 60, 62 and 64 

supplies a ONE as its output signal, conditioning the NOR gate 92 to supply a ONE 
5 response to the tri·state data buffer 2611. This conditions the tri-state data buffer 

2611 to exhibit low source impedances to the bit lines of the data bus 2610. so the 
signal forwarded from the multiplexer 2612 will be asserted on the 3-bit-wide data 
bus 2610. 

FIGURE 9 shows a modification of a digital television signal receiver as 
l 0 thusfar described, constructed in accordance with a further aspect of the invention so 

as to operate in parallel a plurality of symbol decoders using respective evenwlevel 
data-slicc::rs1 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-rejectio.n comb filter. An even-level data-slicer 

15 A24 converts the response of an NT SC-rejection filter A20 of a first type to first 
precoded symbol decoding results for application to a postcoding comb filter A.26 of a 
first type. An even-level data~slicer B24 converts the response of an NTSC-rejection 
filter B'lO of a second type to second precoded symbol decoding results for 

application to a postcoding comb filter B26 of a second type. An even-level 
20 data-slicer C24 converts the response of an NTSC-rejection filter ClO of a third type 

to third precoded symbol decoding results for application to a poStcoding comb :filter 
C26 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~e integers l, 2, 3, 4 and 5 when receiver portions as sho\'fll in ones of FIGURES 3 

2.5 - 7 are employed. 

: 

Symbol decoding selection circuitry 66 in FIGURE 9 formulates a best 
estimate of cozrect symbol decoding for application to the trellis decoding circuitry 
34, selecting from ideal symbol decoding resulr.s, from the interim symbol decoding 
results received from tbe data~slicer 22 and from the various postcoded symbol coding . 

30 results received from postcoding comb filters A26, Bl6 and C26. The best estimate 
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of symbol decoding results are used to correct the summation procedures i.n the 

postcoding comb filters A26, B26 and C26. 

The NTSC-rejection comb filter .A20 and the postcoding comb filter A26 

circuitry are advantageously choser1 to be of types like the NTSC-rejection comb filter 

5 520 and the postcoding comb filter 526 circuitry ofFIGURE 7. This is so despite a 

considerable cost in men1ory, since 7!8,200 symbols have to be stored in each of the 

2-video-frame delays 5201 and 5263. However, the storage in the 2-video-frame 

de!ay 5201 can be used for realiling the shorter delays 4201, 3201, 2201, 1201. Also, 

the storage in the 2-video-.frame delay can be used for.rea!iiing the shorter delays 

10 4263.3263,2263,1263. 

The high-energy demodulation artifacts generated in response to analog TV 

synchronizing pulses, equali:zing pulses? and color bursts are all suppressed when the 

NTSC·rejection comb filter AlO additively combines alternate video frames. Also, 

artifacts arising from the video content of the analog TV signal that does not c_hange 

15 over !WO frames are suppressed, getting 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 pixel locations within the analog TV signal raster. These 

20 demodulation anifact.s can be suppressed by intra-frame filtering techniques. The 

NTSC-rejection comb filter B20 and the postcoding comb filter B26 circuitry can be 

chosen to suppress remnant demodulation artifacts by relying on correlation in the 

horiiontal direction, and the NTSC-rejection comb filter C20 and the postcoding 

comb filter C26 circuitry can be chosen to suppress remnant demodulation artifacts by 

relying on•correlation in the vertical direction. Consider how such a. design decision 

can be fu:rther implerncmted. 

If the sound carrier of a co-channel interfering analog TV signal is not 

suppressed.by SA. W filtering or a sound trap in· the IF amplifier chain 12, the 

NTSC-rejection comb filter B20 and the postcoding comb filter B26 circuitry are 

30 advantageously chosen to be of types like the NTSC·r~jection comb filter 120 and the 
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postcoding comb filter 126 circuitry of FIGURE 3. If the sound carrier ofa 

co-cha."'Ulel interi'ering anaJog TV signal is suppressed by SAW filtering or a sound 

trap in the IF amplifier chain 12, the NTSC-rejection c;omb filter B20 and the 

postcoding comb tilter B26 circuitry are. advantageously chosen to be of types Uke the 

5 NTSC-rejection comb filter 220 and the postcoding comb filter 226 circuitry of 

FIGURE 4. This is because the anti-correlation between video components only six 

symbol epochs away 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-rejection comb filter C20 and the postcoding 

10 comb filter C26 circuitry is less straightfor.vard, because of the choice one must make 

