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USING SPECIAL NTSC RECEIVER. TO DETECT WHEN CO~CHANNEL 

INTERFERING NTSC SIGNAL ACCOMPANIES A DIGITAL TV SIGNAL· 

This is a continuatlon~in~p.art ofpatent application seriai No. 081821.944 filed 

21March1997. 

The invention relates to digital television as transmitted by radio waves in a 

broadcast television band and. more particularly~ to a method for detecting in a di~ital 

5 television receiver when a digital television signal is accompanied by co-channel 

interfering NTSC signal of substantial amplitude . 

.BACKGROUND OF THE INVENTION 

A Digital Television Standard published 16 September 1995 by the Advanced 

Television Subcommittee (ATSC) specifies the nature of vestigial sideband (VSB) 

10 signals for transmitting digital television (DTV) signals in 6-MHz~bandwidth 

television channels such as those currently used in over-the-air broadc:asting of 

National Television Subcommittee (NTSC) analog television signals within the 

United States. As long as NTSC analog television signals continue to be btoadeast, it 

will be advantageous in a receiver for DTV signals to be able to detemtine when an 

l 5 NTSG analog television signal causes substantial co-channel interferenee 'With a DTV 

signal being received. The DTV receiver can then be designed to change its mode of 

operation responsive to a detennination that such co-channel interference is oeeuning, 

so that the undesirable effects of such co-channel interference can be mitigated. whieh 

is usually doDe by comb filte~g. The comb filtering employed in a DTV receiver for 

20 suppressing NTSC co-channel interferenee: is better dis,:ontillued when such 

interference is not S\lbstantial, since lhis can avoid the ad.ditionat Johnson noise 

a.rising frqm the plu:al paths through the comb filter. Generally, co-channel 

interference from an NTSC analog television signal is considered to be substantial if it 

has sufficient energy as to cause frequent errors in the data-slicing operations used 

25 during symbol decoding a DTV signal as synchrodyned to baseband. Parent patent 

application ~erial No. 08/821.944 filed 21March1997 end entitled ''USING VIDEO 

SIGNALS FROM AUXIJ ... IARY A.!"\TAlOG TV RECEIVERS FOR DETECTING 

NTSC INTERFERENCE IN DIGITAL TV RECEIVERS" particularly describes a 
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DTV receiver designed to. change its mode of operation responsive to a determination 

that substantial co·channel interference is occurring, so that the undesirable effects of 

such co-channel in1erference can be mitigated. That application teaches that the 

detection ofNTSC co-channel interference in digital TV receivers is rnore readily 

5 done after synchrodyning any such NTSC interference to baseband rather than after 

synchrodyning DTV signal to baseband. 

U.S. patent No. 5, 122,879 issued 16 June 1992 to Katsu Ito and entitled 

"TELEVISION SYNCHRONOUS RECEIVER \VITH PHASE SHIFTER FOR 

REDUCTNG INTERFERENCE FROM A LOWER ADJACENT CHANNEL'' 

10 describes an analog television receiver that synchronously detects received NTSC 

signal both in-phase and quadrature-phase. The Ito receiver synchrodynes the radio­

frequeney (RF) amplifier response directly to baseband, so an adjacent lower channel 

may appear as an image. The qua~rature-phase synchronous detection response is 

phase shifted 90° at all video frequencies above 500· 750 kHz and linearly combined 

15 with the in-phase ·synchronous detection response to suppress image frequenc~ 

components translated to baseband during synchronous detection of the received 

NTSC signal. In U.S. patent No. 5.122>879 lto does not disclose the fact that this 

procedure also cancels the video components above 750 kHz. The anendant loss of 

luminance high frequencies is acceptable in sma11-viewing-screen television receivers, 

20 however. such as those used in "vrist watches. 

Cunent DTV receiver designs use plural frequency conversion, with a first 

conversion to an intermediate frequency in the ultrahigh frequency (UHF) band above 

the channels designated for television broadc~ting, ~~ with a ~econd conversion to 

an intermediate frequency in the very .high frequency (VHF) band below the channels 

2:5 designat
1
ed for television broadcaSting. So image suppression is not a problem. 

Furthermore, the canier of a VSB ,DTV signal is located only 310 kHz from channel 

edge so there is vezy linle double sideband content as compared to an NTSC signal. 

