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during a small portion of each horizontal line. Con- sequently, it is
desirable for the color subcarrier The present invention provides a phase
locked   PLL to accumulate phase errors over a relatively loop (PLL) system
which produces a digital oscil-  large number of horizontal line periods to
ensure atory signal. The PLL, which contains both analog   5   that any
measured phase error is accurate and less and digital components, may be
used in digital     corrupted by noise In the video signal. Thus, the
systems having clock signals which exhibit fre-    color subcarrier PLL
preferably has a much longer quency instabilities.
time constant than the line locked PLL which gen- A line-locked digital
television receiver is an  erates the system clock signal. This time
constant example of a digital system which may have an   10   may be on the
order of one frame period, for unstable clock frequency. A system of this
type    example. includes a PLL which develops a clock signal that
Because of the difference in the loop time is locked in phase to the
horizontal line synchroniz-  constants and because the frequency of the
signal ing signal component of the incoming video sig-    produced by the
digital color subcarrier PLL de- nals.
15  pends on the frequency of the line locked clock When this incoming
signal is derived from a     signal, the combination of the two PLL's may
cause nonstandard source, such as a video tape recorder  instabilities in
the regenerated color subcarrier sig- (VTR) or video disc player, the
frequency and      nal. These instabilities in the regenerated color phase
of the horizontal line sychronizing compo-   subcarrier signal may, in
turn, cause undesirable nent may vary from line to line. This variation may
20  distortion in the synchronously demodulated color be caused by
stretching of the tape or tape head   signals. misalignment in the VTR,
disc eccentricity or motor    DE-A-34 32 314 describes a circuit arrange-
speed fluctuations in either VTR or disc player. The  ment for deriving
digital color signals from an ana- frequency of the clock signal generated
by the line  log television signal, which arrangement employs a locked PLL
changes to track variations in the fre-  25  first-line-locked phase locked
loop for developing quency or phase of the horizontal line synchroniz-
clock signals for controlling analog-to-digital con- ing signal. A PLL of
this type generally has a     version of the analog television signal, and
a sec- relatively short time constant, on the order of ten to  ond
burst-locked phase locked loop for controlling fifteen horizontal line
periods, for example. This  demodulation of the chrominance component of
the time constant allows the PLL to track the changing   30  converted
television signal, with the second PLL line frequency rapidly, to keep the
number of sam-  rendered responsive to a combination of control pies per
line substantially constant throughout a  voltages developed by both phase
locked loops. field or frame. This feature is desirable in television  An
article by Fukinuki, et al in the December 1983 signal processing systems
which include field or   issue of the IEEE Transactions on Communications
frame store memories.                          36  describes an arrangement
in which a microproces- This tracking feature may cause undesirable
sor, a stable crystal oscillator, and a D/A converter color signal
distortion in digital video signal pro-  are intercoupled to form a
digitally controlled phase cessing systems, however. These systems syn-
locked loop. chronously demodulate the chominance compo-            The
present invention relates to a phase locked nents of the video signals
using a regenerated   40  loop which may be used in a digital signal
process- color subcarrier signal that is developed by a digi-  ing system
having a clock signal which may exhibit tal PLL.
frequency instabilities. The phase locked loop in- The color subcarrier
frequency for nonstandard  cludes an analog oscillator which is responsive
to a video signals is relatively stable since it is gen-  control signal
for generating a variable frequency erated by a crystal controlled
oscillator in the VTR   45  oscillatory signal. An analog-to-digital
converter or disc player. The color information in the video  (ADC)
develops multi-bit digital samples represent- signal is quadrature
amplitude modulated with re-  ing the oscillatory signal at instants In
time deter- spect to this color subcarrier frequency to form the  mined by
the clock signal. These digital samples chrominance signal components of
the composite     are applied to a phase comparator which compares video
signal. To demodulate this chrominance sig-  50  the digital oscillatory
signal to a digital reference nal, it is desirable for the regenerated
subcarrier  signal and provides a digital output signal that is signal
developed by the PLL to be synchronized to  proportional to the difference
in phase between the the original subcarrier signal in frequency and
oscillatory and reference signals. This phase dif- phase. Since the color
subcarrier signal is sup-   ference signal is applied as the input signal
to a pressed in a standard composite video signal, the   55  low-pass
filter. The digital output signal of the low- PLL which regenerates the
color subcarrier signal  pass filter is applied to a digital-to-analog
converter locks to the color reference burst components of   which develops
the analog control signal for the the video signals. These components occur
only     analog oscillator. In an illustrative embodiment of 2    3
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the present invention, the number of bits, and, so the quantization
resolution, of the ADC is reduced  where [err] is the frequency of the
clock signal, CK. and a tracking filter is inserted between the ADC  An
example of the signal V, provided by the accu- and the phase comparator.
mulator register 220, and the signal OUT, provided FIGURE 1 is a block
diagram of a prior art   5   by the ROM 230, when IN/2[err] = [err] are
shown in phase locked loop.                               FIGURES 2B and
2C, respectively. FIGURE 2A is a block diagram of a prior art       From
the equation (1) it can be seen that the digital oscillator which may be
used in the phase  frequency [err] may change in response to changes locked
loop shown in FIGURE 1, and FIGURES 2B     in the clock frequency as well
as to changes in the and 2C are waveform diagrams useful in explaining   10
value of the input increment signal, IN. When the the operation of the
digital oscillator.          clock signal applied to the DTO is unstable
and the FIGURE 3 is a block diagram of a portion of a  DTO is used in a PLL
having a time constant that digital television receiver embodying the
present  is too large to track the changing clock frequency, invention.
the signal produced by the PLL may exhibit fre- FIGURE 4 is a block diagram
of a tracking filter  15  quency instabilities. which may be used in the
portion of the digital       FIGURE 3 is a block diagram of a portion of a
television receiver shown in FIGURE 3.            television signal
processing system which includes In the drawings, broad arrows represent
busses  two PLL's, 300 and 350. The PLL 300 develops a for multiple-bit
parallel digital signals and line ar-  sampling clock signal, CK, which is
phase locked rows represent connections carrying analog signals  20  to the
horizontal line synchronizing components of or single bit digital signals.