(in tonsideraticn of field interlace in the interfering analog TV signal) whether to 

choose the temporally closer scan line in the same field or the spatially closer line in 

the preceding fieJd to be combined with the current scan line in the NTSC-rejection 

comb filter C20. Choosing the temporally closer scan line in the same fiefd is 

15 generally the better choice, sjnce jump cuts between fields are less likely to ravage 

NTSC rejection by the comb filter C20. With such choice, the NTSC-rejection comb 

filter C20 and the postcodi:ng comb filter C26 circuitry are of types like the 

NTSC-rejection comb filter 320 and the postcoding comb filter 326 circuiay of 

FIGURE 5. With the other choice instead. the NTSC"rejection comb filter C20 and 

20 the postcoding comb filter C26 circuitry are of types like the NTSC~rejection comb 

filter ij20 and the postcoding comb filter 426 circuitry ofFIGURE 15. 

The FIGURE 9 dhiital 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 NTSC-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 are shown in FIGURE 9, 

modifications to use still further parallel data-slicing operations can provide capability 

for refining the best estimate of correct symbol decoding result still further. 

In prefened embodiments of the FIGURE 9 circuitry the symbol decoding 

30 selection circuitry 66 selects ideal decoding results as final decoding results when they 
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are available. When it is established that NTS C co-channel interference does in fact 

obtain, djfferences between the interim symbol decoding results and the various 

postcoded symbol decoding results presumably are attributable to NTSC co-channel 

interference. Accordingly, the selection of the final decoding results by the symbol 

5 decoding selection circuitry 66 when ideal decoding results are not available can be 

based on comparing the various postcoded symbol decoding re.suits with each ocher 

and with the interim.decoding results. 

The reason it is desirable initially to establish that NTSC co-channel 

interference does in fact obtain is that these differences among the various symbol 

10 decoding results can abo arise during noisy reception conditions when "white'' noise 

is of level sufficient to cause substantially more error in the postcoded symbol 

decoding results than in the interim decoding results. The fact that NTSC co-channel 

interference is present can be ascertained during data segments when field 

synchronization info:rmation ~ccurs, using the technique described in U. S. patent No. 

15 5,594,496 or similar techniques using different NTSC co-channel interference' 

rejection filters. Pteferably, however, the strength ofNTSC co-channel interference is 

monitored 011 a continuous real-time basis so that changes i.n NTSC c~cbannel 

interference level owin~ to fading or to changes in video content can be taken into 

account. 

20 FIGURE 9 shows such monitoring being provided by measuring the level of 

4.5 ~fHz intercarrier in the NTSC co-channel interference, as taught by the inventor in 

U.S. patent application serial No. 08/821,945 filed 21 March 1997 and entitled 

"USING INTERCARRIER SIGNALS FOR DETECTING NTSC INTERFERENCE 

IN DJGlT AL TV RECEIVERS". The DTV signal, as converted to IF by the ''front 

25 end" electronics 10, is supplied to an IF amplifier chain 68 of quasi-parallel type for 

NTSC so~d signals. The amplifier stages in the IF amplifier chain 68 for NTSC 

sound signals correspond to si1nilar amplifier stages in the IF amplifier chain 12 for 

DTV signals, having substantially linear gain and having the same automatic gain 

control as the couesponding amplifier stages in the IF awpliflei- chain 12. The . 
30 frequency selectivity of the IF amplifier chain 68 is such as to emphasize response 

within ±250 kHz ofNTSC audio carrier and within ±2..50 klfa or so ofNf SC video 
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carrier. The filtering procedures to establish the fro:quency selectivity of the tF 

amplifier chain 68 can be carried out by SAW filtering in a UHF IF amplifier if 

plural-conversion receiver circuitry is used. The response of the lF amplifier chain 68 

is supplied to an intercarrier detector 70 ·which uses the modulated NTSC video 

S carrier as an exalted carrier for heterodyning the NTSC audio carrier to generate 

intercarrier sound intermediate-frequency signal with a 4.5 MHz carrier frequency. 

This intetcarriet sound IF signal is amplified by an intercarrier-sound 

intermediate-frequency amplifier 72, which 4.5 MHz IF ampJifier 72 supplies 

amplified intercanier sound IF signal to an intercarrier amplitude detector 74. The 

IO response of the amplitude detector 74 is supplied to a threshold detector 76. The 

threshold in the threshold detector 76 is exceeded if rhe NTSC co-channel interference 

is of sufficient strength as to be likely to cause error in the data-slicing performed by 

the data-slicer 22. The threshold detector 16 supplies the S}''mbol decoding selection 

circuitry 66 indication of whether or. not the threshold is exceeded. If the indication is 

