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DIGIT AL TELEVJSION RECEIVER WITH ADAPTIVE FILTER 

CIRCUITRY FOR SUPPRESSING NTSC CO-CHANNEL INTERFERENCE 

The present invention relates ro digital television systems. such as the digital 

high-definitfon television {HDTV) system used for terrestrial broadcasting in rhe 

United State:; of America in accordance with the Advanced Television 

Sub-Commi1tee (ATSC) standard, and more particularly, to digital television receivers 

5 with adaptiV•! filter circuitry for suppressing CO-ChaMef interference from analog 

television signals, such as those conforming to the National Television 

Systems Committee (NTSC) standard. 

BACKGROUND OF THE INVENTION 

A Digital Television Standard published 16 September 1995 by the Advanced 

10 Television Subcommittee (A TSC) specifies vestigial sideband {VSB) signals for 

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

such as thos·~ currently used in over-the-air broadcasting of Na ti on al Television 

SubcommiU:e (NTSC) analog television signals within the United States. The VSB 

DTV signal is designed so its spec-rrum is likely to interleave with the spectrum of a 

15 co-charmel interfering NTSC analog TV signal. This is done by positioning the pilot 

carrier and tle principal amplitude-modulation sideband frequencies ofche DTV 

signal at odd multiples of one-quaner the horizontal scan line rate of the NTSC analog 

TV signal tt .at fall between the even multiples of one-quarter the horizontal scan line 

rate of rhe 1'"TSC analog TV signal, at which even m~ltiples most of the energy of the 

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

signal will fall. The video carrier of an NTSC analog TV signal is offset 1.25 MHz 

from the lower limit frequency of the television channel. The carrier of the DTV 

signal is offset from such video carrier by 59.15 times the horizontal scan line rate of 

the NTSC analog TV signal, to place the carrier of the DTV signal about 309,877.6 

25 kHz from the lower limit frequency of the television channel. Accordingly, the carrier 

of the DTV signal is about 2,690122.4 Hz from the middle frequency of the television 

channel. 
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The f:xacl symbol rate in the Digital Television Standard is (6841286) times 

the 4.5 MHz sound carrier offset from video carrier in an NTSC analog TV signal. 

30 The number of symbols per horizontal scan line in an NTSC analog 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 megasymbols per second, which can 

be contained in a VSB signal extending 5.381119 MHz from DTV signal carrier. 

35 That is, the '/SB signal can be limited to a band extending 5.690997 MHz from the 

lower limit frequency of the television channel. 

The A TSC standard for digital :HDTV signal terrestrial broadcasting in the 

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

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

40 1920 samplt:s per scan line and l 080 active horizontal scan lines per 30 Hz frame with 

2: l field intt:rlace. The other HDTV·display fonnat uses 1280 luminance samples per 

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

frame. The ATSC standard also accommodates th~ transmission ofDTV display 

formats othc:r than 'HDTV display fonna·rs, such as the parallel transmission of four 

45 television signals having normal definition in comparison co an NTSC analog 

television si gnat. 

DT\' transmitted by vestigial-sideband (VSB) amplirude modulation (AM) 

during terre:;trial broadcasting in the United States of America comprises a succession 

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

SO segments. ·rhe data fields may be considered to be consecutively numbered 

modulo-2, with each odd-numbered data field and the succeeding even-numbered data 

field formir..g a data frame. The frame rate is 20.66 frames per second. Each data 

segment is••>f77.3 microseconds duration. So. with the symbol rate being 10.76 MHz 

there are.832 symbols per data segment. Each segment of data begins with a line 

55 synchroniwtion code group of four symbols having successive values of +S, ·S, -S 

and +S. Th.e value +S is one level below the maximum positive data excursion, and 

the value -S· is one level above the maximum negati"".e data excursion. The initial line 

of each dati field includes a field synchronization code group that codes a training 
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signal for channel-equaJization and multipath suppression procedures. The training 

60 signal is a 5~1-sampJe pseudo-noise sequence (or "PN-sequence") followed by three 

63-sample PN sequences. This training signal is transmined in accordance with a first 

logic convention in the first line of each odd-numbered data field and in accordance 

with a second logic conv~ntion in the first line of each even·numbered data field. the 

first and secr:md logic conventions being one's complementary respective to each 

65 ocher. 

The data within data lines are trellis coded using twelve in[erleaved trellis 

codes, each l 2/3 rate trellis code with one uncoded bit. The interleaved trellis codes 

ar~ subjected to Reed-Solomon forward error-correction coding. which provides for 

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

70 automobile .. gnition system. The Reed-Solomon coding results are transmitted as 

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

cransmission, which transmissions are made without symbol precoding separate from 

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

16-Jevel ( 4 hits/symbol) one·dimensional-constellation symbol coding for cablecast, 

75 which transmissions are made withour precoding. The VSB signals have their natural 

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

modulation, suppressed. 

The natural carrier wave is replaced by a pilot carrier wave of fixed amplitude, 

which amplitude corresponds to a prescribed percentage of modulation. This pilot 

80 carrier wavt: of fixed amplitude is generated by introducing a direct component shift 

into the modulating voltage applied to the balanced modulator generating the 

amplitude-m.odulation sidebands that are supplied to the filter supplying the VSB 

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

values of -1 •• s. -3, -1, + l, +3, +S and + 7 in the carrier modulating signal. the pilot 

85 carrier has u normalized vale of 1.25. The nom1alized value of +S is +S, and the 

normalized value of -S is -5. 

In tl~e earlier development of the DVT an it was contemplated that the DTV 

broadcas"ter might be called upon to decide whether or not to use a symbol precoder at 
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the transmitter, whkh symbol precoder would follow the symbol generation circuitry 

90 and provide for precoded filtering of symbols. This decision by the broadcaster wo~ld 

have depended upon whether interference from a co-channel NTSC broadcasting 

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

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

the data-slicer in the symbol decoder circuitry to reject anifacts of NTSC co-channel 

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

synchronization code groups or during data lines in which data field synchronization 

data were tr;msmitted. 

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

broadcasting station(s) and is more likely ro occur when certain ionospheric 

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

notorious for likelihood of co·channel interference. Such interference will not occur if 

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

likelihood of NTSC interference within his area of broadcast coverage, it was 

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

105 HDTV signal being more easily separated from NTSC interference; and, accordingly, 

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

complete m;itched filtering. If there were no possibility ofNTSC interference or there 

were insubs·tantial likelihood thereof, in order that flat spectrum noise would be less 

likely to ca\..se erroneous decisions as to symbol values in the trellis decoder, it was 

110 presumed th.at the DTV broadcaster would discontinue using the symbol precoder; 

and, accordingly, the symbol postcoder would then be disabled in each DTV receiver. 

Without the broadcaster being aware of the condition, actual co-channel NTSC 

interference can be substantial for portions of the reception area for a broadcast, owing 

to freakish skip conditions, owing to cablecast leakage, owing to inadequate 
I 

11 S intermediatt:·frequency image suppression in NTSC receivers, owing to magnetic tape 

used for digital television recording having remnant previous analog television 

recording, or owing to some other unusual condition .. 

The' current A TSC DTV standard does not authorize the transmitter to use 

symbol pre<:oding. The suppression of co·channel interfering analog TV signal is 
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120 presumed to be carried out in the trellis decoding process, after che dara-sJicing 

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

detennining whether or not precoding is done at the transminer. However. co-channel 

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

processes, which places more burden on the error-correction decoding procedures, 

125 trellis decod·.ng and Reed-Solomon decoding. These errors will reduce the broadcast 

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

providi11g fo:: the suppression of co-channel interfering analog TV signal before 

data-slicing is still de~irable, despite symbol precoding at the DTV transmitter not 

being author~ed by the cunent A TSC DTV standard. 

130 The t-:mn "linear combination'' thereto refers generically to addition and to 

subtraction, whether performed in accordance with a conventional arithmetic or a 

modular arithmetic. The term "modular combination" refers to linear combination 

carried perfo1:med in accordance with a modular arirhmetic. Thac type of coding that 

re-codes a digical s:rmbol stream through differential delay and linear combination of 

135 the differenti::llly delayed tenns, exemplified by the symbol postcoding used in 

prior-art HD:V 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 deJayed result of the modular combination, exempllfied by 

the symbol pl'ecoding used in prior·art HDTV transminers, is defined as "symbol 

140 re-coding of !:econd type" in this specification. 

The p:oblem of co-channel interference from analog television signals can be 

viewed from -.:he standpoint of being a sometime jamming problem at the receiver, to 

be solved by a.daptive tilter circuitry in the receiver. So long as the dynamic range of 

the system channel is not exceeded, so that the co-channel interference can capture the 

145 system c.hann!l by destroying signal transmission capability for DTV modulation, the 

perfonnance of the system can be viewed as a superposition of signals problem. The 

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

co-channel in::erference caused by the analog television signals, relying on the 

pronounced·c·>rrelation and anti-correlation propenies .of the analog television signals 

150 to reduce thei: energy sufficiently aS to capture the system channel from them. 
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Insofar as the co-channel interference from analog television signals 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 

effect on the co-channel interference from analog televisio11 signals. At the DTV 

t SS receiver, so long as the co-channel interference is not so large as co overload the 

receiver front-end and capture the system channel, it is advantageous to precede the 

data-slicing drcuitry with a comb filter for reducing the energy of higher-energy 

spectral com])<>nents of the co-channel interference, thus to reduce the errors occurring 

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

160 is nominally 3lOKHz above the lower limit frequency of the television channel 

assignment. ~o that his carrier frequency is optimally offset in frequency from the 

video carrier of a co-channel NTSC analog TV signal that is likely to interfere. This 

optimal offset in carrier frequency is exactly 59.75 times the horizontal scan line 

frequency f H :>f the NTSC analog TV signal. The artifacts of the co-channel 

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

horizontal sc~m line frequency fH of the NTSC analog TV signal, generated by 

heterodyne bt:tween the digital HDTV carrier and the video carrier of the co·channel 

interfering analog TV signaJ, and beats at 287.25 times fH, generated by heterodyne 

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

170 interfering am.log TV signal, which beats are quite close in frequency to the fifth 

harmonic oft.he beats at 59.75 times fH. The artifacts will further include beats at 

approximately 345.15 times fH• generated by heterodyne between the digital HDTV 

carrier and th'~ audio carrier of the co-channel interfering analog TV signal, which 

beacs are quitt: close in frequency to the sixth harmonic of the beats at 59. 75 times fH. 

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

single properly designed comb filter incorporating only a few symbol epochs of 

differential delay. The use of an NTSC-rejection comb filter before data-slicing in the 

DTV receiver incidentally performs symbol re-coding of first cype. to modify the 

symbols obtained by data-slicing. 

180 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 
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resulting from the symbol re-coding of first type. insofar as the transmission of data is 

concerned. since the data quantization levels arc designed to match the symbol levels. 

The quantization discriminates against the co-channel interfering analog TV signal 

185 remnants that remain after the filtering associated with symbol re-coding of first type 

and that are appreciably smaller than steps between symbol code levels, however. 

This is a species of the capture phenomenon in which phenomenon a stronger signal 

gains at the expense of a weaker one in a quantizing process. 

Insofar as the transmission of data is concerned, the digital data symbol stream 

190 flows through the full length ofthe system channel. When symbol re-coding of 

second type is done as symbol precoding at the DTV transmitter, the additive 

combination of the differentially delayed data symbol streams is done on a modular 

basis that does not boost transmitter power or increase average intersymbol distance to 

help further in overcoming jamming analog TV signal. Instead, the principal 

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

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

remnant analog TV signal in the comb filter tesponse to be suppressed by the 

quantizing effects in the data·slicer that immediately follows the comb filter. 

The order of perfonning symbol re·coding procedures of first and second types 

200 has no .appreciable affect on signal transmission through the system channel w1der 

such circumstances, since neither coding scheme destroys signal transmission 

capability for the symbol stream. The order of performing symbol re-coding 

procedures of first and second types has no appreciable affect on the capability of the 

digital receiver to suppress co-channel interfering analog TV signal, as long as symbol 

205 re-coding of the second type is not intetposed betWeen symbol re-coding of the first 

type and the subsequent data-slicing. These insights provide che general foundation 

on which the invention is based. 

Co-channel interference accompanying multiple-level symbols in a digital 

receiver. such as a digital television receiver, is suppressed by using a first comb filter 

210 to reduce th': energy of the co-channel interference before data-slicing. The first comb 

filter is supplied a stream of 2N-level symbols each having a symbol epoch of a 
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specified length in time. which stream of 2N·level symbols is susceptible to being 

accompanied by artifacts cif co-channel interfering analog television signal. and 

supplies a response in which those artifacts of co-channel interfering analog television 

215 signal are suppressed should they obtain. 

