1 Digi‘t~al Video Signal Processing System Including A Rej ectiBl\_'VMﬂ ED{Sd'_-j
This_ipvention is related to the field of digital signal processing, an :
nore particularly to a television signal receiver systemincluding a filter
for rejecting co-channel interference. .1 0 Recent devel opnents in the
field of video signal processing have produced digital high definition
tel evi sion (HDTV). signal processing and kransmi ssion systens. An HDTV
terrestrial broadcast systemrecently proposed as the Grand Alliance system
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States by the Federal Communi cations Commi ssion through its Advisory
Conmittee on Advance 20 Tel evi'sion Services (ACATS). A description of the
Gand Alliafce HDTV system as submtted to the ACATS Technical Subgroup on
February 22, 1994 (draft docunent) is found in the 1994 Proceedi ngs of the
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Recent developments in the field of video signal processing
have produced digital high definition television (HDTV) signal
processing and transmission systems. An HDTV terrestrial
broadcast system recently proposed as the Grand Alliance system
15 in the United States employs a digital transmission format for
transmitting a packetized datastream. The Grand Alliance HDTV
'system is a proposed transmission standard that is under
consideration in the United States by the Federal Communications
Commission through its Advisory Committee on Advance
20 Television Services (ACATS). A description of the Grand Alliance
HDTV system as submitted to the ACATS Technical Subgroup on
February 22, 1994 (draft document) is found in the 1994
Proceedings of the National Assbciation of Broadcasters, 48th
Annual Broadcast Engineering Conference Proceedings, March 20-
25 24, 1994, |

The proposed Grand Alliance HDTV system is a simulcast
system. In such a system, two versions of the same program '
material may be broadcast simultaneously via separate standard.

30 6 MHz channels. One of the two program versions contains
standard definition NTSC information broadcast on one channel,
while the other contains high definition- information broadcast on
the other 6 MHz channel. In practice, a simulcast system may
utilize two 'adjacent 6 MHz NTSC channels, eg., VHF channels 3 and

35 4, to convey the standard and high definition information,
respectively. The high definition version of a simulcast system can



standard ‘defini.ti on NTSC i nformati on broadcast on.one channel, while the
other contains high definition information broadcast on the ot her 6 MHz
channel . In practice, a sinulcast systemnmay utilize two adjacent 6 Mz
NTSC channel s, eg., VHF channels 3 and 3 5 4, to convey the standard and

hi gh definition information, respectivel % The high definition version of a
si mul cast system can 2 be inmplenented4 n a standard 6 MHz channel by
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The rejection of co-channel interference is a factor in a
simulcast system since co-channel interference may severely
15 degrade or disrupt the operation of a high definition television
~ receiver. Co-channel interference may result when two different
television signals are transmitted on the same broadcast channel
and are received simultaneously. The interfering signal
components typically are the picture carrier (located 1.25 MHz
- 20 from the lower band edge), the chrominance subcarrier (located
3.58 MHz higher' than the picture carrier) and the sound carrier
(located 4.5 MHz higher than the picture carrier). The likelihood of
co-channel interference occurring is a function of various factors,
such as the broadcast distance between the two channels and the
25 transmission power of the channels, for example.

In accordance with the principles of the present
30 invention, a digital signal processing system for receiving and
processing a video signal, eg., in a Quadrature Amplitude
Modulation (QAM) format or a Vestigial Sideband (VSB) format,
includes a network for rejecting an interferer signal such as a
contmuous wave NTSC co-channel interferer signal using an FIR
35 filter in a carrier recovery loop. In an illustrated embodiment, co-
channel rejection is accomplished by an FIR digital filter following



conponents typically are the picture carrier (located 1.25 MHz 20 fromthe
| ower band edge), the chrom nance subcarrier (located 3.58 MHz higher than
the picture carrier) and the sound carrier (located 4.5 Mz hi gher t han t he
picture carrier). The likelihood of co-channel interference occurring is a
function of various factors, such as the broadcast di stance between the two
channel s and the 25 transmi ssi on power of3the channels, for exanple. In
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a continuous co- channel "I nt erer signal using an FIR™35 filter
in a carrier r8€6WaTK.| oop. In an illustrated enbodi nent, ~co- channel
rejection isgacconplished by an FIR digital filter foll owi ng an

equal i zer-and situated in a cgrrizel recovery Lo ich _brings a
near - baseband signal to baseb ﬁfff éc'f'P%PQro‘trfﬁgn@%gwﬁg per f or mance of
both the equalizer and the carr| er recovery network. 5 Brief Description of

t he Drawingslntheﬁ %% "Figure 1 is a block diagramof a
i Al |on 1)

portion of a high dé vi sion receiver systemincluding a
co-channel notch filter '

10 Figure 1 is a block diagram of a portion of a high definition |
television receiver system including a co-channel notch filter
network in accordance with the prmmples of the present
invention.