I 5 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-slicer 22, this indication 

conditions the symbol decoding selection circuitry 66 to select interim symbol 

decoding results from the data-slicer 22 as final symbol decoding resuils, provided 

ideal symbol decoding results are not available for the cUIIent symbol epoch. The 

20 time constant in the intercanier amplitude detector 74 sllould ~carefully chosen if' 

optimal pe.rfonna:nce is sought. Since isolated symbol decoding ertors are correctable, 

short-pulse elimination of output signal from an intercanier amplitude detector 74 

with a fast time constant is likely to be preferred for generating a control signal for 

switching the selection of final symbol decoding results from interim symbol 

25 decoding results to posteoded symbol decodfog results: 

A variety of circuit arrangements are available for deriving intercarrier signal 

by beterodyne between the audio and video carriers of a co-channel interfering analog 
. . 

television signal. A number of such arrangements are disclosed in U. S. patent 

application serial No. 081821,945. 

30 FIGURES lOA and lOB show in some detail ciicuiL-ry included within the 

symbol decodmg selection circuitry 66 for selecting fipal symbol decoding re$ults. 
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FIGURE 10 is an assembly diagram showing how FIGURES 10 A and I OB can be 

fined together to provide a complete block schematic diagram of the symbol decoding 
selection circuitry 66. The symbol decoding selection circuitry 66 has a 3-bit-wide 
output data bus 78 that runs from the bottom of FIGURE l OA to the bottom of 

5 FIGURE l OB and thence to the beginning of a cascade connection of data assembler 
30, data interleaver 32, trellis decoder circuitry 34, data de-interleaver 36, byte 

building circuitry 38, Reed-Solomon decoder circuitry 40 and data de-randomizer r.12 

similar to that shown in FIGURE 1. FIGURE 10 A shows eircuitry similar to that 
shown in FIGURE 8 for selectively applying ideal symbol decoding results read from 

10 ROMs 46, 48 and 50 to the output data bus 78. 

FIGURE 10 B shows best-estimate-selection circuitry for selecting final 
symbol decoding results during time intervals when ideal symbol decoding results are 
unavailable, that is time intervals benveen those in which data segment or data field 
synchronizing codes are supplied in the DTV signal. The tri-state data buffer 2611 

l 5 and the multiplexer 2612 of FIGURE 8 are replaced by tri-state data buffers 080, 

A80, B80 and C80 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 results supplied from the odd-level data-slicer 
22 of.FIGURE 9 on the output datn bus 78. The tri-state data buffer A80 is 

20 conditioned by the response of an AND gate A82 being logic ONE to assert the 

postcoded symbol decoding results supplied from the postcoding comb filter A26 of 
FIGURE 9 on the output data bus 78. The tri-stai:e data buffer B80 is conditioned by 

the response of an AND gate B82 being logic ONE to assert the postcoded symbol 
dec9ding results supplied from the postcoding comb filter B26 of FIGURE 9 on the 
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 rrom the postcoding comb filter C2& of FIGURE 9 on the output data bus 78. 
The NOR ·gate 58 of FIGURE 1 OA supplies its response to the AND gates 082, A82, 

B82 and C82 as respecti~e 
0

iriputs to each of them, so the tri-state buffers 080, A80, 
30 880 and CflO may.be conditioned to exhibit low source impedances to the bit lines of 

the output data bus 78 onJy when ideal symbol decoding results are not being asserted 
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on the data bus 78 by any one of the cri-state output buffers of the ROMs "6, 48 and 
:50. . 

The output signal from the FIGURE 9 threshold detector 76 is a logic ONE 

when.the NTSC co-channel interference is of sufficient strength to cause error in the 

S data~slicing performed by the data-slicer 22. The output signal from the FIGURE 9 

tnreshold detector 76 is applied as n respective input signal to each of the AND gates 

A82, B82 and C82, so the tri-state buffers ABO, BSO and CSO may be conditioned to 

exhibit low source impedances to the bit lines of the output data bus 78 only when the 

NTSC co-channel interference is or sufficient strength. to cause error in the 

l 0 data-slicing performed by the data~slicer 22. The output signal from the FIGURE 9 

threshold detector 76 is complemented before being applied as an input signal to the 

Al\ID gate 082, so the tri-state buffer 080 may be conditioned to exhibit low source 

impedances to the bit lines of the output data bus 78 only when the NTSC co-channel 

interference is of insufficient strength to cause error in the data·slicing perfonned by 

l 5 the data·sJicer 22. · 

Consider now how selection is made among the postcoded symbol decoding 

results supplied from the :postcoding comb filters A:Z6, B26 and C26 of FIGURE 9 

when the output signal from the FIGURE 9 threshold detect~r 76 is a logic ONE, 

indicating that the NTSC co-channel interference is of sufficient strength to ca.use 