The tirst comb filter incidentally carries out a symbol re-coding procedure of 

first type that introd\'lces error into the symbol decoding results generated by the 

data-slicing. Suppose the first comb filt~r delays the stream of2N-Jevel symbols by a 

prescribed n11mber of symbol epochs to generate a delayed stream of2N-level 

220 symbols, then linearly combines the stream of2N-level symbols and the delayed 

stream of 21'"-level symbols to generate first linear combining results as the response 

of the first comb filter. This response. which has (4N·l)-level symbols. is supplied to 

a first data-slicer. 

In the: context of the inventio:n, th.is symbol re-coding procedure of first type 

225 carried out b-~fore data-slicing by the first data-slicer is viewed as ~ preceding 

procedure. /-\ second comb filter carries out a symbol .re-coding procedure of second 

type afte·r tht: data-slicing, implementing a postcoding procedure to compensate for 

the symbol r·~·coding procedure of first type and generate con·ected symbol decoding 

results. The symbol re-coding procedure of first type re·co~es an input symbol stream 

230 through diffe:rential delay and first linear combination of the differentially delayed 

terms. The symbol re-coding procedure of second type re-codes partially-filtered 

symbol decoding results recovered by the first data-slicer. This symbol re-coding 

procedure of second type utilizes second linear combination of the partially-filtered 

symbol decoding results with delayed result of the second linear combination and is 

235 performed in accordance with a modular arithmetic. One of the first and second linear 

combination:; is subtractive, and the other is additive. The results of the second linear 

combination are postcoded symbol decoding results. 

The postcoding done subsequent to comb filtering and data-slicing has a ba.Sic 

problem that must be solved in order for the postcoding to operate properly. One 

240 aspect of tfl!~: problem is that once error occurs in the pardalJy-filtered symbol 

decoding results, the error is fed back with delay. tending to propagate the error 
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during the gt:neration ofpostcoded symbol decoding results. Other aspects of this 

problem concern how to initialize the condi[ions in the delayed feedback circuitry ~d 

how to re-initialize the conditions in the delayed feedback circuitry once error 

245 propagation occurs. 

This problem arises when re-coding of the second type is used for postcoding 

because the feedback used in such re-coding is accumulative and provides a sort of 

integration over time. When re-coding of the second type is done during preceding 

and re-coding of the first type is done during postcoding, the re-coding of the first 

250 type provides a sort of differentiation over time that quickly suppresses response to 

the initial conditions of the re-coding of second type. One doe5 not have to concern 

onestlf with the initial conditions of accumulation or integration. When re-coding of 

the first type is done du~ing precoding and re-coding of the second type is done during 

postcoding, 1~rror caused by incorrect initial conditions of accumulation or integration 

255 in the re-coding of second type propagate themselves during postcoding. The 

resulting running error in the final decoding results is a systematic error, rather than a 

random error. so generally speaking the running error will not be able to self-correct 

itself by chance. 

SUMMARY OF THE INVENTION 

260 An a:;pect of the invention is a method of symbol decoding a stream of 

2N-level synbols each having a symbol epoch of a specified length in time, which 

stream of2N-level symbols is susceptible to being accompanied by artifacts of 

co-channel bterfering analog television signal. N being a positive integer. The 

method genc:rates selected symbol decoding results by steps including a step of comb 

265 filtering the stream of 2N-level symbols to generate a comb filter response with 

(4N-l)-level precoded symbols from which the_ artifacts of co-channel interfering 
I 

analog telev 1sion signal. if any, are suppressed. This step of comb filtering includes 

subsceps of delaying the stream of2N-level symbols by a prescribed number of 

symbol epoc:bs to generate a delayed stream of2N-level symbols and linearly 

270 combining t>e stream of2N-level symbols and the delayed stream of2N-level 

symbols. in accordance with one of additive and subtractive procedures, to generate 
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first linear combining results as the comb filter response with (4N-l)-level precoded 

symbols. Tht:re is a step of data-slicing the comb filter response with (4N-1)-level 

precoded symbols to generate precoded symbol decoding results. There are steps of 

275 delaying the selected symbol decoding results by the prescribed number of symbol 

epochs to generate delayed selected symbol decoding results, and linearly combining 

the precoded symbol decoding results with the delayed selected symbol ~ecoding 

results to generate second linear combining results. The linear combining done to 

generate second linear combining results is done in accordance with an opposite of the 

280 additive and subtractive procedures from the one used in the substep of linear 

combining d·)ne to generate first linear combining results, an is performed according 

to a modular arithmetic. There are steps of detem1ining when symbol coding 

descriptive of synchronization data occurs in the stream of 2N-level symbols, of 

regenerating the synchronization data without error when the S¥mbol coding 

285 descriptive of said synchronization data occurs in the stream of 2N-level symbols, and 

of generating the selected symbol decoding results so as to correspond to the 

synchronization data without error when the symbol coding descriptive of 

synchroniza1ion data occurs in the stream of2N-level symbols and so as to correspond 

to the second linear combining results at least during selected tinies when symbol 

290 coding that is not descriptive of the synchroni2ation data occurs in the stream of 

2N-le~EH sy.r:nbo.ls. 

An aspect of the invention is a combination of circuitry, as described in this 

paragraph, which circuitry is included within a digital television receiver. The· 

combination includes digital television signal detection apparatus for supplying a 

295 stream of2N-level symbols each having a symbol epoch of a specified length in time, 

which stream is susceptible to being accompanied by anifacts of co-channel 

interfering analog television signal. The combination includes first and second delay 
' devices, each exhibiting a delay of a prescribed first number of said symbol epochs. 

The combination includes first and second linear combiners, one of which is an adder 

300 and the other of which is a subtractor, the second linear combiner operating in a 

modulo-2N arithmetic. The first delay device is connected to respond to the stream of 

2N-level sy::nbols with a first delayed stream of 2N-level symbols, thereby to generate 
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a first pair of differentially delayed streams of said 2N-level symbols. The first linear 

combiner is .:onnected for linearly combining the first pair of differentially delayed 

305 streams of tt.e 2N-level symbols. which are received as tirst and second respective 

input signals of the first linear combiner. Responsive to these input signals the first 

linear combiner generates a first stream of ( 4N- l )·level symbols as its output signal. 

A first data-~;licer is included in the combination for generating first precoded symbol 

decoding results by decoding the first stream of (4N-l )-level symbols supplied as .. 

310 respective output signal from the firsc linear combiner. The second linear combiner. 

for linearly combining respective first and second input signals received thereby for 

supplying a respective output signal therefrom, is connected co receive the first 

precoded symbol decoding results as a respective first input signal thereof. The 

second delay device is connected for delaying a respective inpuc signal thereof to 

315 generate the second input signal of the second linear combiner. The combination 

further inclu.jes data synchronization circuitry for determining when symbols used for 

data synchronization appear in the stream of2N-level symbols and circuitry for 

generating ideal symbol decoding results when symbols used for data synchronization 

are detennined to appear in the stream of 2N-level symbols. The combination funher 

320 includes a plural-input first multipJexer connected for supplying a respective output 

signal therefrom to the second delay device as the respective input signal thereat: for 

receivlng tht: ideal symbol decoding results as a first of its input signals, and for 

receiving tht: output signal of the second line~r combiner as another ofits input 

signals. The first multiplexer is conditioned to reproduce as its output signal the first 

325 of its input signals when and only when symbols used for data synchronization are 

determined to appear in the stream of 2N-level symbols. Otherwise the first 

multiplexer ·.s conditioned, at least at selected times. to reproduce the output signal of 

the second linear combiner as :first postcoded symbol ~ecoding results. 

330 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE I is a block schema[ic diagram of a digital television signal receiver 

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

filter after symbol decoding, in accordance with the invention, and using a co-channel 

ioterference detector that compares the energies of the baseband. 
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FIGURE 2 is a block schematic diagram of an.NTSC co-channel interference 

335 detector for use in the FIGURE l digital television signal receiver. 

FIGVRE 3 is a block schematic diagram of a ponion of digital television 

signal receiv.~r using an NTSC·rejection comb fiJter before symbol decoding and a 

postcoding C•)mb filter after symbol decoding, in accordance with the invention. and 

\.Ising a co·channel incerference detector of a type described by the inventor in U.S. 

340 patent applic~tion serial No. {Atty. Dkt. 1500-1) filed i 1 March 1997. 

FIGURE 4 is a block schematic diagram of a portion of a digital television 

signal receiv<:r using an NTSC-rejection comb filter before symbol decoding and a 

postcoding cc•rnb tilter after symbol decoding, in accordance with the invention, and 

using a co-channel interference detector of a type described by the inventor in U.S. 

345 patent applicLtion serial No. (Atty. Dkt. 1501-1) filed 21 March 1997. 

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

FIGURE l. flGU~E 3 or FIGURE 4 digital television signal receiver concerning the 

selection of final symbol decoding results, selected from prescribed symbol decoding 

results during data synchronization iz:itervals and selected at other times from 

350 data-slicer response to the received baseband symbol codes or from postcoded 

data-slicer response to comb filter response to the received baseband symbol codes, 

depending on whether or nor the received baseband symbol codes are substantially 

"free of NTSC co-channel interference. 

FIGURE 6 is a block schematic diagram of circuitry alternative to that of 

355 FIGURE 5. 

FIGURE 7 is a block schematic diagram of other circuitry alternative to that of 

FIGURE 5. 
' 

FIGURE 8 is a block schematic diagram showing derails of a portion of the 

FIGURE l, FIGURE 3 or FIGURE 4 digital television signal receiver for generating 

360 prescribed symbol decoding results during data synchronization intervals. 
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FIGURE 9 is a block schematic diagram showing details of a portion of the 

FIGURE l, FIGURE 3 or FIGURE 4 digital television signal receiver when the 

NTSC-rejection comb filter employs a 12-symbol delay. 

FIGURE l 0 is a block schematic diagram showing details of a portion of the 

365 FIGURE 1, FCOURE 3 or FIGURE 4 digital television.signal receiver when the 

NTSC-rejectfon comb filter employs a 6-symbol delay. 

FIGURE 11 is a block schematic diagram showing details of a portion of the 

FIGURE 1, F:GURE 3 or FIGURE 4 digital television signal teceiver when the 

NTSC-rejection comb filter employs a 2-video-line delay. 

370 FIGURE 12 is a block schematic diagram showing details of a portion of the 

FIGURE 1, FIGURE 3 or FIGURE 4 digital television signal receiver when the 

NTSC-rejectiCJn comb filter employs a 262-video-Jine delay. 

FIGURE 13 is a block schematic diagram showing details of a portion of the 

FIGURE 1, FIGURE 3 or FIGURE 4 digital television signal receiver when the 

375 NTSC-rejecticn comb filter employs a 2-video·frarne delay. 

FIGURE 14 is a block schematic diagram showing a digital television signal 

receiv~r using a plurality of NTSC-rejecrion comb filters for performing parallel 

symbol decoding. 

FIGURE 15 is an assembly diagram showini how FIGURES 15A and !SB can 

380 be fitted togeth.er to form a single figure referred to as FIGURE 15 in the detailed 

description that follows. which FIGURE 1 S shows details of symbol code selection 

circuitry that can be used in a digital televi~ion signal receiver of the type shown in 

FIGURE 14. 

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

385 FIGURE 14 diiJital television signal receiver for generating prescribed symbol 

decoding results during data synchronization intervals. 
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FIGURE 15B is a block schematic diagram showing decails of circuitry in the 

FIGURE 14 cligitaJ television signal receiver for selecting among symbol decoding 

results during time periods between data synchronization intervals. 

DETAILED DESCRIPTION 

At various points in the circuits shown in the FIGURES of the drawing, 

shimming defoys have to be inserted in order that the sequence of operation is correct, 

as wiU be understood by those skilled in electronic design. Unless there is something 

out of the ordinary about a panicular shimming delay requirement, it will not be 

395 explicitly refel·red to in the specification that follows. 

FIOUF:E 1 shows a digital television signal receiver used for recovering 

·error-corrected data, which data are suitable for recording by a digital video cassette 

recorder or for MPEG-2 decoding and display in a television stt. The FIGURE 1 

DTV signal re1:eiver is shown as receiving television broadcast signals :from a 

400 receiving antem1a 8, but can receive the signals from a cable network instead. The 

television broadcast signals are supplied as input signal to ''front end" electronics 10. 