Depending on the sig-  the incoming video signals. The PLL 350 is a partly
nal processing speed of the devices, compensating  analog and partly
digital PLL In which the digital delay elements may be required in certain
of the  components are clocked by the sampling clock signal paths. One
skilled in the art of digital circuit  signal CK PLL 350 develops digital
samples repre- design would know where such delays would be   25  senting
the color subcarrier reference signal at a needed in a particular system.
predetermined phase, [err], and develops samples of FIGURE 1 shows a
typical phase locked loop     a signal, having a phase of [err] + 90 , that
is quadra- system. A variable oscillator 10 is responsive to a  ture phase
related to this signal. These two signals control signal, C, for generating
a variable fre-  are  used  to  synchronously  demodulate the quency
signal. A phase detector 20 compares the   30  chrominance signal
components of the incoming signal provided by the oscillator to a reference
video signals to develop two quadrature phase signal and generates an
output signal that is pro-  related color difference signals. portional to
the difference in phase between the     In FIGURE 3, a source of composite
video two signals. This phase difference signal is applied  signals 310,
which may, for example, include the to a low-pass filter 30 which develops
the control  35  tuner, IF amplifier and video detector of a conven- signal
for the variable oscillator. The effect of the  tional digital television
receiver, provides composite control signal is to change the frequency of
the  video signals to an analog to digital converter oscillator in a sense
which tends to reduce the   (ADC) 311. The ADC develops digital samples re-
phase difference between the two signals.         presenting the composite
video signals at instants A purely digital PLL includes a digital
oscillator  40  in time determined by a clock signal CK. These such as the
discrete time oscillator (DTO) shown in  digital composite video signals
are applied to sync FIGURE 2A. This oscillator has three components,
separator circuitry 312. The circuitry 312, for exam- an adder 210, an
accumulator register 220 and a   pie, develops a signal, HSYNC,
representing the read-only memory (ROM) 230. The value held by
horizontal line synchronizing signal component of the accumulator register
is incremented by an input  45  the composite video signals. The signal
HSYNC is signal IN, coincident with each pulse of clock sig-  applied to
one input terminal of a phase compara- nal, CK. The values accumulated in
the register   tor 314. An internally generated horizontal line syn- 220
are applied as addresses to the ROM 230.      chronizing signal, HS, is
applied to a second input ROM 230 is programmed to provide digital sam-
terminal of the phase comparator 314. The circuitry pies of a periodic
output function, for example, a   50  which develops the signal HS is
described below. sine wave, as an output signal OUT, in response to  Phase
comparator 314, may for example, be simi- address values provided by the
accumulator regis-  lar to the circuitry described in U.S. Patent No. ter.
Assuming that the register 220 is an M bit   4,506,175 entitled "Digital
Phase Comparator Cir- register, and that an increment signal, IN, is
applied  cuit Producing Sign and Magnitude Outputs" which to the DTO, the
frequency of the signal provided   55  is hereby incorporated by reference.
The signal by the DTO ([err]) may be expressed as:            provided by
the phase comparator 314 may cor- respond to, for example, the time delay
between [err] = [err]                    the leading edges of the
respective pulse signals 3    5                EP 0247891B1
6 HSYNC and HS. This signal has positive values    divider circuitry 322
are selected to achieve a filter 



when the leading edges of the HSYNC pulses       time constant of
approximately 15 horizontal line occur before the leading edges of the, HS
pulses  periods and a damping factor of 2. These gain and negative values
when the leading edges of the  values depend on the circuit elements to be
used HSYNC pulses occur after the leading edges of the   5   in the PLL and
may be readily calculated by one HS pulses.
skilled in the art of phase-locked loop design. An The signal provided by
the phase comparator   explanation of the relationship between the gain
circuitry 314 is applied to a low-pass filter 316.  values, the damping
factor and the PLL time con- Filter 316 is the loop filter of the PLL 300.
The low-  stant may be found in Gruen, W. J. "Theory of pass filtered phase
difference signals provided by   10  AFC Synchronization" Proceedings of
the IRE, Au- the filter 316 are applied to a digital to analog  gust 1953,
pp. 1043-1048, which is hereby incor- converter (DAC) 318. DAC 318 develops
analog      porated by reference. potential values representing the
filtered phase dif-  Composite video signals from source 310 are ference
signals and applies these values at a hori  also applied to Y/C separator
circuitry 330. Cir- zontal line rate to a voltage controlled oscillator  is
cultry 330 may include, for example, a low-pass (VCO) 320. The VCO 320,
which may be of con-     filter and a band-pass filter for separating lumi-
ventional design, produces the sampling clock sig-  nance and chrominance
band signal components, nal CK. VCO 320 is tuned to have a free running
respectively, from the composite video signals. frequency of approximately
R times [err] In the     These luminance and chrominance band signals
present embodiment, R is the ordinal number of a   20  are available at the
output busses YB and CB of harmonic of the horizontal line frequency,
[err], which  the circuitry 330, respectively. approximates a multiple of
the color subcarrier         The separated chrominance band signal com-
frequency. For example, in the NTSC system the    ponents are applied to
multipliers 332 and 334 frequency, [err], of the color subcarrier signal
for  which, using signals provided by the PLL 350, standard signals is the
455th harmonic of one-half  25  demodulate the chrominance signals into two
of the horizontal line frequency, and the frequency,  quadrature phase
related baseband color difference [err], of the sampling clock signal is
nominally four  signals, for example, I and Q. times the frequency of the
color subcarrier signal.  The color difference signals are applied to a So
the VCO used in this embodiment has a free-   phase error detector 336. The
phase error detector running frequency of approximately 910 times the   30
336 may develop, for example, an output signal horizontal line frequency (R
= 910).             representing the phase difference between the vec- The
output signal of the VCO 320 is applied to  tor sum of the demodulated
signals representing Schmitt trigger circuitry 321 which develops a   the
color reference burst signal and a reference square wave clock signal CK
having a frequency,  phase value. The phase error detector 336 may [err],
equal to RfH. The signal CK is applied to  35  include, for example,
circuitry (not shown) to sepa- frequency dividing circuitry 322. Circuitry
322 di-  rately accumulate baseband I and Q sample values vides the
frequency of the signal CK by R to      during the burst interval and to
divide the accu- develop a signal HS having a frequency substan-   mulated
I values by the accumulated Q values to tially equal to fH. As set forth
above, the signal HS  develop values representing the phase of the burst is
applied to the second input terminal of the phase  40  signal relative to
the sampling instants of the I and comparator 314.