20 error ~n the interim symbol decoding results supplied by the data-slicer 22. The 

postcoded symbol decoding result that departs most from the interim symbol decoding 

result in absolute terms i:s ptesumed to exhibit such absolute departure because the 

comb filtering used to achieve that postcoded symbol decoding result has been more 

effective in suppressing the NTSC co-channel interference artifact than the comb 

25 filtering used to achieve the other postcoded symbol decoding results. Accordingly. 

the differe~ces between the interim symbol decoding result supplied by the data-slicer 

22 and the postcoded symbol decoding results supplied by the postcoding comb filters 

A26, B26 and C26 are detennined by the digital subtractors A84, B84 and C84 of 

FIGURE 1 OB. The absolute values of these differences are determined by . 
30 absolute-value circuits A86, B86 and C86, to determine the absolute departures of the 

posteoded symbol decoding results supplied from the :gostcoding comb filters A26, 



-

-39-

B26 and C26 from the inte~m symbol decoding result supplied by the data-slicer 22. 

The absolute·value circuits A86, B86 and C86 may be realized using read-only 

memories (ROMs) to achieve better calculation speed than by selectively 

bit-complementing and adding ONE. Even better calculation speed can be achieved 

5 by using ROMs to carry out both the subtraction and absolute-value procedures 
simultaneously. 

The FIGURE l OB best-estimate-selection circuitry includes digital 

comparators ASS, B88 and C88 in addition to the tri·sta.te buffers 080, A80, B80 and 

CSO and jn addition to the AND gates 082, A82, B82 and C82. The digital 

1 0 comparator A88 detcnnines whether the absolute departure from the interim symbol 

decoding result of the postcoded symbol decoding result supplied by the postcoding 
comb filter Alt> equals or exceeds the absolute departure from the interim. symbol 

decoding result of the postcoded symbol decoding result supplied by the postcoding 

comb filter B2&, supplying a logic ONE if it does and a logic ZERO if it does not. 

l 5 The digital comparator B88 determines whether the absolute departure from tl\e 

interim symbol decoding result of the postcoded symbol decoding tesult supplied by 

the postcoding comb filter B26 exceeds the absolute departure from the interim 

symbol decoding result cf the postcoded symbol decoding result supplied by th~ 

postcoding comb filter C2&t supplying a logic ONE if it does and a logic ZERO if it 
20 does not. A digital comparator C88 determines whether the absolute departure from 

the interim symbol decoding result of the postcoded symbol decoding result supplieci 
by the postcoding comb filter C26 exceeds the absolute departure from the interim 

symbol decoding result of the postcod.ed symbol decoding result supplied by the 

pos~oding comb filter A26, supplying a logic ONE if it does and a logic ZERO if it 
25 does not. 

I 

In order for t"ie AND gate A82 response to be a logic ONE !or conditioning 

the tri-state buffer A80 to assert the postcoded symbol decoding result supplied by the 

postcoding comb filter A26 on the output data bus 78, the digital comparator A88 

must detemtine that the absolute departure from the interim symbol decoding result of . . 
30 ·the postcoded symbol decoding result supplied by the postcocling comb filter A.26 

equals OT exceeds the absolute departuTe from the inteajm symbol decodi:ng. result of 
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the postcoded symbol decoding result supplied by the postcoding comb filter B26 at 

che snme time that the digitaJ comparator C88 determines that the deparcure from the 
interim symbol decoding result of the postcoded symbol decoding result supplied by 

the postcoding comb filter C26 does not exc~ed the depanure from the interim symbol 
5 decoding result of the postcoded symbol decoding result supplied by the postcoding 

comb filter A26. In order for the Al:\i1) gate 882 response to be a logic ONE for 
conditioning the tri-state buffer BSO to assert the posrcodcd symbol decoding result 

supplied by the postcoding comb filter B26 on the output data bus 78, the digital · 

comparator B88 must determine that the absolute departure from the interim symbol 
l 0 decoding result of the postcoded symbol decoding result supplied by the postcoding 

comb filteT B26 exceeds the absolute departure from the interim symbol decoding 

result of the postcoded symbol decoding result supplied by the postcoding comb filter 
C26 at the same time that the digital comparator A88 determines that the absolute 

depatture from the interim symbol decoding result of the postcoded symboJ decoding 

