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(57) Abstract

A video recorder for recording composite video signals includes an analog to digital converter for digitizing samples of the
composite video signal being recorded. A sync separator separates horizontal synchronizing information from the composite
video signal being recorded. Filtering separates the chrominance information portion of the composite video signal being re-
corded, and a down-converter mixes that separated chrominance information with a nervous carrier signal thereby to generate a
color-under signal. A controlled oscillator generates a succession of pixel clock signals at a given rate. A counter counts the num-
ber of pixel clock signals supplied by the controlled oscillator, and a frequency divider divides the count by a prescribed factor. A
discriminator determines when the resulting submultiple of the count differs in fi requency or phase from the horizontal synchroni-
zation separated from the composite video signal being recorded, to develop an error signal that is low-pass filtered to generate
the oscillator control signal. This completes a phase-lock loop connection including the controlled oscillator, the counter, the fre-
quency divider, the discriminator and the low-pass filter, which loop governs sampling during the analog to digital conversion of
the composite video signal being recorded.
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NERVOUS CLOCK SIGNAL GENERATOR FOR VIDEO RECORDER
Technical Field

The invention relates to video recording/playback
systems and, more particularly, to generation of the
nervous clock signal used during recording to down-convert
to color-under signal the chroma separated from a composite
video signal and during playback to up-convert color-under
signal to chroma for inclusion in a regenerated composite
video signal.

Background of the Invention

Recently, along with the development of digital
processing techniques for video signals, household VCRs
have come into the market that are designed to provide
higher resolution and better quality images. The
specification and drawing of U.S. patent No. 5,113,262
issued 12 May 1992 to C. H. Strolle et alii and entitled
"VIDEO SIGNAL RECORDING SYSTEM ENABLING LIMITED BANDWIDTH
RECORDING AND PLAYBACK" are incorporated herein by
reference. This system was developed to provide a higher-
resolution home VCR that is at the same time compatible
with the standard VHS system.

The video signal recording system that is described in
U.S. patent No. 5,113,262 digitizes composite video signal
and subjects it to adaptive digital spatio-temporal
filtering to separate a digitized 1luminance signal
substantially free of chrominance information. This
digitized luminance signal is supplied as input signal to

a digital band-separation filter that generates a digital
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low-pass filter response to the digitized luminance signal
and a digital high-pass filter response to the digitized
luminance signal, which responses exhibit a crossover at a
mid-frequency. The digital high-pass filter response is
adaptively de-emphasized relative to the digital low-pass
filter response and is then folded around the mid-frequency
to appear as a reverse spectrum occupying the same portion
of the baseband as the normal-spectrum digital low-pass
filter response. The resulting reduced-bandwidth luminance
signal with accompanying horizontal and vertical
synchronizing signals is then used to frequency modulate a
luminance carrier frequency, to generate a luma portion of
the signal recorded on the video tape in a manner
substantially in accordance with the standard VHS systenm

procedure.

The playback circuitry for a video signal recording and
playback system that is described in U.S. patent No.
5,113,262 1includes a time-base corrector (TBC) that
corrects during playback for the time-base error (TBE) in
the reduced-bandwidth luminance signal recovered in analog
form from the video tape by standard methods and
subsequently digitized. A TBC is a device in which time-
base error included in a video signal is eliminated by a
memory which functions as a time-base buffer. The video
signal with the TBE is written into the memory in
accordance with a clock signal synchronized with the video
signal with the TBE and is read out in accordance with a
stable clock signal. The term "TBE" denotes the jitter
introduced into a signal by the mechanical factors in a VCR
recording and playback system, such as speed variations of
the tape transport during recording and during playback,

tape vibration, etc.

The time-base-corrected reduced-bandwidth luminance
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signal is unfolded, and the unfolded signal subjected to
adaptive digital spatio-temporal filtering to separate a
full-spectrum digitized luminance signal substantially free
of folding artifacts. The high-frequency portion of the
separated digitized luminance signal substantially free of

folding artifacts is then re-emphasized.