Q samples. These values may be subtracted from The circuitry 322 may, for
example, include a  a reference value representing the desired burst 10-bit
counter (not shown) which is configured to  phase to generate a phase error
value to control be reset when a count value of 910 is achieved.  the PLL
350. The phase error values developed by The frequency dividing circuitry
322 may further  45  the detector 336 are applied to a low-pass filter 338
include circuit elements (not shown) coupled to the  at a rate of one
sample per horizontal line period. counter to detect count values
corresponding to the  The low-pass filter 338 is the loop filter of the PLL
beginning and end of the burst interval and for  350. Filter 338 is clocked
by the signal HS gen- generating a burst gate signal, BG, which spans
erated by the PLL 300. the time Interval defined by those count values in
50  The filtered phase difference signals provided each horizontal line
period.                     by the low-pass filter 338 are applied to a DAC
The PLL 300 generates a clock signal, CK,     340. DAC 340 is clocked by
the signal HS and which tracks the varying line frequency of a non-
develops an analog control signal for a VCO 342. standard signal to provide
a substantially uniform  The VCO 342, which may be of conventional de-
number of sampling clock pulses from line to line.  55  sign, includes a
resonant crystal 343 which causes In the present embodiment, the gain
factors of the  the VCO 342 to have a free-running frequency phase
comparator 314, low-pass filter 316, DAC   substantially equal to the color
subcarrier frequen- 318, VCO 320, Schmitt trigger 321 and frequency  cy,
[err] Under the control of the filtered phase 4    7                EP 0
247 891 B1                    8 difference signal provided by the DAC 340,
the       FIGURE 4 is a block diagram of a digital PLL VCO 342 provides a
regenerated subcarrier signal  which may be used as the tracking filter
346. Four- 



which changes frequency to track changes in the   bit digital samples
representing the analog signal phase relation between the demodulated I and
Q    provided by the VCO 342 are applied to one input color difference
signals during the burst interval.   5   port of a phase comparator 410.
The phase com- The regenerated subcarrier signal provided by the  parator
410, which may, for example, be a conven- VCO 342 is digitized by an ADC.
344 which is     tional four-bit multiplier, compares these samples clocked
by the sampling clock signal CK. In a first  with the four MSB's of the
output signal of the PLL, embodiment of the invention, the ADC 344 pro-
provided by a ROM 422. The output signal of the vides eight-bit samples
representing the regener-  10  phase comparator 410 is a digital signal
represent- ated color subcarrier signal which are applied di-  ing the
difference in phase between the output rectly to a multiplier 334 and to a
ROM 348. The  signal of the tracking filter 346 and the reference tracking
filter 346 (shown in phantom) is not used  signal provided by the ADC 344.
This phase-dif- in this embodiment. The ROM 348, which is cloc-  ference
signal is applied to a filter 412 which is the ked by the sampling clock
signal CK, converts the   15  loop filter of the PLL. The filter 412
exhibits a low- digital signal provided by the ADC 344, which may  pass
frequency response characteristic over the be represented by the expression
SINE (2[err])   band of frequencies occupied by the signal pro- into a
quadrature phase related digital signal which  vided by the phase
comparator 410. The filtered may be represented by the expression COSINE
phase-difference signal provided by the filter 412 is (2[err]). The signal
provided by the ROM 348 is  20  coupled to an adder 414 wherein it is added
to a applied to the multiplier 332. The multipliers 332  fixed increment
value, K, provided by a digital and 334 multiply the chrominance signals
provided  value source 416. The digital signal developed by by the Y/C
separator 330 by the quadrature phase  the adder 414 is applied as the
input increment related signals provided by the ROM 348 and ADC   signal to
a DTO 430. The DTO 430 operates in the 344, respectively, to  provide the
respective   25  same manner as the DTO described in reference to baseband
I and Q color difference signals.        FIGURES 2A-2C. The input increment
signal is Since the frequency of the regenerated subcar-  accumulated in
the register 420 by repeatedly add- rier signal provided by the VCO 342 is
substantially  ing the input increment to the contents of the independent
of the clock signal, CK, the I and Q  register 420, in the adder 418. Since
the register color difference signals provided by the multipliers  30  420
has a fixed number of bits, it periodically 332 and 334 are substantially
free of distortion  overflows and so produces a periodic output signal
related to the frequency instabilities in the clock  corresponding to a
sawtooth waveform. This output signal, CK. This reduced distortion is
achieved by  signal is applied to a ROM 422 which is pro- virtue of the DAC
340 and ADC 344 included in the  grammed to provide, for example, the sine
of the PLL system. In the embodiment of the invention   35  address values
developed by the register 420 nor- described above, the DAC 340 converts
the four    malized to 2[err] radians. The ROM 422 provides a most
significant bits (MSB's) of the signal provided  digital signal having
eight-bits of resolution. As set by the low-pass filter 338 into the analog
control  forth above, the four MSB's of this signal are signal for the VCO
342 and the ADC 344 converts   applied to an input part of the phase
comparator the regenerated subcarrier signal provided by the   40  410 to
complete the feedback loop. VCO 342 into eight-bit digital samples.
