CLOCK 51 GNAL GENE%R};ATO? FOR A DI G TAL TELEVI SI ON RECEVER Thi s i nve¥azp#drp #es
oncerns appar at u%hi AR a clock signal to be li,iel(} .‘tal

5| gnalW@ 93412823 ng el evision receiver. In paftl %u g’r%
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o This invention concerns apparatus for generating
5 a clock signal to be used by digital signal processing circuits in
a television receiver. In particular, this invention concerns
‘apparatus for developing a clock signal after a channel change
so as to permit video information associated with a new
channel to be displayed almost lmmedlately after the channel
10 change. '

An important - performance feature of a television
receiver system is an ability to display a picture almost
immediately after a system perturbation such .as a channel

~ change. In the case of a television receiver including digital

15 signal processing- circuits, the first of many events that must
occur to produce a picture display is the development of an
appropriate clock timing signal for use by the digital signal
processing circuits.. _ _

One particularly advantageous digital signal

20 transmitting/receiving system for a high definition television
(HDTV) signal is described in- U.S. patent application Serial No.
650,329 titled “Modulator/Demodulator for Compatible High
Definition Television System”, filed February 4, 1991. In that
system, transmitted high definition television information is

25 divided into high priority information that is intended to be
received with high reliability, and low priority information.
The high priority information and the low priority
information are conveyed as separate QAM (quadrature
amplitude modulated) carrier signals within different

30 portions of the television signal frequency spectrum. The
high priority information | exhibits a small excess bandwidth,
and a narrower bandwidth and significantly larger amplitude
than the low priority information.

At a receiver, a clock signal for use by associated -

3 5 digital signal processing networks is developed from the high
priority narrowband signal by means of a nonlinear signal
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transmtted high definition television information is 25 divided into high
priority inforgemneratort had as phasenockedoldop rresponsivento nthiei gutpet i ability,
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signal with small excess bandwidth, the magnitude of the

5 output signal from the nonlinear generator is small. This
dictates the use of a narrowband phase locked loop, which
exhibits an undesirably slow response time. Signal energy to
assist in developing the clock signal can be added to the
television signal in the form of a pilot signal, but the energy

10 associated with such an added signal may degrade the -
television signal by introducing interference and unwanted |
artifacts. In any case, in a system of this type it is desirable (
to provide a clock signal almost immediately after a channel
change because viewers typicaily prefer seeing a displayed

15 image for the new channel almost immediately after a
channel change. The present invention addresses this matter.

_ App@ratns in accordance with the principles of the

present invention is included in a digital high definition video
signal processor that processes first television channel

20 information and second television channel information. In
response to a system perturbation such as a channel change, a
clock signal developed from information of the previously
‘tuned channel is used as the clock signal for the new channel,
until an appropriately phased new clock signal can be

25 developed from the information of the new channel.

' In an illustrated embodiment of the invention, a
digital television receiver includes a so-called fractionally
spaced amplitude and phase adaptive equalizer. When a

- channel change is initiated, a clock signal developed from the
30 old channel is used as the clock signal for the new channel
until a- control network, together with-a phase locked loop,
produces a phase stable new clock signal at the phase of the
. old clock signal. Variations of the clock signal phase for a
period of time following the channel change are avoided, and




30 portions of the_te ﬁa\e’til-ﬂ D Rleglirad frequency spectrum The high priority
i rif or mat i on. exhi bi t S 2 s bandwi dth, and a nar rpgprudsarehsssit h and
Si gni\‘vpcga“{’]? °l.ar ger m mEﬂan the low priority information. At a
recgiver, a clock si y associ ated 35 digital signal processing
networks is devel oped fromthe high priority narrowband signal by neans of
a nonlinear signal 2 generator and a pphase | ocked | oop responsive to the

out put signal fromthe nonlinear signal Qgenerator. Since the nonlinear
si gnal gener at otheoreceiver dunetions r nohmatlyQitimediately after a channel '

change. _ :
'FIGURE 1 is a block diagram of a portion of a
5 digital television receiver including digital signal processing
networks and apparatus according to the present invention.

FIGURE 2 depicts a baseband video frequency
spectrum of a compatible simulcast multiple QAM high
definition television signal received and processed by the

10 receiver of FIGURE 1.

FIGURE 1 illustrates a portion of an HDTV receiver
for receiving and digitally processing an HDTV signal of the
type shown in FIGURE 2. This signal will be described before
proceeding with a discussion of the receiver arrangement

15 shown in FIGURE 1. : |

_ FIGURE 2 illustrates the video frequency spectrum

of a high definition -television signal that is compatible with
the 6 MHz bandwidth of a standard NTSC television signal
channel, and that can be used as a simulcast signal. The

20 frequencies along the frequency scale of FIGURE 2 (-1.25 MHz
to 4.5 MHz). are referenced_ to the 0.0 MHz frequency location
of the RF picture carrier in a standard NTSC sysiem.

The HDTV television signal is a data compressed

| signal divided into high and low priority information

25 components. In this example audio, synchronizing and low
frequency video information components that are intended to
be received with high reliability are assigned a high priority.
The synchronizing information, for example, may be in the
nature of a training signal containing a unique signature or

30 code to facilitate signal recovery and processing at a receiver,
and illustratively may include field rate scanning information
(e.g., start of field markers). Other less critical components,
such as high frequency video information, are assigned a
lower priority. The high priority information exhibits a

35 narrow bandwidth relative to the low priority information,
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t he principl es niodulates a 3.84 MHz second suppressed carrier which is also
5 referenced to signal REF. A resulting composite signal is a
form of a multiple QAM signal, i.e., a “twin” QAM signal in
this instance. The composite twin QAM signal is translated
into the 6 MHz standard television band by means of out-of-
band reference signal REF. The frequency of signal REF is
10 chosen so that when signal REF is modulated by the composite
QAM signal, one of the resulting sum and difference
components falls within the band of frequencies associated
with a desired radio frequency television channel, such as
simulcast VHF channel 3. Signal REF is modulated by the
15 composite twin QAM signal to produce a double sideband
modulated signal, the lower sideband of which is rejected and
the upper sideband of which is retained as illustrated by
FIGURE2. ' -
_ The amplitude of the narrowband QAM
20 component is significantly greater than that of the wideband
QAM component, twice as large in this example. The -6 db
bandwidth of the narrowband QAM component is 0.96 MHz,
and the -6 db bandwidth of the wideband QAM component is
3.84 MHz, or four times the bandwidth of the narrowband
25 QAM component. The nonlinear band edge transition regions
of the narrowband and wideband QAM components are
shaped by finite impulse response (FIR) filters with a square
- root of a raised cosine characteristic, to produce smooth
transition regions which avoid unwanted high frequency
30 effects produced by sharp transition regions. The
" narrowband component exhibits an amplitude-versus-
frequency characteristic with an excess ‘bandwidth of
approximately 17%, i.e., 17% more than the theoretical

minimum bandwidth defined--by the expression %‘x‘% where T

35 is the symbol period for the subject signal. The amplitude- -
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qdi g| tal high definition video signal
proc%%l(ﬁ?ﬁé pr ﬁheegh ki la@eew si on channel 20 i nf OTAUS92r03883 second
t el evision channel ﬂ El MM' response to a system perturbation such -
as-.a channel change, devel oped frominformation of the
previ ously tuned channel is used as the clock signal for the new channel,
until an appropriately phased new cl ock gignal can be 25 devel oped fromthe

information of the new channel. In an illustrated enbodi nent of the
i nvention, a diYFESys-frequeney orespoasevef the| wideband; compoagnt r ictthenal | y

spaced anpl i t udsark cediIPamsifiBhI laﬁyaéﬂaearawhefb scallé) MRl ohange i s
initiated, a clock.signral devel oped fromthe 3 channel 1s used as the
clock signal fcHURmEr éﬂ%e‘?‘p §hei $teePEDNt PBTWN&‘W;RCOWBBBP’AH with a
phase | ocked | oop, The narrowband and wideband QAM components '
5 each contain an in-phase component “I” and a quadrature-

phase component “Q”. The I-phase component modulates a

suppressed cosine carrier, and the Q-phase component

modulates a suppressed sine carrier. A data "symbol” is

represented by both the I component and the Q component.

10 The composite QAM signal is a “16 QAM” signal in this.
example. Each 16 QAM I and Q component exhibits four
discrete amplitude levels, resulting in a total of 4x4 or 16
possible amplitude levels, or values, for. each of the
narrowband and wideband QAM signals, hence “16” QAM.

15 Two bits are needed to specify the four levels of each I and Q
component, whereby each data symbol requires four bits to
specify the sixteen levels for an I, Q combination. Thus the
bit rate of the 3.84 MHz (-6 db) wideband QAM signal is
15.36 Mbps (3.84 MHz x 4 bits), and the bit rate of the 0.96

20 MHz (-6 db) narrowband QAM signal is 3.84 Mbps (0.96 MHz
x 4 bits). In a 64 QAM system, the bit rates of the | _
narrowband and wideband components would increase by a
factor of 1.5. The described multiple (twin) QAM signal
exhibits significant co-channel immunity from interference

25 associated with a standard NTSC television signal, i.e.,, an NTSC
‘'signal transmitted from a different location in the same
channel as the twin QAM signal. Co-channel interference
from the twin QAM sngnal into an NTSC signal also 1s reduced
significantly.

30 The bit rates of the wideband and narrowband
QAM signals, 15.36 Mbps and 3.84 Mbps respectively,
advantageously exhibit a 4:1 integer relationship. This
relationship simplifies recovering the narrowband and
wideband QAM information at a receiver, since the .same

35 derived data clock can readlly be used for t1mmg the data
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i mredi ately after a nge Brief Descri ption of the Draw ng FI GURE
1 is a block diagramof a portion of a 5 digital television receiver _
i ncludi ng digital signal processing netwhrks and apparatus according to the

present inventiQl,veh A BreratibiP ¢t Both "AATRdnipSitchel " *Yhe' Rquired
data clock rates for the receiver system can be easily derived
from the readily. recovered high power narrowband QAM
signal, as will be discussed. '

-5 | In the receiver system of FIGURE 1, a broadcast
twin QAM signal received by an antenna 110 is applied via a
tuner 111 to a mixer 112 together with a reference signal REF
nominally at the frequency of signal REF used at the
transmitter. Tuner 111 includes viewer adjustable apparatus

10 for tuning the receiver from one channel to another in
conventional fashion. An output signal from mixer 112
includes sum and difference components. The higher ¢
frequency sum component is rejected by a low pass filter 114,
“which passes the difference component to an analog to digital

15 converter 116. The passed difference component exhibits the
composite mod_ulation frequency spectrum  shown in FIGURE
2, with the narrowband QAM modulation spectrum centered
about 0.96 MHz and the wideband QAM modulation spectrum
centered about 3.84 MHz. '

20 The digital sampled output signal from unit 116 is
applied to a demodulator 118 which, together with elements
120, 122, 124, 126 and 128 forms a narrowband QAM high

- priority signal processor. Demodulator 118 includes a '
plurality of input FIR filters for selectively passing the

25 narrowband QAM component, while rejecting the wideband
QAM component. Specifically, narrowband QAM demodulator
118 includes a filter having an amplitude versus frequency
response characteristic which substantially conforms to the:
shape of the amplitude versus frequency characteriStip of the

30 modulated narrowband QAM component as shown in FIGURE
2. The output signal from unit 116 is also applied to a
wideband QAM low priority signal processing network 150
which includes elements similar to those found in the
narrowband QAM high priority processor, for selectively

35 passing the wideband QAM component while rejecting the

produces a phase %qi{,@tmge@m kcecbl gnal at the phase of the old clock
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eceiver for receiving and digitally
precessing an HDTV s pe shown in FIGURE 2. This signal wll