The inventor points out that an NTSC receiver of the type linearly combining 

in-phase synchronous video detection response •vith inverse-Hilbert-uansformed 

30 quadrature-phase synchronous video detection tesponse is nevertheless ofinterest in 
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o·rv reception, for use as an auxiliary receiver for detecting when a dlgit.al television 

signal is accompanied by co-channel interfering NTSC signal of substantial 

amplitude. By arranging fot the inverse Hilbert: transformation of the quadrature· 

phase synchronous video detection response to frequencies well below 750 Jc.Hz, such 

5 an auxiliary receiver becomes substantially insensitive to artifacts of co·channel DTV 

signal. The suppression of the DTV artifacts simpHfies measuring the magnitude of 

co-charmel interfering NTSC signal. 

SUMMARY OF THE INVENTION 

The invention in one of its aspects is embodied in a method for detecting in a 

lO digital television rec.:eiveT when a digital television signal is accompanied by co· 

chanuel interfering NTSC signal of substantial amplitude, which method comprises 

steps as follow. The video portion of any co-channel interfering NTSC signal is 

synchrodyned to baseband. for generating an in·phase demodulation tesult including 

first ::1T"fifor.t:l gf th~ di~ital television signal. and for generating a quadrature-phase 

i5 demodulation result including second artifacts of the digital television signal. The in­

phase and quadrature-phase demodulation results are subsequently differentially 

shifted in respective phase by 90° at frequencies above a few kilohertz and then 

linear.ly combined to generate a linear combining result substantially free of·rhe first 

.and .second artifacts of the digital television signal. Then, whether or not the 

20 8.4"llplitllde of said linea:r con1bi.nin:g result exceeds a prescribed value is detected, for 

genetatini an indication of when the digital television signal is accompanied by co­

chartnel interfering NTSC signal' of substantial amplirude. 

The invention in another of its aspects is· embodied in a digital television 

receiver including circuitry for detecting thnes when analog television signal of 

25 subsnntia1 amplilude occupies a television broadcast channel, which circuiuy is :rno1e 

particularly described as follows. The receiver has input circuitry for selecting from a 

television broadcast channel a vestigial sideband amplitude·modulation signal 

descriptive of a video signal portion of any analog television signal that occupies tht 

television broadcast channel, converting the selected vestigial sideband amplitude· 

30 modulation signal to an intermedia1e frequency signal. and ampHfying the 
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intennediate frequency signal to provide an amplified intermediate frequency signal. 

The vestigial sideband amplirude-modula'tion signal as originally received by the 

input circuitry includes a video carrier and full sideband in addition to a vestigial 

sideband. Video synchrodyning circuitry synchronously detects the amplified 

5 intermediate frequency signal with respect to the videq cmrier signal and with respect 

to a carrier in quadrature phase with the video carrier signal, for generating an 

in-phase synchronous detection response and for generating a quadrature-phase 

synchronous decection response. Phase shift circuitry referred to as an inverse Hilbert 

transform circuitry in thls specification phase shifts by substantially 90° all frequency 

l 0 components of the quadrature-phase synchronous detection response above a 

prescribed frequency to generate phase shift circuitry response. Linear combining 

circuitry linea:riy combines the in-phase synchronous detection response and the phase 

shift circuitry response for recovering linear combining circuitry response to a portion 

of the video signal described both in the full sideband and the vesdgial sideband of the 

15 vestigial sideband_ amplitude-modulation signal as originally received. This li~ear 

combining circuitry response is substantially free of response to any digital television 

signal that occupies the television broadcast channel being cunemly received. A 

threshold detector is included in the receiver for deterinining when the first linear 

combining circuitry response exceeds a prescribed threshold value, for generating 

20 indications that the co-channel analog television signat is of substantial amplitude. 

.,­
-~ 

BlUEF DESCRIPTION OF THE DRAWING 

FIGURES 1 and 2 are each a schema-tic diagram of a television receiver that is 

capable of receiving NTSC analog TV si~als ~well ~s DTV signals, which receiver 

employs the method of the invention for detecting the presence in DTV signals of ~o­

channel interfering NTSC analog TV signals . 
' 

Figure 3 is a schematic diagram of a modification that can be made to either of 

the television receivers of FIGURES 1and2. 

FIGURES 4, 5. 6 and 7 are flow charts showing steps of the methods for 

detecting in a digital television receiver when a digital television signal is 
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accompaniecl by co-channel interfering NTSC signal of subStantial amplitude, which 

methods embody the invention in its "'arious aspects. 