I 5 result supplied by the postcoding comb filter A26 does not equal or exceed th~ 
departure from the interim symbol decoding result of the postcoded symbol decoding 

result supplied by the postcoding comb filter B26. In order for the AND gate CS2 
response ro be a logic ONE for conditioning the tri-state buffer CSO to assert the 
postcoded symbol decoding result supplied by the postcoding comb filter C26 on the 

20 output data bus 78. the digital comparator CBS must detennine that the absolute 

departure from the interim symbol decoding result of the postcoded symbol decoding 
result supplied by the postcoding comb filter C26 equaJs or exceeds the absolute 
departure from the interim symbol decoding result of the postcoded symbol decoding 
result supplied by the postcoding comb filter A26 at the same time that the digital 

25 comparator B88 determines that the departure from tha· interim symbol decoding 

result of the postcoded symbol decoding result supplied by the postcoding comb filter 
826 does not exceed the departure from the interim symbol decoding result of the 

postcoded symbol decoding result supplied by the postcoding comb filter Cl6. One 
and only one of the comparators ASS, BSS and C88 (the comparator A88 in FIGURE 

30 108) is made to supply a logic ONE when its two respective inputs are equal in value • 
• 

to avoid a condition in which none of the tri·state data buffers A80, B80 and CSO c:an 
be conditioned to drive the bit lines of the output data bus 78 from low source ·, 
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impedances o-ning to the absolute departures supplied from the absolute-value circ1.1its 

A86, B86 and C86 all being equal. 

One skilled in the art of digital communications receiver design and 

acquainted with the foregoing specification and its drawing will be enabled [O design 

5 many embodiments oflhe invention other than the preferred ones specifically 

described. This snould be borne in mind when construing th.a scope of the broader 

claims which follow. 1n the claims which follow, the word "said" is used wher.ever 

reference is made to an antecedent, and the word "the" is used for grammatical 

purposes other than to refer back to an antecedent. 
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1. A digital television signal receiver comprising: 

digital television signal detection appararus for supplying a stream of 2N-level 

symbols e~ch having a symbol epoch of a specified length in time, N being a positive 

integer, said stream of 2N-level symbols susceptible to being accompanied by artifacts 

S 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 grouped into successive data fields with the initial data 

segment of each data :field containing a data field synchroniiation code which changes 

from data field to data field; 

10 circuitry for providing a number M of unique comb filter responses to said 

stream of 2N-level ·symbols, each said unique comb tilter response being Less 

susceptible to being accompanied by artifacts of co-channel interfering anaJog 

television signal than said stream of 2N-level symbols; 

a plurality of symbol decoders for generating: respective estimated symbol 

l5 decoding results. a first of said plurality of symbol decoders generating first estimated ---- - .... ·-- .... ·-· 
symbol deco~ffig "{~$Ults. responsive to smd stream of 2N-level symbols, each other of ---said plurality of symbol decoders generating respective estimated symbol decoding 

results responsive to a respective one of said M unique comb filter responses. which 
respective estimated symbol decoding results are postcoded to complete respective . . . 

20 matched filtering for said respective one of said M unique comb filter responses from 

which said respective estimated symbol decoding results are obtained, said other of 
I 

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 departllre between said 

25 first and second estimated symbol decoding results; and 
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best-estimate-selection circuitry for selecting best estimates from said 

respective estimated symbol decoding results to generate final symbol decoding 

results at times between those times when synchronization codes occur, the selection 

of said best estimates depending on the departures from said first estimated symbol 

30 decoding results of other estimated symbol decoding results. 

2. The digital television signal receiver .set forth in claim l, further comprising: 

trellis decoder circuitry responsive to final symbol decoding results for 

generating iMer error-cottection decoding results; and 

Reed-Solomon decoder circuitry responsive to bytes of said irmer er.ror-

5 correction decoding results for generating outer error-correction decoding results. 

3. The digital television sjgnal receiver set forth in claim l, wherein Mis one. 

4. . The digital television signal receiver set forth in claim 3, wherein said 

best~estimate·selection circuitry comprises: 

a multiplexer cotmected to provide the capability of selecting between said 

first and second estimated symbol decoding results for generating said final symbol 

5 decoding results at times between those times when said synchroni:zation codes occur; 

circuitry for developing absolute measures o{ the departures between said fust 

and seconcl estimated symbol decoding results; 

a mean averager for generating the mean average of said absolute measutes; 

and 
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a threshold detector, responsive to said mean average of said squaring results 

exceeding a prescribed threshold value for conditioning said multiplexer for selecting 

said second estimated symbol decoding results to generate said final symbol decoding 

results at times between those times when said synchroni2ation codes occur, and 

otherwise conditioning said multiplexer for selecting said first estimated symbol 

15 decoding results to generate said final symbol decoding results at times between those 

times when said synchroni2ation codes occur. 