"~ be described before proceed| ng with a discussion of the receiver
arrangenent 15 shown in FIGURE 1. FIGURE 2 illustrates the video frequency
spectrum of a high definition television signal that is conpatible with the
6 Mz bandw dt hnarrowbandn Q@AM Nidiiponenti sWidebagdaQAMrlosd , prority hat can

be et 25,2, 5 et TSholglls 30 gbhRANIAR ST FHEF AAHEACY S0
| ocation - response that substantially conforms to the shape of the
amplitude versus frequency characteristic of the modulated
5 wideband QAM component shown in FIGURE 2. Thus the
receiver system exhibits signal attenuating notches at
frequencies associated with high energy information in a
standard definition television signal.
Adaptive equalizer 120, of conventional design,
10 receives the demodulated quadrature phased I and Q
components from demodulator 118. Equalizer 120 employs
an adaptive digital FIR filter to compensate for amplitude and
phase irregularities, e.g., including ghosts, caused by the
transmission channel. In this example adaptive equalizer 120
15 is a so-called fractionally spaced equalizer that is capable of
sampling over more than the minimum required intervals
and therefore introduces whatever phase shift and amplitude
changes' are needed to produce desired amplitude and phase
characteristics for the output I and Q components. Equalizer
20 120 includes a ROM programmed with desired phase and
amplitude values for the I and Q output components of
equalizer 120. The output I and Q component values are .
. respectively compared with the programmed values, and the
input I, Q values are adjusted to approximate the '
25 programmed values based on the results of the comparison.
The adjustment is accomplished by changing the tap weights
of filters associated with equalizer 120. Equalizer 120 is
capable of sub-sampling within a symbol period to produce
~ the amount of phase and amplitude change needed to produce
30 the desired output amplitude and phase characteristics. As a
- result of this ability, the operation of equalizer 120 is
substantially insensitive to the phase of an applied clock
signal, although such phase preferably should be substantially
constant. Equalizer 120 may be a synchronous equalizer,
35 although a fractionally spaced equalizer exhibits better

spectrum of a Conpah‘lsb&"e"tﬁ“@l’%ﬁ I tiple QAM high definition television
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Equalized I and Q output signals from 'unit_120 are
applied to an estimator network 126 which produces output I,
Q components representing a most likely estimate of the
- values of I and Q components as transmitted. For example,
10 the values of the I and Q components at the output- of
estimator 126 have been adjusted as needed to compensate _
.for the distorting effect of noise acquired in the course of («
transmission. Estimator 126 essentially performs an
interpretive function of assigning values to samples whlch
15 due to effects such as noise, do not fit exactly into assigned
locations in the 16-point four quadrant signal constellation.
Output signals from estimator 126 are applied to a decoder
122, which essentially exhibits the inverse of a mapping
operation performed by an encoder at the transmitter. Look-
20 up tables are employed to "unmap" the four quadrant signal .
constellation into the seqhential four-bit (symbol) segments,
in binary digit form, which existed at the transmmer before
bemg encoded at the transmitter.
Aun error detector 124 monitors the I, Q input and
25 output signals of estimator 126 for producing a carrier phase
error output signal with a magnitude proportional to the
phase error between the input and output I and the input and
output Q signals of estimator 126. The phase error can be due
to noise effects, in which case the phase error would be
30 random in nature. The phase error also can be due to the
frequency of signal REF not being substantially equal to the
frequency of corresponding signal REF used at the |
transmitter, in which case the phase error would not be
random in nature. An output ERROR signal from error
35 detector 124 ultimately is used to compensate for the

" of the RF picture carrler |n ﬁ ﬁg dard NTSC system The HDTV tel evision



dulates a 3.84 Mz second suppressed
carrier which is als to signal REF. A resul ting conposite
signal is a formof a multiple Q\Msignal, i.e., a "twn" QAWM signal in
this instance. The corrp05|te twin QAM ngnaI is translated into the 6 M

standard tel evj SI on, band .b ns.@af ,out -.of - .band reference. signal REF. The
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by the conposi tlae value of the frequency of corresponding s1g_nal REF at the

transmitter. Error detector 124 operates at a higher sampling
rate than equalizer 120, for sensing phase and frequency

-5 offsets that may be due to a frequency deviation attributable
to synthesizer 135, or to a frequency deviation of an oscillator
associated with tuner 111.

‘ Specifically, the ERROR signal is applied to a
voltage controlled oscillator (VCO) network 128, including a

10 low pass filter, for modifying the values of quadrature phased
sine and cosine reference signals applied to quadrature
demodulator 118. - The modified sine and cosine reference
signals alter the demodulation process until the magnitude of
the error representative output signal from detector 124

15 indicates that any deviation of the frequency of signal REF
from a desired value has been compensated. The low pass
filter associated with unit 128 filters the ERROR signal so that
the values of the reference signals from VCO 128 and thereby
the operation of demodulator 118 are modified in response to

20 errors of a non-random nature, such as the described

' frequency deviation, and are unaffected by random effects
such as noise. Wideband QAM low priority signal processor
150 contains elements that operate in the same fashion -‘as
units 118, 120, 126, 124 and 128 of the .narrowband QAM

25 processor discussed above. Additional information concerning
the operation of a control loop of the type including estimator
126, detector 124, VCO 128 and demodulator 118 can be
found in the text “Digital Communication”, by Lee and
Messerschmitt, noted previously.

30 A signal processor 140 combines the demodulated
high priority data signal from decoder 122 and the
demodulated low priority data signal from processor 150.
Processor 140 may ‘include data decompression networks
such as Huffman decoders and inverse quantizers, error

35 correcting networks, and de-multiplexing -and signal

4 and guadr ature ann{lggheaﬁasmydm aegl (QAM) a 0.96 MHz first suppressed
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- tel evision channel JMH BE[‘E‘“ cast VHF channel ‘3. Signal REF is

nodul ated by the 1 n QAM signal to produce a doubl e sideband

nodul at ed signal, the | ower sideband of which is rejected and the upper

si deband of which is retained as illuslPated by FIGURE 2. The anplitude of
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wi deband QAM cprpecessed by anS8dudddr sighall procéssors 14Debéfore wbeing of the
nar r owband applied to a sound reproducing device 146. The video
5 component is processed by a unit 144 to produce an image
representative signal which is applied to an image display
device 148. '
A direct digital frequency synthesizer 129
- produces a 15.36 MHz clock signal CLK in response to.a
10 master clock signal from a system clock generator 130, which
also provides a clock signal to a frequency synthesizer 135 for
developing mixer reference signal REF. The clock signal from (|
generator 130 is used to synchronize the operation of
. synthesizers 129 and 135, and exhibits a frequency of 10
15 MHz in this example. - The frequency of signal REF nominally
corresponds to that of signal REF used at the transmitter. Any
deviation of the frequency of signal REF from a desired
frequency is compensated for as described above. Signal CLK
from source 129 is the clock signal for digital signal
20 processing circuits in low priority processor 150. The high
priority narrowband processor processes a signal with a
bandwidth that is one-fourth that of the wideband signal.
Hence, the high priority processor elements respond to a clock
signal CLK/4 with ‘a frequency (3.84 MHz) one-fourth that of
25 signal CLK, as provided by a frequency divider 136.
| The frequency of clock signal CLK at the receiver
corresponds to the frequency of a clock signal employed at
the transmitter. Establishing the proper receiver clock '
frequency is facilitated by developing the receiver clock
30 signal from information contained in the more reliably
received high power narrowband QAM component.
Specifically, the composite QAM signal from the output of LPF
114 is applied to a nonlinear signal generator 131, e.g., a
power of N generator such as a multiplier that multiplies the
35 input by itself, where N may be 2 or 4. Unit 131 produces a
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wi th an excess bandw dt h of approxi mat 17% . i.e., 17%nore than the
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I's the synbol %&8&&8& HIEMS %%ﬁﬁéné&t?”afn' tl]-lsecgs lthgug)?rhbol rate is
0.96 MHz, one-quarter of the bit rate. Unit 131 also produces
a highly attenuated output component at the symbol rate of
5 the low power wideband QAM component, which output
component is ignored by subsequent signal processing units.
The 0.96 MHz symbol rate output component from
unit 131 is bandpass filtered by a filter 132 before being
applied to a phase shifter 133. Filter 132 has a center

10 frequency at the 0.96 MHz symbol frequency. The bandwidth
of filter 132 is not critical, but should be sufficient to provide
an’ adequate signal-to-noise ratio. Phase shifter 133 provides
a variable delay of up to one clock period of the 0.96 MHz
output signal from filter 132 under conditions which will be

15 described subsequently. Under normal steady-state
operating conditions, phase shifter 133 exhibits a static state
and imparts an amount of delay to the signal from filter 132
as needed to equalize the phase of the input signals to a phase
detector 137. _

20 ‘ Under normal steady state conditions an electronic
switch 134 is in position “A” as shown. Thus phase detector
137, responsive to the 0.96 MHz symbol rate output
component from unit 133, forms a phase locked loop together
with a low pass filter 138, synthesizer 129 and a divide-by-

25 16 frequency divider 139. Filter 138 removes spurious
frequencies including noise produced by the operation of
nonlinear signal generator 131. Frequency divider 139
receives a 15.36 MHz 'signal from synthesizer 129 and
provides a frequency divided 0.96 MHz output signal to a

30 control input .of phase detector 137. Synthesizer 129 includes
a register which accumulates phase increments determined
by the signal applied to a control input of unit 129 from filter
138, at a rate determined by the frequency of the signal from
clock generator 130, The accumulated phase value addresses

35 a ROM containing sinusoidal values which synthesize the
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commercially available from Qualcomm Corporation of San .
Diego, California, US.

5 In this system the high priority component
advantageously exhibits a narrow bandwidth with sharp out-
of-band attenuation, i.e., steep “skirts”. The small (17%) .
“excess bandwidth of the narrowband QAM component does
not allow nonlinear generator 131 to produce an output signal

10 of sufficient magnitude to rapidly develop a properly
synchronized clock signal after a system perturbation such as (
a channel change. Although the narrowband QAM component
applied to nonlinear generator 131 exhibits a relatively large
amplitude, the small excess bandwidth of the narrowband

15 QAM component prevents generator 131 from developing a
large output signal. The magnitude of the output signal from
a nonlinear signal generator (e.g., multiplier) such as unit 131
in response to an input QAM signal is a function of the shape
of the amplitude versus frequency characteristic of the input

20 signal, particularly at the band edges. For a given passband
amplitude characteristic, a steep slope at the band edge
produces a small amplitude single frequency output
component at the symbol rate of the input signal, whereas a
shallow band edge slope produces a large amplitude output

25 component. o '

The small signal output from nonlinear generator
131 suggests that a narrowband phase locked loop follow
generator 131. A narrowband phase locked loop as used in
this case exhibits a slow response time compared to a

30 wideband phase locked loop, whereby an output clock signal
from the phase locked loop exhibits a slowly varying phase
for a period of time until phase lock is achieved. This slowly
varying phase prior to phase lock is undesirable since it
adversely affects the operation of adaptive equalizer 120 and

35 other clock responsive circuits. Although fractionally spaced
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synboiwqgé{ﬂzﬁé"s four bits to specify the sixteen levels for an 1, Q -

conmbi nation. Thus the bit rate of the 3.84 Mz (-6 db) w deband QAM si gnal
s 15.36 Mips (3.84 Mz x 4 bits), and the bit rate of the 0.96 20 MHz (-6
db) narrowband QAM signal is 3.84 Mps (12_1]96 Mz x 4 bits). In a 64 QAM
system the bit rates of -the narrowband d wi deband conponents woul d

increase by a fagjualizer 120 idheubkraatiallgd insedsidve (6 vdifferedl fixedal
exhibits signifi 0- channel 'mmlwl?fél?arge Interference '25 associ at ed

{
with a standard X PRASES; & HATYIng, & PROYT 452109 £A8ni t t ed
from a differentprodasei erackinghpreblems heegardimg ntinimizingQahesiphase .