15 Figure 2 illustrates 'amplitude-frequeﬁcy responses for
baseband QAM and NTSC co-channel signals.

Figure 3 illustrates an amplitude-frequency response of the
notch filter network in the system of Figure 1.
20 ‘ _ '
Figures 4 and 5 respectively show the Real and Imaginary-
time domain responses of the filter network of Figure 1.

25 Figure 1 is a block diagram of a portion of a high definition
digital television signal receiver. In this example a QAM signal,
which is a type of pulse amplitude modulated (PAM) signal, is
received and processed As is known, in a QAM symbol
transmission system a transmitted data symbol is represented by

30 quadrature components which modulate respective quadrature
phased carriers at a given frequency. Each symbol is mapped
(assigned) to a prescribed coordinate in a four-quadrant grid-like
constellation. In a 32-QAM system for example, each quadrant of
the constellation contains eight symbols at prescribed coordinates

35 with respect to I and Q quadrature axes.



network in accordance with the principles of the present invention. 1 5 .
Figure 2 i1lustrates anplitude-frequency responses for baseband QAMand
NTSC co-channel signals. Figure 3 illustrates -an anplitude-frequency
response of the notch filter network in the systemof Figure 1. 20 Figures
4 and 5 respectively show the Real and Imaginary tinme domai n responses of
the filter-network of Figure 1..25 Iiigure 1 is a block diagramof a
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10 demodulation, and performing twice symbol rate sampling prior
to feed-forward equalizer 14. The preliminary demodulation
brings the signal close to baseband so that the receiver does not
‘have to operate on the high frequency input signal. Also included
in input processor 12 (but not shown to simplify the drawing) is a

15 timinglclocic recovery network for developing a symbol rate clock
from the received QAM signal. Timing/clock recovery networks
for recovering a symbol rate clock from a received signal are well
known and are described, for example, in the reference text

Digital Communication, Lee an_d Messerschmitt (Kluwer Academic '
20 Press, Boston, MA, USA, 1988). '

A passband. I, Q digital QAM signal from unit 12 is processed |

by passband feed forward adaptive equalizer 14, eg.,
fractionally spaced equalizer, which conditions the s1gnal before

25 further processing. Specifically, equalizer 14 includes an adaptive

. digital FIR filter which compensates for transmission channel

perturbations such as frequency/phase irregularities. Equalizer 14
responds to dynamically updated filter coefficients generated in
response to a control signal as will be discussed, after an

30 initialization interval during which equalizer 14 is initialized usmg
blind equalization or using training signal techniques.

An equalized passband signal from equalizer 14 is complex
in nature with Real and Imaginary comiponents, and may be at or
35 near baseband. This signal may be symbol rate sampled before
being processed by a rotator 16, which is sometimes referred to as



converting the received signal to a |ower frequency band above 5 baseband,
automatic ~gain control networks, and an anal og-to- digital converter, for
exanpl e. Input processor 12 may al so include networks for Nyquist-rate
sanpling a bandpass filtered input signal, phase splitting the filtered

i nput signal into quadrature |, Q conponents, performng a prelim nary 10
denodul ati on, and perform ng tvm ce synbol§rate sarrpl ing prior to
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equal i zer 14 i slicer 124, ierzat dstecgobméuamhmlplmaeu detectoruandg voltagei ng
signal techni Ay@ftrolled oscillator (VCO) network 28, which develop an erfor
signal E for use as will be discussed. Units 16, 24, 26 and 28
15 comprise the essential elements of a digital phase locked loop
(PLL) for eliminating the dynamically varying carrier offsets. The
carrier recovery loop also advantageously includes a co-channel
rejection filter 18 as will be discussed.