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

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

television signals, supplied as input signal to an intermediate-frequency (l-F) . 
405 amplifier chain 12 for vestigial-sideband DTV signals. The DTV receiver is 

preferably of plural-conversion type with the IF amplifier chain 12 including an 

intermediate·fo:quency amplifier for amplifying DTV signals as converted to an 

ultra-high-frequency band by the first detector, a second detecror for converting the 

amplified DTV signals to a very·high-frequ~ncy band, and a funher 

410 intennediate-m:quency amplifier for amplifying DTV signals as converted to the VHF 

band. If democ.ulation to baseband is perfonned in the digital regime, the IF amplifier 
I 

chain 12 will funher include a third detector for converting the amplified DTV signals 

to a final intennediate-frequency band closer to baseband. 

Preferably, a surface-acoustic-wave (SAW) filter is used in the IF amplifier for 

415 the UHF barid, 1:0 shape channel selection response and reject adjacent channels. This 

SAW filter cuts off rapidly just beyond 5.38 MHz remove from the suppressed carrier 



-15-
. rrequency of the VSB DTV signal and the pHot carrier, which is of like frequency and 

of fixed amplitude. This SAW filter accordingly rejects much of the 

frequency-m1)dulated sound carrier of any co·channel interfering analog TV :signal. 

420 Removing the FM sound carrie_r of any co-channel interfering analog TV signal in the 

IF amplifier 1:hain 12 prevenrs artifacts of that carrier being generated when the final 

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

interfering with data-slicing of those baseband symbols during symbol decoding. The 

prevention of such anifacts interfering with data-slicing of those baseband symbols 

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

filtering before data·slicing .. 

The final I-F 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 intermediate-frequency band to recover a real 

430 baseband signal and an imaginary baseband signal. Demodulation may be done in the 

digital regim': after analog-to-digital conversion of a final intermediate-frequency 

band in the few megacycle range as described for example by C. B. Patel et a/ii in 

U.S. patent No. 5,479,449 issued 26 December 1995 and entitled "DIGITAL VSB 

DETECTOR WITH PHASE TRACKER, AS FOR INCLUSION IN AN HDTV 

435 RECEIVER" Alternatively, demodulation may be done in the analog regime, in 

which 'case the results are usually subjected to analog-to-digital conversion to 

facilitate further processing. The complex demodulation is preferably done by 

in-phase (I) s:mchronous demodulation and quadrature-phase (Q) synchronous 

demodulation. The digital results of the foregoing demodulation procedures 

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

encode N bits of data. Currently, 2N is eight in the case where the FIGURE I DTV 

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

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

of the inventii>n is with the reception of terrestrial through-the-air broadcasts. and 

445 FIGURE 1 dc0es not show the ponions of the DTV receiver providing symbol 

decoding and error-correction decoding for received cablecast transmissions. 
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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 
. . . 

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

baseband sig:'.lal. The circuitry 16 includes a digital filter with adjustable weighting 

coefficients t.hat compensates 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 

455 synchroni?.er and equalizer circuitry in which symbol synchronization is accomplished 

before amplitude equalization is known from U. S. patent No. 5,479,449. In such 

designs the d:modulator 14 will supply oversampled demodulator response containing 

real and imaginary baseband signals to the symbol synchronizer and equalizer 

circuitry 16. After symbol synchronization. the oversampled data are decjmated to 

460 extract basebmd I-channel signal at normal symbol rate, to reduce sample rate 

through the digital filtering used for amplitude equalization and ghost removal. 

Symbol sync:l.l'onizer and equalizer circuitry in which amplitude equalization ·precedes 

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

skilled in the art of digital signal receiver design. 

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

and is: in effe:ct, a digital description of an analog symbol exhibiting one of (2N=8) 

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

several known methods, so the ideal step levels for symbols are known. One method 

of gain control, preferred because the speed of response of such gain control is 

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

supplied from the complex demodulator .14 to a normalized level of+ 1.25. This 

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

more specifically described by C. 8. Patel et a/ii in allowed U. $. patent application 

serial No. 5,573,454 filed 15 December 1995, entitJed ·"AUTOMATIC GAIN ... 
475 CONTROL OF RADIO RECEIVER FOR RECEIVING DIGITAL 

HIGH-DEFINITION TELEVISION SIGNALS". and incorporated herein by 

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

detection circuitry 18. whiCh recovers.data field synchroniiation information F and 

480 dnta segment synchronization information S from the equalized baseband I-channel 

signal. Alter:latively, the input signal to data sync detection circuitry 18 can be 

o~tained prior to equalization. 

The e:iualized I-charmel signal samples at normal symbol rate supplied as 

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

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

to generate a pair of differentially delayed streams of rhe 2N-Jevel symbols and a first 

linear combiuer 202 for linearly combining the difterentially delayed symbol streams 

to generate th.e comb filter 20 response. As described in U. $. patent No. 5,260, 793, 

the firsc delay device 201 can provide a delay equal to the period of twelve 2N-level 

490 symbols, and the first linear combiner 201 can be a subtractor. Each sample of the 

comb filter 2t) output signal is resolved to ten or more bits and is, in effect. a digital 

description o: an analog symbol exhibiting one of ( 4N-1)=1 S levels. 

The s:rmbol synchronizer and equalizer circuitry J 6 is presumed be designed 

to suppress the direct bias component of its input signal (as expressed in digital 

495 samples) .. which direct bias component has a nonnalized level of+ l.2S and appears in 

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

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

signal appliei.l as comb filter 20 inpur signal is. in effect. a digital description of an 

analog symbol exhibiting one of the following normalized levels: -7. -5, ·3, -1. +1, +3. 

500 +5 and +7. lbese symbol levels 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, Oll, 100, l~l. 110 and 111, respectively. 

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

description of an analog symbol exhibiting one of the following nonnalized levels: 

505 ·14. -12. -10, -8, -6, -4, -2. 0, +2, +4, +6._+8, +IO. +12 and +14. These symbol levels 

are denomi~2.ted as "even" symbol levels and are detected by an even-level data-slicer 
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24 to generate precoded symbol decoding resulrs of 00 l, 0 I 0, 0 l l, l 00, 101, 110, 111, 

000, 001, 010, Ol l, 100, 101, 110, and 111, respectively. 

The 1lata·slicers 22 and 24 can be of the so·called "hard decision'' type, as 

510 presumed up to this point in the description, or can be of the so-called ''soft decision" 

type used in implementing a Viterbi decoding scheme. Arrangements are possible in 

which the od.d-level data·slicer 22 and the even-level data·slicer 24 are replaced by a 

single dnta-slicer, using multiplexer connections to shift its place in circuit and to 

provide bias to modify its slicing ranges, but these arrangements are not preferred 

515 because of the complexity of operation. 

The S,ymbol synchronizer and equalizer circuitry 16 is presumed In the 

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

signal (as ex?ressed in digital samples), which direct bias component has a 

normalized l·~vel of+ 1.25 and appears in the real baseband signal supplied from the 

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

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

component of its input signal, which simplifies the design of the equalization filter in 

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

data-slicer 2~~ are offset to take into account the direct bias component accompanying 

525 the dara seep:> in its input signal. Providing lhat the first linear combiner 202 is a 

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

bias compon·:mt of its input signal has no consequence in regard to the data·slicing 

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

the first dela:1 device 201 is chosen so that the first linear combiner 202 is an adder, 

530 the data-slicing levels in the even·level data·slicer 24 should be offset to take into 

account the c.oubled direct bias component accompanying the data steps in its input 

signal. 

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

postcoding filter response co the precoding filter response of the comb filter 20. The 

535 comb filter 26 includes a 3·input multiplexer 261, a second linear combiner 262, and a . 
second delay device 263 with delay equal to that of the first delay device 201 in the 
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comb filter 2(1, The second linear combiner 262 is a modu)o-8 adder if the firsc linear 

combiner 202 is a subtracror and is a modulo-8 subtracror if the firsc linear combiner 

202 is an addt:r. The first linear combiner 202 and the second Ji near combiner 262 

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

combination C·perations sufficiently to supporc the sample rates involved. The output 

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

filter 26 and i~: delayed by the second delay device 263. The second linear combiner 

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

545 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 :l multiplexer control signal supplied to the multiplexer 261 from a 

controller 28. The first inpuc port of the multiplexer 261 receives ideal symbol 

550 decoding resulls supplied from memory within the controller 28 during times when 

data field sync.:ironization information F and daca segment synchronization 

information S ;:"'roni the equalized baseband I-channel signal are recovered by che data 

sync detection circuitry 18. The controller 28 supplies the first state of the 

multiplexer control signal to che multiplexer 261 during these times, conditioning the 

555 multiplexer 26 l to furnish. as the final coding resulcs which are ics output signal, the 

ideal symbol dt!coding results supplied from memory within the controller 28. The 

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

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

by the second state of the multiplexer control signal to reproduce the interim symbol 

560 decoding results. as the final coding results which are its output signal. The second 

linear combineJ' 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 ~f tho~ multiplexer control signal to reproduce the postcoded symbol 

decoding result.>, as the final coding results which are its output signal. 

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

comb filter 26 are curtailed by feeding back the ideal symbol decoding results 

supplied from memory within the controller 28 during times data sync detection 
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cfrcuitry 18 rc:covers data field synchronization informarion F and data segment 

synchronizatii>n infonnation S. This is an important aspect of the invention, which 

570 will be described in greater detail further on in this specification. 

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

comprises the final symbol decoding results in 3-paraUel-bit groups, assembled by a 

data assembler 30 for application to a data interleaver 32. The data interleaver 32 

commutaces the assembled data into parallel data streams for application to trellis 

515 decoder circui1ry 34. Trellis decoder circuitry 34 conventionally uses twelve trellis 

decoders. The trellis decoding results are supplied from the trellis decoder circuitry 

· 34 to data de-interleaver circuitry 36 for de-commutation. 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 

580 performs Reed .. Solomon decoding to generate an error-corrected byte stream supplied 

to 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 decoder, an MPEG-2 decod~r and so fonh. The 

remainder of a DTV receiver incorporated in a digital tape recorder/reproducer will 

585 include circuitr.' for converting the data 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 indii::ates the NTSC co-channel interference is not of such strength, the 

590 controller 28 will supply the second 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 by the 

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

its output signal the interim symbol decoding results supplied from the odd-level 

595 data-slicer 22. lf detector 44 indicates the NTSC co-channel interference is of 

sufficient strengi:h to cause uncorrectable error in the data-slicing performed by the 

data-slicer 22, the controller 28 will supply the third state of multiplexer control signal 

to the multiplexc:r 261 at times other than those times when data field synchroni2ation 
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in.formation F and data segment synchroni~ation information Sare recovered by the 

600 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·channel interference detector 44 can 

take, whjch form is believed to be novel in the art. A subtractor 441 differentially 

605 combines the interim svmboJ decodine result . .; (:)lJ"IJ"lliH.f from the odd lotv-tl date ·:dicer 

22 and the postcoded symbol decoding results provided as second linear combining 

results from the second linear combiner 262. If the amount of NTSC co.channel 

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

negligible, the:;e interim and postcoded symbol decodjng results should be similar, so 

610 the difference output signal from the subtractor441 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 rarher will often be high. 