Co-channel i nt €rigseRGeihe 1 and Q input and output signals and the carrier
5 phase' error. ' Such tracking problems are particularly likely to
develop in the interval between the initiation of a channel
change and subsequent phase lock, but are avoided by the

clock signal genei'ating apparatus discussed below. A varying
clock phase during acquisition of a new signal will disrupt or
10 slow down convergence of the equalizer. In particular this
condition will occur after a channel change while the
equalizer is adapting to compensate the amplitude and phase
characteristics of the mew channel. | '
When a channel change occurs, it is desirable to
15 produce a viewable, undistorted image for the new channel
quickly because viewers prefer seeing a viewable image
almost immediately after a channel change. Thus it is
important to quickly develop a suitable clock signal after the
disruption of a channel change. This is accomplished by the
20 described apparatus in combination with phase shifter 133, -
switch 134 and a control network 155. Network 155 is a
microprocessor including comparators, switching and logic
circuits for providing output control signals as a function of
~ the niagnitudes of certain input signals as will be discussed.
25 Under normal, steady state operating conditions -
for a given channel, switch 134 is in position A as shown and
the phase locked loop including elements 137, 138, 134, 129
and 136 coact to maintain a substantially 0° phase difference
between the 0.96 MHz input signal applied to phase detector
30 137 from phase shifter 133, and the 0.96 MHz input signal
-applied to phase detector 137 from frequency divider 139.
The latter signal is developed by synthesizer 129 in response
~ to a phase error representative control signal from filter 138
. conveyed via switch 134 in position A.

-
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;‘rqm the twn QAM si gnal i nto an NTSC si gnal* also is reduced significantly.

30 = The bit rates of the w deband and narrovx/oaﬁ' é-B 3388 s,
15. Sg%?{gz%zﬁd 3.84 Mops respectively, advantageously exhi ;i?f{waZ%: i nt eger
rel-ationship. This relationship sinplifies recovering the narrowband and
wi deband QAM" information at a receiver, since the same 35 derived data
clock can readily be used for timng tf‘& dat a 6 recovery operation of
bot h QAM conponents. The required data clock rates for the receiver system
can be easily derived When a channel change is initiated by a.viewer,

tuner 111 provides an output channel change indicator signal
CC, e.g., a pulse, to an input of control network 155. Signal CC
causes control network 155 to provide an output switching
5 control signal S with a magnitude for causing switch 134 to
occupy position B instead of position A. In position B the
phase error control signal from the output .of filter 138 is
switched from synthesizer 129 to phase shifter 133.
Synthesizer 129 continues to provide output clock signal CLK
10 with the phase characteristic of the previously tuned channel
while control network 155, switch 134 and phase shifter 133
cooperate to align the phase of the output signal from filter ¢
132 for the new channel with the phase of the clock signal
associated with the old channel. During this time digital
15 signal processing circuits in the high priority processor and in
the low priority processor receive fixed phase clock signals
CLK/4 and CLK, respectively. o
The phase error representative control signal from
filter 138 is applied to a control input of phase shifter 133 via
20 switch 134 in position B for determining the magnitude and
direction of the phase shift produced by unit 133.  Control
neswork 155 monitors the phase error signal (E) from filter
138 to determine when the action of phase shifter 133 has
minimized the phase difference between the signal from
25 synthesizer 129 as conveyed via divider 139, and the phase
shifted signal from the newly selected channel as conveyed
by filter 132, which acts as a reference signal for phase
detector 137. When a minimum is reached, i.., when the
outputs of phase detector 137 and filter 138 indicate a
30 substantially 0° phase difference between the input signals of
phase detector 137, control network 155 via signal S returns
switch 134 to position A, whereby clock signals developed
from the new channel signal are applied to the digital signal
processing circuits. At this time phase shifter 133 continues
35 to provide an amount of phase shift (delay) as a function of
b : -
' eet Has Been Replaced
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_‘fro_mrt he readily recovered high power narrowband QAM signal, as wll be
In the receiver system of FI GURE PCT/AS92M388hst

di scuyge/02325
1w n QAM si gnal

m xer 112 together with a reference signal

recei ved by an antenna 110 is applied via a tuner 111

of signal REF used at the transmtter. Tuner 111 includes viewer

adj ust abl e apparatus 10 for tuning the y$&ceiver from one channel

i n conventi onal

f
di f f erence corrp@ﬁgj?g. valie Hegabred: feome filiers
| ow pass filter1334 whéredly

to a

REF nom nally at the frequency

t o anot her

hi on. . An out put  sj gnal frogbgi xer, 112 i.n¢cl udes sum and
C

andostared; By, 8plcied by a
phé Sréw! BRafnél sigmdle frompanitst 182 andanadBog to

Compost te modul & os 1 dafemkage CRRC fie, HiasE, RRGarRER""" 7 e 1

5

The input of network 155 which receives a
reference signal R from the output of filter 132 has associated
analog-to-digital converter and comparator circuits, for
example. - These circuits sense the magnitude of signal R and
delay placing switch 134 back in position A until the output

" signal from filter 132 is large enough to enable the phase

10

15

20

25

locked loop to track the symbol signal of the new channel,
from which clock frequency CLK is developed via synthesizer
129. Switch 134 does not return to position A from position B
until control network 155 senses that the output signal from
filter 132 is large enough for proper phase locked loop
operation, and that signal E is representative of a

substantially 0° phase difference between the input signals of

unit 137. . -
Thus, after a channel change, a clock signal
developed from the previously tuned channel is used as the
clock signal for the new channel until the symbol rate
component for the new channel as derived by unit 131 can
adequately control the phase locked loop and produce a
phase-stable clock signal via synthesizer 129. Clock
responsive digital 'signal processing circuits such as the
adaptive equalizers exhibit normal, unperturbed operation
over the course of a channel change, and receiver functions
for the new channel begin immediately after a channel
change. '

- This Sheet Has Been Replaced
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with the narrowband QAM modul ation spectrum centered . about 0.96 Mz and

the ? g,4AM nodul ati on spectrum centered about 3. 84 pgdyssfro3ss3
‘The y’gl sarrpl ed output signal fromunit 116 is applied to a denodul ator

118 which, together with elenents 120, 122, 124, 126. and 128 forms a

" narrowband QAM hi gh priority signal processor. Dermdﬂmumuluﬂ"lumumgs a
plurality of input FIRfilters for selpgtively passi . nd

QAM conponent, while rejecting the wi deband QAM conporfent®. Speti fically, :
nar r owband QAM denodul ator 118 i ncl ude€LAIMSt er havi ng an anplitude versus

' h hape
of ‘the. aupl i tuds versus o ectioicyYSRar ToF PRIGERNE, Y hiftL il 0 ="
nar r owband QAM E¥iiaRnf18n2ls hapParatuy epmprising:

means (111) for providing a channel change

5 control signal indicative of said system being tuned from a

first channel to a second channel;

| digital signal processing means (118-128) having
a signal input for receiving said television signal, and a clock
input for receiving a clock signal;

10 means (155,129) responsive to said television
'signal and to said channel change control signal for (
developing a clock signal at a clock output, said developing
means including means (133,134,137,138,139) for conveying
to said clock output (a) a first clock signal developed from

15 television information associated with said first channel
during an initial interval following a channel change, and (b) a
second clock signal developed from television information
associated with said second channel when said second clock
signal exhibits a desired phase characteristic; and

20 means (136) for coupling said clock output of said
developing means to said clock input of said digital signal
processing means.

2. Apparatus according to claim 1, wherein
25 said television signal has a bandwidth compatible
with a pre-existing standard definition television signal
channel, and comprises a narrowband modulated component
containing high priority information and a wideband
‘modulated component containing low priority information;
30 and | |
- said developing means develops said clock signal
from said high priority information. ‘

// |
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2. _Th“e out put signal from unit 116 is al so applied to a w deband QAM | ow .
priority signal processing network 150 which includes el 3{1&_%%95)@ g9 to
t hoseWOmBA2528 t he narrowband QAM high priority proc |y
35MpaSS| ng t?e vv\oggggzg QAM I corrponenttwhl | e reject |1n0 t he 7 narrowband
(?g\rmgﬁlng?g?nvm th a fil te?b\hav?\r,]\lgpgil ?(ralspgngtraotcﬁ;so;ubgt z“ﬂt“”"lﬂ“ﬁrulll M| to.
t he shape of the anplitude versus frequ‘e?ncy characteri st ic “of “t h& nbdul at ed
5 wideband QAM conponent - ghowg ohlefeh G deofdinE"¥S ¢ldfm 2, wherein said
' clock signal developing means includes
means responsive to said television signal for
selectively recovering said high priority information;
5 frequency synthesizer means having a control
input and a signal output;
| phase control means, including a phase control
input, responsive to said high priority information and to an
output sfgnal from said frequency synthesizer, for developing
10 a phase error representative signal; and
. means for coupling said phase error
representative signal to said phase control input of said phase
control means ‘during said ‘initial interval, and to said control
input of said frequency synthesizer at other times.
15
4. Apparatus according to claim 3, wherein said
coupling means includes |
.switch means having an input for receiving said
phase error representative signal, a first output coupled to
20 said control input of said frequency synthesizer, and a second
output coupled to said phase control input of said phase
control means; and. .
means responsive to said channel change control
signal and to said phase error representative signal for
25 controlling the switching of said switch means between said
first and second outputs.

5. Apparatus according to claim 4, wherein
said control means is additionally responsive to
30 recovered high _priority information for controlling said switch
means.

6. Apparatus according to claim 3, wherein
said means for recovering said high priority

35 information is a non-linear network.
: ThllsllslliietlHas Been qu
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recei ver system exhibits signal attenuating not ches at frequenm es

associ ated with high energy information in a standard deg eV| si on
-Si g0 93/2528 i ve equal i zer 120, of conventional design, recel ves t he
derodul ated quadrature phased | and Q conponents from dem)dul ator 118.

Equal i'zer 120 enploys an adaptive digital FIR filterit

anplitude and phase irregularities, i ncl udi ng gflmmﬂm!mgmmm he
transm ssion channel. 1In this exarrpl Ze%adapt ive equalizer ¢120 15 i & a
so-cal led fractionally spaced equalizer that is capable of sanpling over
nore than the mninmum required intervals andt‘%rgjr.efo e i,ntroduces whatever

phase shift and anplitude cARPGEANUS aCGRIAIRG Al Le WREIEM anpl i t ude
and phase characteristi gaid odigita¢ Siginallt pfocessing anexmsdnthudesqaal i zer

adaptive equalizer responsive to a clock signal from said
5 developing means.

8. Apparatus according to claim 7, wherein
said adaptive equalizer is a fractionally spaced
equalizer. |
10 .
9. In a system for receiving a high definition (
television signal having a bandwidth compatible with a pre- '
existing standard definition television signal channel, and
comprising a narrowband modulated component containing
.15 high priority information and a wideband modulated
component containing low pnonty information, apparatus
comprising:
means (111) for providing a channel change
control signal indicative of.said receiver being tuned from a
20 first channel to a second channel;
first digital signal processing means (118-128)
,mcludmg an adaptive equalizer and having a signal input for
receiving said television signal and a clock input for receiving
a clock signal, for processing said high priority information;

25 second digital signal processing means (150) .
including an adaptive equalizer and having a signal input for
receiving said television signal and a clock input for receiving
a clock signal, for processing. said low priority information;

means (155,129) responsive to said high priority

30 information and to said channel change control signal for
developing a clock signal at a clock output, said developing
means providing at said clock output (a) a first clock signal
developed from television information associated with said
first channel during an initial interval following a channel

35 change, and (b) a second clock signal developed from

R —
eet Has Been Replaced
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20 120 |ncI udes a ROM prograrmed w th desired phase and anplitude val ues
for thé ,&gg Q out put conponents of equalizer 120. The @egmuso2/o3888 Q
-corrp(% e Tes are respectively conmpared with the’—progr—arrmed—val—tres— and

the input I, Q values -are adjusted to approximte th al ues
based on the results of the conparison. The adj ustrre ﬁ@nm d by
changing the tap wei ghts of filters assogi at ed vmth

Equal i zer 120 is capabl e of sub-sanpling within a synbol per| od to produce
the amount of ptedevision informatien asaogiatedcwith tsau% secend schampeldesi r ed

out put anpli tud@h@ﬁds SBcOhd' Slock! s ﬁﬂﬂsethtsaar debiredOophase s ability,

the operation of er 120 1§ sub |1y insensitiv the phase of
an applied cl ock %‘i%&Ff%H‘St‘%el tMBETn s §& p‘?Fa il'kﬁ eMeAny ?l‘glﬁ'l‘@

substantial l'y (a) means (131) havmg a non-lmear response for
5 recovering said narrowband high priority information from
said television signal; '
(b) frequency synthesizer means (129) having a
control input and a signal output; -
(c) phase control means (133,137), including a
10 phase control input, responsive to recovered high priority
‘information from said non-linear means and to an output
signal from said frequency synthesizer, for developing a
phase error representative signal;
(d) switch means (134) having an input for
15 receiving said phase error representative signal, a first output
coupled to said control ‘input of said frequency synthesizer,
and a second output coupled to said phase control input of
said phase control means; and
(e) control means (155) responsive to said channel
20 change control signal and to said phase error representative
"signal for controlling the switching of said switch means
between said first and second outputs such that said phase
error representative signal is coupled to said phase control
input of said phase control means during said initial interval,
25 and to said control input of said frequency synthesizer at
other times; and
means (136) for coupling said clock output of said
developing means to said clock inputs of said first and second.
digital signal processing means; wherein said developing
30 means.