DETAILED· DESCRIPTION 

FIGURE l shows portions of a television receiver that is capable of receiving 

5 NTSC analog :rv signals as well as DTV signals. Over-the-air type television 

broadcasting signals as received by an antenna 1 are amplified by an adjustably tuned 

radio-frequency amplifier 2 and supplied to ti: first detector 3. The RF amplifier 2 and 

the first detector 3 have adjustable tuning and together fi.mction as a tuner for selecting 

a digital television signal from one of channels at different locations in a frequency 

IO band. The first detector 3 includes a first local oscillator supplying first local 

oscillations tunable over a frequency range above the ultra-high-frequency (UHF) TV 

broadcast band and a first mixer tbr mi:dng the first local oscillations with a TV signal 

selected by the adjustably tuned RF amplifier 2 for upconvening 'the selected TV 

signal to g:enerate a UHF intennediate-frequency signal in a. 6-MHz-wide UHF. 

15 intermediate-frequency band located at frequencies above the assigned channels in the 

UHF TV broadcast band. 

The first detector 3 supplies the high-IF·band signal to a UHF-band 

intemiediate-frequency amplifier 6 used in NTSC audio reception. The response of 

the UHF IF amplifier 6 is applied to a second detector 9 used in NTSC audio 

20 reception. The .second detector 9 includes a second local oscillator supplying second 

\Qcal oscillations of prescribed frequency above. the ultrahigh frequen.c:y UHF TV 

broadcast band and a second mixer for tnixing the second local oscillations with the 

response ofthe UHF IF amplifier 6 to generate a·:very-bigh·frequ.ency (VHF) 

intennediate frequency signal located at frequencies below the assianed channels in 

25 the VHF tv broadcast band. This VHF IF signal is supplied to a very-high~frequency 

intermediate·frequeney amplifier 12. 

The response of the VHF IF antptifier 12 is applied. to an interc:azr:ier sound 

detector 34., whieh supplies 4.5 MHz intercamer sound intennediate~frequency signals 

to an intercarrier sound intennediate-frequency amplifier 35 which amplifies and in 

30 most de.signs symmetrically limits the amplified response for application to an FM 
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detector 36. The FM detector 36 reproduces baseband composite audio signal 

5Up-plied to the remaining portions of the analog TV receiver part of the DTV receiver. 

In regard to baseband composite audio signal, these remaining portions typically 

include stereophonic decoder circuitry. If the NTSC audio signals are selected with 

5 narrowband filtering in rhe IF Mlplifiers 6 and 12 that pass only the FM audio carrier 

as translated to intermediate frequencies. the intercarrier sound detector 34 can be 

provided by a multiplier that multiplies the IF amplifier 12 response by video carrier 

selected to the multiplier by a narrowband filtet responsive to the response of the IF 

amplifier 10 or 11. If the NTSC audio signals are seJected with filtering ln the IF 

10 amplifiers 6 and 12 that passes both the NTSC video .and audio carriers as trans!aled 

to intermediate freqLlencies. for implementing "quasi~pa:rallel" sound, the b.tercan:ier 

sound detector 34 can be a simple rectifier or can be a square-law device. 

The first detector 3 also suppiies the high-If-band signal to a UHF-band 

intennediate~frequenc:y amplifier 37 used bcith in NTSC video reception and in A. TSC 

15 reception. A surface-aeouSlie-wave (SAW) filter in the UHF IF amplifier 37, ~vhich 

determines overall IF response for ATSC DTV signal and for NTSC video signal, 

prefe?ably rejects NTSC audio signal. Otherwise, the SAW filter has subStantially flat 

amplitude response over the remainder of the 6-MHZ-\vide TV broadcast channel as 

translated to the UHF IF band and has substantially linear phase response throughout 

20 its passband. The SAW filter is preceded in the UHF IF amplifier 37 by a transistor 

amplifier designed to drive the SAW filter from a prescribed source impedance that 

minimizes multiple-reflection. Better to maintain this prescribed source impedance, 

the transistor amplifier gain is preferably fixed in value and suffices to overcome the 

insertion loss in the SAW filter. The response ~fthe UHF IF amplifier 31 is applied 

25 to a .second detector 38 used in A TSC DTV reception and in NTSC video reception. 

The second detector 38 includes a second local oscillator supplying second local 

oscillations of ptescrlbed frequency above the ultrahigh frequency UHF TV btoadeast 

band and a second mixer for mixing the seeond !oca! oscillations with the response of 

the UHF IF amplifier 37 to generate a very-high-frequency (VHF) intermediate 

30 ftequency'signal located at frequencies below the assigned channels in the VHF TV 

broadeast band. 1'he second detectors 9 and 38 preferably share the sm:e second local 

oscillator. 
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The VHF lF signal from the second detector 38 is ~upplied tc a very-high~ 

frequency intennediate-frequency amplifier 41, which includes controlled~gain 

transistor amplifier stages that provide up to 60 dB or more ampHflcation. The VHF 

IF amplifier ~n is provided with reverse automatic gain control derived in response to 

5 its output signal Jeveli reverse AGC being preferred for the linearity of gain it affords. 