The video signal recording system that is described in
U.S. patent No. 5,113,262 follows in some respects the
standard VHS system procedure for recording and playing
chroma information in the color-under format. The standard
VHS system procedure for playing back chroma information
recorded in the color-under format includes measures as
described in the next paragraph, which measures prevent
time-base error (TBE) in the video signals from introducing
color errors. For example, TBE occurs in the composite
video signals to be recorded when they are supplied from
another video recorder owing to speed variations of the
tape transport used for playback, to tape vibration, etc.
During recording, further TBE arises owing to speed
variations of the tape transport used for recording, to
tape vibration, etc. During subsequent playback, still
further TBE arises owing to speed variations of the tape
transport used for playback, to tape vibration, etc.

During recording, separated chrominance sidebands with
a suppressed 3.58 MHz carrier are heterodyned with 4.21 MHz
oscillations to generate complex amplitude-modulation
sidebands of a 629 kHz suppressed carrier. Intervening
color bursts are heterodyned down to 629 kHz during this
down-conversion procedure for generating a color-under
signal. The 4.21 MHz oscillations used in the down-
conversion are a so-called ‘"nervous clocking signal"
supplied from a phase-looked oscillator (PLO). This PLO
includes a voltage-controlled oscillator (VCO), the
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frequency and phase of which VCO are electrically
controlled by an error signal and are synchronized to a
multiple of the scan line frequency. To achieve such
synchronization, the VCO is included in a corrective-
feedback loop connection in which the VCO supplies its
oscillations to a frequency-divider, the frequency-divider
supplies a submultiple of the oscillations to the frequency
and phase comparator, the frequency and phase comparator
supplies its comparison results to a loop filter that
determines the speed with which the error signal can be
diminished by the loop connection, and the filter response
is applied to the VCO for regulating the frequency and
phase of its oscillations, thereby to complete the
corrective-feedback loop that adjusts the frequency and
phase of the oscillations from the VCO so as to diminish
the error signal. If the filter response time constant is
not appreciably longer than a scan line duration, the
frequency and the phase of the 4.21 MHz oscillations vary
in accordance with the TBE -in the horizontal-
synchronization. In the down-conversion to 629 kHz the TBE
in the chroma differentially combines with the TBE in the
4.21 MHz oscillations, so that the color-under carrier is
essentially free of TBE. During playback, in an up-
conversion procedure, stable 4.21 MHz oscillations are
heterodyned with the color-under signal to regenerate color
burst and chroma sidebands, the 3.58 MHz carrier of which

is essentially free of TBE.

Of interest to the invention is the need to generate the
clocking signal that is used to time the sampling of the
composite video signal by an analog-to-digital converter
when digitizing the composite video signal and that is
subsequently used to clock the resulting digital samples
into time-base corrector memory. As noted previously, TBE

occurs in the composite video signals to be recorded when
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they are supplied from another video recorder owing to
speed variations of the tape transport used for playback,
to tape vibration, etc. To track any such TBE by varying
the instants of sampling the horizontal scan lines picture-
element-by-picture-element with the analog-to-digital
converter, during digitization of the composite video
signal supplied for recording, the clocking signals for the
analog-to-digital converter are supplied from a phase-
locked oscillator (PLO) 1locked to horizontal sync pulses
separated from the composite video signal being digitized.
This PLO includes a voltage-controlled oscillator (VCO),
the frequency and phase of which VCO are electrically
controlled by an error signal and are synchronized to a
multiple of the scan line frequency. (The VCO may in fact
be a current-controlled oscillator instead, as will be

appreciated by those familiar with PLO design.)

To achieve synchronization to a multiple of the scan
line frequency, the VCO is included in a corrective-
feedback 1loop connection in which the VCO supplies its
oscillations to a frequency-divider, the frequency-divider
supplies a submultiple of the oscillations to the frequency
and phase comparator, the frequency and phase comparator
supplies its comparison results to a loop filter that
determines the speed with which the error signal can be
diminished by the loop connection, and the filter response
is applied to the VCO for regulating the frequency and
phase of its oscillations, thereby to complete the
corrective-feedback loop that adjusts the frequency and
phase of the oscillations from the VCO so as to diminish
the error signal. If the filter response time constant is
not appreciably 1longer than a scan 1line duration, the
frequency and phase of the clocking signal supplied from
the VCO to the analog-to-digital converter vary in

accordance with the TBE in the horizontal synchronization.
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The TBE in the horizontal synchronization is an index of
the TBE in the 1luminance signal, so the TBE in the
luminance signal is compensated for when the time-base-
corrector memory is read from in accordance with a stable’

clock.