In the example presented above, the register In a second embodiment of the
invention, the  420 may be, for example, a twenty bit register and
quantization resolution of the ADC344 is reduced,  the value K may be, for
example 2[err] or 262,144. for example, from eight-bits to four-bits by
inserting  The values provided by the low-pass filter 412 in a tracking
filter 346 between the ADC 344 and the   45  this embodiment of the
invention are normalized so multiplier 334 and ROM 348. The tracking filter
346  that the MSB of the filtered phase difference values increases the
resolution of the sinusoidal signal  correspond to the digital value
2[err]. from four to eight significant bits while accurately  In the
present embodiment, the gain factors of tracking the changes in phase and
frequency.      the various component parts of the digital PLL are Since a
four-bit ADC uses only 16 comparators as  50  chosen to achieve a loop time
constant of approxi- opposed to 256 comparators for an eight-bit ADC,
mately 15 horizontal line periods. This time con- this second embodiment of
the invention may be    stant is sufficient to allow the PLL to track phase
more cost effective.                             and frequency changes in
the signal provided by As used herein, the term  "tracking filter"   the
ADC 344 as well as any frequency instabilities means a filter having a
frequency response char-  65  in the signal provided by the DTO 430 which
may acteristic that has a substantially fixed bandwidth  be related to the
clock signal CK. Moreover, this and a variable center frequency.
time constant is long enough to accumulate a suffi- cient number of the
four-bit samples provided by 5    9                 EP0247891 B1
10 the ADC 344 to develop an output signal having an           phase
comparison means (410) coupled to eight-bit quantization resolution.
said digital oscillator (430) and to said analog- to-digital converter
(344) for developing a sig- 



Claims                                                  nal proportional to
the difference in phase be- 5       tween the respective signals provided
thereby; 1. A digital signal processing system including a      and source
(300) of clock signals (CK) which ex-            a low-pass filter (412)
coupled to said hibit frequency instabilities, and including a      phase
comparison means for integrating the phase locked loop system (350) which
is char-       phase difference signal provided thereby to acterized by the
combination of:            to      develop said frequency control signal
for said an analog variable oscillator (342,343)          digital
oscillator; which is responsive to an analog control signal         wherein
said digital phase locked loop has for generating a variable frequency
oscillatory     a time constant sufficient to track any phase signal;
changes in the oscillatory signal provided by digitizing means including an
analog-to-   15    the digital oscillator that are related to fre- digital
converter (344) coupled to said oscilla-    quency instabilities in the
clock signal. tor for generating a digital signal including N- bit digital
samples representing said oscillatory  4. A digital video signal processing
system in- signal at instants in time determined by said        cluding a
source (300) of clock signals (CK) clock signals, where N is an integer
greater   20     which exhibit frequency instabilities and a than 1;
source (330) of digital chrominance signals phase comparison means (336)
coupled to          (CB) including a color reference burst signal said
analog-to-digital converter for generating a   component, and including an
apparatus for de- digital signal that is proportional to the dif-
modulating said chrominance signals into first ference in phase between the
signal generated   25   and second (1,Q) quadrature phase related col- by
said digitizing means and a reference sig-       or difference signals
which is characterized by nal; and
the combination of: digital-to-analog converting means (340),           an
analog variable oscillator (342) respon- responsive to the digital signals
generated by      sive to a control signal for developing a vari- said
phase comparison means, for generating   30    able frequency oscillatory
signal wherein the said analog control signal, said analog control
frequency of said oscillatory signal is substan- signal conditioning the
variable oscillator to      tially independent of said clock signals;
change the frequency of said oscillatory signal         digitizing means
including an analog-to- in a sense tending to cause the signals pro-
digital converter (344) coupled to said analog vided by said phase
comparison means to  35         oscillator for developing a first digital
signal converge to a predetermined value.                  including
plural-bit digital samples representing said oscillatory signal at instants
in time deter- 2. A system as set forth in claim 1 wherein said
mined by said clock signals; digitizing means further includes a tracking
fil-       means (348) coupled to said digitizing ter (348) coupled to said
analog-to-digital con-   40  means for developing a second digital signal
verter (344) and responsive to the signals pro-      having substantially
the same frequency as, vided thereby for developing a further digital
and being quadrature phase related to said signal representing said
oscillatory signal and     first digital signal; having a finer
quantization resolution than the         first and second signal
multiplying means signal provided by said analog-to-digital con-   45
(334,332) coupled  to receive said  digital verter, wherein said further
digital signal is the  chrominance signals (CB) at respective first output
signal of said digitizing means.             input ports and said first and
second digital signals at respective second input ports for 3  A system as
set forth in claim 2 wherein said        providing said first and second
color difference tracking filter (346) includes a digital phase   so
signals (1,Q) at respective output ports; locked loop comprising:
phase detecting means (336) coupled to a digital oscillator (430)
responsive to said    said first and second signal multiplying means clock
signals (CK) and to a frequency control       for developing a signal
proportional to the dif- signal for developing a digital signal having
ference between the phase of the vector sum substantially the same
frequency as the signal  55  of the components of said first and second
provided by said analog-to-digital converter        color difference
signals corresponding to said (344) and including M-bit digital samples,
color reference burst signal and a reference where M is an integer greater
than N;                phase value; and 6    9                  EP d247 891
B1                     10 the ADC 344 to develop an output signal having an
phase comparison means (410) coupled to eight-bit quantization resolution.