The RF amplifier 2 is provided ·with delayed reverse automatic gain control in 

response to the output signal ievel of the IF amplifier 47. 

Outp1.lt signal from the VHf IF amplifier 47 ls applied to a.n A TSC symbol 

code detector 13, which detects baseband symbol codes therefrom. The symbol code 

l 0 detector 13 is one which uses an in·phase synchronous detector for detecting the 

vestigial-sideband amplitude-modulation of the data tarrier and uses a quad'rarure­

phase synchronous detector for developing automatic frequency and pbase control 

(AFPC) signal for a controlled osciHator supplying synchrodyning signals to the 

synchronous detec'tors. The in~phase synchronous detector operates in the analog 

15 regime and its output signal is digitized with I 0-bit or so resolution by an anafog-to­

digital convener 14. Alternatively, the symbol cocie detector 13 and succeeding A.DC 

14 can be replaced by a third detector for converting the VHF-band response cf the IF 

amplifier 47 to a final intennediate-frequency band just above baseband, an a.nalog-to­

digital converter for digitizing the third detector response, and digital synchrodyning 

20 eircu'itry for synchrodyning the digitized third detector response to baseband. Such 

alternative circuitry is described by C. B. Patel et al!i in U. S. patent No. 51479t449, 

issued 25 December 1995 and entitled "DIGITAL VSB DETECTOR WITH 

BANDPASS PHASE TRACKER. AS FOR INCLUSION IN AN HDTV 

RECEIVER", and m U.S. pateiit No. 5.548,617~.issued20 August 1995 and entitled 

25 ''DIGIT AL VSB DETECTOR \VlTH BANDPASS PHASE TRACKER USING 

RADER FILTERS, AS FOR USE IN AN JIDTV RECEIVER", by way of examples. 

When a DTV signal is being receiv-ed, a direct signal resulting from lhe synchronous 

detection of the pilot signal accompanies the symbol codes as reproduced at baseband 

and is detected. by a pilot carrier detector 15 to genetate a DTV ENABLE signal. 

30 which conditions the display portions of the DTV receiver to display DTV images 

rather than NTSC television images. The pilot canier detector 15 eall, as sho"vn in 
:~ 

FIGURE I. be of a type to respond to digital input signal or altematively can be of a 
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type to respond to analog input signal as supplied directly from the symbol cede 

detecror 13. 

FIGURE l shows the digitized baseband symbol codes being supplied from 

the ADC 14 to a symbol decoder 20 of the type described in greater detail in U.S. 

5 · patent application serial No. 08/746.520 filed by the inventor on 12 November 1996 

and entided "DfOIT AL TELEVISION RECEIVER WITH ADAPTIVE FILTER 

C!RCUITR Y FOR SUPPRESSING NTSC CO-CHAtVNEL lNTERFERSNCE". The 

symbol decoder 20 comprises a data slicer 21 for data~slicing the symbol decoder 20 

input signal to produce a first symbol decoder response, an NTSC-artifaet-rejection 

LO comb filter 22 supplying a response to the symbol decoder 20 input signal which 

re$ponse suppresses any NTSC co-channel interfering signal, a data slicer 23 for dataw 

slicing the comb filter 22 response for generating an erroneous symbol decoder 

response, a matching comb filter 24 .for correcting that erroneous symbol decoder 

response to produce a second symbol. decoder response, and a multipJeJCer 25 for 

15 selecting one of the first and se~ond symbol decoder responses as tne ultimate 'symbol 

decoder response supplied by the: symbol decoder 20 to a trellis decoder 16 typica! to 

a DTV receiver. In the absence of an indication of substantial NTSC co-charmel 

interfering signal being received, the multiplexer :Z5 selects the first symbol decodtr 

response from the data slicer ll to provide the symbol decoder 20 output signal to the 

20 trellis decoder 16. ln the presence of the indication of substantial NTSC co-channel 

interfering signal being received, except during symbol decoder initialization 

intervals, the multiplexer ?5 selects the second symbol decoder response from the 

matching comb filter 24 to provide the symbol decoder 20 output signal to the trellis 

decoder 16. 