In accordance with the invention, <the 4.21 MHz
sinusoidal signals used in the down-converting and up-
converting procedures associated with color-under signals
are not generated directly using a phase-locked analog
oscillator oscillating at a 4.21 MHz frequency. Instead,
the 4.21 MHz frequency nervous clocking signal are derived
from the higher-frequency oscillations supplied as clock
signals to the analog-to-digital converter wused for
digitizing luminance signals. This derivation can be done
using a sine-wave look-up table stored in read-only memory
(ROM) or by heterodyning a stable oscillator with the
higher-frequency oscillations or a submultiple of those

oscillations as obtained by frequency division.

Summary of the Invention

An embodiment of the invention is in a video recorder
for recording composite video signals which includes an
analog to digital converter for digitizing samples of the
composite video signal being recorded. A sync separator
separates horizontal synchronizing information from the
composite video signal being recorded. Filtering separates
the chrominance information portion of the composite video
signal being recorded, and a down-converter mixes that
separated chrominance information with a nervous carrier
signal thereby to generate a color-under signal. A
controlled oscillator generates a succession of pixel clock
signals at a rate the frequency and phase of which are

determined in accordance with an oscillator control signal,
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the rate being more than twice the frequency of the nervous
carrier signal and setting the rate of the sampling by the
analog to digital converter. A counter counts the number of
pixel clock signals supplied by the controlled oscillator
and includes means for returning its count to an initial
value after counting the number of pixels occurring in four
scan lines. A frequency divider divides the count by a
prescribed factor to generate a submultiple thereof. A
discriminator determines when the submultiple of the count
from said counter differs in frequency or phase from the
horizontal synchronizing information separated from the
composite video signal being recorded, to develop an error
signal. A low-pass filter responds to the error signal for
generating the oscillator control signal. This completes a
phase-lock 1loop connection including the controlled
oscillator, the counter, the frequency divider, the
discriminator and the low-pass filter; and the nervous
carrier signal is derived responsive to the condition of
the counter. This derivation can be done using a sine-wave
look-up table stored in read-only memory (ROM) or by
heterodyning a stable oscillator with the higher-frequency
oscillations or a submultiple of those oscillations as

obtained by frequency division.

Brief Description of the Drawings

FIGURE 1 is a schematic diagram of video recording

circuitry embodying aspects of the invention.

FIGURE 2 is a schematic diagram of a modification tha%
can be made to the FIGURE 1 video recording circuitry %o
improve its performance in accordance with a further aspect

of the invention.

FIGURE 3 is a schematic diagram of a non-standard input
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detector for determining whether video signals supplied for
recording have too much time-base error to be adaptively
spatiotemporally filtered as a step in the recording
procedure, which detector is used as an element in the
FIGURE 1 and FIGURE 2 video recording circuitry.

FIGURES 4 and 5 are each a schematic diagram of an
alternative apparatus for generating a 4.21 MHz nervous
clock in the FIGURE 1 recording circuitry in accordance
with aspects of the invention.

FIGURE 6 is a schematic diagram of playback circuitry
for use with the FIGURE 1 video recording circuitry
modified per FIGURE 2, which playback circuitry embodies

the invention in another of its aspects.

FIGURES 7, 8 and 9 are each a schematic diagram of an
apparatus for generating a 4.21 MHz stable clock in the
FIGURE 6 playback circuitry.