10. Apparatus according to claim 9, wherein
'said high priority information exhibits an excess
bandwidth of less than 30%. -
35

TN



'cor)stant. Equal i zer 120 may be a synchronous equalizer, 35 although a
fractionally spaced equalizer exhibits better 8 performance w th respect
-to tWwoO girazseScharacteristics of an applied clock swﬁ%
spaced and synchronous adaptive equalizers are di SCWE d in the text

"Digital Communications”, Lee and Messerschmtt (Kl MMMN
from

Publ i shers, Boston, MA, USA, 1988). Equalized | and E
unit 120 are applied to an estinator Owork 126 which produd’es output- I, Q

components representing §)MosApbhkihy &Hordfie 81 clalfh 9, wherein

~ said first digital signal processing means includes
a fractionally spaced adaptive equalizer responsive to a clock
signal from said developing means.
5 .
| 12. Apparatus ‘according to claim 9, wherein

said control means is additionally responsive to

recovered high priority information from said non-linear
means. | | |

T 1i‘iifﬁﬂi“m i



co
Cfu
no;

“of |

es which

and Q conponents as transmtted. For exanple,

e the val ues

® [ and Q conponents at the output of estimator 126 have bgﬁfyxgjusted-ggi
bded to conpensate for the distorti i ng ef fect 'of noi se acq n the .
rse of tr$ ssion.  PEPCHHEELYECTAE, ,ﬁﬁ%ﬁ?’i‘%”ﬁ?ﬂﬁﬁrfor s terpretive

1

f 5 d Ffec
ce. ?&%ﬁm%?és'«%}%eﬁ%‘f&ﬁﬁy%f%gnoﬁﬁm ATENT ORI TREATR P
Sh put | (¢1) GikAhdond PeR86 NuiBiror 126 WIR93/02525

Qu
22, mhlch ep
orned by an

ng |

encldéiiatemationahPublication Hpte:t t or 4 Febryany 1993 (940393

ally exhibits the inverse of a

3 erpi Uyeu Tounmap——the—four
?,zg.uﬁ.moha IApgiid&6rr Minfvert SY nb@lr)usbmm
d at the transmtter befo
(22) Internatior al Filing Date: 15 May 1992 {15.05.92)
Pri data:
(3”). 7?5“;50 uUs

25 July 1991 (25.07.91)

on Applicant: RCA THOMSON LICENSING CORPORA-
Princeton, NJ 08540 (US).
(72) Inventor: WHITE, Hugh Edward ; 171 Marshall Comer

i Management Opcratxon Inc., .CN 5312, Pnnceton, NJ

Woodsvﬂle Road, Pennington, NJ 08534 (US)

74) Agents: TRIPOLI, Joseph, S. et al.; GE & RCA Licensing
08540 (US).

H

TION [US/US]; CN 5312, Two Independence Way, |-

guadrant st grat—constettatTom Tt
@1) Designitéa®ikiey: AU, BRICA, 1,7, KRPIC Buropean

patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LU,
MC, NL, SE).

Published
With international search report. .

i54) Title: CLOCK SIGNAL GENERATOR FOR A DIGITAL TELEVISION RECEIVER

(57) Abstract

A hlgh definition television receiver mcludmg di-
Jital signal processing circuits (118-128, 150) receives a
igh definition television signal containing narrowband
igh priority information from which a system clock is
lenved (155, 129), and low priority wideband informa-
ion. After a channel change, a clock signal developed
137-139) from narrowband information associated with
he previously tuned channel is used (134) as the receiver
lock until a clock signal with a desired phase character-
itic is developed (131, 133) from the narrowband infor-
1ation of the newly tuned channel.
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"hei ng encoded at the transnitter. An error detector 124 nmohitors the I, Q
-input and 25 output signals of estimtor 126 for produci \ phase
-err oWI¥P2]25si gnal with a magnitude proportional to thepgﬁgggﬁe/??sg?
between the input and output | and the input and output Q signals of
estimator 126. The phase error can be due to noise effects, in which case
t he phase error would be 30 randomin ?/gture. The phase error al so can be
due to the frequency of signal REF not “Being substantially equal to the
frequency of correspondi ng signal .BEE used _at-the_transmiter,.d.n.which

case the phase erroryseul d not lbe randof_iﬁnhg Dature. An output ERROR signal
| i ed .to conpgnsate for the

from error 35 et eprppme24 ul tely :
PROCESSOR | | YOO I | 124 |
119 1 | MDT g a :
‘ N | | ERROR ;
| TUNER 118 1+ SINE| | COSINE DETECTOR ‘
+ (114 116 ' l l 120“ | 126 _ r122|
Ny ADAPTIVE - ! !
X -\— LPF ADC : DEMOD. -5 EOUALIZER » ESTIMATOR | ) DECODER -
e L S L ik
REF TOLOW CLK/4
PRORTY [ SISTEM | % 12 (3.84 M)
L 150 GENERAT DIRECT | -
FREQUENCY | T | DiGmAL 136
SYNTHESIZER , FREQUENCY -
v | SYNTHESIZER o
131 [ NONUNEAR | - | L T DATA -
N— Mgl;(li.lNTkIPE 139 (15.36 MHz) OUPUT
| GENERATOR C | \
+ 137 +16 e —
132~ BPF-O-? 2s -E T
| 133T + 134
. kﬁ
R— B B : A
| vy s~% s
NETWORK FROM 116 v 150
l_, LOW PRIORITY
Low PROCESSOR
140~ SIGNAL
FIG. 1 oumar —PROCESSOR_
Aumol vuoeol
142 [ a0 1'“[woeo
— oseNAL | N\ sianAL
PROCESSOR PROCESSOR
R v
146 148
SOUND - IMAGE
A REPROD. - DISPLAY
DEVICE DEVICE
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9 f*equency of signal REF devratrng froma desired value, i.e., the value
‘of t Reolgapeeicy of corresponding signal REF at the tran?Wf‘c—’%?Z’oWor
detector 1 operates at a higher sanpling rate than equalizer 120, for
sensi ng phase and frequency 5 offsets that may be due to a frequency

- deviation attributable to synthesizer 135, or to a frequency deviation of
an oscillator associated with tuner 111. Specifically, the ERROR signal " is
applied to a voltage controlled oscillator (VCO network 128, including a 1
0 Iom1pass filter, for nodifying the val ues of quadrature phased sine and
cosi ne reference srgnals applied to quadrature

212
SUPPRESSED SUPPRESSED
NARROWBAND WIDEBAND
REF QAM 2ARRIER . QAMC‘ARRER |
NTSC NTSC
! pcTuRe  NYQUST ~ SOUND
| o8 CARRER SLOFEAT CARRIER
s NOTCH _pecenem Noic“
i —
: b 16 0AM |
I Y lr I | 3 j I >
11 Logsl 00 | o 225 417 45 Mz
125 075 015 0B .
0.96 MHz l
: 3,84 Mz —————>

}4 ~ 6 MHz TV CHANNEL ' >

FIG. 2
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nature, such as the descri bed fﬂcﬂ)éKcS[GNaA(L SENE

e has been conpensiat®&iaithe | owepH

ates that any devi tH%“’iﬁ?ﬁpﬁe PRE% )F"‘g"d ls

ilters the ERROR sj ghakagethat™ Lhe~ 9’&4’ l?§§°d y‘"
128 and][thereby t hd? dperatii on mffd A. 10 paged

random ef fects such as noi FHRWNX SHGATAICHEUEVISIONF R
150 contains elenents that operate In the sane fashion as units 118 120,

126, 124 and 128 of the narrowband QAM 25 processor di scussed above.
Addi tional information cond&isiiyention concerns apparatus for generating

5 a clock signal to be used by digital signal processing circuits in
a television receiver. In particular, this invention concerns
apparatus for developing a clock signal after a channel change
so as to permit video information associated with a new
‘channel to be displayed almost immediately after the channel

10 change. :

An important performance feature of a television
receiver system is an ability to display a picture almost
immediately after a system perturbation such as a channel
change. In the case of a television receiver including digital

15 signal processing circuits, the first of many events that must
occur to produce a picture display is the development of an

- appropriate clock timing signal for use by the digital signal
processing circuits.

One particularly advantageous digital signal

20 transmitting/receiving system for a ‘high definition television
(HDTV) signal is described in U.S. patent application Serial No.
650,329 titled “Modulator/Demodulator for Compatible High
Definition Television System”, filed February 4, 1991. In that
system, transmitted high definition television information is

25 divided into high priority information that is intended to be
received with high reliability, and low priority information.
The high priority information and the low priority
information are conveyed -as separate QAM (quadrature
amplitude modulated) carrier signals within different

30 portions of the television signal frequency spectrum. The
high priority information exhibits a small excess bandwidth,
and a narrower bandwidth and 31gn1f1cantly larger amplitude
than the low priority information.

At a receiver, a clock sngnal for use by associated

35 digital s1gnal processing networks is developed from the. high
- priority narrowband SIgnal by means of a nonlinear sxgnal

Th\s is the Y
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(the‘ operation of a control |oop of the type including estimtor 126, _
sdetector 124, VCO 128 and denodul ator 118 can be found in the text "D gital
Communi cation”, by Lee and Messerschmtt, noted previously. 30 A
si gnal processor 140 conbi nes the denodul ated high priority data signal
from decoder 122 and the denodul ated | ow priority data signal from
processor 150.- Processor 140 may i ncl ude data deconpressi on networks such
as Huf f man decoders and inverse quantizérs, error 35 correcting networks,

and de-nmul ti pl genegarrdandgaaphase 10cked loop responsive to the output

signal from the nonlinear signal. generator. Since the
nonlinear signal generator operates on a narrowband QAM
signal with small excess bandwidth, the magnitude of the

5 output signal from the nonlinear generator is small. This
dictates the use of a narrowband phase locked loop, which
exhibits an undesirably slow response time. Signal energy to
assist in developing the clock signal can be added to the
television signal in the form of a pilot signal, but the energy

10 associated with such an added signal may degrade the
television signal by introducing interference and unwanted

. artifacts. In any case, in a system of this type it is desirable
to provide a clock signal almost immediately after a channel
change because viewers typically prefer seeing a displayed .

15 image for the new channel almost immediately ifter a
channel change. The present invention addresses this matter.

Apparatus in accordance with the principles of the
present invention is included in a digital high definition video
signal processor that processes first television channel

20 information and second television channel information. In )
response to a system perturbation such as a channel change, a
clock signal developed from information of the previously
tuned channel is used as the clock signal for the new channel,
until an appropriately phased new clock signal can be

25 developed from the information of the new channel.