said digital oscillator (430) and to said analog- to-digital converter
(344) for developing a sig- Claims
nal proportional to the difference in phase be- 



5       tween the respective signals provided thereby; 1  A digital signal
processing system including a      and source (300) of clock signals (CK)
which ex-            a low-pass filter (412) coupled to said hibit
frequency instabilities, and including a       phase comparison means for
integrating the phase locked loop system (350) which is char-        phase
difference signal provided thereby to acterized by the combination of:
10       develop said frequency control signal for said an analog variable
oscillator (342,343)          digital oscillator; which is responsive to an
analog control signal         wherein said digital phase locked loop has
for generating a variable frequency oscillatory      a time constant
sufficient to track any phase signal;
changes in the oscillatory signal provided by digitizing means including
an. analog-to-   15   the digital oscillator that are related to fre-
digital converter (344) coupled to said oscilla-     quency instabilities
in the clock signal. tor for generating a digital signal including N- bit
digital samples representing said oscillatory  4. A digital video signal
processing system in- signal at instants in time determined by said
cluding a source (300) of clock signals (CK) clock signals, where N is an
integer greater   20    which exhibit frequency instabilities and a than 1;
source (330) of digital chrominance signals phase comparison means (336)
coupled to          (CB) including a color reference burst signal said
analog-to-digital converter for generating a    component, and including an
apparatus for de- digital signal that is proportional to the dif-
modulating said chrominance signals into first ference in phase between the
signal generated   25   and second (I,Q) quadrature phase related col- by
said digitizing means and a reference sig-        or difference signals
which is characterized by nal; and
the combination of: digital-to-analog converting means (340),            an
analog variable oscillator (342) respon- responsive to the digital signals
generated by       sive to a control signal for developing a vari- said
phase comparison means, for generating   30     able frequency oscillatory
signal wherein the said analog control signal, said analog control
frequency of said oscillatory signal is substan- signal conditioning the
variable oscillator to      tially independent of said clock signals;
change the frequency of said oscillatory signal         digitizing means
including an analog-to- in a sense tending to cause the signals pro-
digital converter (344) coupled to said analog vided by said phase
comparison means to  35          oscillator for developing a first digital
signal converge to a predetermined value.                   including
plural-bit digital samples representing said oscillatory signal at instants
in time deter- 2. A system as set forth in claim 1 wherein said
mined by said clock signals; digitizing means further includes a tracking
fil-       means (348) coupled to said digitizing ter (346) coupled to said
analog-to-digital con-   40  means for developing a second digital signal
verter (344) and responsive to the signals pro-      having substantially
the same frequency as, vided thereby for developing a further digital
and being quadrature phase related to said signal representing said
oscillatory signal and     first digital signal; having a finer
quantization resolution than the         first and second signal
multiplying means signal provided by said analog-to-digital con-   45
(334,332) coupled  to receive said  digital verter, wherein said further
digital signal is the   chrominance signals (CB) at respective first output
signal of said digitizing means.             Input ports and said first and
second digital signals at respective second input ports for 3  A system as
set forth in claim 2 wherein said        providing said first and second
color difference tracking filter (346) includes a digital phase   50
signals (I,Q) at respective output ports; locked loop comprising:
phase detecting means (336) coupled to a digital oscillator (430)
responsive to said    said first and second signal multiplying means clock
signals (CK) and to a frequency control        for developing a signal
proportional to the dif- signal for developing a digital signal having
ference between the phase of the vector sum substantially the same
frequency as the signal  55   of the components of said first and second
provided by said analog-to-digital converter         color difference
signals corresponding to said (344) and including M-bit digital samples,
color reference burst signal and a reference where M is an integer greater
than N;                phase value; and    11                EP 0247891 B1
12 means coupled to said phase detecting             -
Digitalisier-Mitteln, die  einen  Analog- means and including a
digital-to-analog con-            Digital-Umsetzer (344) aufweisen, der mit
verter (340) responsive to said phase differ-           dem Oszillator
gekoppelt ist zum Erzeu- ence signal for developing said control signal
gen eines Digitalsignals mit N-bit Digital- for said analog variable
oscillator to change the   5   Abtastwerten, die das Schwingungssignal
frequency of said oscillatory signal in a sense          zu Zeitpunkten
reprasentieren, die von 



which reduces the amplitude of said phase               dem Taktsignal
bestimmt werden, wobei difference signal.