20 The received QAM signal may be contaminated with an NTSC
co-channel interferer information as shown in Figure 2, which
illustrates the amplitude-frequency spectrum of the QAM signal
relative to narrowband co-channel NTSC interferer components at
the picture carrier and chrominance carrier frequencies. To reject

25 the co-channel interferer components, co-channel notch filter 18
in accordance with the principles of the present invention is
included in the control loop described above, after rotator 16.
Filter 18 processes baseband (and near-baseband) signals from
rotator 16 with an amphtude -frequency response as shown in

30 Figure 3, with high attenuation (notches) at the plcture carrier and
chrominance subcarrier baseband frequencies. The Real and
Imaginary time domain responses of filter 18 are illustrated by
Figures 4 an 5, respectively, where T designates a symbol interval.



An- equal i zed passband signal fromequalizer 14 is conplex in nature with
Real and Imagi nary conponents, and nmay be at or 35 near baseband. This
signal may be synbol rate sanpl ed before being processed by a rotator 16,
which is sonetinmes referred to as 5 a de-rotator in view of its function .
in a carrier recovery network for bringing near-baseband signal frequencies
t o baseband signal frequencies. Rotator 66, eg., a conplex multiplier as
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dynam cally varying carrier offsets. The carrier recovery |oop al so
advant ageously includes a co-channel rejection filter 18 as will be
di scussed. RO Referring:ito cBightes 2 agnd| 3;rdy ibeseeonthati the éidtexi 48 an NTSC

response does not include a rejection notch at the sound carrier
frequency at the high end of the baseband. This is because, in this
example, the system parameters are chosen so that the sound
carrier resides on the Nyquist slope in the excess bandwidth |

15 region (i.e ., the filter slope at the high frequency end). Nulls for
the audio carrier may also be created by equalizer 14,

It is noted that filter 18 is advantageously located after
rotator 16 in the carrier recovery network. In this regard the

20 inventors have observed that if filter 18 is placed before feed-
forward’ equalizer 14 and a carrier frequence offset is present, the
filter attenuation notches will not be properly aligned with the
picture ‘and chrominance carrier frequencies that are to be
attenuated. If the notch filter is positioned before the rotator,

25 wider attenuation notches should be used to account for the
possibility of a carrier frequeticy offset. The disclosed location of
filter 18 after rotator 16 advantageously permits the use of
narrow notches with a sharp attenuation characteristic at the co-
channel frequencies to be attenuated, resulting in efficient

30 filtering. In addition, the zero delay characteristic of filter 18 does
not compromise the pull-in and tracking characteristics of the
carrier recovery. loop. ' -

A notch filter corresponding to filter 18 may be used to
35 reject any continuous wave interferer signal, not only.co-channel
NTSC picture and chrominance carrier frequencies as-disclosed in



co-channel interferer information as shown in Figure 2, which illustrates

t he anplitude-frequency spectrum of the QAM signal relative to narrowband
co-channel NTSC interferer conponents at the picture carrier and
chromnance carrier frequencies. To reject 25 the co-channel interferer
conmponents, co-channel notch filter 18 in accordance with the principles of
t he present |nvent|on is included in th control | oop described above,
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baseband pi ct SABAHAE - ﬁ;lw“ﬁva‘é&ié%ié’ ”e””at biier" 39”15 proopssed: bvng 10
Fi gures 2 and a3slicer i24.s8toet 24 doneaibs| aellnai)ﬁmgaanecmwmeandois i ncl ude a
rejection §¢f Rogtarhfifed W"YeeB "the" constellation symbol that is closest in
- distance to the received signal sample. The complex (I, Q) QAM
-constellation is divided into decision regions where each decision
region is the set of points that is closest to some symbol. If, after
examining a decision region for a symbol, a received symbol is
15 found to be located at or offset in distance from an expected
coordinate, slicer 24 produces an output symbol at the expected
coordinate. The slicer output symbol differs from the slicer input
symbol by the amount of any distance offset. The amount of any
such offset is sensed by error ,dete'ctor 26, which produces an
20 output error signal “E” as a function of the amount of the offset.
This error signal is used to adjust the tap coefficients of equalizer
14 (via multiplier 30) and equalizer 22 so as to bring the error
value to zero, such as through the use of a Least Mean Squared
algorithm as is known.