In an illustrated embodiment of the invention, a
digital television receiver includes a so-called fractionally
spaced amplitude and phase adaptive equalizer. When a
channel change is initiated, a clock signal developed from the

30 old channel is used as the clock signal for the new channel
until a control network, together with a phase locked loop,
produces a phase stable new clock signal at the phase of the
old clock signal.- Variations of the clock signal phase for a
period of time following the channel change are avoided, and . _

T'riis”i-g’ihe rep\aeﬂmént_ gheet ..
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conbi ni ng networks for provi di ng separate audi o and video tel evision signal
. eonponents. The audi o conponent is processed by an audi o signal processor
142 before being applied to a sound reproducing device 146. The video 5
conponent is processed by a unit 144 to produce an image representative
signal which is applied to an inmage display device 148. A direct digital

frequency synt hesi zer 129 produces a 15.36 MHz clock signal CLK in response .

to a 10 naster clock signal froma system clock generator 130, which al so

provides a clockhsi gocdivep .{‘{gmwnﬁaw hAfidefiak®p hfter I8Veh@RhEY M xer

ref erence signal REF. The clock signal om generator” 130 1s used to

synchroni ze theQQﬁﬂﬁﬂﬂon of synthesizers 129 and 135, and exhibits a
frequency of 10 Brief Description of the Drawing
| FIGURE 1 is a block diagram of a portion of a
5 digital television receiver including digital signal processing
networks and apparatus according to the present invention.

FIGURE 2 depicts a baseband video frequency
spectrum of a compatible simulcast multiple QAM high
definition television signal received and processed by the

10 receiver of FIGURE 1.

FIGURE 1 illustrates a portion of an HDTV receiver
for receiving and digitally processing an HDTV signal of the
type shown in FIGURE 2. This signal will be described before
proceeding with a discussion of the receiver arrangement

15 shown in FIGURE 1.

FIGURE 2 illustrates the video frequency spectrum
of a high definition television signal that is compatible with
the 6 MHz bandwidth of a standard NTSC television signal
channel, and that can be used as a simulcast signal. The

20 frequencies along the frequency scale of FIGURE 2 (-1.25 MHz_
to 4.5 MHz) are referenced to the 0.0 MHz frequency location
of the RF picture carrier in a standard NTSC system.

The HDTV television signal is a data compressed
signal divided into high and low priority information

25 components. In this example audio, synchronizing and low
frequency video information components that are intended to
be received with high reliability are assigned a high priority.
The synchronizing information, for exarhple, may be in the
nature of a training signal containing a unique signature or

30 code to facilitate signal recovery and processing at a receiver,

- and illustratively may include field rate scanning information
(e.g., start of field markers). Other less critical components,
such as high frequency video information, are assigned a
lower priority. The high. priority information exhibits a ..

35 narrow bandwidth relative ‘to the low priority information,
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15 Mtz in this exanpl e. The frequency of signal REF nom nally corresponds
to that of signal REF used at the transmitter. Any deviation of the
frequency of signal REF froma desired frequency is conpensated for as
descri bed above. Signal CLK fromsource 129 is the clock signal for digital
signal 20 processing circuits in low priority processor 150. The high
priority narrowband processor processes agsignal with a bandwidth that is

one-fourth that of the w deband signal. Hence, the high priority processor
el ement s respondand quadovature i gm@ﬂltmwmommtea (QAME0.96. irst

one-fourth that gﬁks%bﬂnéﬁ 'rePc?eRf]éH’ ldeq Q{gﬁlfkﬁ'%c 1§Hd§k@tﬁr 136.

The frequency of e recel corresponds t
frequency of a clo§&®Wsig daw cBFé‘EF‘EM ‘t“ﬁ@rmﬁﬁﬁgnﬂﬂﬁgfa‘u"Es@% itade ng t he

proper receiver ghédwlates a 3.84 MHz second suppressed carrier which is also
5 referenced to signal REF. A resulting composite signal is a
form of a multiple QAM signal, i.e., a “twin” QAM signal in
this instance. The composite twin QAM signal is translated
into the 6 MHz standard television band by means of out-of-
band reference signal REF. The frequency of signal REF is
10 chosen so that when signal REF is modulated by the composite
QAM signal, one of the resuiting sum and difference
components falls within the band of frequencies associated
with a desired radio frequency television channel, such as
simulcast VHF channel 3. Signal REF is modulated by the
15 composite twin QAM signal to produce a double sideband
modulated signal, the lower sideband of which is rejected and
the upper sideband of which is retained as illustrated by
. FIGURE 2.
The amplitude of the narrowband QAM
20 component is significantly greater than that of the wideband
QAM component, twice as large in this example. The -6 db
bandwidth of the narrowband QAM component is 0.96 MHz,
and the -6 db bandwidth of the wideband QAM component is
3.84 MHz, or four times the bandwidth of the narrowband
25 QAM component. The nonlinear band edge transition regions
of the narrowband and wideband QAM components are
shaped by finite impulse response (FIR) filters with a square
root of a raised cosine characteristic, to produce smooth
transition regions which avoid unwanted high frequency
30 effects produced by sharp transition regions. The
narrowband component exhibits an amplitude-versus-
frequency characteristic with an excess bandwidth of
approximately 17%, .i.e., 17% more than the theoretical

-mlmmum bandw1dth defmed by the expressnon ; .i. where T

35 s the symbol penod for the subject s1gnal ‘The amplitud'e-' o



. frequency is facilitated by devel oping the receiver clock 30 signal from
sinformation contained in the nore reliably received high power narrowband
QAM cohi)onent Specifically, the conposite QAM signal fromthe output of
LPF 114 is applied to a nonlinear signal generator 131, e.g., a power of N
generator such as a multiplier that multiplies the 35 input by itself,
where N may be 2 or 4. Unit 131 producessga 1 1 single frequency:
conponent at the synbol rate of the narrowband QAM conponent. In this case

t he synbol
produces

r at e viessus-fiequdncyorespomse cof dhet ividebandaicomponentlia sheo
band edge transition regions (not drawn to scale) has one
quarter the slope of the steeper narrowband component.

The narrowband and wideband QAM components
5 each contain an in-phase component “I” and a quadrature-
phase component “Q”. The I-phase component modulates a
suppressed cosine carrier, and the Q-phase component
modulates a suppressed sine carrier. A data "symbol” is
represented by both the I component and the Q component.

10 The composite QAM signal is a “16 QAM” signal in this
example. Each 16 QAM I and Q component exhibits four
discrete amplitude levels, resulting in a total of 4x4 or 16
possible amplitude levels, or values, for each of the
narrowband and wideband QAM signals, hence “16” QAM.

15 Two bits are needed to specify the four levels of each I and Q
component, whereby each data' symbol requires four bits to
specify the sixteen levels for an I, Q combination. Thus the
bit rate of the 3.84 MHz (-6 db) wideband QAM signal is
15.36 Mbps (3.84 MHz x 4 bits), and the bit rate of the 0.96

20 MHz (-6 db) narrowband QAM signal is 3.84 Mbps (0.96 MHz
x 4 bits). In a 64 QAM system, the bit rates of the
narrowband and wideband components would increase by a
factor of 1.5. The described muitiple (twin) QAM signal
exhibits significant co-channel immunity from interference

25 associated with a standard NTSC television signal, i.e.,. an NTSC
signal transmitted from a different location in the same
channel as the twin QAM signal. Co-channel interference
from the twin QAM signal into an NTSC signal also 1s reduced

- significantly.

30 The bit rates of the wideband and narrowband
QAM signals, 15.36 Mbps and 3.84 Mbps respectively,
advantageously exhibit a 4:1 integer relationship. This
relationship simplifies recovering the narrowband and
wideband QAM infformatibn_ at a receiver, since the same

35 derived data clock can readily be used for'timing the data"

o host
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_.a highly attenuated output conponent at the synbol rate of 5 the | ow power
‘W deband QAM conponent, whi ch out put conponent is ignored by subsequent
signal processing units. The 0.96 Mtz synbol rate output component from
unit 131 is bandpass filtered by a filter 132 before being applied to a
phase shifter 133. Filter 132 has a center 1 0 frequency at the 0.96 MHz
synbol frequency. The bandwidth of -filteg 132 is not critical, but should
be sufficient to grovide an adeq Phase shifter

uate si -t 0-noi se ratiQ.
133 provi des a VEFrP%HiYe QREraljoBs ngb‘?'g gﬂg | RIRPRRENESe of he heeqyitesl MHz
out put signal frdawafélockr rd3 ﬂmd&heqmvéi%rolsyst_dmcdfhma&d cagily aeﬁggﬂri bed
hiTrer 135 exnifbpds HeSPERYiE) CRREYShAL ABC AR RBobaRT QAN To (e
signal from fil tsé¢gnal32as will be discussed. :
5 In the receiver system of FIGURE 1, a broadcast
twin QAM signal received by an antenna 110 is applied via a
‘tuner 111 to a mixer 112 together with a reference signal REF
nominally at the frequency of signal REF used at the
transmitter.  Tuner 111 includes viewer adjustable apparatus -
10 for tuning the receiver from one channel to another in '
~ conventional fashion. An output signal from mixer 112
includes sum and difference components. The higher
frequency sum component is rejected by a low pass filter 114,
which passes the difference component to an analog to digital
15 converter 116. The passed difference component exhibits the
composite modulation frequency spectrum shown in FIGURE
2, with the narrowband QAM modulation spectrum centered
about 0.96 MHz and the wideband QAM modulation spectrum
centered about 3.84 MHz.
20 The digital sampled output signal from unit 116 is
applied to a demodulator 118 which, together with elements "
120, 122, 124, 126 and 128 forms a narrowband QAM high
priority signal processor. Demodulator 118 includes a
plurality of input FIR filters for selectively passing the
25 narrowband QAM component, while rejecting the wideband
QAM component. Specifically, narrowband QAM demodulator
118 includes a filter having an amplitude versus frequency
response -characteristic which substantially conforms to the
shape of the amplitude versus frequency characteristic of the
30 modulated narrowband QAM component as shown in FIGURE
2. The output signal from unit 116 is also applied to a
wideband QAM low priority signal processing network 150
which includes elements similar to those found in the
‘narrowband QAM 'high priority processor, for selectively
' 35 passing the wideband QAM component while  rejecting the

This is the replacement ahe'et'_'_'
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“as needed to equalize the phase of the input signals to a phase detector
«137. 20 : Under nornal steady state conditions an el ectronic
switch 134 is in position "A" as shown. Thus phase detector 137, responsive
to the 0.96 MHz synbol rate output conponent fromunit 133, fornms a phase

| ocked | oop together with a | ow pass filter 138, synthesizer 129 and a

di vide-by- 25 16 frequency divider 139. Eklter 138 renobves spurious
frequenci es includi ng noi se produced by the operation of nonlinear signal

generator 131.  haReNHYNd KME&OH’%%“EEEGI wme}%ﬁggﬁAWlﬂgﬁﬁbmgnal to

synt hesi zer 129 and provi
a 30 control inpBIOSSERRD o 'é‘f%r ?ngsﬁ‘?éh aohlterchaviag 2
regi ster which agesponsat ﬂSatpbﬁb@tammlll@Wmﬁtﬁoﬂﬁtefdﬂﬂhed shape of the
' amplitude versus frequency- characteristic of the modulated
5 wideband QAM component shown in FIGURE 2. Thus the
receiver system exhibits signal attenuating notches at
frequencies associated. with high energy information in a
~ standard definition television signal.
Adaptive equalizer 120, of conventional design,
10 receives the demodulated quadrature phased I and Q
~ components from demodulator 118. Equalizer 120 employs
an adaptive digital FIR filter to compensate for amplitude and
phase irregularities, e.g., including ghosts, caused by the
transmission channel. In this example adaptive equalizer 120
15 is a so-called fractionally spaced equalizer that is capable of
sampling over more than the minimum required intervals
and therefore introduces whatever phase shift and amplitude
changes are needed to produce desired amplitude and phase
characteristics for the output I and Q components. Equalizer
20 120 includes a ROM programmed with desired phase and
amplitude values for the I and Q output components of
equalizer 120. The output I and Q component values are
respectively compared with the programmed values, and the
input I, Q values are adjusted to approximate the
25 programmed values based on the results of the comparison.
The adjustment is accomplished by changing the tap weights
of filters associated with equalizer 120. Equalizer 120 is
capable of sub-sampling within a symbol period to pro'd'uce
the amount of phase and amplitude change needed to produce
30 the desired output amplitude and phase characteristics. As a
result of this ability, the operation of equalizer 120 is
substantially insensitive to the phase of an applied clock
signal, although such phase preferably should be substantially
constant. [Equalizer 120 may be a synchronous equalizer,
'35 although " a*fractionally spaced equalizer exhibits better