A measure of the energy in the difference output ·signal from the subtractor 

441 is develope:d by squaring the difference output signaJ with a squarer 442 and 

615 determining the: mean average of the squarer response over a prescribed short time 

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

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

implemented w::ing a delay line memory for storing several successive digital samples 

and an adder for summing the digital samples currently stored in the delay line 

620 memory. The shon-term mean average of the energy in the difference output signal 

from the subtra1:tor 441, as determined by the mean averaging circuit 443, is supplied 

to a digital comparator connected to provide a threshold detector 444. The threshold 

in the threshold detector 444 is sufficiently high not to be exceeded the short-term 

mean-average of differences in the random noise accompanying the interim symbol .. 
625 decoding result!: and the postcoded symbol decoding results applied to the subtractor 

441. The threshc)]d is exceeded if the NTSC co-channel inrerfere11ce is of sufficient 

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

22. The threshold detector 444 supplies the controller 28 indication of whether or not 

the threshold is •?xceeded. 
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FIGURE 3 shows a digital television receiver differing from that of FIGURE 1 

in that the circuitry for de·termining whether or not NTSC co-channel interference is of 

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

data·slicer 2:z is of the type described by the inventor in U.S. patent application serial 

No. (Atty. Dkt. 1500·1) filed 21March1997 and entitled "USING VIDEO SIGNALS 

635 FROM AUXILIARY ANALOG TV RECEIVERS FOR DETECTING NTSC 

INTERFERENCE IN DIGITAL TV RECEIVERS". The DTV signal, as converted to 

IF by the "fri>nt end" electronics 10, is supplied to an IF amplifier chain 46 for NTSC 

signals. The IF amplifier chain 46 for NTSC signals differs from the lF amplifier 

chain used in conventional NTSC signal receivers. Insofar as mjdband gain 

640 characteristics are concerned. amplifier stages in the IF amplifier chain 46 for NTSC 

signals correspond to rhe amplifier stages in the IF amplifier chain 12 for DTV 

signals, having substantially linear gain and having the same automatic gain control as 

the corresponding amplifier stages in the CF amplifier chain 12. The vestigial sideband 

of the NTSC signal is nor suppressed in the IF amplifier chain 46. The portion of the 

645 full sideband of the NTSC signal that is single-sideband in character is preferably 

suppressed in the IF amplifier chain 46 to reduce the energy of co-channel DTV 

signal. The reduces the dynamic range oflF amplifier chain 46 response, facilitating 

additional amplificatiOn of video carrier for locking the phase of a local video carrier 

oscill~tor used in the complex demodulator 48. The filtering procedures to establish 

650 the bandwidth of the IF amplifier chain 46 can be carried out by SAW filtering in a 

UHF IF amplifier if plural-conversion receiver circuitry is used. The amplified IF 

response of the IF amplifier chain 46 is supplied to a complex demodulator 48 for 

NTSC video signal, either directly or after some further amp1iflcation. The complex 

demodulator 48 supplies an in·phasc I-channel response composed of samples of 

655 NTSC signal and the real component of accompanying DTV artifacts. The complex 

demodula~or 48 also supplies a quadraritre-phase Q-channel response composed of 

samples of the imaginary component of accompanying DTV artifacts. which samples 

are applied tc1 a Hilben transformation filter 50. The Hilbert transformation filter 50 

response is supplied to a linear combiner 52. The linear combiner 52 combines the 

660 HiJbert transformation filter SO response with suitably delayed in-phase I-channel 

response, to recover samples of NTSC signal substantially free from accompanying 
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DTV artifacts. The linear combiner 52 is an adder or a subtractor depending on 

relative vide•l carrier phasing during the synchronous demodulation procedures used 

in the compl·~x demodulator 48 to generate the I-channel and Q-channel responses. 

The NTSC signal substantially free from accompanying DTV artifacts 

supplied from the linear combiner 52 is applied to a lowpass filter 54 with a cut-off 

frequency of 750 kHz or less. An estimate of luminance signal energy in the 

co·channel imertering NTSC signal is generated by squaring the lowpass filter 54 

response wifa a squarer 56 and determining the mean average of" the squarer response 

670 over a prescribed short time interval with a mean averaging circuit 58. This estimate 

is supplied tc• a threshold detector 58. The threshold in the threshold detector 58 is 

exceeded if the NTSC co·channel interference is of suf:flcient strength as to cause 

uncorrectable~ error in the data-slicing performed by the data-slicer 22. The threshold 

detector 58 supplies the controller 28 indication of whether or not the threshoJd is 

67 5 exceeded. 

FIGl"RE 4 shows a digital television receiver differing from the FIGURE 1 

nnd FIGURE 3 receivers in that the circuitry for determining whether or not NTSC 

co-channel interference is of sufficient strength as to cause uncorrectable error in the 

data·slicing performed by the data·slicer 22 is of the type described by the inventor in 

680 U.S. patent application serial No. (Any. Dkt. 1501-1) filed 21March1997 and 

entitled "USJNG INTERCARRIER SIGNALS FOR DETECTING NTSC 

INTERFERENCE IN DIGIT AL TV RECEIVERS". The DTV signal. as converced to 

IF by the "frc>nt end" electronics 10, is supplied to an IF amplifier chain 62 of 

quasi-parallel type for NTSC sound signals. The amplifier stages in the IF amplifier 

685 chain 62 for :'.'JTSC sound signals correspond to similar amplifier stages in the IF 

amplifier cha.in 12 for DTV signals. having substantially linear gain and having the 

same automatic gain control as the corresponding amplifier stages in the IF amplifier 

chain 12. The: frequency selectivity of the IF amplifier chain 62 is such as to 

emphasize response within ±250 kHz of NTSC audio carrier and within ±250 kHz or 
690 so ofNTSC ·1ideo carrier. The filtering procedures to establish the frequency 

selectivity of the IF amplifier chain 62 can be carried out by SAW .filtering in a UHF 

IF amplifier :.f plural·cooversion receiver circuitry is used. The response of the IF 
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amplifier chain 62 is supplied to an intercarrier detect«:>r 64 which uses the modulated 

NTSC video carrier as an exalted carrier for heterodyning the NTSC audio carrier to 

695 generate intercarrier sound intermediate-frequency signal with a 4.5 MHz carrier 

frequency. lhis intercarrier sound IF signal is amplified by an intercarrier-sound 

intermediale-frequency arnp~ifier 66. which 4.S MHz IF amplifier 66 supplies 

amplified int·~rcarrier sound IF signal to an intercarrier amplitude detector 68. The 

response of the amplitude detector 68 is averaged over a prescribed short time interval 

700 with a mean averaging Circuit 70, and the resulting mean average is supplied to a 

threshold det:ctor 72. The threshold in the threshold detector 72 is exceeded if the 

NTSC co-channel interference is of sufficient strength as to cause uncorrectabJe error 

in the data-slicing performed by the data-slicer 22. The threshold derector 72 supplies 

the controlle1 28 indication of whether or not the threshold is exceeded. 

105 

710 

FIGURE 5 shows a preferred way in which the multiplexer 261 in the 

postcoding comb filter 26 is implemented. The 3-input multiplexer 261 is shown as 

comprising two 2-input multiplexers 2611 and 2612. The controller 28 applies the 

output signal from the NTSC co-channel interference detector (e.g .• 44) as control 

signal to the 2-input multiplexer l6ll. 

If the NTSC co-channel interference is of sufficient strength to cause 

uncorrectable error in the data-slicing perfonned by the data-slicer 22, the resulting 

ONE output ~:ignal from the NTSC co-channel interference detector conditions the 

multiplexer 2611 to reproduce, for application to the second input port of the 

multiplexer 2612, the postcoded symbol decoding results the second linear combiner 

715 262 supplies to the first input port of the multiplexer 2611. 

If the NTSC co-channel interference is of insufficient strength to cause 

uncorrectable error in the data-slicing perfonned by the data·slicer 22, the resulting 

ZERO output signal from the NTSC co-channel interference detector conditions the 

multiplexer 2611 to reproduce the interim symbol decoding results the data-slicer 22 

720 supplies to the second input port of the multiplexer 2611. These reproduced interim 

symbol dec?ding results are applied to the second input port of the multiplexer 2612. 
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FJGURES 5, 6 and 7 each show an OR gate 281 being included in the 

controller 28. The OR gate 281 supplies a response that is a ONE. when the field 

segment sync detector 181 supplies a ONE thereto in response to the occurrence of a 

725 field sync segment being detected, and when the data segment sync detector 182 

supplies a ONE thereto in response to the occurrence of a data sync code being 

detected. At i1ll other times the OR gate 281 supplies a response that is a ZERO. 

In FIGURE 5 the OR gate 281 response is applied as control signal to the 

multiplexer 2til2. The OR gate 281 response being ZERO conditions the muJtiplexer 

730 2612 to reproduce. as final symbol decoding result for application to the data 

assembler 30, the output signal of the multiplexer 2611 supplied to the second input 

port of the multiplexer 2612 as better estimate of symbol decoding result. The OR 

gate 281 respcnse being ONE conditions the multiplexer 2612 to reproduce. as final 

symbol decoding result for application to the. data assembler, ideal decoding results 

735 drawn from memory in the controller 28, as will be described in detail further on in 

this specification with reference to FIGURE 8 of the drawing. 

FIGURE 6 shows an alternative construction 260 of the post coding comb 

filter 26. The 3-input multipJexer 261 comprising two 2·input multiplexers 2611 and 

2612 is replact:d by a 3-input multiplexer 2610 comprising three 2·input multiplexers 

740 26101,. 26102 and 26103. 

FIGURE 7 shows a modification 2600 of the post coding comb :filter 26, in 

which the 3-input multiplexer 261 comprising two 2-input multiplexers 2611 and 

2612 is replacf:d by a 3-input multiplexer 26100 comprising two 2-input multiplexers 

261001 and 261002 receiving their respecti~e control signals from the OR gate 281 

145 and from the NTSC co-channel interference detector. The post coding comb filter 

2600 provides somewhat different operating result than the post coding comb filters 

26 and 260. T .:ie multiplexer 261001 replaces postcoded symbol decoding results 

with ideal symbol decoding results when the OR gate 281 response is ONE. When 

NTSC co-channel interference detector supplies a ONE indicative that NTSC 

150 co-channel i~tf:rference is of sufficient strength to cause uncorrectable error in the 

data-slicing pe"d'onned by the data·slicer 22, a multiplexer 261002 selects the resulting 
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modified pos1:coded symbol decoding resuhs as final symbol decoding results for 

application to the data assembler 30. When NTSC co-channel interference detector 

supplies a ZERO indicative that NTSC co-channel interference is of insufficient 

155 strength co cause uncorrectable error in the data-slicing performed by the data-slicer 

22, the multiplexer 261002 selects the interim symbol decoding results from the 

data-slicer 22 as final symbol decoding results for application to the data assembler 

30, without any replacement of those interim symbol decoding results by ideal symbol 

decoding results. 

760 FIGURE 8 shows the multiplexer 2612 of FIGURE 5 in greater detail~ 

together with the circuitry for generating the ideal symbol decoding results applied to 

the multiplext:r 2612. The multiplexer 2612 comprises the output buffer registers of 

read-only memories (ROMs) 74, 76, 78 for selectively reading ro a 3-bit-wide output 

bus 80 from the multiplexer 2612. The multiplexer 2612 further comprises a tri-state 

765 buffer 82 for ~.electively forwarding the 3-bit-wide output of the multiplexer 2611 to 

the output bus 80. 

The ci:.cuitry for generating the ideal symbol decoding results applied to the 

multiplexer 21;12 comprises the ROMs 74, 76, 78; a symbol clock generator 84; an 

address countc:r 86 for addressing the ROMs 74. 76. 78; jam reset circuitry 88 for 

770 resetting the c :>unter 86; the address decoders 94. 96. 98 for generating read enable 

$ignals for the ROMs 74, 76. 78; and a NOR gate 92 for controlling the tri-state buffer 

82. The address counter 86 counts input pulses received at symbol decoding rate from 

the symbol clC1ck generator 84, thereby to generate successive addresses respectively 

descriptive ofrhe symbols in one data frame. Suitable portions of these addresses are 

775 applied to the ROMs 74, 76. 78 as their input addresses. The jam reset circuitry 88 

resets the counter 86 to appropriate counts responsive to data field synchronization 

information F and data segment synchronization information S recovered by the data 

sync detection circuitry 18 of FIGURE ·1. 3 or 4. 

It is pNferable to configure the collllter 86 so a group of more significant bits· 

780 counts the ~uniber of data segments per data frame and so a group ofless significant 

bits councs the.number of symbols per data segment. This simplifies the design of the 
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jam reset circuitry 88; reduces the bit-widths of input signal to the address decoders 

94, 96. 98; and facilitates the ROMs 74, 76, 78 being addressed by partial addresses 

from the cow1ter 86, reducing the bit widths of ROM addressing. 

The ROM 74 stores ideal symbol decoding results for an odd .field sync 

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

decoder 94. The ROM 74 is addressed by the group of less significant bits of counter 

86 output thal counts the number of symbols per data segment group; and the address 

decoder 94 re:;ponds to the group of more significant bits that counts the number of 

790 data segment! per data frame. The address decoder 94 generates a ONE when and 

only when the data segment portion of the address supplied by the address counter 86 

corresponds to the address of an odd field sync segment. 

The ROM 76 stores ideal symbol decoding results for an even field sync 

segn1ent and fa selectively enabled for reading by receiving a ONE from the address 

795 decoder 96. The ROM 76 is addressed by the group of less significant bits of counter 

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

decoder 96 responds to the group of more significant bits that counts the nwnber of 

data segments per data frame. The address decoder 96 generates a ONE when and 

only when the data segment portion of the address supplied by the address counter 86 

800 corresponds co the address of an even field sync segment. 

The ROM 78 stores ideal symbol decoding results for the start code group at 

the beginning i>f each sync segment and is selectively enabled for reading by receiving 

a ONE from the address decoder 98. The ROM 78 responds to the two least 

significant bits of counter 86 output; and the address decoder 98 responds to the group 

SOS of less signific:mt bits of counter 86 output that counts the number of symbols per data 

segment group. The address decoder 98 generates a ONE when and only when the 

data symbol per data segment count portion of the address supplied by the address 

counter 86 conesponds to the partial address of a start code group. 