Detailed Description of the Invention

Referring to FIGURE 1, the recording circuit for a video
recording/playback system embodying the invention comprises
a chroma separator 10 connected for separating chroma from
a composite video signal, a generator 11 of nervous 4.21
MHz sinusoidal carrier signal, a down-converting mixer 12
for generating a color-under signal responsive to separated
chroma and the nervous 4.21 MHz sinusoidal carrier signal,
a first analog-to-digital converter (ADC1l) 13 for the
composite video signal, a second analog-to-digital
converter 14 (ADC2) for the color-under signal, a first-
in/first-out (FIFO) memory 15 for the digitized composite
video signal, a second first-in/first-out (FIFO) memory 16

for the digitized color-under signal, a chroma recording



WO 93/17528 PCT/KR93/00013

10

15

20

25

- 30

processor 17, a digital adder 18 used for combining chroma
and motion sidebands, and a sync separator 19 for
separating both horizontal and vertical synchronizing
pulses from the composite video signal. A first time-base
corrector (TBCl) is formed from the first-in/first-out
memory 15 in combination with a write-address generator 20
and a read-address generator 30. A second time-base
corrector (TBC2) is formed from the first-in/first-out
memory 16 in combination with the write-address generator
20 and the read-address generator 30. In addition, the
recording circuit further comprises a luma recording
processor 40, which in accordance with the invention
includes a non-standard input detector 48 and a multiplexer
49 for modifying the connections in the luma recording
processor 40 when a composite video signal with excessive

TBE is received for recording.

The write-address generator 20 is a first phase-locked loop
(PLL1) that includes elements 21-25. The low-pass filter 21
establishes a loop time constant 7,for a PLL1 error signal,
which loop time constant 7,is little longer than the
duration of a horizontal scan line. The voltage-controlled
oscillator 22 oscillates at or near a frequency that is a
high multiple (e.g., 640) times horizontal scan 1line
frequency as controlled by the PLL1 error signal filtered
by the low-pass filter 21. The oscillations from the VCO 22
control the timing of the sampling performed by the analog-
to-digital converters 13 and 14. The write address counter
23 is connected for counting each cycle of the oscillations
from the oscillator 22. The three-hundred-twenty count of
the write address counter 23 is decoded by the decoder 24
to be supplied as a first input signal to the frequency and
phase comparator 25. As well known by those skilled in the
art of phase-locked 1loop design, the counting of

oscillations from a VCO and decoding a selected count or
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selected group of adjacent counts provides for dividing the
frequency of the oscillations, in the generation of a
feedback signal to be compared to a reference signal for
generating an error signal that controls the frequency and
phase of the VCO. The second input signal to the comparator
25 comprises separated synchronizing pulses. The comparator
25 is of one of the known types that generates output
signal proportional to the differential delay between
corresponding edges of its first and second input signals.
The comparator 25 supplies its output signal to the low-
pass loop filter 21, closing the phase-locked loop PLL1.
Since the loop filter 21 has a time constant little longer
than the duration of one horizontal scan line, the phase--
locked loop PLL1 response is to horizontal separated sync
pulses, rather than vertical ones, and is fast enough to
follow the time-base error of the input signal quite

precisely.

The read-address generator 30 is a second phase-locked
loop (PLL2) that includes elements 31-35. The low-pass
filter 31 establishes a loop time constant 72 for a PLL2
error signal, which time constant 7,is about twenty times
as long as the duration of a horizontal scan line. The
voltage-controlled oscillator 32 oscillates at or near a
frequency that is the high multiple (e.g., 640) times
horizontal scan line frequency, as controlled by the PLL2
error signal filtered by the low-pass filter 31. The read
address counter 33 is connected for counting each cycle of
the oscillations from the oscillator 32. The zero count of
the write address counter 33 is decoded by the decoder 34
to be supplied as a first input signal to the frequency and
phase comparator 35. The second input signal to the
comparator 35 comprises separated synchronizing pulses. The
comparator 35 is of the same type as the comparator 25 and

supplies its output signal to the low-pass loop filter 31,
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closing the phase-locked loop PLL2. The loop filter 31 time
constant being about twenty times as long as the duration
of a horizontal scan line allows the second phase-locked

loop (PLL2) to be synchronized with the vertical sync

"signal of the input signal and not to track the quick

change of the input signal.