N eine Ganzzahl grdBer als Eins ist (Integer); 5. System as set forth in
claim 4 wherein said  10       - Phasen-Vergleichermitteln (336), die mit
digitizing means further includes a tracking fil-       dem
Analog-Digital-Umsetzer zum Erzeu- ter (346) coupled to said
analog-to-digital con-        gen eines Digitalsignals gekoppelt sind,
verter (344) and responsive to the signals pro-         das proportional zu
der Phasendifferenz vided thereby for developing said first digital
zwischen dem - von den Digitalisier-Mit- signal representing said
oscillatory signal, hav-  15   taln erzeugten - Signal und einem Refe- ing
a finer quantization resolution than the sig-       renzsignal ist; nal
provided by said analog-to-digital convert-       -
Digital-Analog-Umsetzmitteln (340), die er, wherein said further digital
signal is the          abhangig von den Digitalsignalen sind, output signal
of said digitizing means.                 die von den
Phasen-Vergleichermitteln 20           erzeugt werden  zum  Erzeugen  des
6. System as set forth in claim 5 wherein said
Analog-Steuersignals, wobei das Analog- tracking filter (346) includes a
digital phase          Stauersignal den varilerbaren Oszillator locked loop
comprising:                                 konditioniert, die Frequenz des
Schwin- a digital oscillator (430) responsive to said        gungssignales
in einer Richtung zu an- clock signals and to a frequency control signal
25     dern, die dazu tendiert, die - von den for developing a digital
signal having substan-         Phasen-Vergleichermitteln  bereitgestell-
tially the same frequency as, and a larger              ten - Signale auf
einen vorbestimmten number of bits per sample than the signal
Wert zu konvergieren. provided by said analog-to-digital converter (344):
30  2. System  nach Anspruch  1, bei dem  die phase comparison means (410)
coupled to         Digitalisier-Mittel (weiterhin) ein NachfUhrfilter said
digital oscillator and to said analog-to-     (346) aufweisen, das mit dem
Analog-Digital- digital converter for developing a signal pro-     Umsetzer
(344) gekoppelt ist und abhangig portional to the difference in phase
between       von den von diesem erzeugten Signalen ist the respective
signals provided thereby; and  35   zum Bilden eines weiteren
Digitalsignales, wel- a low-pass filter (412) coupled to said         ches
das Schwingungssignal reprasentiert und phase comparison means for
integrating the         welches eine kleinere Quantisierungs-Aufl6- phase
difference signal provided thereby to        sung hat, als das Signal, das
von dam Analog- develop said frequency control signal for said
Digital-Umsetzer zur VerfUgung gestellt wird, digital oscillator (430);
40      wobei das weitere Digitalsignal das Ausgangs- wherein said digital
phase locked loop has      signal der Digltalisier-Mittel ist. a time
constant sufficient to track any phase changes in the oscillatory signal
provided by   3. System nach Anspruch 2, bei dem das Nach- said digital
oscillator that are related to fre-   f0hrfilter (346) einen digitalen
Phasenregelkreis quency instabilities in the clock signal.  45      (PLL)
beinhaltet, welcher aufweist: - einen Digital-Oszillator (430), der abhgn-
Patentansprliche                                            gig von den
Taktsignalen (CK) und von einem Frequenz-Steuersignal ist zum Bil- 1.
Digital-Signalverarbeitungssystem   mit elner            den eines
Digitalsignals, das im wesentli- Quelle (300) eines Taktsignales (CK),
welche   s0       chen dieselbe Frequenz wie das Signal
Frequenz-lnstabilitlten zeigt und mit einem             hat, das von dem
Analog-Digital-Umset- Phasenregel-System  (PLL; 350), gekenn-
zer (344) zur VerfUgung gestellt wird und zeichnet dutch die Kombination
von                      das M-bit Digital-Antastwerte beinhaltet, - einem
analogvariierbaren Oszillator (342,           wobei M eine Ganzzahl grbBer
als N ist; 343), welcher abhangig von einem analo-  55      -
Phasen-Vergleichermittel (410), die mit gen Steuersignal ist zum Erzeugen
eines            dam  Digital-Oszillator (430) und dem in seiner Frequenz
variablen Schwin-               Analog-Digital-Umsetzer (344) gekoppelt
gungssignales;                                     sind zum Bilden eines
Signales, des pro- 7 * C   L   IM  IS    13                EP 0247891 B1
14 portional zu der Phasendlfflrenz zwi-            -
Phasen-Erfassungsmitteln (336), die mit schen den von diesen jewells zur
Verfd-            den ersten und zweiten Signal-Multipli- gung gestellten
Signalen ist;                      ziermitteln gekoppelt sind zum Bilden
ei- - enen  TiefpaB  (412), der mit den                   nes Signals, das
proportional zu der Dif- -         Phasenvergleicher-Mitteln gekoppelt ist
5         ferenz zwischen den Phasen der Vektor- KJo        zum Integrieren
des Phasendifferenz-Si-            summe der Komponenten der ersten und 



gnales, das von diesem  bereitgestellt             zweiten
Farb-Differenzsignale ist, die mit wird, zum Bilden des Frequenz-Steuersi-
dem  Farb-Referenzburst-Signal und ei- gnales fUr den Digital-Oszillator;
nem Referenz-Phasenwert korrespondie- - wobel die Digital-PLL eine
Zeltkonstante  10       ren; hat, die ausreicht, jede Phasendnderung
- Mitteln, die mit den Phasen-Erfassungs- in dem - von dem
Digital-Oszillator zur            mitteln gekoppelt sind und einen Digital-
VerfUgung gestellten - Schwingungssi-              Analog-Umsetzer (340)
aufweisen, der gnal nachzufUhren, die Bezug haben auf             abhIngig
von dem  Phasen-Differenzsi- Frequenz-Instabilitlten in dem  Taktsi-  15
gnal ist zum Bilden des Steuersignals fUr gnal.
den analogvariierbaren Oszillator zum Andem der Frequenz des Schwingungs-
4. Digital-Video-Signalverarbeitungssystem mit ei-          signales in
einer Richtung, die die Ampli- ner Quelle (300) von Taktsignalen (CK),
welche          tude des Phasen-Differenzsignales redu-
Frequenz-lnstabilitaten haben und mit einer  20         ziert. Quelle (330)
von Digital-Chrominanzsignalen o-'  (CB), die eine
Farb-Referenzburst-Signalkom-     5. System  nach Anspruch 4, be! dem  die
ponente beinhalten, und mit einer Einrichtung      Digitalisier-Mittel
weiterhin ein Nachf0hr-Filter zum Demodulieren der Chrominanzsignale in
(346) beinhalten, das an den Analog-Digital- erste und zweite (1, Q)
quadraturphasenbezo-   25  Umsetzer (344) gekoppelt ist und abhangig gene
Farb-Differenzsignale, welches gekenn-        von den Signalen, die von ihm
bereitgestellt zelchnet 1st durch die Kombination von:            werden,
zum Bilden des ersten Digitalsignales, - einem   analogvariierbaren
Oszillator        welches das Schwingungssignal mit einer fei- (342), der
abhIngig ist von einem Steu-       neren Quantisierungsauflosung
reprasentiert, ersignal zum Bilden eines Schwingungs-  3o    als das
Signal, welches von dem  Analog- signales mit variablerhvariierbarer Fre-
Digital-Umsetzer zur VerfUgung gestellt wird, quenz, wobel die Frequenz des
Schwin-         wobel das weitere Digitalsignal das Ausgangs- gungssignales
im wesentlichen unabh~n-        signal der Digitalisier-Mittel ist. gig von
den Taktsignalen ist; - Digitalisier-Mitteln, die einen  Analog-  35  6.