25 . .
Signals S;j and So at the input and output of slicer 24,
respectively, are provided to a phase control unit 28 including a

phase detector and voltage ‘controlled oscillator (VCO) for
generating output sine and cosine quadrature correction

30 coefficients. Associated with each sine and cosine correction
coefficient is an error correction phase angle which is a function of
the value of error signal E. The output correction coefficients from
phase control unit 28, and the QAM 1, Q constellation components
from equalizer 14, are provided to respective inputs of rotator 16

35 to perform the (de)rotating function for producing baseband
output signals from rotator 16. It can be shown that any set of



frequéncy at the'high end of the baseband. This is because,

i'n this

exanpl e, the system paranmeters are chosen so that the sound carrier

resi des on the Nyquist slope in the excess bandw dth 15 regi

on (i.e., the

filter slope at the high frequency end). Nulls for the audio carrier may

al so be created by equalizer 14. It is noted that filter 18
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passband error correction signal from multiplier 30 is applied to a
control input of equalizer 14 for controlling the coefficient values

of equalizer 14 to facilitate the équalizing operation.

15 Filter 18 advantageously enhances the performance of
equalizer 14 - by assuring that proper coefficient control signals are
applied to equalizer 14 from unit 30. Since filter 18 is located in
the carrier recovery loop where a baseband signal is recovered,
the co-channel rejection notches of filter 18 are accurately aligned -

20 with the associated baseband signal frequencies to be rejected.
Consequently, error signal E and the coefficient control signals

-accurately reflect the baseband signal characteristics.

This result

would not be obtained if filter 18 preceded equalizer 14.

25 The placement of filter 18 also advantageously enhances the

carrier recovery operation by providing an accurate

signal at the

input of slicer 24, i.e., a signal with properly rejected co-channel -

frequencies. Slicer 24 co-acts with error detector 26

to generate

phase error signal E, which is ‘used to control the coefficients of -

30 equalizers 14 and 22 as discusseq.

The combination of elements 16, 20, 24, 26 and 28 form a
carrier recovery loop for providing a baseband demodulated
s1gnal at the output of rotator 16. With the exception of filter 18

35 in accordance with the principles -of the present invention, these

elements form a carrier recovery loop as described i

n the Lee and



the illustrated enbodi nent. Although filter 18 preferably exhibits a zero
del ay,, a nom nal armount of delay nay be tolerated as a function of the
operating paraneters of a given system 5 The filtered baseband out put
signal fromfilter 18 is applied to an additive input of a subtractive
conbi ner 20, a subtractive (-) input of which receives an output signal
froma decision feedback equalizer 22. Th@ output signal from conbiner 20
|8 processed byrae il ffini ‘texd! hfeticibd YatAEAS THSIAE NA1sE Aithis3es M | S
10 programed {0 S€l ect { e cons eﬁ 1Ton's ol that 1s ¢glosest 1n, ..
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fromthe sli cefﬁ?%?gsgﬁio&o?%ﬁﬁgdtggoﬁxt HQ&%E?' di stance of fset. The
anount of any such offset is sensed by error detecter 26, which produces an

20 output error sigrgbcisfon FReabadi CediRdliAT 22CnMPWE Preléddedofwitht . This
error signal IS“&[&F .to acﬂ, st the, ta%éyeff C|ents}5(‘)f e%iillzer 14é{fV|a
mul tiplier 30) igignis; wWath unggons bﬁqql‘i'gﬂi%t QYPIYY (FEPPRSE o,
such as thr quifequatizesc22f isa rekated fgcahe Sumetion al gorithmas is known. 25
Signals [err] and [err] at the;input and output of slicer 24, respectively,
are provided to a phase ceﬁ-t—m}—cnm-t- 28 including a phase detector and

vol tage controll ed oscill atorl + 2 (Z)or :

This response effectively creates a noiseless pole which effectively
cancels the notches created by the filter 18 response N(z) noted
15 previously." The poles are noiseless since the input to unit 22 is the

result of noiseless decisions from slicer 24. '

The baseband Output signal from slicer 24 is decoded by
means of a Viterbi decoder 42, de-interleaved by unit 44,

20 subjected to Reed-Solomon error decoding by unit 46, and applied
to a transport processor 48. Processor 48 transports a decoded
output signal from unit 46 to appropriate decoders within unit 50
depending on the content of the signal from unit 46, eg., audio or
video information. _Transpbrt processor 48 receives corrected data

25 packets from unit 46 and examines the header of each packet to
" determine its routing. Audio and video output signals from unit
50 are respectively applied to an audio processor 54 and to an
NTSC television video processor 52, which place the signals in a
format suitable for reproduction by a unit 60.