The NOR gate 92 receives the responses of the address decoders 94, 96 and 98 

810 at respective ones of its three input connections. When ideal symbol decoding results 

are available, one of the address decoders 94, 96 and 98 supplies a ONE as its output 
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signal, conditioning the NOR gate 92 to supply a ZERO response to the tri-state data 

buffer 82. This condi~ions the tri-state data buffer 82 to exhibit a high source 

impedance to the data bus 80. so the signal forwarded from the multiplexer 2611 will 

81 S not be asserted on the 3-bit-wide data bus 80 from the multiplexer 2612. During those 

portions of dal:a segments for which ideal symbol decoding results are not predictable, 

none of the address decoders 94. 96 and 98 supplies a ONE as its output s.ignal, 

conditioning the NOR gate 92 to supply a ONE response to the tri-state data buffer 82. 

This conditions the rri-state data buffer 82 to exhibit a low source impedance to the 

820 data bus 80, so the signal forwarded from the multiplexer 26U will be asserted on the 

3-hit-wide dat!t bus 80 from the multiplexer 2612. 

The FIGURE 8 circuitry for generating ideal symbol decoding results applied 

to the multiple:<er 2612 is readily adapted by one skilled in the art of digital circuit 

design for use in the configurations shown in FIGURES 6 and 7. 

825 · FIGURE 9 is a block schematic diagram showing details of a portion of the 

FIGURE 1. FIGURE 3 or FIGURE 4 digital television signal receiver using a species 

120 of the NTSC-rejection comb filter 20 and a species 126 of the postcoding comb 

filter 26. A su'ttractor 1202 serves as the first linear combiner in the NTSC-rejection 

comb filter 120. and a modulo-8 adder 1262 serves as the second linear combiner in 

830 the postcoding 1;omb filter 126. The NTSC-rejection comb filter 120 uses a first delay 

device 1201 exhibiting a delay of twelve symbol epochs, and the postcoding comb 

filter 126 uses a second delay device 1263 also exhibiting a delay of twelve symbol 

epochs. The 12-symbol delay exhibited by each of the delay devices 1201and1263 is 

close to one cycle delay of the artifact of the analog TV video carrier at 59.75 times 

835 the analog TV horiumtal scan frequency fH: The l2·symbol delay is close to five 

cycles of the artifact of the analog TV chrominance subcarrier at 287.25 times fH. The 

12-symbol delay js close to six cycles of the artifact of the analog TV sound carrier at 

345.75 times fH. This is the reason that the differenria!ly combined response of the 

subtractor 1202 to the audio carrier, to rhe video carrier and to frequencies close to 

840 cbrominance subcaniet differentially delayed by the first delay device 1201 tends to 

have reduced co-channel interference. However, in portions of a video signal in 
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which edges cross a horizontal scan line, the amount of correlation in the analog TV 

video signal at such distances in the horizontal spatial direction is quite low. 

A species 1261 of the mulriplexer 261 is controlJed by a multiplexer control 

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

insufficient NTSC co·channel interference to cause uncorrectable error in the output 

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

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

errur in the ou1put signal from the data-slicer 22. The multiplexer 1261 is conditioned 

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

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

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

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

epochs. Running errors in the postcoded symbol decoding results from the postcoding 

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

for four symbol epochs ar the beginning of each data segment, as well as during the 

entirety of each data segment containing field sync. When rhis 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 

860 decoding result:; into the multiplexer 1261 output signal halts a running error. Since 

there are 4 + 69(12) symbols per data segment, the ideal symbol decoding results slip 

back four symb•>l epochs in phase each dara segment, so no running error can persist 

for longer than three dara segments. 

FIGURE: 10 is a block schematic diagram showing details of a portion of the 

865 FIGURE l. FIGURE 3 or FIGURE 4 digital television signal receiver using a species 

220 of the NTSC-rejection comb filter 20 and a species 226 of the postcoding comb 

filter 26. Tihe NTSC·rejection comb filter 220 uses a first delay device 2201 

exhibiting a del~1y of six symbol epochs. and the posrcoding comb filter 226 uses a 

second delay device 2263 also exhibiting a delay of six symbol epochs. The 6-symbol 

870 delay exhibited by each of the delay devices 2201and2263 is close to 0.5 cycle delay 

of the artifact of the analog TV video carrier at 59. 75 times the analog TV horizontal 

scan frequency fH• close to 2.S cycles of the artifact of the analog TV chrominance 
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subcarrier at 287.25 times fH• and close to 3 cycles of any artifact of the analog TV 

audio carrier m 345.7~ times fH. An adder 2202 serves as the first linear combiner in 

875 the NTSC-rej0:::ction comb filter 220, and a modulo-8 subtractor 2262 serves as the 

second linear combiner in the postcoding comb tilter 226. Since the delay exhibited 

by the delay devices 2201and2263 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 ro be good anti-correlation 

880 in the signals additively combined by the adder 2202 than rhere is likely to be good 

correlation in i:he signals differentially combined by the· subtractor 1202. The 

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

response than ~n the NTSC~rejection comb filter 120 response. However, if the sound 

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

885 filtering or a sc>und trap in the If amplifier chain 12. the poor sound rejection of the 

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

using the NTSC·rejection comb filter 220 of FIGURE I 0 rather chan the 

NTSC·rejectio11 comb tilter 120 of FIGURE 9, so there is substantially reduced 

tendency to ovr:rwhelm error-correction in the trellis decoding and Reed-Solomon 

890 coding. 

A speci-:s 2261 of the multiplexer 261 is controlled by a multiplexer control 

signal ·that is in its second srare most of che time when it is determined rhere is 

insufficient NTSC co-channel interference to cause unco?rectable error in the output 

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

895 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 

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 ;ummand. This is a modular accumulation procedure in which a single error 

900 propagates as a running error, with error recurring every six symbol epochs. Running 

errors in the po~tcoded symbol decoding results from the postcoding comb filter 226 

are curtailed by the multiplexer 2261 being placed into its first state for four symbol . 
epochs at the beginning of each data segment. as welJ as during the entirety of each 
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data segment :ontaining field sync. When this control signal is in its first state. the 

905 multiplexer 2:~61 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 2261 output signal halts a running error. Since 

there are 4 + 138(6) symbols per data segment, the ideal symbol decoding results slip 

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

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

error in the po steading comb filter 226 is substantially less than in the postcoding 

comb filter l:Zo, although the running error recurs more frequently and affects twice as 

many of the twelve interleaved trellis codes. 

FIGURE I 1 is a block schematic diagram showing details of a porrion of the 

9l5 FIGURE 1, FIGURE 3 or FIGURE 4 digital television signal receiver using a species 

320 of the NTSC-rejection comb filter 20 and a species 326 of the postcoding comb 

filter 26. The NTSC-rejection comb filter 320 uses a first delay device 3201 

exhibiting a delay of 1368 symbol epochs. which delay is substantially equal to the 

epoch of two horizontal scan lines of an anaJog TV signal, and the postcoding comb 

920 tilter 326 uses a second delay device 3263 also exhibiting such delay. The first linear 

combiner in thi: NTSC-rejection comb filter 320 is an adder 3202, and the second 

linear combiner in the postcoding comb filter 326 is a modulo-8 subtractor 3262. 

A speci:s 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 

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

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

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

error in the OUt)>Ut signal from the data-slicer 22. The DTV receiver preferably 

contains circuitry for detecting change between alternate scan lines in the NTSC 

930 co-channel interference. so that the controller 28 can withhold supplying the third 

state of the multiplexer 3261 control signal under such conditions. 

The ~ultiplexer 3261 is conditioned by its control signal being in its third 

stace to feed bac:k the modulo-8 sum results of the adder 3262, as delayed 1368 
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symbol epochs by the delay device 3263, to the adder 3262 as a summand. This is a 

935 modular accumu]a[ion procedure in which a single error propagates as a running error, 

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

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

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

symbol decoC.ing resu1ts from the postcoding comb filter 326 are curtailed by the 

940 multiplexer 3:261 being placed into its first state during the entirety of each data 

segment cont1ining field sync. as well as for four symbol epochs at the beginning of 

each data segment. When this control signal is in its first state, the multiplexer 3261 

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

in the controller 28. The introduction ofidea] symbol decoding results into the 

945 multiplexer 3261 output signal ha1ts a running error. The 16.67 millisecond duration 

of an NTSC "ideo field exhibits phase slippage against the 24.19 millisecond duration 

of a DTV data field, so the DTV data segments containing field sync eventually scan 

the entire NTSC frame raster. The 525 lines in the NTSC frame raster each contain 

684 symbol e-?ochs, for a total of359,100 symbol epochs. Since this is somewhat less 

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

one can guess with reasonable confidence that running _errors of duration longer than 

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

decoding results during DTV data s~gments containing field sync. There is also phase 

slippage between data segments, for the stare code groups of which ideal symbol 

955 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 da[a 

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

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

960 3261 rcprQdu1:ing ideal symbol decoding results during the code start groups. The 

two sources of suppression of running errors are reasonably independent of each 

other, so running errors of duration longer than two hundred or so data fielqs are quite 

unlikely. Furthermore~ ifNTSC co-channel interference dips low at a time when the 

running error recurs, ro condition the multiplexer 3261 ·for reproducing the response 
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965 of the data-slicer 22 as its output signal, the error may be correcEed earlier than would 

otherwise be the case. 

The FlGURE 11 NTSC-rejection comb filter 320 is quite good-in suppressing 

demodulation artifacts generated in response to analog TV horizontal synchronizing 

pulses, as well as suppressing many of the demodulation anifacts generated in 

970 response to analog TV vertical synchroni:dng pulses and equali::zing pulses. These 

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

scan-line-to-s::an-line change in the video content of the analog TV signal over the 

period of two scan lines, the NTSC-rejection comb filter 320 provides reasonably 

good suppreS!:ion of that video content regardless of its color. The suppression of the 

975 FM audio canier of the analog TV signal is reasonably good, in case it has not been 

suppressed b}' a tracking rejection filter in the symbol synchronization and 

equalization circuitry 16. Artifacts of most analog TV color bursts are suppressed in 

the NTSC-rej·~ction comb filter 320 response, too. Furthermore, the filtering provided 

by the NTSC-rejection comb filter 320 is ''orthogonal'' to the NTSC-interference 

980 rejection built into the trelJis decoding procedures. 

FIGURE 12 is a block schematic diagram showing details of a portion of the 

FIGURE 1, FIGURE 3 or FIGURE 4 digital television. signal receiver using a species 

420 of the NTSC-rejection comb filter 20 and a species 426 of the postcoding comb 

filter 26. The NTSC-rejection comb filter 420 uses a first delay device 4201 

985 exhibiting a d·~lay of 179,208 symbol epochs, which delay is substantially equal to the 

period of 262 horizontal scanning lines of an analog TV signal, and the postcoding 

comb filter 426 uses a second delay device 4261 also exhibiting such delay. An adder 

4202 serves 3!; the first linear combiner in the NTSC-rejection comb filter 420, and a 

modulo-8 subuactor 4262 serves as the second linear combiner in the postcoding 

990 comb filter 426. 

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

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

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

signal from the data-slicer 22 and that is in its third state most of the time when it is 
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995 determined there is sufficient NTSC co-channel interference to cause uncorrectable 

1000 

error in the 01.itput signal from the data-slicer 22. The DTV receiver preferably 

contains circuitry for detecting field-to-field change in the NTSC co-channel 

inrerference, so that the controlJer 28 can withhold supplying the third state of the 

multiplexer 4261 control signal under such conditions. 

The multiplexer 4261 is conditioned by its control signal being in its third 

scare to.feed hack the modulo-8 sum results of the adder4262. as delayed 179,208 

symbol epochs by the delay device 4263, to the adder 4262 as a summand. This is a 

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

with error rec.urring every 179,208 symbol epochs. This symbol code span is longer 

1005 than the span for a single block of the Reed-Solomon code. so a single running error is 

readily correc:ted during Reed-Solomon decoding. Rwming errors in the postcoded 

symbol decoding results from the postcoding comb filter 426 are cunailed by the 

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

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

l 010 each data segment. When this -~~ntrol signal is in i~s first state, the multiplexer 4261 

reproduces a!: its output signal ideal symbol decoding results supplied from memory 

in the controlJer 28. The introduction of ideal symbol decoding results into the 

multiplexer 4261 output signal halts a running error. The maximum number of data 

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

1015 presumably substantially the same as required to expunge running error in the 

multiplexer 3261 output signal. However. rhe number oftimes the error recurs in that 

period is lower by a factor of 131. 