System  nach Anspruch 5, bei dem  das Digital-Umsetzer (344) aufweisen, der
mit     NachfUhr-Filter (346) eine digitale PLL beinhal- dem
Analog-Oszillator gekoppelt ist zum       tet, welche aufweist: Bilden
eines ersten Digitalsignales, das         - elnen Digital-Oszillator (430),
der abhan- Digital-Abtastwerte mit vielen bits (plural-       gig von den
Taktsignalen und einem bit) aufwelst, die das Schwingungssignal  4o
Frequenz-Steuersignal ist zum Bilden ei- zu Zeitpunkten reprasentieren,
welche              nes Digitalsignales mit im wesentlichen von den
Taktsignalen bestimmt werden;              derselben Frequenz des Signales,
das - Mitteln (348), die mit den Digitalisier-Mit-        von dem
Analog-Digital-Umsetzer (344) teln gekoppelt sind zum  Bilden eines
zur VerfUgung gestellt wird und eine gro- zweiten Digitalsignals mit im
wesentli-  48        Bore Anzahl von Bits pro Abtastwert als chen derselben
Frequenz, wie das erste             das vorgenannte Signal hat;
Digitalsignal, wobei es um 90 .phasen-           - Phasen-Vergleichermittel
(410), die mit verschoben bezlglich des ersten Signa-             dem
Digital-Oszillator und dem Analog- les ist;
Digital-Umsetzer gekoppelt sind zum Bil- - ersten und zweiten
Signal-Multipliziermit-  so      den sines Signales, das proportional zu
teln (334, 332), die gekoppelt sind zum            der Phasendifferenz
zwischen den von Erhalt  der  Digital-Chrominanzsignale             ihnen
jeweils zur Verflgung gestellten Si- (CB) an jeweiligen ersten
Eingangsports            gnalen ist; und erste und zweite Digitalsignale an
- einen TiefpaB (412), der mit den Phasen- jeweiligen zweiten Eingangsports
zum   s5          Vergleoichermitteln gekoppelt ist, zum In- Bereitstellen
der ersten  und zweiten             tegrieren  des Phasen-Differenzsignals,
Farb-Differenzsignale (1, 0) an jeweiligen         das von ihnen zur
VerfUgung gestellt Ausgangsports;                                     wird,
umr das Frequenz-Steuersignal far 8 *   C   L   N   S    15
EP0247891 B1                      16 den Digital-Oszillator (430) zur
Verf~gung   rique representant ledit signal oscillatoire et zu stellen;
ayant une resolution de quantification plus fine - wobel die Digital-PLL
eine Zeitkonstante     que le signal fourni par ledit convertisseur
aufweist, die ausreichend ist, jade Pha-     analogique-num~rique, dans
lequel lWdit autre senanderung in dem Schwingungssignal   s     signal
numerique est le signal de sortie desdits nachzufOhren, das von dem
Digital-Oszil-     moyens de numerisation. 



lator zur Verflgung gestelit wird, die be- zogen sind auf
Frequenz-lnstabilitaten in  3  Systbme selon la revendication 2 dans lequel
dem Taktsignal.                             ledit filtre de tragage (346)
comporte une bou- 10     cle verrouillee en phase num6rique compre-
Revendlcatlons                                       nant: - un oscillateur
numerique (430) agissant 1. Un systeme de traitement de signaux numeri-
en reponse auxdits signaux d'horloge ques comportant une source (300) de
signaux           (CK) et a un signal de commande de d'horloge (CK) qui
pr6sente des instabilit6a de   i5  fr6quence pour developper un signal nu-
frequences et comprenant un systeme de bou-           merique ayant
sensiblement la mime cle a verrouillage de phase (350) qui est carac-
frequence quo le signal fourni par ledit terise par la combinaison de:
convertisseur    analogique-numerique - un oscillateur analogique variable
(342,          (344) et comprenant des echantillons nu- 343) qui agit on
reponse a un signal de   20      meriques a M bits, oO M est un nombre
commande analogique pour gendrer un              entier plus grand quo N;
signal oscillatoire a frequence variable;      - des moyens de comparaison
de phases - des moyens de numerisation comportant             (410),
couples audit oscillateur numdri- un convertisseur analogique-num6rique
quo  (430)  et  audit  convertisseur (344) couple audit oscillateur pour
gdn6-  25    analogique-num6rique (344) pour deve- rer un signal numerique
incluant des             lopper un signal proportionnel a la diffe-
echantillons num6riques a N bits repre-           rence de phases entre les
signaux res- sentant ledit signal oscillatoire a des ins-      pectifs qui
y sont delivrds et tants determines par lesdits signaux           - un
filtre passe-bas (412) coupl6 auxdits d'horloge, oO N est un nombre entier
so          moyens de comparaison de phases pour plus grand quo 1;
integrer le signal de difference de pha- - des moyens de comparaison de
phases               ses qui y est delivre en vue de d6velop- (336)
couples  audit  convertisseur             per ledit signal de commande de
fre- analogique-numerique pour generer un              quences pour ledit
oscillateur numerique signal numerique qui est proportionnel &   35 la
difF6rence de phases entre le signal          dans lequel ladite boucle
verrouillee en g6ndrd par lesdits moyens de numerisa-            phase
numerique presente une constante fion et un signal de reference, et,
de temps suffisante pour depister tous - des moyens de conversion
numerique-               changements de phase dans le signal analogique
(340) agissant en r6ponse  4o         oscillatoire delivre par
l'oscillateur num6- aux signaux numeriques g6n6r6s par les-          rique
qui sont fonction des instabilit6s de dits moyens de comparaison de phases,
frequences du signal d'horloge. pour gdndrer ledit signal de commande
analogique, ledit signal de commands     4. Systeme de traitement de
signaux viddo nu- analogique conditionnant l'oscillateur va-  45  m6riques
comprenant une source (300) de si- riable pour qu'il change la frdquence
du-    gnaux d'horloge (CK) qui presentent des insta- dit signal
oscillatoire dans un sons ten-    bilit6s de frequences et une source (330)
de dant a amener les signaux foumis par         signaux de chrominance
numeriques (CB) in- lesdits moyens de comparaison de pha-        cluant une
composante de signal de synchro- ses a converger vers une valour prede-  5o
nisation de chrominance de r~ference de cou- termin~e.