25 The symbol decoder 20 can be improved by modifying the multiplexer 25 to 
' 

supply ideal symbol dec~ding results drawn from memory "\ovithin the television 

receiver at times data segment synchroni::cation and field synchronization code groups 

appear in a received D1V signal. Such impiQYement is described in detail in U.S. 

patent apptjcation serial No. 08/8391691 filed by the inventor on 15 April 1997 and 

10 entitled "DIGITAL TELEVJSION RECE1VER WlTR ADAPTIVE FlLTER 

CIRCUITRY FOR SUPPRESSING NTSC COwCHANNEL INTERFERENCE". 
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0utput signal from the VHF IF arnpiifier 47 is appllec! to circuittY 46 for 

synchrodyning NTSC video carrier modulation to baseband. Both an in~phase 

synchronous detector and a quadrature-phase synchronous detector are useci in the 

circuitry 46 for synchrodyning NTSC video carrier modulation to baseband; 

5 synchrodyning is presumed to be carrit:tl out in the digit:d regime after c:nnverting to a 

final intermediate-ftequency band just above baseband, so the final intetmediate­

t''requency can be digitized. Altemativel}, synchrodyning NTSC video carrier 

modulation to baseba.tid can be done in the ana!og regime, and the responses of an tn· 

phase synchronous detector and a quadrature.phase synchronous detecror used for this 

lO pun:>ose can be digitized using respective analog-co-digital converters. The response 

Q of the ci.uadrature-ph.ase synchronous detector is the HHbert transform of the single 

sideband components of the NTSC signal (i.e .• those components above 750 kHz in 

frequency) plus the artifacts of the DTV signal as they appear in the response 1 of the 

in-phase synchronous detector. This Hilbert transfoan provided by the res-ponse Q of 

l 5 the quadrature ... phase synchronous detector is phase shifted to provide 90° lag ~t all 

frequencies (except possibly the lowest at which there should be little response) by 

inverse Hi1ben transform circuitry 47. 

Addition ~d subtraction are considered as being alternative forms of linearly 

combinin&. One of linear combiners 41and48 is an adder and the other is a 

20 subtractor. The inverse Hilbert transfomt response oflhe circuitry 47 is linearly 

conibined with the response o'Hhe'in·pbase synchronous detector in the linear 

combiner 48 to generate a composite video signal with high frequencies boosred to 

corret;t levels for appliea'tion to the rest of the analog TV receiver circuitry. In regard 

to baseband composite video signal. these rema~ng portions typically include sync 

25 separation circuitry, color signal teproduction cireuitry, and circuit."')' for adapting the 

4:3 aspect ratio NTSC image for presentation on a 16:9 viewscreen used for 

d:isplaying DTV :images. 

, •. The inverse Hilbert transform response of the circuitry 47 is linearly combined 

in the line~ comi,.:aier 49 with the in-phase baseband response I of the synchrodyne 

30 circuitry 46 to generate a lUlllinance signal cutting off somewhat above 750 kHz, 

wb.ich !uminanee signal is free of DTV artifacts. Whether the linear combiners 48 and 
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4 9 are respeetively an adder B!ld a sub tractor, or whether the linear combiners 48 and 

49 are respectively a subtractor and an adder depends on the whether the operation of 

the quadrature-phase synchronous detector is chosen to lead the operation of the in­

phase synchronous detector or to lag it. 

5 FIGURE l shows the band-limited luminance signal from the linear combiner 

49 being further filtered using a !owpass filtet' SO wlth a cut·off frequency of t MHz 

or so and then being squared by a squarer 31 for genera.ting an indication of the 

energy ofNTSC co-channel interfering signal during DTV reception. The squarer 31 

could be constrUcted from a digital multiplier receiving that signal both as multiplier 

10 and as multiplicand, but is more practical to realize in read-only memory. The squQI'er 

31 output signal is an indication of the energy ofNTSC co-channel interfering signal 

during DTV teception. 

A digital threshold detector 32 determines when this indication is :strong 

en<:>ugh to exceed a threshold value below which NTSC co-channel interfering signal 

15 is considered not to be s\lbstantiat enough to be likely to introduce uncorrectable e1Tor 

into the operation of the data .slicer 21. The threshold detector 32 response is supplied 

to multiplexer control circuitry 33. The multiplexer control circuitry 33 controls the 

selec~on by the multiplexer 25 between first and second symbol decoder responses 

that determines the ultimate symbol decoder respoose supplied as the symbol decoder 

20 20 output signal. The multiplexer control ciTcuitry 33 conditions the multiplexer 25 to 

select the f'trst symbol deeoder response as the symbol decoder 20 output signal 

du:r.ing symbol decoder initialization intervals. At other tilnes the multiplexer control 

circuitry 33 conditions the multiplexer 15.to select 'the first symbol decoder response 

as the .SYn'lbol decodet '20 output signal as long as the th.teshold detec"tor 32 response 

25 indicates piat NTSC co.channel interfering signal is considered not to be substantial 

enough to be likely to introduce uncorrectable error into the operation of the data 

slicer 21, otherwise conditioning the multiplexer 25 to select the second symbol 

decoder response as the symbol decoder 20 output signal. 