. The FIGURE 12 NTSC-rejection comb tilter 420 suppresses most 

demodulation artifacts generated in response to analog TV vertical synchronizing 

l 020 pulses and:ec1ualizing 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 NTSC-rejection comb 

filter 420 suppresses artifacts arising "from the video content of the analog TV signal . 
char does not change from field to field or line-to-line, getting rid of stationary 

1025 panems irrespective of their horizontal spatia:l .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 13 is a block schematic diagram showing details of a ponion of the 

FIGURE 1. FIGURE 3 or FIGURE 4 digiral television signal receiver using a species 

1030 520 of the NTSC-rejection comb filter 20 and a species 526 of the postcoding comb 

filcer 26. The NTSC-rejection comb tilter 520 uses a first delay device 5201 

exhibiting a delay of 718,200 symbol epochs. which delay is substantially equal to 

the period of i:wo frames of an analog TV signal. and the postcoding comb filter 526 

uses a second delay ~evice 5261 also exhibiting such delay. A subtractor 5202 serves 

1035 as the first linear combiner in the NTSC-rejection comb filter 520. and a modulo-S 

adder 5262 serves as the second linear combiner in the postcoding comb filter 526. 

A spec:ies 5261 of the multipJexer 261 is controlled by a multiplexer control 

signal char is in its second state most. of the time when iris detennined there is 

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

l 040 signal from the data-slicer 22 and that is in its third state most of the time when it is 

determined th::re is sufficient NTSC co-channel interference to cause uncorrectable 

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

contains circuitry for detecting change between alternate frames in the NTSC 

co·channel in1erference, so that the controller 28 can withhold supplying che third 

1045 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 bick the modulo-8 sum results of the adder 5262, as delayed 718,200 

symbol epochs by the delay device 5263. t~ the adder 5262 as a summand. This is a 

modular accwnulation procedure in which a single error propagates as a running error. 

1050 with error recurring every 718,200 symbol epochs. This symbol code span is longer 

than the span :or a single block of the Reed-Solomon code, so a single running error is 

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

symbol decoding results from the postcoding comb filter 526 are curtailed by the 

multiplexer. s;:61 being placed into its first state during the entirety of each data 

1055 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 first state, the multiplexer 5261 

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 5:?61 output signal halts a running error. T'1e maximum number of data 

I 060 fields required to expunge running error in the multiplexer 526 l output signal is 

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

multiplexer 3261 output signal. However. the number oftimes the error recurs in that 

period is lower by a factor of 525. 

The FIGURE 13 NTSC-rejection comb filter 520 suppresses all demodulation 

J 065 artifacts gener:1ted in response to analog TV vertical synchronizing pulses and 

equalizing pul:>es, as well as suppressing all the demodulation anifacts generated in 

response to anrllog TV horizontal synchronizing pulses. Th~se artifacts are the co­

channel interference with highest energy. Also, the NTSC·rejection comb filter 520 

suppresses ani facts arising from the video content of the analog TV signal that does 

1070 nor change over two frames, gening rid of such very stationary patterns irrespecri ve of 

cheir spatial frequency or color. Artifacts of all analog TV color bursts are suppressed 

in the NTSC-re:jeclion comb filter 520 response, too. 

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

of con:elation and anti-correlation in analog TV signals that can be exploited in the 

1075 design of NTSC-rejection filters of still other types than those shown in FIGURES 9 -

13. The use ofNTSC-rejection filters that cascade two NTSC-rejection filters of the 

types already di.sclosed increases the 2N levels of the baseband signals co (8N-l) data 

levels. Such filters may be required to overcome particularly bad co-channel 

interference problems despite their shortcoming of reducing signal-to-noise for 

l 080 random noise irtterference with symbol decoding. 

FIGURE 14 shows a modification of a digital television signal receiver as 

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 even-level 

data-slicers •. each preceded by a different type of NTSC-rejection comb filter and each 

1085 succeeded by a respective postcoding comb filter to compensate for the precoding 
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introduced by the preceding NTSC-rejection comb filter. An even-level data-slicer 

A24 convens the response of an NTSC-rejection tilter A20 of a first type to first 

precoded symbol decoding results for application to a posrcoding comb filter A26 of a 

first type. Ar! even-level data-slicer 824 converts the response of an NTSC-rejection 

1090 fitter 820 ofiL second type to second precoded symbol decoding results for 

application to a postcoding comb filter B26 of a second type. An even-level 

data-slicer C24 converts the response of an NTSC-rejection filter C20 ofa third type 

to third precoded symbol decoding resul~ for application to a postcoding comb filter 

C26 of a third type. The odd-level data-slicer 22 suppli~s interim symbol decoding 

l 095 results to the postcoding comb filters A26. B26 and Cl6. The prefixes A. B and C in 

the identification numbers for the elements of FIGURE 14 are different integers which 

will correspond to respective ones of rhe integers I. 2, 3, 4 and 5 when receiver 

portions as shown in ones of FIGURES 9-13 are employed. 

Symbol decoding selection circuitry 90 in FIGURE 14 formulates a best 

l 100 estimate of cotrect symbol decoding for application to the trellis decoding circuitry 

34, selecting from the interim symbol decoding results received from the data-slicer 

22 and the various postcoded symbol coding results received from postcoding comb 

filters A26, B26 and C26. The best estimate of symbol decoding results are used to 

correct the surr~mation procedures in the postcoding comb filters A.26, B26 and 06. 

1105 FIGURE 15. comprising FIGURES l 5A and 15B. illustrates in greater detail a 

currently prefe11ed way of implementing the symbol decoding selection circuitry 90. 

FIGURE ISA !.hows details of circuitry for generating prescribed symbol decoding 

results for application, during data synchronization intervals. to the 3-bit-wide output 

data bus 800 of rhe symbol decoding selection circuitry 90. The J SA circuitry 

l 110 operates similm·ly to circuitry described above with reference to FIGURE 8. 

I 

FIGURJ~ l SB illustrates in greater detail circuitry within the symbol decoding 

selection circuil:ry 90 for selecting among the interim symbol decoding results and the 

various postcoded symbol decoding results. for generating final symbol decoding 

results during time periods between data synchronization intervals. The efficacies of . 
1115 the NTSC-rejection filters A20, B20 and ClO in removing NTSC co·channel 
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interference from DTV signal are determined by observing how weU related 

NTSC-rejectiun filte~ A100, BlOO and CIOO reduce the energy ofNTSC co-channel 

interference translated to baseband and separated from DTV signal artifacts. 

Separation ofNTSC co-channel interference from DTV signal proceeds as previousJy 

1120 described with reference to FIGURE 3. The lowpass filter 54 response to baseband 

video that has been synchronously detected from the NTSC co-channel interference is 

supplied as input signal to NTSC-rejeccion filters AlOO. BlOO and ClOO. The NTSC­

rejc:ction tilter AlOO differs from the NTSC-rejection filter A20 of first type insofar as 

the type of Jint:ar combiner rhat is used. rhe linear combiner in one of rhe filters A20 

1125 and AlOO being an adder and the linear combiner in the.other of the filters A20 and 

Al 00 being a subtractor. This is because the filcer AlOO is supplied baseband video> 

but the artifact of NTSC video carrier in the DTV signal supplied to the filter A20 is 

not at baseband for video carrier. For similar reasons, the NTSC-rejection filter 8100 

differs from tht: NTSC-rejection tilter B20 of second type insofar as the type of linear 

1130 combiner thac i ~ used, and the NTSC-rejection tilter CIOO difters from the 

NTSC~rejection filter C20 of third type insofar as the type of linear combiner thac is 

used. The tespcnses of the NTSC·rejection filters AlOO, BlOO and ClOO are squared 

by squarers Al02, B102 and C102, respectively, for detennining the energies of these 

responses. The response of the lowpass filter 54 is squared by a squarer 104 for 

1135 determining its energy. 

FIGURE 158 modifies the FIGURE 8 circuitry to replace the multiplexer 

2611 and the tri·state data buffer 82 with four tri-state data buffers 082, A82, B82 and 

C82. The tri-stute data buffer 082 is used for selectively asserting the interim.symbol 

decoding result~. from the data·slicer 22 onto the 3-bit-wide output data bus 800 of the 

1140 symbol decoding selection circuitry 90. The three tri-state data buffers A82. B82 and 

C8l are used fo: selectively asserting the postcoded symbol decoding results from the 

postcoding com:> filters A26, 826 and C26. respectively. onto the data bus 800. 

It is to b•! determined whether any of the responses of the NTSC-rejectit?n 

filters AlOO, BlOO and CIOO has substantially less energy than the response of the 

1145 lowpass filter 54 to derennine that one of the three tri-state data buffers A82, B82 and 

C82, rather than the tri-s·tate data buffer 082. is to be conditioned for providing low 
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source impedance when the NOR gate 92 response is ONE. If such determination is 

made iris to be~ further determined which of the responses of lhe NTSC-rejection 

filters AlOO, RlOO and ClOO has the least remaining energy therein, to govern which 

1150 of the three tri··state data buffers 082, A82, B82 and C82 is to be conditioned for 

providing low source impedance when the NOR gate 92 response is ONE. Towards 

these goals, th·~ responses of squarers 104 and A102 are compared by a comparator 

106; the responses of squarers 104 and B102 are compared by a comparator 108; the 

responses of S'[Uarers 104 and Cl02 are compared by a comparator 110; the responses 

1155 of squarers AlO:Z and Bl02 are compared by a comparator ll2; the responses of 

squarers A102 and C102 ate compared by a comparator 114; and the responses of 

squarers Bl02 and Cl02 are compared by a comparator 112. 

A 3-input NOR.gate 118 responds to none of the comparators 106, 108 and 

110 indicating that the response of squarer 104 exceeds any of the responses of the 

1160 squarers A102, Bl02 and C102 to furnish a ONE as output signal; otherwise the NOR 

gate 118 output signal is a ZERO. ~ 2-input AND gate 120 supplies a ONE response 

that conditions the three tri-state data buffer 082 for providing low source impedance 

when and only when NOR gate 92 response is ON~ at the same time that the NOR 

gate 118 response is a ONE. 

1165 . A 3-input AND gate 122 furnishes a ONE output signal responsive to the 

output of the comparator 106 being a ONE, indicative that the squarer A102 response 

has less energy than the squarer 104 response, at the same time both of the 

complemented outputs of the comparators 112 and 114 are ONEs, indicative that the 

response of squarer 104 has no more energy than the responses of the squarers Bl02 

1170 and CI02; oth.~rwise the AND gate 122 output signal is a ZERO. A 2·input AND 

gate 124 supplies a ONE response that conditions the three tri-state data buffer A82 

for providing low source impedance when and only when NOR gate 92 response is 

ONE at the same time that the AND gate 122 response is a ONE. 

A 3-input AND gate 126 furnishes a ONE output signal responsive to the 

1175 complemented output of the comparator 116 being a ONE. indicative that the squarer 

BlOl response: has no more energy than the squarer ClOl response. ar the same both 
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of the outputs of the comparators 108 and 112 are ONEs. indicative that the response 

of squarer B10·2 has less energy than the responses of the squarers 104 and Al02; 

otherwise the AND gate 126 output signal is a ZERO. A 2-input AND gate 128 

1180 supplies a ONE response that conditions the three tri-state data buffer B82 for 

providing low source impedance when and only when NOR gate 92 response is ONE 

at the same time thanhe AND gate 126 response is a ONE. 

A 3-input AND gate 130 furnishes a ONE output signal when the outputs of 

the comparators 110, 114 and 116 are all ONEs, indicative that the response of 

1185 squarer Cl02 has less energy than the responses of the squarers 104, Al02 and 8102; 

otherwise the AND gate 130 output signal is a ZERO. A 2-input AND gate 132 

supplies a ONl; response that conditions the three trl-state data buffer C82 for 

providing low source impedance when and only when NOR gate 92 response is ONE 

al the same time that the AND gate 130 response is a ONE. 

1190 Referring back to FIGURE 14, the NTSC-rejection comb filter A20 and the 

postcoding comb filter A26 circuitry are advantageously chosen to be of types like the 

NTSC·rejecticn comb filter 520 and the postcoding comb filter 526 circuiny of 

FIGURE 13. This is s_o despite a considerable cost in memory, since 718,200 symbols 

have to be stored in each of the 2-video-frame delays 5201 and 5263. (However, the 

1195 storage in the ·2-video-frame delay 5201 provides the storage required for the FIGURE 

15 co·channel interference detector A44. Furthermore, the same memory can be used 

for realizing the shorter delays 4201, 3201, 2201, 1201 and the shorter delays in the 

other co·charu1el interference detectors of FIGURE 15. Also, che storage in the 2· 

video-frame delay 5263 provides the storage required for shorter delays 4263, 3263, 

1200 2263, 1263.) 