" This ‘rs-the replacement gheet
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. by the signal applied to a control input of unit 129 fromfilter 138, at a
.rate determned by the frequency of the signal from clock generator 130.
The accunul at ed phase val ue addresses 35 a ROM contai ni ng si nusoi dal
val ues whi ch synthesi ze the 12 output signal fromunit 129. The function
of unit 129 may be inplenented with integrated circuit type Q2334
comercially avail abl e from Qual comm Cor®porati on of San Di ego, California,

us. 5 ‘perfBrinange S WAt MdsPechitoh tis | phidsey charRaBfRticadypnimgeous!y
exhibits a narrow bandw dth with Sharp out-
apphe& c\:’\focic s1gnaq. hﬁra%uonally spaced -and synchronous
adaptive equalizers are discussed in the text “Digital
Communications”, Lee and Messerschmitt (Kluwer Academic
5 Publishers, Boston, MA, USA, 1988).
Equalized I and Q output signals from unit 120 are
applied to an estimator network 126 which produces output I,
Q components representing a most likely estimate of the
values of I and Q components as transmitted. For example,
10 the values of the I and Q components at the output of
estimator 126 have been adjusted as needed to compensate
for the distorting effect of noise acquired in the course of
transmission. Estimator 126 essentially performs an
interpretive function of assigning values to samples which,
15 due to effects such as noise, do not fit exactly into assigned
locations in the 16-point four quadrant signal constellation.
Output signals from estimator 126 are applied to a decoder
122, which essentially exhibits the inverse of a mapping
operation performed by an encoder at the transmitter. Look-
20 up tables are employed to "unmap” the four quadrant signal .
constellation into the sequential four-bit (symbol) segments, -
in binary digit form, which existed at the transmitter before
being encoded at the transmitter. '
An error detector 124 monitors the I, Q input and
25 output signals of estimator 126 for producing a carrier phase
error output signal with a magnitude proportional to the
phase error between the input and output I and the input and
output Q signals of estimator 126. The phase error can be due
to noise effects, in which case the phase error would be
30 random in nature. The phase error also can be due to the
frequency of signal REF not being substantially equal to the
frequency of corresponding signal REF used at the - |
transmitter, in which case the phase error would not be
random in nature. An output ERROR signal from error
35 detector 124 ultimately is used to compensate for the _
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. of-band attenuation, i.e., steep "skirts". The small (17% excess bandw dth
‘©of the narrowband QAM conponent does not allow nonlinear generator 131 to
produce an output signal 10 of sufficient nagnitude to rapidly develop a
properly synchroni zed clock signal after a system perturbation such as a
channel change. Al though the narrowband QAM component applied to nonlinear
generator 131 exhibits a relatively larg® anplitude, the small excess

i m
dovel opi ng a | af5AUSARRLE iBRE) REk SGHBHNE o A (GRsvSd: Salucs; bbal fr om a
nonl i near si gnathgeraluetof the. g'cqueud:quiﬂ Icen)espunduﬁ@ slllglmil Rﬁl:uafjteﬂ\;ﬁéfgﬂze '
eent e acpoBhet RO 16 e Y RS2
edges. For a giTate phawrbequalizer 120 for sensmg phase and frequency

5 offsets that may be due to a frequency deviation attributable
to synthesizer 135, or to a frequency deviation of an oscillator
associated with tuner 111.

Specifically, the ERROR signal is apphed to a
voltage controlled oscillator (VCO) network 128, including a

10 low pass filter, for modifying the values of quadrature phased
sine and cosine reference signals applied to quadrature
demodulator 118. The modified sine and cosine reference
signals alter the demodulation process until the magnitude of
the error representative output signal from detector 124

15 indicates that any deviation of the frequency of signal REF
from a desired value has been compensated. The low pass
filter associated with unit 128 filters the ERROR signal so that
the values of the reference signals from VCO 128 and thereby
the operation of demodulator 118 are modified in response to

20 errors of a non-random nature, such as the described
frequency deviation, and are unaffected by random effects
such as noise. Wideband QAM low priority signal processor
150 contains elements that operate in the same fashion as
units 118, 120, 126, 124 and 128 of the -narrowband QAM

25 processor discussed above. Additional information concerning
the operation of a control loop of the type including estimator
126, detector 124, VCO 128 and demodulator 118 can be
found in the text “Digital Communication”, by Lee and
Messerschmitt, noted previously.

30 A signal processor 140 combines the demodulated
high priority data signal from decoder 122 and the
demodulated low priority data signal from processor 150.
Processor 140 may include data decompressxon networks

~ such as Huffman decoders and inverse quantlzers, error

35 correcting.-networks, and de multlplexmg and signal -




_anplitude characteristic, a steep slope at the band edge produces a snall
-anplitude single frequency output conponent at the synbol rate of the input
signal, whereas a shall ow band edge sl ope produces a | arge anplitude out put
25 conponent. The snall signal output fromnonlinear generator 131 suggests
that a narrowband phase | ocked | oop foIIOM/generator 131. A narrowband
phase | ocked | oop as used in this case EQhibits a sl ow response tine

romthe phace F8 o*étbq*éﬂféé R fF Broviefh % R AR G 0007
time until phaste BﬁtﬂtonsSl@nBl esaguponents. s| b Wﬁﬁglmmé Brior to phase
legﬁgl : ielrmgggl rg%&s‘ébﬂcﬁy' hnaQH&iros%llgnﬁf E:?Sééssb?elwebéfdrenb@ifngadapt ive
apphed to a sound reproducing device 146. The video
5 component is processed by a unit 144 to produce an image
representative signal which is applied to an image display
device 148.
A direct digital frequency synthesizer 129
- produces a 15.36 MHz clock signal CLK in response to.a
10 master clock signal from a system clock generator 130, which
also provides a clock signal to a frequency synthesizer 135 for
devéloping mixer reference signal REF. The clock signal from
generator 130 is used to synchronize the operation of
synthesizers 129 and 135, and exhibits a frequency of 10
15 MHz in this example. The frequency of signal REF nominally
corresponds to that of signal REF used at the transmitter. Any
deviation of the frequency of signal REF from a desired
frequency is compensated for as described above. Signal CLK
from source 129 is the clock signal for digital signal
20 processing circuits in low priority processor 150. The high
priority narrowband processor processes a signal with a
bandwidth that is one-fourth that of the wideband signal.
Hence, the high priority processor elements respond to a clock
signal CLK/4 with a-frequency (3.84 MHz) one-fourth that of
25 signal CLK, as provided by a frequency divider 136.
The frequency of clock signal CLK at the receiver
corresponds to the frequency of a clock signal employed at
the transmitter. Establishing the proper receiver clock
frequency is facilitated by developing the receiver clock
30 signal from information contained in the more reliably
received high power narrowband QAM component.
Specifically, the composite QAM signal from the output of LPF
114 is applied to a nonlinear signal generator 131, e.g., _
power of N’ generator such as a multiplier that mnltipli_e's the
'35 input by itself, where N may be 2 or 4, Unit 131 produces a. .
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.35 other clock responsive circuits. Al though fractionally spaced 13
‘equal i zer 120 is substantially insensitive to different fixed clock phases,
a varying clock phase prior to phase |ock can produce tracking problens
regarding mnimzing the phase error of the I and Qi nput and out put
signals and the carrier 5 phase error. Such tracking problens are
particularly likely to develop in the interval between the initiation of a
channel change and subsequent phase-locﬁ, but are avoided by the cl ock.

~ signal generatingnappagra u§n§§ SCOtAPBHERE ! A Mhe SN Gafd YFK cREIASE during
acquisition of anz?rrglw%a%aaQ l\'li comgtr)rlnjgxtlt.orln this case the symbol rate is
0.96 MHz, one-quarter of the bit rate. Unit 131 also produces
a highly attenuated output component at the symbol rate of

5 the low power wideband QAM component, which output

component is ignored by subsequent signal processing units.
The 0.96 MHz symbol rate output component from

unit 131 is bandpass filtered by a filter 132 before being

applied to a phase shifter 133. Filter 132 has a center -

10 frequency at the 0.96 MHz symbol frequency. The bandwidth
of filter 132 is not critical, but should be sufficient to provide
an adequate signal-to-noise ratio. Phase shifter 133 provides
a variable delay of up to one clock period of the 0.96 MHz
output signal from filter 132 under conditions which will be

15 described subsequently. Under normal steady-state
operating conditions, phase shifter 133 exhibits a static state
and imparts an amount of delay to the signal from filter 132
as needed to equalize the phase of the input signals to a phase
detector 137. ' |

20 ~ Under normal steady state conditions an électronic
switch 134 is in position “A” as shown. Thus phase detector
137, responsive to the 0.96 MHz symbol rate output
component from unit 133, forms a phase locked loop together .
with a low pass filter 138, synthesizer 129 and a divide-by-

25 16 frequency divider 139. Filter 138 removes spurious

| frequencies including noise produced by the opération of
nonlinear signal generator 131. Frequency divider 139
receives a 15.36 MHz signal from synthesizer 129 and
provides a frequency divided 0.96 MHz output signal to a

30 control input of phase detector 137. Synthesizer 129 includes
a register which accumulates phase increments determined
by the signal applied to a control input of unit 129 from filter
138, at a rdte determined .by the frequency of the signal from
clock generator. 130. . The accumulated phase value addresses

'35 a ROM containing sinusoidal values which synthesize the

- -Thié_ is:the replacement sheet
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.1 0 sl ow down convergence of the equalizer. In particular this condition

W || occur after a channel change while the equalizer is adapting to
conpensate the anplitude and phase characteristics of the new channel. Wen
a channel change occurs, it is desirable to 1 5 produce a viewabl e,

undi storted image for the new channel quickly because viewers prefer seeing
a viewabl e image al nost i mmedi ately aft a channel change. ‘Thus it is
inportant to quickly develop a SU|tabIé | ock signal after the disruption

of a channel chaggt dighsl Fore SRP1291CITRY fuherich dpsesid us in
conmbi nation wth ase%s fto ch 134 anld agag ! Fﬁ)netmg %155.

Net wor k 155 is HMPEREN ‘PFRﬂTBEﬁilgC‘EWaFH%r i tching and | ogic
circuits for prw:'mtinexgizdly paNaxd:abibrﬁioml Qualcomm Corporation of San

Diego, California, US.

5 In this system the high priority component
advantageously exhibits a narrow bandwidth with sharp out-
of-band attenuation, i.e., steep “skirts”. ‘The small (17%)
excess bandwidth of the narrowband QAM component does
not allow nonlinear generator 131 to produce an output signal

10 of sufficient magnitude to rapidly develop a properly
synchronized clock signal after a system perturbatibn such as
a channel change. Although the narrowband QAM component
applied to nonlinear generator 131 exhibits a relatively large
amplitude, the small excess bandwidth of the narrowband

15 QAM component prevents generator 131 from developing a
large output signal. The magnitude of the output signal from
a nonlinear -signal generator (e.g., multiplier) such as unit 131
in response to an input QAM signal is a function of the shape
.of the amplitude versus frequency characteristic of the input

20 signal, particularly at the band edges. For a given passband
amplitude characteristic, a steep slope at the band edge
produces a small amplitude single frequency output
component at the symbol rate of the input signal, whereas a
shallow band edge slope produces a large amplitude output

25 component.