FIGURE 2 shows the FIGURE 1 apparatus modified for supplyin~ the 

30 respo11se of the linear combiner 49 to the digital t.h.te~hold detector 32 ·without 
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squaring by che squarer 31. The response of the linear combiner 49 is essentiaUy 

baseband luminance extending up ro 750 kHz. so is always of the same polarity. 

Accordingly, the squarer 31 can be dispensed with, and the digital threshold detector 

32 can be replacecl with a digi1al threshold dereetor 03'2 with a prescribed threshold 

5 that is the square root of the prescribed threshold of the digital threshold dettctor 32. 

1hat is, the prescribed threshold of the digital threshold detectot· 32 is the square of 

the prescribed threshold cf the digital threshold detector 032. 

In the FIGURE 1 and FIGURE 2 television receivers the inclusion of ~he 

lo\.vpass filter 50 eases the rettuirements on the inverse HUbert transform circuitry ~7. 

10 since exact 90a lag need not be provided at frequencies above the cut .. off frequeney of 

the lowpass filter 50 in order to suppress DTV artifacts in that portion of the 

frequency spectrum. Where llu:: iuvc:1~~ Llilhert frllftsform circuitr)I 47 prcrvirlr.'i 

reasonably exact 90° lag up to 4.2 MHz or so, it is possible to replace the lo\.vpass 

filter 50 by a straight-through connection. Insofar as the combining of'che inverse 

15 Hilbert transform filter 47 response in linear combiner 48 with the inwphase baseband 

response I of the synchrodyne circuitry 46 to boost composite video signal h.igh 

frequencies is concerned, the inverse Hilbert transfom1circuitry47 need not provicfe 

exact 90° lag for frequencies clear up to 4.2 MHz. since video peaking circuitry can be 

employed to compensate for the roll·off of composite video signa) high frequencies 

20 that attends incorrect lag if the error in lag is not too severe. 

FIGURE l shows a modification that can be made to either oftht television 

receivers of FIGURES 1 and 2. In the FIGURE 3 modification, instead of the inverse 

Hilbert transform circuitry 47 shifting the quad'~an.tr~phase baseband tesponse Q of . . 
the synchrodyne circuitry 46 for application to both the linear combiners 48 and 49. 

25 inverse Hilbert tra:nsfonn circuitry 51 shifts the quadrature-phase baseband response 
I 

Q of the synehrodyne cireuiny 46 for application just to the linear combiner 48; and 

other inverse Hilbert tfansfoml circuitry 52 shifts the quadtature-phase baseband 

response Q of the synchrod}'lle circuitry 46 for application just to the linear combiner 

49. The iz,i-verse Hilbert transfonn circuitry 51 provides teasonably exact 90° lag from 

30 0.5 MHz to 4.2 MHz to optimize the spectral response of the composite video signal, 

but does not have to provide 90° lag at frequencies well below 0.5 MHz. This avoids 
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the many, many tap finite~impulse-response (FIR) filter needed for providing 90° lag 

at frequencies well below 0.5 MHz at the high digital sampling rates necessary alsO' to 

provide 90° lag at frequencies up to 4.2 MH:z. Owing to the use of the Jo,vpass filter 

50, the inverse Hilben transfonn circuitry 52 need provide reasonably exact 90° Jag 

5 only up to 1.0 MHz or so, but circuitry 52 provides 90° lag ac frequencies well below 

0.5 MHz, preferably down to a fraction of NTSC scan line rate. These requirements 

can be met at a decimated digital sampling rate, four times lower than the digital 

sampling rate used in the inverse Hilbert transfonn circuitry 51, substantially reducing 

the temporary storage requirements to provide differentially delayed samples for the 

I 0 FIR .filtering in the inverse Hilbert transfonn circuitry_52. lndeed, the Jowpass filcer 

SO can be designed to have a still lower cue-off frequency below 0. 5 MHz. so the 

decimated digital sampling rate used in the inverse Hilbert transform circuitry 52 ca[\ 

be eight times lower than the digital sampling rate used in the inverse Hilbert 

transform circuitry 51. Or the cUt·dff frequency of the {o\vpass tilter 50 can be further 

15 halved another cin;ie or few times, so'the decimated digital sampling rate 1.ised !n the 

inverse HHbert transfonn circuitry 52 can be further decimated from the digital 

sampling rate used fn the inverse Hllben transform circuitry 51. 