30 : .

| Although the system of Figure 1 was described in the

context of a QAM input signal, other types of pulse amplitude
modulation (PAM) input signals including QPSK signals may also
be used, as well as vestigial sideband (VSB) input signals.

35 '



generating output sine and cosine quadrature correction 30 -coefficients.
Associ ated with each sine and cosine correction coefficient is an error
correction phase angle which is a function of the value of error signal E.
The out put correction coefficients fron1phase COH%FOF HRHt—28—ant—the QAM

I, Qconstellation conponents from equalizer. specti ve
I nputs of rotator 16 3 5 to performthel()de)rot at mLHMIm Il' J“Frodum ng
baseband out pypygingnal s fromrotator 16. It can be S @vant at

8 quadrature signals can be rotated to a desired angul ar p03|t|on by
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and has its coeffjcien ntrolled as a_ f of the val ue of
error signal E&ggaﬁoyl ‘T"bn Emia Oy SBPRHAN %Ie%f"ﬁgﬁdi‘fgéll nput of a conpl-ex
multiplier 3D, anotmrlnpmuprocﬁessbr;ch recei ves sine and cosine out put
signal s from phase giﬁﬁ.ﬁ a d: conpl ex
conj ugate form by 1%9%{3 te%éltl)@o Héé ggpF § ﬁB ﬁa?) |m:p(ﬁ§0 An
out put passbanPre¢es§Orgorrecti on signal fromnul ti le er 30 is applied to a°
control input of eqgatamfir %écé%rycwetwefklm bhﬁv@oeéfaﬁleﬁtpmahimlof

dvant ageous! yHToMatAids Saeliger F nareuoipE EéLﬁ?wéplit&ﬁbyamW jdefiay
proper coeffOcsigmalgontrol signals are applied to equalizer 14 fromunit
30. Since filter 18aﬁsoll9p(iﬂt §ijgda'1 processor for processing said baseband
video signal; and '
a filter included in said carrier recovery network for
filtering baseband and near-baseband video signals, said filter
15 exhibiting a response including significant amplitude attenuation
at a prescribed frequency for attenuating narrowband interferer
signal components 'subject to contaminating said. received signal.

2. Apparatus according to claim 1 and further compriéing
20 a second equalizer responswe to demodulated signals after
filtering by said f11ter

3.  Apparatus according to claim 1, wherein
said filter is a FIR digital notch filter for attenuating co-
25 channel interferer signals at picture carrier and chrominance
carrier frequencies; and
said input processor includes a frequency converter.

4, -Apparatus according to claim 3, wherein
30 said notch filter exhibits an upper bandedge excess
frequency region encompassing a co-channel sound carrier
frequency. |



the carrier recovery |oop where a baseband signal is recovered, the

co-channel rejection notches of filter 18 are accurately aligned 20 with

t he associ at ed baseband signal frequencies to be rejected. Consequently,

error signal E and the coeffici.ent control signals accuratelyreflect—the ——

baseband 'si gnal characteristics. This result would not be obtgi '
filter 18 preceded equalizer 14. 25 11 The pl acenent of flﬂmmngﬂmmmmlll
advant ageously enhances the carrier recovery operation by pr L I S
accurate signal at ghe,input of sliger 24, |.e.,. a signal with properly
rej ected co-channel®*fr @‘i“és?c‘éqrﬁ&%g 2‘?4°t?d!‘bc]t'swj\‘ﬁe?‘ﬁmerror det ect or .26
to generate phase eaidrfitegrial aEdigital cFIR sfilteedexhibitimg rsubstdiatbefzersi ent s
of 30 equal i Zgﬁg%&éhﬁﬂg %%1 di scussed. The conbi nation of elenents 16,