The high-energy demodulation artifacts generated in response to analog lV 
: . 

synchronizing pulses, equalizing pulses, and color bursts are all suppressed when the 

NTSC-rejectii>n comb filter A20 additively combines alternate video frames. Also, 

artifacts arising from the video content of the ~alog TV signal that does not change 

1205 oveT two fr~1es arc suppressed, gening rid of stationary patterns irrespective of their 

spatial frequency or color. When NTSC·rejection comb filter A20 additively 
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combines alteinate video frames, the NTSC-rejection comb filter AIOO differentially 

combines those alternate video frames and together with the squarer A102 provides a 

detector for change between alternate frames in the NTSC co-channel interference. 

The remaining problem of suppressing demodulation artifacts primarily 

concerns suppressing those demodulation artifacts arising from frame-to-frame 

difference at c:ertain pixel locations within the analog TV signal raster. These 

demodulation artifacts can be suppressed by intra-frame filtering techniq~es. The 

NTSC-rejecti•::>n comb filter B20 and tbe postcoding comb filter 826 circuitry can be 

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

1220 

horb:ontal direction. and Ihe NTSC-rejection comb filter ClO and the postcocling 

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

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

can be funhe.r implemenred. 

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

suppressed bt SAW filtering or a sound trap in the IF amplifier chain 12, the 

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

advantageou:>ly chosen to be of types like the NTSC-rejection comb filter 120 and the 

postcoding comb filter 126 circuitry of FIGURE 9. If the sound carrier of a co-

. 1225 channel inre1fering analog TV signal is suppressed by SAW filtering or a sound trap 

in the IF amplifier chain 12. the NTSC-rejeccion comb filter B20 and the postcoding 

comb filter U26 circuitry are advantageously chosen to be of types like the NTSC­

rejection comb filter 220 and the postcoding comb filter 226 circuirry of FIGURE 10. 

This is because the anti-correlation between video components only six symbol 

1230 epochs awa!' 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 posrcoding 

comb filter C26 circuitry is less straightforward. because of the choice one must make 

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

1235 choose the.:emporally closer scan line in the same field or the spatially closer line in 

the precedi11g field to be combined with the cun:ent scan line in the NTSC-rejection 
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comb filrer C20. Choosing the temporally closer scan line in the same field is 

generally the better choice~ since jump cuts between fields are less likely to ravage 

NTSC rejection by the comb filcer 00. With such choice, the NTSC-rejection comb 

1240 filter C20 and Lie postcoding comb filter C26 circuitry are of types like the NTSC­

rejection comb filter 320 and the postcoding comb filler 326 circuitry of FIGURE 11. 

When NTSC-rE:jection comb filter C20 additively combines alternate scan lines of 

video, the NTSC-rejection comb filter ClOO differentially combines those alternate 

scan lines of video an~. ~ogether with rhe squarer C102 provides a derector for change 

1245 between altemnte scan lines in the NTSC co·channel interference. 

With the other choice instead, the NTSC-rejection comb filter C20 and the 

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

420 and the po:iJtcoding comb filter 426 circuitry of FIGURE 12. The NTSC-rejection 

c:omb tilter Cli(}O and the squarer C102 together then provide a detector for change 

!250 between fields in the NTSC co-channel interference. 

The FIGURE 14 digital receiver apparatus is modified in ye.t 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 

respective eve11-level data-slicer followed by a respective postcoding comb filter. 

1255 While.two additional parallel data-slicing operations are shown in F1GURE 14, 

modificarions to use still further parallel data-slicing operacions can provide capability 

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

The tr(:Uis decoder circuitry 34 may be replicated and the relative success of 

various symbc1l decoding decisions can be compared to refine the best estimate of 

1260 symbol decoding result funher. This involves considerably more digital hardware. 

however. 

In certain embodiments of the invention alternative to those previously 

described, the symbol decoding selec·tion circuitry 90 includes voting circuitry for 

polling the symbol codes supplied from the odd~level data-slicer 22, the postcoding 

1265 comb filter .'\26 of first type, rhe posrcoding comb filter B26 of second type, and the 

postcoding comb filter C26 of third type. If all four of the symbol decoding results 
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concur, the symbol decoding result concurred to is supplied to the data assembler 30. 

If [be symbol decodin~ results supplied from the odd·level data·slker 22, the 

postcoding comb filter A26 of first type> the postcoding comb filter B26 of second 

1270 type, and che postcoding comb filter C26 ofchird type do not concur a simple voting 

procedure is carried out by the voting circuitry to select the decoding result least likely 

co be in error. 

Mo.re accurate symbol decoding will be obtained more of the time if a 

weighted voting procedure is followed in the voting circuitry. The weights for voting 

1275 can be modiffod to take into account the variances of the decoding results, reducing 

the weight accorded a decoding result in the vo1ing procedure if it departs from a 

decoding result concurred in by a majority of the other symbol decoding circuits. 

Using circuitr:r similar to some of the circuitry shown in FIGURE 15B and some 

additional circuitry. weights for voting can also be determined in inverse relationships 

1280 ro the energy measurements generated by the squarer 104, by the NTSC-rejection 

comb filter Al.00 and the squarer Al02, by the NTSC-rejection comb filter BlOO and 

the squarer BJ02, and by the NTSC-rejection comb filter ClOO and the squarer Cl02. 

Co-channel interference by analog television signals of other standards than 

NTSC, such a) the PAL s1andard, may arise in digital television systems adapted from 

1285 the digital television system used for rerrestrial broadcasting in the United States of 

America. The invention is readily modified as a mere matter of design to 

accommodate such co-channel interference. 

One s.killed in the an of digital communications receiver design and 

acquainted with the foregoing specification_ and its drawing will be enabled to design 

1290 many embodiments of the invention other than the preferred _ones specifically 

described. This should be borne in mind when consuuing the scope of the broader 
' 

claims which follow. In the claims which follow. the word 11said" is used whenever 

reference is made to an antecedent, and the word "the" is used for grammatical 

purposes othe:- than to refer back to an antecedent. 
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WHAT lS CLAIMED IS: 

1. A method of symbol decoding a stream of 2N-level symbols each having a 

symbol epoch of a specified length in time, which said stream of 2N-level symbols is 

susceptible to being accompanied by artifacts of co-channel interfering analog 

television signal. N being a positive integer. said method generating selected symbol 

5 decoding results and comprising the steps of: 

10 

comb filtering said stream of2N-Ievel symbols to generate a comb filter 

response with (4N-l)-level precoded symbols from which any said anifacts of 

co-channel int1:rfering analog television signal are suppressed, said step of comb 

:filtering including substeps of 

delaying said stream of2N-level symbols by a prescribed number of said 

symbol epochs to generate a delayed.stream of2N-level symboJs and 

linear!)· corobining said stream of2N-level symbols and said delayed stream 

of 2N-level symbols, in accordance with one of additive and subtractive procedures. 

to generate first linear combining results as said comb filter response with 

15 ( 4N- l )-level precoded symbols; 

20 

· data-slicing said comb filter response with ( 4N-1 )-level precoded symbols to 

generate precoded symbol decoding results; 

delaying said selected symbol decoding results by sajd prescribed number of 

said symbol ep·:>chs to generate delayed selected symbol.decoding results; 

linearly combining said precoded symbol decoding results with said delayed 

selected symbol decoding results for generating second linear combining results, 
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said S[tp of linearly combining said precoded symbol decoding results with said 

delayed selecr1~d symbol decoding results being performed in accordance with an 

opposite of said additive and subtractive procedures from said one of said additive and 

25 subtractive prccedures used in said substep of linearly combining said stream of 2N­

level symbols .md said delayed stream of 2N-level symbols to generate said first 

linear combini::ig results, said opposite of said additive and subtracdve procedures 

performed accc>rding to a modular arithmetic; 

dererrnining when symbot coding descriptive of synchronization data occurs in 

30 said stream of·~N-level symbols; 

regenerating said synchronization data without error when said symbol coding 

descriptive of said synchronization data occurs in said stream of2N-level symbols~ 

and 

generat:.ng said selected symbol decoding results so as to correspond to said 

35 synchronization data without error when said symbol codi11g descriptive of said 

synchronization data occurs in said stream of2N-Jevel symbols and so as to 

correspond to said second linear combining results at least during selected times when 

symbol coding that is not descrip·tive of said synchronization data occurs in said 

stream of 2N -ltvel symbols. 

2. The me1:bod of symbol decoding set forth in claim 1 included in a method of 

symbol decoding said stream of2N-level symbols for generating final symbol 

decoding results in which anifacts of co-channel interfering analog television signal 

are automatically suppressed during symbol decoding, said method for generating 

S final sytnbol decoding results further including the steps of: 
I 

data-slic:ing said stream of2N-level symbols to generate interim symbol 

decoding result>; 
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detennining whether or not said stream of 2N·level symbols is accompanied 

by artifacts of c•>-channel in[erfering analog television signal that are of sufficient 

1 O strength to caus.~ substantial error in said interim symbol .decoding results; 

includin.i said interim symbol decoding results in said final symbol decoding 

results responsive to determination that said stream of 2N-level symbols is not 

accompanied by artifacts of co-channel interfering analog television signal that are of 

sufficient strength to cause substantial error in said interim symbol decoding resuits; 

15 and 

responsive to determination that said stream of2N-level symbols is 

accompanied by artifacts of co-channel interfering analog television signal that are of 

sufficient strength to cause substantial error in said interim symbol decoding results 

causing said fin:il symbol decoding results to correspond to said selected symbol 

20 decoding result~:. 

3. The method for generating final symbol decoding results set forth in claim 2; 

wherein, responsive co determination that said stream of 2N-level symbols is not 

accompanied by artifacts of co-charmel interfering analog television signal that are of 

sufficient strength to cause substantial error in said interim symbol decoding results, 

5 said interim symbol decoding results are included in said final symbol decoding 

results 011ly dur..ng said selected times when symbol coding that is not descriptive of 

said synchroniz.ition data oc~urs in said stream of2N-level symbols; and wherein 

there is included a further step of: 

causing said final symbol decoding results to correspond to said 

10 synchronization data without error, when symbol coding that is descriptive of said 

synchronization. data occurs in said stream of 2N-level symbols. 
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4. The method for generating final symbol decoding results set fonh in claim 3. 

wherein said step of determining whether or not said stream of 2N-level symbols is 

accompanied by artifacts of co-channel interfering analog television signal that are of 

sufficient streng·ch to cause substantial error in said interim symbol decoding results 

5 comprises the st:.bsteps of: 

differentiaJly combining said interim symbol decoding results and said second 

linear combining results to generate a difference signal; 

determining the energy of said difference signal; and 

detecting when the energy of said difference signal exceeds a prescribed 

10 threshold value, thereby determining that said stream of2N-level symbols is 

accompanied by artifacts of co-channel interfering analog television signal that are of 

sufficient strength to cause substanti~I error in said interim symbol decoding results; 

and 

detecting when the energy of said difference signal does not exceed said 

15 prescribed threshold value, thereby determining that said stream of2N-Jevel symbols 

is not accompanied by artifacts of co-channel interfering analog television signal that 

are of sufficient strengch to cause substantial error in said interim symbol decoding . 
results. 

5. The m·ethod for generating final symbol decoding results set forth in claim 37 

wherein said step of determining whether or nor said stream of 2N-level symbols is 

accompanied by artifacts of co-channel interfering analog television signal that are of 

sufficient ~trength to cause substantial error in said interim symbol decoding results 

5 comprises the substeps of: 

differentially combining said interim symbol decoding results and said second 

linear combining resulrs to generate a difference signal; 

squarin~ said difference signal to generate a squared difference signal; 
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generating a mean average of said squared difference signal; 

1 O. detectinE: when said mean average exceeds a prescribed threshold value, 

thereby determining that said stream of2N-level symbols is accompanied by artifacts 

of co-channel interfering analog television signal that are of sufficient strength to 

cause substantial error in said interim symbol decoding results; and 

detecting when said rectified lowpass filtering response does not exceed said 

15 prescribed threshold value, thereby determining that said stream of2N-level symbols 

is not accompaded by artifacts of co-channel interfering analog television signal that 

are of sufficient strength to cause substantial error in said interim symbol decoding 

results. 