5. The digital television sisnal receiver set-forth in claim 3. wherein said 

best~estimate-selection circuitry comprises: 

a rr~u1tiplexer coMected to provide the capability of selectin~ between said 

first and second estimated symbol decoding results for generating said final symbol 

5 decoding results at.times between those times when said synchronization code.s occur; 

a squarer for the"depanures between said first and second estimated symbol 

decoding results, for developing squaring results as an absolute measure of those 

departures; 

a mean 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 conditiomng said multiplexer for selecting 

said second estimated symbol decoding results to generate said final symbol decoding 

results at times between those times when ·said synchrohi.zation codes occur, and 

otherwise conditioning said multiplexer for selecting said first estimated symbol 

15 decoding tesults to generate said final symbol decoding results at times between those 

times when said synchr.onization codes occur. 
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6. The digital television signal receiver sec fonh in claim 5, further comprising: 

trellis decoder circuitry responsive ro final symbol decoding results for . 
generating irmer error-correction decodina results· and 

\ • J 

Reed-Solomon decoder circuitry responsive to bytes of said inner 

5 error·COrrection decoding results for generating outer error-correction decoding 
results. 

7. The digital television signal receiver set fonh in claim I. wherein Mis at least 
two. 

8. The digital television signal receiver set forth in claim 7, further comprising: 

circuitry for determining whether or not said co-channel interfer'.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 

5 co-chEµ".nel interfering analog television signal is detemtined not to be of sufficient 
level as to give rise to error in said first estimated symbol decoding results, and for 

providing a second indication when said co-channel interfering analog television 

signal is determined to be of sufficient level as to give rise to error in said first 

estimated symbol decoding results; and, within said best-estimate-selection circuitry; 
10 and 

15 

circuitty responsive to said first indication for currently selecting said best 

estimBtes solely from said first estimated symbol decodini results. for generating said 
final syr.nbol decoding results at times between those times when said synchronfaation 

codes occur. 
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9. The digital television signal receiver set forth in claim 8. wherein said 

best~estimate·selection circuitry further comprises: 

circuitry for detennining which of the departures from said firsc estimated 

symbol decoding results of other estimated symbol decoding results has the largest 

absolute value. to generate an indication of which other estimated symbol decoding 

result is least likely to be in error caused by said artifacts 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 co.channel 

interfering analog television signal, wben 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 least likely to be in error owing to said artifacts of 

co-channel interfering analog television signaJ, for generaring said final symbol 

decoding results at times between those times when said synchronization codes occur. 

l 0. The digital television signal receiver set forth in claim 7, funher comprising: 

circuitry for deriving intercarrier signal from the heterodyne between the audio 

and video earners of said cowchannel interfering analog television signal; 

circuitry fer detecting when the amplitude of such intercarrier signal exceeds a 

5 prescribed levelt for funUshing an indication that said co-channel interfering analog 

television signal is of $u:fficient level as to give rise to error in said first estimated 

symbol decoding results generated by said first symbol decoder, and for otherwise 

furnishing 'an indication tha1 said co-channel interfering analog television signal is of 

insufficient level as to give rise to enor in said first estimated symbol decoding 

10 results; a.i1d, within said beSt-estimate·selection circ:uitcy; and 

circuitry which is responsive to said indication that said co-channel interfering 

analog television signal is of insufficient level as to give ris~ to error in said first 
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estimated symbol decoding results for causing said best estimates currently to be 

selected solely from said first estimated symbol decodiJlg res\.lhs. 

lS 
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11. The digital television signal receiver set forth in claim l 0. wherein said 

best·estimate·selection circuitry further comprises: 

circuitry for detennining which of the departures from said first estimated 

symbol decoding results of other estimated symbol decoding results ha.'> the largest 

5 absolute vaJue, to generate an indication of which other estimated symbol decoding 

result is feast likely to be in error caused by said artifacts of co-cha.nncL interfering 

analog television signali and 

circuitry responsive to said indication of which other estimated symbol 

decoding results are lea.st likely to be in error owing to said artifacts of co-channel 

l 0 interfering analog television signal, when and only when said sec:ona indication is 

concUlTently providedt to select said best estimates from said other estimated symbol 

decoding results so indicated to be lea.st likely to be in en-or owing to said artifacts of 

co-channel intezfering analog television signal, for genen\ting said final symboJ 

decoding results at ·times between those times when said synchronization codes occur. 