FIGURE 4 is a flow c.han of the method of operation implemented by the 

FIGURE l TV receiver. An initial step SO of receiving a digital television signal apt 

20 at times to be accompanied by a co-channel interfering analog television signal having 

a video portion is carried out by elements 1, 2, 3, 37, 38, and 41 of the FIGURE l TV 

receiver. The synchrodyne circuitry 46 carries out a subsequent step Sl of 

sync.hrodyning the video portion of any co-channel interfering analog television signal 

to baseband, for generating an in-phase dcmodu.lation result including first artifacts of 

the DTV signal, and. for generating a quadrarure·phase demodulation result including 

second artifacts of the DTV signal.. The inverse Hi!ben transformer circuitry 47 

implements a subsequent step 52 of differentially shifting the in-phase and 

quadrature-phase demodulatipn results in respective phase by 90° at frequencies in a 

prescribed frequency range extending well below 750 kilohertz. The linear combiner 

30 49 carries 'out a subsequent step S3 of linearly combining the in-phase and quadrarure­

phas~ demodulation results following their differential shjfting in respective phase by 

90° at frequencies in the prescribed frequency range, to generate a linear combining 
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result substantially free of the first and second artifacts of the digital television signal 

in the prescribed frequency range. (The cut-off of the lowpass filter 50 determines the 

l.lpper boundary of this prescribed frequ~cy range.) The squarer 31 performs a step 

S4 of squaring the linear combirung result; and the digital threshold detec:tor 32 than 

5 carries out a final step S5 of detecting whether or not the resulting square. of said 

linear combining result exceeds the square of said prescribed value, for determining 

whether the digital television signal is accompanied by co-channel interfering analog 

television signal of substantial amplitude. 

FIGURE S is a flow chart of the method o( operation implemented by the 

tO FIGURE 1 TV receiver, differing from the FIGURE 4 flow chart in that the step S2 

implemented by the inverse Hilbert transformer circuitry 47 is more particularly 

sho"vn as the step S2' of phase shifting the quadrature-phase de.modulation results by . 

90° at frequencies in a prescribed fr~queney range e"Ktending well below 750 kilo.hert:i.. 

FIGURE 6 is a flow chart of the method of operation implemented by the 

15 FIGURE 2 TV receiver. The method depicted in the FIGURE 6 t1ow cha.rt uses the 

same step$ so. Sl1 $2 and S3 depicted in the FIGURE 4 flow chart. The step S4 of 

squaring implemented· by the squarer 31 in the .FIOURE 1 TV receiver is omitted in 

the operation of the FIGURE 2 TV receiver1 of course. The step SS performed by1he 

digital threshold detector 32 in the FIGURE 1 TV receiver is supp!anted in the 

20 operation of the FIGURE 2 TV receiver by a $tep S5' of detecting whether or not the 

amplitude of the linear combining result in the prescpbed frequency range exceeds a 

presc..~bed vatue, for generating an indication of when the DTV signal is accom"Plnied 

by co-channel interfering analog teJevisio;t sign11l ofsu?stantiat amplitude. This step 

SS' is carried out by the digital threshold detector 032 in the FIGURE 2 TV receiver. 

25 FIGURE 7 is a flow chart of the method of operation implemen~ed by the 

30 

FIGURE 6 TV receiver, differing from the FIGURE 4 flow chart in that the step S2 

-implemented by the inverse Hilbert transfonner circuitry 47 is more particularly 

shown as the step S2' ofpbase shifting the. quad:atu:re-phB.$e demodulation results by 

90° at ftequencies in a prescribed frequency tange extending well below 750 kilohertz. 
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WHAT IS CLAlMEDIS: 

I. A method comprising the steps of: 

receiving a digital tefevision signal apt ar times to be accompanied by a C~· 

channel interfering analog television signaJ having a video portion; 

synchrodynlng the video portion of any said co-channel interfering analog 

S television signal to base.band, for generating an in-phase demodulation result 

including first artifacts of said digital television signal. and for generating a 

quadram~e-phase demodulation result including second artifacts of said digital 

television signal; 

differentially shiftini said in-phase and quadrature-phase demodulation results 

l 0 in respective phase by 90° at frequmcies in a prescribed frequen~y range extending 

well beiow 750 kilohertz; 

linearly combining said in-phase and quadrature·phase demodulation results 

following said differential shifting in respective phase by 90a at frequencies in said 

prescribed frequencY.1ange1 to generate a linear combining result substantially free of 

15 the first and second artifacts of the digital television signal in said prescribed 

frequency range; and 

detecting whether or not the amplitude of said linear combining result in said 

prescribed frequency range exceeds a prescribed value, for genera'ting an indication of 

when said digital television signal is accompanied by co-channel intetfering analog 

20 television signal of S'rlbstantial amplitude . 