6. The method for generating final symbol decoding results set forth in claim 2 

employed with a digital television receiver generating said stream of2N·level 

symbols by demodulation of amplified intennediate·frequency signals, which 

intermediate-frt:quency signals are generated by frequency conversion of digital 

5 television signeJs, wherejn said step of detennining whether or not said stream of 

2N-level symbols is accompanied by artifacts of co·channel interfering analog 

television si_gm1l that are of sufficient strength to cause substantial error in said interim 

symbol decoding results comprises the substeps of: 

generating intermediate-frequency signals by frequency conversion of digital 

10 television signals; 

amplit}'ing said intermediate-frequency signals to supply amplified 

intermediate-frequency signals; 

synchronously detecting said amplified _intermediate-frequency signal.sat a 

video earner frequency of said co-chaMel interfering analog television signal, in a 

l S complex demodulation process for generating in-phase and quadrature-phase 

synchronous video detection responses; 
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separating a video component of said co-channel interfering analog television 

signal from saici in-phase and quadrature-phase synchronous video detection 

responses; 

determining the energy of the separated video component of said co-channel 

interfering analog television signal; 

detecting when the energy of said separated video component of said 

co-channel interfering analog television signal exceeds a prescribed threshold value. 

thereby detenmning that said stream of2N-level symbols is accompanied by artifacts 

25 · of co-channel interfering analog television signal that are of sufficient strength to 

cause substantial error in said interim symbol decoding results; and 

detecting when said rectified lowpass filtering response does not exceed said 

prescribed thre~:hold value, thereby determining that said stream of 2N-level symbols 

is not accompanied by artifacts of co:.channel interfering analog television signal that 

30 are of sufficien( str~ngth to cause substantial error in said interim symbol decoding 

results. 

7. The mei:hod for generating final symbol decoding results set forth in claim 2 

employed with a digital television receiver generating said stream of 2N-level 

symbols by demodulation of ampJified intermediate-frequency signals. which 

intermediate-frt:quency signals are generated by frequency conversion of digital 

5 television signals, wherein said step of determining whether or not said stream of 

2N-level symbols is accompanied by artifa~ts of co-channel interfering analog 

television signal that are of sufficient strength to cause substantial error in said interim 

symbol de~oding results comprises the substeps of: 

generating intermediate-frequency signals by frequency conversion of digital 

10 television signals; 
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amplifying said intennediate-frequency signals to supply amplified 

intermediate-frequency signals including the modulated video and audio carriers of 

said co-channel interfering analog television signal; 

detectin!~ an intercmier sound signal responsive to heterodyne between the 

15 modulated video and audio carriers of said co-channel interfering analog television 

signal included l.rl said amplified intermediate-frequency signals 

determining the energy of said intercarrier sound signal; 

detectinr. when the energy of said intercarrier sound signal exceeds a 

prescribed threshold value, thereby determining that said stream of2N-leveJ symbols 

20 is accompanied by arcifacts of co-channel interfering analog television signal that are 

of sufficient strength to cause substantial error in said interim symbol decoding 

results; and 

detectin~ when the energy of said intercarrier sound signal does not exceed 

said prescribed threshold value, thereby determining that said stream of 2N-leve1 

25 symbols is not a:companied by artifacts of co-channel interfering analog television 

signal that are of sufficient strength to cause substantial error in said interim symbol 

decoding results. 

8. The method of symbol decoding set forth in claim I. wherein said substep of 

linearly combining said stream of 2N-level symbols and said delayed stream of 

2N-level symbols in said step of comb filtering is a subtractive procedure. and 

wherein said step oflinearly combining said precoded symbol decoding results with 

5 said delayed seli:cted symbol decoding results is an additive procedure carried out in a 

modulo-2N arithmetic. 

9. The method of symbol decoding set forth in claim 8, wherein said prescribed 

number of said symbol epochs is twelve. 
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10. The m•::thod of sym~ol decoding set forth in claim· l, wherein said substep of 

linearly combining said stream of2N·level symbols and said delayed stream of 2N· 

level symbols in said step of comb filtering is an additive procedure. and wherein said 

seep of linearly combining said precoded symbol decodi.ng results with said delayed 

5 selected symbol decoding results is a subtractive procedure carried out in a modulo-

2N arithmetic. 

11. The method of symbol decoding set forth in claim 10, wherein said prescribed 

nwnber of said symbol epochs is six. 

12. The method of symbol decoding set forth in claim 1 o. wherein said prescribed 

nwnber of said symbol epochs is sub"stantially equal to rhe duration of two horizontal 

scanning lines of said co-channel interfering analog television signal. 

13. The method of symbol decoding set forth in claim 10. wherein said prescribed 

numb~r of said symbol epochs is substantially equal to the duration of two hlmdred 

sixty-cwo horizontal scanning Jines of said co-channel interfering analog television 

signal. 

14. The method of symbol decoding set fonh in claim 10. wherein said prescribed 

number of said :~ymbol epochs is substantially equal to the duration of two video 

frames of ~id co-channel interfering analog television signal. 

iiOi1iU1l1iUf 
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15. In combinarion: 

digital television signal detection apparatus for supplying a stream of 2N-level 

symbols each having a symboJ epoch of a specified length in time. which stream is 

susceptible to being accompanied by artifacts of co·channel interfering analog 

5 television signal; 

a first delay device for exhibiting a delay of a prescribed first number of said 

symbol epoch!;. coruiected to respond to said stream oI2N-level symbols with a first 

delayed stream of2N-level symbols. thereby to generate a first pair of differentfally 

delayed streams of said 2N-level symbols; 

I 0 a first linear combiner which linearly combines said first pair of differentially 

delayed streams of said 2N·level symbols susceptible to being accompanied by 

artifacts of co-channel interfering analog television signal. received as first and second 

respective input signals of said first linear combiner, to generate a first stream of 

(4N-l)-level symbols as an ourput signal of said first linear combiner, said fi.rst stream 

15 of (4N-l)-level symbols providing a first comb filter response in which said artifacts 

of co-channel interfering analog television signal are suppressed; 

20 

a first ciata slicer decoding said first stream of ( 4N· 1 )-level symbols supplied 

as respective output signal from said first linear combiner, for generating first 

precoded symbol decoding results; 

a second linear combiner which linearly combines respective first and second 

input signals received thereby for supplying a respective output signal therefrom, said 

second linear combiner connected to receive said first precoded symbol decoding 

results as said respective first input signal thereof. one of said first and said second 

linear conibine=s being an adder and the other of said first and said second linear 

25 combiners being a subtractor; 

a second delay device connected for delaying a respective input signal thereof 

said prescribed first number of symbol epochs to generate said second input signal of 

said second lin1!ar combiner; 
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daca synchronization circuitry for determining when symbols used for data 

30 synchronizaticn appear in said stream of 2N-level symbols; 

circuit1y for generating ideal symbol decoding results when symbols used for 

data synchronization are determined to appear in said stream of 2N-level symbols; 

a plural-input first multiplexer connected for supplying a respective output 

signal therefrom to said second delay device as said second input signal thereof, for 

JS receiving said ideal symbol decoding results as a first of its jnput signals, and for 

receiving said output signal of said second linear combiner as another of its input 

signals, said first multiplexer being conditioned to reproduce as its output signal the 

first of its input signals when and only when symbols used for data synchronization 

are determined to appear in said stream of 2N-level symbols and otherwise being 

40 conditioned at least at selected times to reproduce said output signal of said second 

linear combiner as first postcoded symbol decoding results. 

I 6. The co:11binarion of claim 15, further comprising: 

a secor:.d data slicer decoding said stream of 2N·leveJ symbols for generating 

interim symbol decoding results supplied to said first multiplexer as a second input 

signal thereof, said output signal of said second linear combiner being supp.lied to said 

5 first multiplex1:r as a third input signal thereof; and 

NTSC co·channel interference detection circuitry for determining whether or 

not said stream of 2N-level symbols is accompanied by artifacts of co-channel 

interfering analog television signal as will cause uncorrectable error in said interim 

symbol decoding results generated by said second data slicer, ~aid first multiplexer 

10 being conditio-:ied to reproduce said second of its input signals when said NTSC 

co·channel int1~rference detection circuitry determines said stream of 2N-level 

symbols is not accompanied by artifacts of co-channel interfering analog television 

signal as will cause uncorrectable error in said interim symbol decoding results, and 
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said first multiplexer being conditioned to reproduce said third ofits input signals 

15 when said NT:SC co-channel interference delection circuitry determines said stream of 

2N-level symbols is accompanied by artifacts of co-channel interfering analog 

television signal as will cause uncorrectable error in said interim symbol decoding 

results. 

17. The combination ~f claim 16, further comprising: 

a third delay device exhibiting a delay of a prescribed second number of said 

symbol epoch~:. connected to respond to said stream of2N-level symbols with a 

second delayed stream of 2N-level symbols, thereby to generate a second pair of 

S differentially delayed streams of said 2N-leveJ symbols; 

a third linear combiner whic~ linearly combines said second pair of 

differentially delayed streams of said 2N-level symbols susceptible to being 

accompanied ty artifacts of co-channel interfering analog television signal, received 

as first and second respective input signals of said third Unear combiner, to generate a 

10 second stream of ( 4N-1 )-level symbols as an output signal of said third linear 

combiner. said second stream of(4N-l)·level symbols providing a second comb filter 

response in which said anifacts of co-channel interfering analog television signal are 

suppressed; 

a fourtJ-. linear combiner which linearly combines respective first and second 

15 input signals rc-ceived thereby for supplying a respective output signal therefrom to 

said first multiplexer as a further input signal thereof. one of said third and said fourth 

linear combiners being an adder and the other of said first anq said second linear 

combiners= being a subtractor; 

a third data slicer decoding said second stream of (4N-l)-level symbols 

20 supplied as respective output signal from said third linear combiner7 for generating 

second precoded symbol decoding results applied to said fourth linear combiner as 

said respective first input signal thereof; and 
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a fourrh delay device connected for delaying the output signal of said first 

multiplexer suid prescribed second number of symbol epochs to generate said second 

25 input signal of said founh linear combiner. 

5 

18. The combination of claim 15. wherein said first multiplexer is a two-input 

muJtiplexer conditioned to reproduce said another of its input signals as its said output 

signal when not conditioned co reproduce said first of its input signals as its said 

output signal, said combination further comprising: 

a second data slicer decoding said stream of 2N:leve1 symbols for generating 

interim symbc1l decoding results supplied to said first multiplexer as a second input 

signal thereof. said output signal of said second linear combiner being supplied to said 

first multiplexer as a third input signal thereof; 

NTSC co·channel interference detection circuitry for determining whether or 

10 not said srrear.1of2N-level symbols is accompanied by artifacts of co-channel 

interfering amdog television signal as will ca.use uncorrectable error in said interim 

symbol decoding results generated by said second data slicer; and 

a plural-input second multiplexer connected for supplying a respective output 

signal therefrc-m reproducing a respective input signal thereof as final symbol 

15 decoding resu.lts, for receiving said interim symbol decoding results as a first input 

signal thereof, and for receiving said output signal of said first multiplexer as another 

input signal thereof, said multiplexer being conditioned ro reproduce said first of its 

input signals when and only when said N~SC co-channel interference detection 

circuitry determines said stream of2N-level symbols is not accompanied by artifacts 

20 of co-channel interfering analog television signal as will cause uncorrectable error in 

said interim symbol decoding results, and said second multiplexer being conditioned 

to reproduce uid other input signal thereof when said NTSC co-channel interference 

detection circuitry determines said stream of2N-level symbols is accompanied by 

artifacts of.co-channel interfering analog television signal as will cause uncorrectable 

25 error in said interim symbol decoding results. 
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l 9. The c·:>mbinat;on of claim l S, wherein said first linear combiner is a subuactor 

and said second linear combiner is a modulo-2N adder. 

20. The Cl)mbination of claim 19, wherein said prescribed first number of symbol 

ep~hs il1i twelve. 

21. The cc1mbination of claim l S, wherein said first linear combiner is an adder 

and said second linear combiner is a modulo-2N subnactor. 

22. The combination of claim 21. wherein said prescribed first number of symbol 

epochs is six. 

., ... 
-~· The combination of claim 21, wherein said prescribed first nwnber of symbol 

epochs is substantially equal to the number of symbol epochs in two horl:zontal scan 

lines pf said C(l·channel interfering analog television signal. 

24. The combination of claim 21, wherein said prescribed first number of symbol 

epochs is one-1.housand three hundred sixty-eight. 

25. . The combination of claim 21. wherein said prescribed first number of symbol 

epochs is substantially equal to the number of symbol epochs in two hundred sixty· 

two horizontal scan lines of said co-channel interfering analog television signal. 

1iiiili~f 
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26. The cmnbination of claim 21. wherein said prescribed first number of symbol 

epochs is one hundred seventy-nine thousand two hundred eight .. 

27. The combination of claim 21. wherein said prescribed first number of symbol 

epochs is substantially equal to the number of symbol epochs in two video frames of 

said co-channel interfering analog television signal. 

28. The coinbin3:tion of claim 21, wherein said prescribed first number of symbol 

epochs is seven hundred eighteen thousand two hundred. 