leur et incluant un dispositif pour d6moduler lesdits signaux de
chrominance et des premier 2. Systbme selon la revendication 1 dans lequel
et second signaux de difference de couleur en lesdits moyens de
numerisation comprennent       quadrature de phase, qui est caractdris6 par
la en outre un filtre de tragage (346) coupl6 audit  55  combinaison de:
convertisseur analogique-numerique (344) et         - un oscillateur
variable analogique (342), agissant en reponse aux signaux qui lui sont
agissant en reponse a un signal de com- ddlivrds pour ddvelopper un autre
signal num6-        mande pour d6velopper un signal oscilla- 9
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18 toire a frequence variable dans loquel la      signal  delivre  par
ledit  convertisseur frequence dudit signal oscillatoire est
analogique-numerique, dans lequel ledit autre sensiblement independante
desdits si-         signal numerique est le signal de sortie desdits gnaux
d'horloge.                              moyens de numerisation. des moyens
de numerisation incluant un   5 .K7X       convertisseur
analogique-num6rique       6. Systeme selon ia revendication 5 dans lequel
(344), coupl6 audit oscillateur analogique    ledit filtre de tragage (346)
comporte une bou- 



pour developper un premier signal num6-       cle verrouillfe en phase
numerique compre- rique comprenant des echantillons nume-       nant:
riques & plusieurs bits representant ledit  1O   - un oscillateur numerique
(430) agissant signal oscillatoire a des instants determi-        en
r6ponse auxdits signaux d'horloge et nes par lesdits signaux d'horloge ;
un signal de commande de frequence - des  moyens  (348) coupl6s  auxdits
pour ddvelopper un signal numdrique moyens de num6risation pour d6velop-
ayant sensiblement la mime frequence per un second signal numerique ayant
15           que, et un nombre de bits par echantillon sensiblement la m8me
frequence que le-             plus grand quo, le signal delivrW par ledit
dit premier signal numerique avec lequel           convertisseur
analogique-numerique il est en quadrature de phase,
(344), - des premier et second moyens de multi-           - des moyens de
comparaison de phases plication de signaux (334, 332), coupl6s   2o
(410), couples audit oscillateur num6ri- de manibre a recevoir lesdits
signaux de           que et audit convertisseur analogique- chrominance
numeriques (CB) sur des                numerique pour d6velopper un signal
premiers points d'accbs d'entree respec-           proportionnel & la
difference de phases tfs et des premier et second signaux
entre les signaux respectifs qui lui sont numeriques sur des seconds points
d'ac-  25        delivres et, cbs d'entrde respectifs pour fournir les-
- un filtre passe-bas (412) couple auxdits dits premier et second signaux
de diffd-           moyens de comparaison de phases pour rences de couleur
(I, Q) sur des points            int6grer le signal de difference de pha-
d'accbs de sortie respectifs;                      ses qui lul est ddlivr6,
afin de developper - des moyens de detection de phase (336)  3o
ledit signal de commande de frequence couples  auxdits  premier et second
pour ledit oscillateur numdrique (430); moyens multiplicateurs de signaux
pour             dans lequel ladite boucle verrouillle en ddvelopper un
signal proportionnel a la            phase numdrique presente une constante
difference entre la phase du vectour               de temps suffisante pour
d~pister toutes somme des composantes desdits pre-  35
modifications de phase dans le signal mier et second signaux de differences
de           oscillatoire d~livrd par ledit oscillateur nu- couleur
correspondant audit signal de ch-          m6rique, qui sont fonction des
instabilit6s rominance de refdrence de couleur et               de
frequence du signal d'horloge. une valeur de phase de ref6rence et, - des
moyens coupl~s auxdits moyens d6-  40 tecteurs de phase et incluant un
conver- tisseur numerique-analogique (340) agis- sant en reponse audit
signal de diff6ren- ce de phases pour developper ledit si- gnal de commando
pour ledit oscillateur  4s variable analogique afin de modifier la
frequence dudit signal oscillatoire dans un sons qui reduit l'amplitude
dudit si- gnal de diffdrence de phases. 50 5. Systbme selon la
revendication 4 dans lequel lesdits moyens de numerisation comprennent en
outre un filtre de tragage (346) couple audit convertisseur
analogique-num~rique (344) et agissant en reponse aux signaux qui lul sont
55 fournis pour d6velopper ledit premier signal representant ledit signal
oscillatoire, ayant une resolution de quantification plus fine que le 10