0

20, 24, 26 an ma cartier recovery |loop for providing a baseband
denodul at ed i gnal at the output of rotator 16. Wth the exception of

filter 18 35 in aCC&rd@Iaﬁrjﬁ:ﬂdshaééﬁ'di’ﬁénﬁ Rlfitn Of, WHRrepeSent invention, -
these elements forma,carrier recovery | oop described in _the Lee and

as

9 Messerschnitt texidithefRiTiFfe JEEAVERYe MEtWATK COMPTISES, 2ifse Gandro
operation of fleegbawdudinglsaidrfikér. and the coaction of nultiplier 30 with
feed-forward. equalizer 14. Forward equalizer 14 is.a filter that also
renoves sone of the Inter Symbol Interference 5 (1Sl). Feedback equalizer
22 then rerdo@es thelr edApparatuse ac@drding ctoudiaim ahy wheireizener at ed by filter

18. . said carrier recovery network includes a slicer with an input
- for receiving signals from said filter, and an output; and
a decision feedback equalizer has an input for receiving
output signals from said slicer and an output coupled to a point in
15 said carrier 'recovexy ‘network prior to said slicer.

8. Apparatus according to claim 5, wherein said carrier
recovery network includes ) | _ '
a rotator responsive to output signals from said equalizer;
20 a slicer responsive to output signals from said rotator;
an error detector coupled to said slicer for providing an
output error signal representing a phase error; and
a phase control network responsive to input and output
signals of said slicer; and wherein |
25 said filter is coupled between said rotator and said slicer for
filtering output signals from said rotator.

9. Apparatus according to claim 1, wherein
said received signal is a television signal subject to being
30 contaminated by co-channel interference; and
said filter provides significant attenuation at NTSC picture
carrier and chrominance carrier frequencies.



Deci si on feedback equalizer 22 may be prel oaded w i cients with
function €(z) such that the overall response of 10 e @ﬁl MI m l”ﬂ at ed
to the function [err] This response effectively creat

whi ch -ef fectivel'y cancel s the notches created by theskilter 18 response

N(z) noted 1 5 previously. The poles are noiseless since the input to unit
22 is the result of n0| sel ess deci sions f2om slicer 24. The baseband CQut put

signal fromslicer f&ﬂﬁﬁ‘%q‘%j 4060 Hing St(PfCﬁdM' yergheggoder 42,

de-interl eaved by unlf supbj ecte to Reed- Sof omon error decodl ng by
unit 46, and applleéatdaeﬂ ZBEPSit processor 48. Processor 48 transports a

decoded out put signal fée@Torwatd 46qializepPEesponsive deceiigials Wirohi nsaidi t 50
dependi ng on the content of the95| gnal fromunit 46, eg., audio or video

i nformation. TABPRDLRROCEPRIas@BA 48 receives corrected data 25 packets from
unit 46 and é&xani nesaidecdreirte recdveryc mepwokiet compdising na neatrier recoveny.

Audi 0 and vi de u pmunit 50 are respectively applied to an
audi o processo%ogh%z Loq%oqggi@ll&é’tel evi sion video, processor 52 which

pl ace the signals i ah 4 cotatorstespensiver dp puiputdsignaly fgmy said foswardo
Al t hough the s ﬂ‘g .Figure 1 was described in the context of a QAM i nput

nol udi ng. QPSK < gndPy keljiter d9¢sEIERe, OHtPte piEnals ibm gt rBliBR.fed
(VSB) i nput 150 dilaés .exBibiting significant attenuation of at least one of baseband
picture carrier and chrominance carrier frequencies;
(c) a slicer responsive to output signals from said filter;
(d) an error detector coupled to said slicer for providing a

phase error signal; and

15 (e) a phase control network having an input responsive to
an output signal from said slicer, and an output coupled to said

rotator.

11. Apparatus according .to claim 10 and further in'cluding
20 a feedback equalizer. having a signal input responsive to an -
output signal from said slicer, a control input responsive to said
error signal, and an output coupled to an input of said slicer; and
wherein '
said feed-forward equalizer is also responsive to said error
25 signal.