. . . 
2. The method of claim 1, wherein said step of differentially shifting said in-

phase and quadrature-phase demodulation results in respective phase by 90° at 

frequencies in said prescribed frequency range comprises a substep of: 

inverse Hilbert transfonning said quadratl.lre-phase demcdulation result. 
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3. The method of claim I, wherein said step of detecting whether or not the 

absolute amplitude of said linear combining result exceeds said prescribed value 

comprises subsreps of; 

squaring said linear combining result; and 

detecting whether or not the resulting square of said linear combining result 

exceeds the square of said prescribed value. 

4. A method comprising the steps of: 

receiving a digital television signal apt at times to be accompanied by a co­

channel interfering analog television signal having a video portion; 

synchrodyning the video poriion of any said co-channel interfering analog . . 
5 television signal to baseband, for generating an in-phase demodulatic>n result 

including first artifacts of said digital television signal, and for generating a 

quadraruxe-phase demodulation result including second anifacts of said digital 

television signal; 

phase shifting said q~adrature·phase demodulation results by 90° at 

10 frequencies in a prescribed frequency range extending well below 750 kiloheni; 

15 

linearly combining the resulting phase-shifted quadrature-phase demodulation 

results with said in-phase quadrature-phas.e de~odulati.on results, to generate a linear 

combining result substantially free of said first and second artifacts of said digital 

televisioD; sjgnal in said prescribed frequency range; and 

detecting the amplitude of said linear combining result in said prescribed 

frequency range exceeding a prescribed value, for generating an indication that said 

digital television signal is accompanied by co-channel in'terfering analog television 

signal of substantial amplirude. 
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5. The method of claim 4, wherein said step of detecting the amplitude of said 

linear combining result in said prescribed frequency range exceeding a prescribed 

value for generating an indication that said digital television signal is accompanied by 

co-channel interfering analog television signal of substantiat amplitude comprises 

5 substeps of: 

squaring said linear combining result; and 

detecting when the resulting square of said linear combining result exceeds the 

square of said prescribed value for generating said indication that said digital 

television signal is accompanied by co-channel interfering NTSC signal of substantial 

l 0 amplitude. 

6. A digital television receiver inciuding circuitry for detecting limes "vhen 
. . 

analog television signal of substantial amplitude occupies a television broadcast 

channel. whlch circuitry comprises: 

input circuitry for selecting from a television broadcast channel a vestigial 

5 sideb~1d amplitude-modulation signal descriptive of a· video signal ponion of any 

analog television signal that occupies said television broadcast channel, ~onverting the 

selected vestigjal sideband amplitude-modulation signal to an intennediate frequency 

signal, and amplifying said intermediate .frequency signal to provide an amplified 

intennediate frequency signal, said vestigial sideband amplitude-modulation signal as 

l 0 originally received by said input circuitry including a video carrier and full sideband 

in addition to a vestigial sideband: 

video synchrodyning circuitry f 01' synchronously detecting said amplified 

intermediate :frequency signal with respect to said video carrier signal and with respect 

to a carrier in quadrature phase with said video carrier signal. for generating an 

15 in-phase synchionous detection response and for generating a quadrature-phase . 
synchronous detection response; 
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first phase shift circuitry for phase shifting by substantially 90° alt frequency 

components of said quadrature-phase synchronous detection response above a 

prescribed frequency to generate a first phase shift circuitry response; 

20 first linear combining circuitry linearly combining said in-phase srnchronous 

detection response and said first phase shift circuitry response for recovering first 

linear combining circuitry response to a portion of said video signal described both in 

said full sideband and said Yestigial sideband, which first linear combining circuitry 

response is !ubstantially free of response to all)' digital television signal that occupies 

25 said television broadcast cha.one!; and 

n threshold detector for detem:iining wnen said first linear combining circuitry 

response exceeds a prescribed threshold value, for generating indications thar 

co-channel analog television signal is of substantial amplitude. 

7. The digital television receiver of claim 6 further comprising: 

second linear combining dreuitry linearly combining said in-phase 

synchrortous detection response and said first phase shift circuitry response for 

recovering second linear combinjng circuitry response to all of said video signal. 

8. The digital te!evision receiver of claim 6 further comprising: 

second phase shift cireuitl'y for phase shifting by substantially 90~ all 

frequency components of said quadrature-phase synchronous detection response 

above SOQ kilohem ro gene"ta.te a second phase shift 1;ircuitty response; and 

5 second linear combining circuitry linearly combining said in-phase 

synchronous detection response and said second ph~e shift circuitry response for 

recovering second linear combining circuitry response to all of said video signal. . 