-

The small signal output from nonlinear generator
131 suggests that a narrowband phase locked loop follow
generator 131. A narrowband phase locked loop as used in
this case exhibits a slow response time compared to a

30 wideband phase locked loop, whereby an output clock signal
from the phase locked loop exhibits a slowly varying phase

for a period of time until phase lock is achieved. This slowly
varying phase prior to phase lock is undesirable since it

adversely affects the operation of adaptive cquahzer 120 and .

35 .other clock responsive circuits. Although fractionally spaced
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.the magni tudes of certain input signals as will be discussed. 2 5

sUnder nornmal, steady state operating conditions for a given channel, switch
134 is in position A as shown and the phase | ocked | oop including elenents
137, 138, 134, 129 and 136 coact to maintain a substantially [err] phase

di fference between the 0.96 Mz i nput signal applied to phase detector 30
137 from phase shifter 133, and the O. 961¥—Iz | nput signal applied to phase
detector 137 from frequency divider 139." The latter signal is devel oped by

synt hesi zer 129 ¢qualézeronkd0 tiz subbanciatly dnsemyitiveendatifferemnfixeld si gnal
fromfilter 138 coRYCHRdsed,?aSWhyilly 'eldck "pRER et fo phase lock can
produce tracking problems regarding minimizing the phase
error of the I and Q input and output signals and the carrier
5 phase error. "~ Such tracking problems are particularly likely to
develop in the interval between the initiation of a channel
change and subsequent phase lock, but are avoided by the
clock signal generating apparatus discussed below. A varying
clock phase during acquisition of a new signal will disrupt or
10 slow down convergence of the equalizer. In particular this
condition will occur after a channel change while the
equalizer is adapting to compensate the amplitude and phase
characteristics of the new channel. _
When a channel change occurs, it is desirable to
15 produce a viewable, undistorted image for the new channel
quickly because viewers prefer séeing a viewable image
almost immediately after a channel change. Thus it is
important to quickly develop a suitable clock signal after the
disruption of a channel change. This is accomplished by the
20 described apparatus in combination with phase shifter 133,
switch 134 and a control network 155. Network 155 is a
microprocessor including _comparators, switching and logic
circuits for providing output control signals as a function of
the magnitudes of certain input signals as will be discussed.
25 Under normal, steady state operating conditions
for a given channel, switch 134 is in position A as shown and
the phase locked loop including ‘elements 137, 138, 134, 129
and 136 coact to maintain a substantially 0° phase difference
between the 0.96 MHz input signal applied to phase detector
30 137 from phase shifter 133, and the 0.96 MHz input signal
applied to phasé detector 137 from frequency divider 139.
The latter signal is developed by synthesizer 129 in response
to a phase error representative ¢qntrol. signal from filter 138
- conveyed via switch 134 in position A.

Tris is the replacement sneet .
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.1 4 \Wen a channel change is initiated by a viewer, tuner . 111 provides an
«out put channel change ‘i ndicator signal CC, e.g., a pulse, to an input of
control network 155. Signal CC causes control network 155 to provide an
output switching 5 control signal S with a nmagnitude for causing switch 134
to occupy position B instead of position A In position B the phase error
control signal fromthe output of filtq; 138 is swtched from synt hesi zer
129 to phase shifter 133. Synthesizer 1 % continues to provide output clock
signal .CLK 10 with the ph3herharchaunael sghiangef ig Haitpatedi bysh yviewerd channel

s e cont o1 DR 435 rosihes ot BBl HIARE) A iRaSLRRRIE (¢
with the phase €C,t%8..c2 quds&i tphan input of control network 155. Signal CC
causes control network 155 to provide an output switching
5 control signal S with a magnitude for causing switch 134 to
occupy position B instead of posiﬁon A. In position B the
phase error control signal from the output of filter 138 is
switched from synthesizer 129 to phase shifter 133.
Synthesizer 129 ,continues to provide output clock signal CLK
10 with the phase characteristic of the previously tuned channel
while control network 155, switch 134 and phase shifter 133
cdoperate to align the phase of the output signal from filter
132 for the new channel with the phase of the clock signal
associated with the old channel. During this time digital
15 signal processing circuits in the high priority processor and in
the low priority processor receive fixed phase clock signals
CLK/4 and CLK, respectively. - '
The phase error representative control signal from
filter 138 is applied to a control input of phase shifter 133 via
20 switch 134 in position B for determining the magnitude and
direction of the phase shift produced by unit 133. Control ’
network 155 monitors the phase error signal (E) from filter
138 to determine when the action of phase shifter 133 has
minimized the phase difference between the signal from
25 synthesizer 129 as conveyed via divider 139, and the phase
shifted signal from the newly selected channel as conveyed
by filter 132, which acts as a reference signal for phase
.detector 137. When a minimum is reached, i.e., when the
outputs of phase detector 137 and filter 138 indicate a
30 substantially 0° phase difference between the input signals of.
phase detector 137, control network 155 via signal S returns
switch 134 to position A, whereby clock signals developed
from the new channel signal are applied to the digital signal
processing circuits. At this time phase shifter 133 continues
35 to provide an amount of phase shift (delay) as a- function ‘of

B This i-s_f(ﬁe' rep\a'cement_gl"lfet
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. associated with the old channel. During this time digital 1 5 signal o
‘processing circuits in the high priority processor and in the |ow priority
processor receive fixed phase clock signals CLK/4 and CLK, respectively.
The phase error. representative control signal fromfilter 138 is applied to
a control input of phase shifter 133 via 20 switch 134 in position B for
deternmining the nmagnitude and directionld the phase shift produced by unit

I t h nal (F) fromfilter
138 to det or i nahepast e PR rechied "o cilier 198 388 Rawddbw Wk ¢ he
phase differencd33et whemebyethe greav ¢hammelSsignal Mront arnii? 913 amhvidzed via
di vi der 139, a”% Fé“easp ag&e\f\ﬁnéﬁ?ﬂr%@ hald ciﬁlél&%ﬁ l@%ﬂy sel ected channel

as conveyed b ter acts a are gnal for phase
Y v The input of network 155 which receives a

5 reference signal R from the output of filter 132 has associated
analog-to-digital converter and comparator circuits, for
example. These circuits sense the magnitude of signal R and
delay placing switch 134 back in position A until the output

" signal from filter 132 is large enough to enable the phase

10 locked loop to track the symbol signal of the new channel,
from which clock frequency CLK is developed via synthesizer
129. Switch 134 does not return to position A from position B
until control network 155 senses that the output signal from

- filter 132 is large enough for proper phase locked loop

15 operation, and that signal E is representative of a |
substantially 0° phase difference between the input signals of
unit 137.

Thus, after a channel change, a clock signal

developed from the previously tuned channel is used as the

20 clock signal for the new channel until the symbol rate
component for the new channel as derived by unit 131 can
adequately control the phase locked loop and produce a
phase-stable clock signal via synthesizer 129. Clock
responsive digital 'signal processing circuits such as the

25 adaptive equalizers exhibit normal, unperturbed operation
over the course of a channel change, and receiver functions
for the new channel begin immediately after a channel
change.
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_dét ector 137. Wien.a ninimmis reached, i.e., when the outputs of phase
detector 137 and filter 138 indicate a 30 substantial ly{err] pnase

di fference between the input signals of phase detector § B E Imﬁﬁl rk
I gi

155 via signal S returns switch 134 to position A, wher

devel oped fromthe new channel signal are applied to th 51 ghal
processing circuits. At this tinme phas hifter 133 continues 3 5 to
provi de an anpbunt of phase shift (delay) as a function of 15 the | ast
val ue received fromfilter 138 and stor &TLAJMSnit 133, whereby the new

channel signal fromunits {32 @and d3fem for processing a high definition
television -éignal, apparatus comprising:
means (111) for providing a channel change
S control signal indicative of said system being tuned from a
first channel to a second channel;
digital signal processing means (118-128) having
a signal input for receiving said television signal, and a clock
input for recéiving a clock signal;

10 means (155,129) responsive to said television
~signal and to said channel change control signal for
developing a clock signal at a clock output, said developing
means including means (133,134,137,138,139) for conveying
to said clock output (a) a first clock signal developed from

15 television information associated with said first channel
during an initial interval following a channel change, and (b) a
second clock signal developed from television information
associated with said second channel when said second clock
signal exhibits a desired phase characteristic; and

20 means (136) for coupling said clock output of sald
developing means to said clock input of said digital signal
processing means.

2. Apparatus according to claim 1, wherein
25 said television signal has a bandwidth compatible
with a pre-existing standard definition television signal
channel, and comprises a narrowband modulated component
containing high priority information 'and a wideband
modulated component containing low priority information;
30 and '
said developing means develops said clock mgnal
from said high pnonty information.
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acts as a reference for the phase | ocked | oop. The input_of network 155
whi ch receives a 5 reference signal R fromthe output of filter 132 has

associ ated anal og-to-digital converter and conparator ci rﬂulﬂml <| MHIH I!
exanpl e. These circuits sense-the nagnitude of signal R a I " u
switch 134 back in position A until the output signal from*il‘tet 182 §s~*

| ar ge enough ‘'to enable the phase 1 0 | oc | oop to track the synbol signal
of the new channel, from which clock freduency CLK is devel oped via

synthesi zer 129. Switch 1343doespmhnfsehuwrdmgpwdlmﬂ 2, 'wissfeftpaid on B
until control net E ses t hat the oug&gt si gnal fromfilter 132 is
| ar ge enough for 3388 eF‘ eYB'(ﬂPéEI | B3Nt @8S¢ion, and that signal E
is representative of a substm:ansatdspohemq tphszml ctel‘dvesxencsigrmlmém t he
Input signals of gejecrively recovering said high priority information:
] frequency synthesizer means having a control
input and a signal output;
phase control means, including a phase control
input, responsive to said high priority information and to an
output signal from said frequency synthesizer, for developing
10 a phase error representative signal; and
means for coupling said phase error
representative signal to said phase control input of .said phase
control means during said initial interval, and to said control
input of said frequency synthesizer at other times.
15

4. Apparatus according to claim 3, wherein said
coupling means includes
switch means having an input for receiving said
phase error representative signal, a first output coupled to
20 said control input of said frequency synthesizer, and a second
output coupled to said phase control input of said phase
control means; and
means responsive to said channel change control
signal and to said phase error representative signal for
25 controlling the switching of said switch means between said
first and second outputs. |

5. Apparatus according to claim 4, wherein
said control means is additionally responsive to
30 recovered high priority information for controlling said switch
means.

6. Apparatus acéording to claim 3, wherein .
said. means for recovering said hlgh pnonty
35 mformauon is a non -linéar network ' S
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.unit 137. Thus, after a channel change, a cl ock signal-deve#eped—++fmﬁf+mr
previously tuned channel is used as the 20 clock signal for t he

until the synbol rate conmponent for the new channel as !ﬂjqﬂg

can adequately control the phase | ocked | oop- and produc

cl ock signal via synthesizer 129. C ock responsive digital 5|gnal
processing circuits such as the 25 adaigive equal i zers exhibit normal
unperturbed operation over the course a channel change, and receiver
functions for the new channel begin i mediately after a channel change.

7. Apparatus according to claim 1, wherein
said digital signal processing means includes an
adaptive equalizer responsive to a clock signal from said
5 developing means.