12. Apparatus according to claim 10, wherem
said received signal is a Pulse Amplitude Modulated (PAM)
signal.
30



10 1. In a system for receiving a signal representative of digital video
i nfornmation, apparatus conprising: 5 ~an input processor; an input
equal i zer responsive to signals fromsaid input processor; a carrier
recovery network responsive to an outputl3ignal fromsaid equalizer for
providing a denpdul ated baseband video 1 O signal; an output signal
processor for progeAsi vineo! S1BRAEDPRACKSYNGS 598%ku eLApki! e [ nc] uded
in said carriepn REJECPIBNNEEIWPER fOr filtering asegan ang near - baseband
video signals, said filter 15 exhibiting a response including significant.
anplitude attenuation at a prescribed frequency for attenuating narrowband
interferer signal conponents subject to contam nating said. received :
signal. 2. Apparatus accordi ng tAbstraitnmof thed Discldsare conpri sing 20 a
second equal i zer responsive to denodul ated signals after filtering by said
filter. 3. Apparatus according to claim1, wherein said filter is a FIR
digital notch filteA Wdigitak tségnalt procassing Systemnfor receiving endsi gnal s at
picture carri OsiBBr AMhiFH R ffiibh Slel&Vi iea; Ndindd Piigeut
processor | ng;l ré%?_%l ?r iﬂu cy, converteer. 13%%%‘?‘% tfgn’aé,cgé %l%lggtg ¢laim
3, wherein mplitude Modulation (PAM) format, includes a fllter_ for rejecting
: ' interferer signals such as a narrowband continuous wave NTSC co-
channel interferer. In an illustrated embodiment the rejection
filter is a digital FIR filter (18) located after a (de)rotator (16) in a
carrier recovery network (16, 20, 24, 26, 28). The filter exhibits a
10 zero throughput delay bandpass response with attenuation
" notches for rejecting NTSC co-channel picture and chrominance

baseband carrier frequencies.

FIGURE 1



30

"regi on -enconpassi ng a co-channel
according to claim1, wherein said filter is a digital

5

said notch filter exhibits an upper bandedge excess frequency
sound carrier frequency.

. Appar at us

FIRfilter

exhibiting substantially zero throughput delay. 5 6. Apparatus according to
rk conprises a feedback control

claiml1l, wherein said carrier
| oop including said filter.

recovery n
10 7.

Appar atus according to claim 1,

wherein said—carrier recovery network inclaudes e'sTTtEr - a oyt for
receiving signals fromsaid filter, andgiﬁg@utth; an sjan f pedback
equal i zer h an input for rechl ving out )Lgsigra_beoir' L gce and an
out put coupl to a point in 1§ said carjics ecoudf§ p;xgg to said
slicer. 8. ratys according to Cf arm p, e eiaj "é'r%g)very
networ k i ncljudes aygrotator |responsiywé tojofit put spitdo|
equal i zer; 2 11 Mesponstye {o|ypdt—sy bnj3eh
rotator; an > tjor_ coyplfed og fd|sl¢ Cgr for npgean put put
error signal| r ¢EResef{rlg 35 p aslefrrdri | and a | BT wer
responsi ve te#RES adfl ogbu s &R ai-g—sti-cen; A reifn
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25 said filter is coupled between said rotator and said slicer for
filtering*output signals fromsaid rotator. 9. Apparatus according to claim
1, wherein said received signal is a television signal subject to being 30
contam nat ed by co-channel interference; and said filter provides
significant attenuation at NTSC picture2¢a rier and chrom nance carrier

frequenci es. 1 2 10. Apparatus according to aimi, wherein: said
equalizer is; a feed-forward equalizer responsive to signals fromsaid
i nput processor; and 5 said carrier recovery network conprising a

carrier recovery control loop including; (a) a rotator responsive to output
signals from said forward equalizer; (b) a filter for filtering out put
signals fromsaid rotator, said 1 O filter exhibiting significant
attenuation of at |east one of baseband picture carnier and chroni nance
carrier frequencies; (c) a slicer responsive to outgut signals from said
filter; (d) an error detector coupled to said slicerq for providing a phase
error signal; and 15 (e) a phase control netwqrk having an input
responsive to an output signal fromsaid slicer, and an output. coupled to
sai d '
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rotator. 11. Apparatus according to claim 10 and further including 20

a feedbaek equalizer having a signal input responsive to an output signal
from said slicer, a.control input responsive to said error signal, and an
out put coupled to an input of said slicer; d wher.ein said feed-forward
“equalizer is also responsive to said error 25 signal. 12. Apparatus
according to claim 10, wherein said received signal is a Pulse Amlitude
Modul at ed (PAM signal, 30 '
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