12. A digital television signal receiver comprising: 

digital television signal detec1ion apparatus for supplying a stream of 2N-level 

symbols each having a symbol epoch of a specified length in time, N being a pt>sitive 

integer, said stream of2N-level symbols susceptible to being accompanied by artifacts 

5 of co-cha:anel interfering analog television signal, said symbols being grouped i.11to 

successive data. segments with respeetive headers of data segment synchronization 

to 

. ' 

code, said data segments being grouped .into successive data 'fields with the initial data 

segment of each data field containing a data field synchroruzation code which changes 
I 

from data field to data field; 

a first symbol decoder generatini first estimated symbol decoding results 

responsive to said stream of 2N-levet symbols; 
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circuitry for provi~ing a plurality of unique comb tilter responses to said 

stream of 2N-level symbols, each said unique comb filter response being less 

susceptible to being accompanied by artifac:ts of co-charmel interfering analog 

15 television signal than said stream of2N:level symbols; 

a respective symbol decoder responsive to each respective one of said pfurality 

of unique comb filter responses for generating respective estimaced symbol decoding 

results. which respective estimated symbol decoding results are postcoded to complete 

respective matched filtering for said respective one of said unique comb filter 

20 responses from which said respective estimated symbol decoding results are obtained; 

circuitry for deriving intercarrier signal from the heterodyne between the audio 

and video carriers of said co-channel interfering analog television signal~ 

circuitry for detecting when the amplitude of such intercanier signal exceeds a 

prescribed level, for furnishing an indication that said co~c:hannel interfering analog 

television signal is of sufficient level as to give rise to error in said first estimated 

symbol decoding results generated by said first symbol decoder, and for otherwise 

fumisbing an indication that said co-channel interfering analog television signal is of 

insufficient level as to give 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, for supplying indications of the presence of synchroni2ation codes 

in said stream of2N-level symbols, and for supplying an indication oftb.e absence of 

synchronization codes in said stream of2N-level symbols; 

circuitry responsive to the presence of synchronization codes in said stream of 

35 2N-level symbols being detected for generating ideal symbol decoding results for said 

synchronization codes; 
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circuitry foe determining which of said estimated symbol decoding results 

other than said first estimated symbol decoding result cunently has the largest 

absolute departure from said first estimE\led symbol decoding result. to geaerate 

40 indications of which of said other estimated symbol decoding results is leas[ likely to 

be in error caused by said artifacts of co-channel interfering analog television signal; 

a multiplexer for providing final symbol decoding results by reproducing a 

currently selected one of a plutality of input signals supplied thereto, said plurality of 

input signals including said first estimated symbol decoding results, each said other 

45 estimated symbol decodins results aod said ideaJ symbol decoding results; said 

multiplexer selectively 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 in said stream of 2N·level 

symbols; said multiple:<er selectively being conditioned to provide said final symbol 

50 decoding results by reproducing said first symbol decoding results, in respons~ to the 

concurrent provision of said indication of the absence of synchronization codes in said 

stream of 2N-le-vel symbols and said indication that said co-channel interfering analog 

television signal is of inSufficient level as to gjve rise to error in said first estimated 

S)'lllbol decoding results; and said multiplexer being selectively conditioned to 

55 provide said final symbol decoding results by reproducing said other estimated 

symbol decoding result that is least likely to be in error caused by said artifacts of 

co-channel interfering analog television signal, in response to the concunent provision_ 

of said indication of the absence of synchronization c:odes in said stream of 2N-level 

symbols, said indication that said co·Cha.I3llel interfering analog television signal is of 

60 sufficient level as to give rise to enor 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 enor caused by said artifacts of co-channel interfering allalog television 

signal. 
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13. The digital television signal receiver set forth in claim 12, further comprising: 

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 

S error~correction decoding results for generating outer error-correction decoding 

results. 

14. A digital television signal receiver comprising: 

digital television signal detectioa. apparatus for supplying a stream o!2N-level 

symbols each having a symbol epoch ofa specified length in time, N being a positive 

integer, said stream of2N-level sym.bols susceptible to being .accompanied by artifacts 

5 of covchannel interfering eiialog television signal, said symbols being grouped into 

successiv! data segments with respective headers of data .segment synchronization 

code, said data segmenrs being grouped into successive data fields with the initial data 

segment of each data field containing a data field synchronization code which changes 

from data field to data field; 

l 0 a first synibol decoder generating first estimated symbol decoding results 

responsive to said stream of2N-level symbols; 

circuitry for providing first, second and third unique comb filter responses to 

said .stream of2N-level symbols, each said unique comb filter response being les.s 

susceptible to being accompanied by artifacts of co-channel interfering analog 

15 television sianal than said stream of 2N-le-vel symbols; 

a second symbol decoder responsive to said :first c~mb filter response for 

ge11eiating second estimated symbol decoding results. said second symbol decoder 

including a first postcoding comb filter for supplying said second estimated $ymbol 

decoding results in matched filter response to said first comb filtet response; 
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20 a third symbol decoder responsive to said second comb filter response for 