8. Apparatus according to claim 7, wherein
said adaptive equalizer is a fractionally spaced
equalizer. '
10
9. In a system for receiving a high definition
television signal having a bandwidth compatible with a pre-
" existing standard definition television signal channel, and
comprising a narrowband modulated component containing
. 15 high priority information and a wideband modulated
component containing - low priority information, apparatus
comprising:
means (111) for providing a channel change
control signal indicative of said receiver being tuned from a
20 first channel to a second channel;
first digital signal processmg means (118-128)
including an adaptive equalizer and having a signal input for
receiving said television signal and a clock input for receiving
a clock signal, for processing said high priority information;
25 second digital signal processing means (150)
including an adaptive equalizer and having a signal input for
receiving said television signal and a clock input for receiving
a clock signal, for processing said low priority information;
means (155,129) responsive to said high priority
30 information and to said channel change control signal for
developing a clock signal at a clock output, said developing
means providing at said clock output (a) a firsi.cl_ock signal
developed from television information . associated with said
first channel during an initial interval following a channel
: -3 5 change, and (b) a second clock sxgnal developed from
X
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CLAMS 1. In a system for processing a channel transmtted televis

signal, apparatus conprising: a tuner (111) coupled to salml““gm:'lﬁiﬂlll“l“l
¢ s

signal including nmeans for providing a channel change cont

i ndi cative of said system being tuned froma first channel to a second
channel ; digital signal processing neans (118-128) coupled to said tuner
and having a signal input for receiving ggid tel evision signal, and a cl.ock

i nput for receiving a clock signal; clock ggnenator,neans (155, 129). coupl ed
to said tuner ret§IgKiSiQR information: asspsiatpd s Wit saiddseeondi channglne

change control sixdien shid séevaldoBlotk aigndlckxhititrla desired! phlsOut put, said
generator means | gll'alf: eristicy a@rﬁege]i%?”s%f’él ’&giél%?ﬁ%gl 3%)eafn%r includes
(a) means (131) having a non-linear response for
5 recovering said narrowband high priority information from
said television signal; -
(b) frequency synthesizer means (129) having a
control input and a signal output; ,
. (c) phase control means (133,137), including a
10 phase control input, responsive to recovered high priority
information from said non-linear means and to an output
signal from said frequency synthesizer, for developing a
phase error representative signal;
(d) switch means (134) having an input for
15 receiving said phase error representative signal, a first output
coupled to said control input of said frequency synthesizer,
and a second output coupled to said phase control input of
said phase control means; and .
(e) control means (155) responsive to said channel
20 change control signal and to said phase error representative
signal for controlling the switching of said switch means
between said first and second outputs such that said phase
error representative signal is coupled to said phase control
input of said phase control means during said initial interval,
25 and to said control input of said frequency synthesizer at
other times; and _
means (136) for coupling said clock output of said
developing means to said clock inputs of said first and second
digital signal processing means; wherein said developing
30 means.

10. Apparatus according to claim 9, wherein
. said high priority information exhibits an excess
. bandwidth of less than 30%. o
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-

.conveying to said clock output (a) a first clock signal devel oped from ——
television informati on associated wth said first channel ﬂm,

interval follow ng a channel change, and (b) a second cloc mm"”ﬂ"t‘ﬁ"
devel oped fromtelevision information associated with said Second clﬂanm

when said second clock signal exhibits a desired phase characteristic; and

means. (136) for coupling said clock out of said generator neans to said
clock input of said digital signal proc i ng neans. 2. Apparatus according

to claiml, wherein said cjpck ﬁgem ‘%éj%é%%hggtwgﬁ? 9C|\Uﬁf’|%m means
ect
hth‘

responswe to said tel ewsma '%j E r.ecoyverl ng VISIOI‘]
channel information; frequ¥€y I gual vignak RIOGESSING HMeans: FQﬂ “fiﬁi)ut and

a fractionally spaced adaptive equalizer responsive to a clock
signal from said developing means.
5 : ,
12. Apparatus according to claim 9, wherein
- said control means is additionally responsive to
recovered high priority information from said non-linear
means. |
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a signal output; phase control neans, including a phase control input,
Tesponsive to said select television channel information and to an out put
signal from said frequency synthesizer, for devel oping a phase error
representative signal; and 17 means for coupling said phase error
‘representative signal to said phase cont?bl input of said phase contro
means during said initial interval, and to said control input of said
frequency synthesizer at other tinmes. 3. Apparatus according to claim 2,
wherein said coupling ABSTRACT

-CLOCK SIGNAL GENERATOR FOR A DIGITAL TELEVISION
RECEIVER '

A high definitidn television receiver including digital signal processing
circuits (118-128, 150) receives a high definition television signal containing
narrowband high priority information from which a system clock is derived (155,
129), and low priority wideband information. Aster a channel changé, a clock
signal developed (137, 139) from narrowband information associated with the
previously tuned channel is used (134) as the receiver lock until a clock signal with
a desired phése characteristic is developed (131, 133) from the narrowband
information of the newly tuned channel.

Figure 1

e L
This Sheet Has B eplaced

(1117 .

.. Date: 15 AUG 1806



means i'ncludes; switch means having an input for receiving said phase error
representative signal, a first output coupled to said control input of said
frequency synthesizer, and a second output coupled to said phase control

i nput of said phase control neans; and neans responsive to said channel
change control signal and to said phase error representative signal for
controlling the swtching of said switch nmgans between said first and
second outputs. 4. Apparatus according to claim3, wherein; said control

means is additionally responsiwe-tog= 'chanH€1 """" 1
i nformation for controll |HI%%TYsai d swtch nme&RROR 5. Apparafus according to
claim 2, whergigiT110 PRIO . Vo 124 '
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sai/d neans for recovering said select television channel information is a
;non-1inear netwmwork. 6. Apparatus according to claiml1l, wherein; said
dirgital signal processing neans includes an adaptive equalizer responsive
to.a clock signal from said devel oping neans. 7. Apparatus according to
claim6, wherein; said adaptive equalizer is a fractionally spaced
‘equal i zer. 8. Apparatus according to any preceeding claim wherein; said
tel evision signal has a bandwi dth conpatible with a pre-existing standard
definition tel evision signal channel, and conprises a narrowband nodul at ed
conmponent contai ni ng hi gh -

22
SUPPRESSED ~ SUPPRESSED
NARROWBAND WIDEBAND
REF QAM gARRIER | QAM C‘ARRIER
NTSC NTSC
: oiee  Maust SOUND
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s

-18;’ [ Y i nfo i ' gagpliveriba INa1 9692894ponent cont ai ni hg*_ | ow
pri (me or m§wgﬁrg§%wm2| opi ng neans devel ops said cl ock signal

fro high priority information. 19 television information

asFpp q{@ﬁmwﬁﬁﬁ@ond channel WHemn sar o second ch otk sTtgmat—extibrts
1«::}.(“:(1 ase characteristic, wherein said devel oping neans includes (a)

a | ( _
mepns (131) having a non-linear response for 5 recovering said narrowband

high priority information from

CLOCK SIGNAL GENERATOR FOR A DIGITAL TELEVISION RECEIVER

A high definition television receiver including digital signal processing circuits (118-128,
150) receives a high definition television signal containing narrowband high priority
information from which a system clock is derived (155,129), and low priority wideband
information. After a channel change, a clock signal developed (137,139) from narrowband
information associated with the previously tuned channel is used (134) as the receiver clock
until a clock signal with a desired phase characteristic is developed (131,133) from the
narrowband information of the newly tuned channel.

Fig. 1 :
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. o35 10S
said television 'signal; (b) frequency synthe5|zef means (129) haV|ng a

“control |npuL—and_a4LgnaL_QuLput (c) phase cortroﬂmﬁ?@@@M ,ﬁgu.#b
| or

including a 1 0 phase control input, responsivetmghecovere
i nf or mat iron ft muﬂnmw”umar means and to ap gu S1' gr%af- ro s~a~|-» -----
frequenhcy syn el opi ng a]feghase e o P sernt’ a‘ti,‘v% sﬂqﬁ“‘
(d) switch neans (134) "havi ng an i nput 15 r q‘gl did” phase enm@d -----
representative signal, a first output coupled t[ al

g
A0~ ont réfiihputc ergerhitd
frequency synthesizer, and a second out put coupl ed to said phase control

I nput of said phase control nmeans; and (e) cont

. | AHB 408 REGEIPT edfitiisi ve
to said channel

1. In a system for processing a channel transmitted
television signal, apparatus comprising:

. a tuner (111) coupled to said television signal including
means for providing a channel change control signal indicative of
said system being tuned from a first channel to a second channel;

digital signal processing means (118-128) coupled to said
tuner and having a signal input for receiving said television- signal,
and a clock input for receiving a clock signal;

.clock generator means (155,129) coupled to said tuner

N\ responsive to said television signal and to said channel change

control signal for developing a clock signal at 2 clock output, said
generator means including means (133,134,137,138,139) for
conveying to said clock output (a) a first clock signal developed from
television information associated with said first channel during an
initial interval following a channel change, and (b) a second clock
signal developed from television information associated with said
second channel when said second clock signal exhibits a desired
phase characteristic; and

means (136) for coupling said clock output of said
generator means to said clock input .of said digital signal proce.ssing
means.

2. Apparatus according to claim 1, wherein said clock

\/ signal developing means includes;
' means responsive to said television signal for recovering

select television channel information;

frequency synthesizer means having a control input and
a signal output; '

phase control means, including a phase control input,
responsive to said select television channel information and to an
output signal from said frequency synthesizer, for developing a
phase error representative signal; and
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20 change control- signal _a sai d phase error representative signal for
controlling the-switThing of said switch neans between said first and

second out puts s ﬂmﬂ\“&ase error representative signal is coupled
to sai.d phase H‘\\‘“\ w8ai d phase control means during said initial
interval, 25 andh csamd"'coﬁtrol I nput of said frequency synthesizer at
other tines; and nmeans (136) for coupl tdg sai d cl ock output of said

devel opi ng nmeans to said clock inputs of said first and second digital

si gnal processing means; Taes fof equplingestidophasg sUorEgnIesen@tivapsignal us
according to clay g9 puker ehitrslairubichsaid i sHabs YoonBoP fi@nis Ofhusdig)shid S an
excess bandw dtfy;9f; | f8fval, "84 38%aid control input of said frequency

synthesizer at other times.

3. Apparatus according to claim 2, wherein said coupling
means includes;

switch means having an input for receiving said phase
error representative signal, a first output coupled to said control
input of said frequency synthesizer, and a second output coupled to
said phase control input of said phase control means; and

means responsive to said channel change control signal

v and to said phase error representative signal for controlling the
switching of said switch means between said first and second
outputs.

4. Apparatus according to claim 3, wherein;

said control means is additionally responsive to
recovered television channel information for controlling said switch
means.

5. Apparatus according to claim 2, wherein;
said means for recovering said select television channel
information is a non-linear network.

- 6. Apparatus according to claim 1, wherein;
- said digital signal processing means includes an adaptive
equalizer responsive to a clock signal from said developing means.

7. Apparatus according to claim 6, wherein;
said adaptive equalizer is a fractionally spaced equalizer.

8. Apparatus according to any preceeding claim, wherein;

said television signal has a bandwidth compatible with a
pre-existing standard definition television signal channel, and
comprises a narrowband modulated component containing high
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35 20 11. Appar attis—aecording to claim9, wherei n said first di gital

si gnal processj includes a fractionally spaced adaptive equali zer
responsi ve to H, rg@i’r l”mom sai d devel opi ng nmeans. 5 12. Apparatus
according to clal L aid control neans is additionally responsive
to recovered high priority i nf or mat i on {éom sai d non-1l.inear- neans.

priority information and a wideband modulated component
containing low -priority information; and

said developing means develops said clock signal from
said high priority. information. v
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ABSTRACT

CLOCK SIGNAL GENERATOR FOR A DIGITAL TELEVISION
RECEIVER

A high definition television receiver including digital signal processing
circuits (118-128, 150) receives a high definition television signal containing
narrowband high priority information from which a system clock is derived (1535,
129), and low priority wideband information. Aster a channel change, a clock
signal developed (137, 139) from narrowband information associated with the
previously tuned channel is used (134) as the receiver lock until a clock signal with
a desired phase characteristic is developed (131, 133) from the narrowband

information of the newly tuned channel.

Figure 1
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