., . _ _, 

generatina thfrd estimated symbol decoding results, said third symbol decoder­

including a second postcoding comb filter for supplying said third estimated symbol 

decoding results in matched filter response to said second comb filter response; 

a founh symbol decoder responsive· to said third comb filtar response for 

generating fourth estimated symbol decoding results, said fourth symbol decoder 

including a third postcoding comb filter for supplying said fourth estimated symbol 

decoding results in matched filter response to said third comb filter response; 

circuitry for deriving intercarrier signal from the heterodyne between the audio 

and video carriers of said co·channeJ interfering analog teli:vision signal; 

30 circuitry for detecting when the amplitude of such intercarrier signal exceeds a 

prescribed level, for furnishing an iridication that said co~channel interfering analog 

television signal is. of sufficient level as to give rise to error in said first estimated · 

symbol decodfog results generated by said first symbol decoder. and for orherwise 

furnishing an indication that said co-channel interfering analog television signal is of 

3 S insufficient level as to give rise to error in said first estimated symbol decoding 

results; 

circuitry for detecting the presence of synchronization codes in said stream of 

2N-1 evel symbols, for supplying indications of the presence of synchronization codes 

in said stream of2N-level symbols, and for supplying an indication oftbe absence of 

40 syncbroni2ation codes in said stream of 2N-level symbols~ 

circuitry :responsive to the presence of synchronization codes in said stream of 

2N-level ~ymbols being detected for generating ideal symbol decoding results for said 

synchronization codes; . 
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means for determining which of said second, third and fourth estimated 

45 symbol decoding results currently has the largest absolute departure from said first 

estimated symbol decoding result, to genetate indications of which of said second, 

third and founh estimated symbol decoding results is least likely to be in error caused 

by said anifacts of c~channel interfering analog television signal; 

a multjpJexer for providing final symbol decoding results by reproducing a 

50 currently selected one of a plw-ality of input signals supplied thereto, said plurality of 

input signals including said first estimated symbol decoding results, said second 

estimated symbol decoding resulrs. said third estimated symbol decoding results, said 

fourth estimated symbol decoding results and said ideal symbol decoding results~ said 

multiplexer selectively being conditioned to provide said final symbol decoding 

:55 results by reproducing said ideal symbol decoding results in response to said 

indications of the presence ofsynchronization codes in said stream of 2N-level 

symbols; said multiplexer selectively being conditioned to pro¥ide said final ~ymbol 

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 

60 stream of2N-level symbols and said indication that said co-channel interfering analog 

television signal is ofinsufficient level as to give rise to mor in said first estimated 

symbol decoding results; said multiplexer being selectively conditioned to provide 

said ~nal symbol decoding results by reproducini said second symbol decoding 

results, in response to the concUtrent provision of said indication of the absence of 

65 synchronization codes in said stream of2N-level symbols, said indication that said 

co-channel interfering anaJog television signal is of sufficient level as to give rise to 

error in said first estimated symbol decoding results, and said indication that said 

second estimated symbol decodina reSULt is least likely to be in. error caused by said 

artifacts of co--chaunel interfering analog television signal~ said multiplexer being 

70 selecti...,ely conditioned to provide 'said final ·symbol decoding results by teproducing 

.:1aid third symbol decoding resulls, 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 signal is of 

sufficiept level as to give rise to error in said first estiP.lated symbol decoding results~ 
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75 and said indication that said third estimated symbol decoding result is least likely to 

be in error caused by said artifacts of co-channel interfering analog television signal; 

and said multiplexer being selectively conditiontd to provide said final syinbol 

decoding results by reproducing said fourth symbol decoding results, in response to 

the concurrent provision ot' said indication of the absence of synchronization codes in 

SO said stream of2N-level symbols. said indication that said co-charmel jnterfering 

analog television signal is 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 

co-channel interfering analog television signal. 

15. The digital television signal receiver set forth in c:laim 14, further comprising: 

ttelHs decoder circuitry responsive to final symbol decoding Tesu!ts for 

generating inner error-correction decoding results; and 

Reed-Solomon decoder circuitry responsive to bytes of sajd inner 

5 error·corre~tion decoding results for generating outer error-correction decoding 

results. 