Accordingly, the write-address counter 23 quickly
follows timing variations of the composite video input
signal and, simultaneously, generates a write-address
signal WR which the write-address generator 20 supplies
both to the first FIFO memory 15 for digitized composite
video signal and to the second FIFO memory 16 for digitized
color-under signal. Since read-address counter 33 is
synchronized with the timing of the composite video input
signal averaged over a long period and is unaffected by
tape jitter and the like, counter 33 generates a relatively
stable read-address signal RD for the FIFO memory 15 of the
time-base corrector TBC1l and for the FIFO memory 16 of the

time~base corrector TBC2

The FIFO memories 15 and 16 are each presumed to be able
to store a full scan line of pixels. An offset between the
write address supplied to FIFO memories 15 and 16 and the
read address supplied to FIFO memories 15 and 16 is
necessary in order for the memories to provide their
temporary storage functions, without 1risk of being
overwritten before being read. This offset is simply
provided for by arranging the decoders 24 and 34 to

generate output ONEs a half-scan-line apart.

The elimination of the time-base error TBEl1l in the
high-frequency component of the composite video signal by
the time-base corrector TBC1l formed by FIFO memory 15 and
address generators 20 and 30 facilitates spatial processing
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of the luma signal in the luma recording processor 40. The
luma recording processor 40 includes an adaptive luma
signal separator comprising a temporal filter 41, a spatial
filter 42, a motion signal detector 43, a soft switch 44,
and a motion factor generator 45. The temporal filter 41 is
described in U.S. patent No. 5,113,262 as being a comb
filter including comb filtering of the type known as "frame
comb" filtering, which is suited to filtering static rather
than moving portions of successive television images. The
spatial filter 42 is there described as being a comb filter
including comb filtering of the type known as "line comb"
filtering, which is suited to filtering moving rather than
static portions of successive television images. The motion
factor generator 45 generates motion factors K and (1-K)
recorded in a read-only memory (ROM) look-up table as
addressed by values of the detected motion signal. The soft
switch 44 determines the output ratios of temporal filter
41 and spatial filter 42 in response to the supplied motion
factors K and (1-K). This adaptive luma signal separator,
more particularly described in allowed U.S. patent No.
5,113,262 is followed by a spectrum folder 46, preferably
of an adaptive type, such as particularly described in U.
S. patent No. 5,113,262. A motion processor 47 modulates
the motion signal from the motion signal detector 43 onto
a four-phase carrier to generate a signal M consisting of
sidebands that fall in the Fukinuki hole which interleaves
with color-under signal C. The signals C and M are supplied

as summand input signals to the adder 18.

Only those portions of the luma recording processor 40
modified to perform the present invention will be described
in detail below. A difference in the structure of the
invention and the structure described in allowed U.S.
patent No. 5,113,262 is that, responsive to the composite

video signal being classified as a non-standard input
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signal by the non-standard input detector 48, the
multiplexer 49 selects arithmetic one, rather than the
motion signal ranging from arithmetic zero for no motion to
arithmetic one for full motion as generated by the motion
detector 43, for application to the motion factor generator
45 and to the motion processor 47. This forces the output
values K and (I-K) from the motion factor generator 45 to
condition the 1luma signal L to consist entirely of
spatially extracted luma samples, in the case of a non-
standard input signal, without regard to the presence or
absence of the motion signal. In other words, when a non-
standard input signal is detected, the time-base-corrected
digitized signal from the FIFO memory 15 is processed
primarily in the spatial domain to generate the luma signal
L supplied as output signal from the luma recording

processor 40.

The non-standard input detector 48 generates a control
signal that is either a ONE, or a ZERO depending on whether
or not the input signal is a non-standard signal including
TBE. The non-standard input detector 48 shown in FIGURE I
is assumed to be of a type that senses jitter by
determining the difference between the write
address WR from the write-address counter 23 and the read
address RD from the read-address counter 33 and then
determining whether or not the presently input video signal
is a non-standard signal. A particular embodiment of this
type of non-standard input detector is described in detail
further on in this specification, with reference to FIGURE
4 of the drawing. The non-standard signal detector 48 is
not limited to this particular type; all that is required
in the construction of the non-standard signal detector is
that it can detect whether or not the presently input

signal is a non-standard signal including TBE.
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The remaining portions of the recording electronics are
not shown in FIGURE 1, but are similar to those described
in U. S. Patent No. 5,113,262. The luma signal L is
converted from digital to analog form and used to
frequency-modulate an FM carrier wave. The C+M output
signal from the adder 18 is converted from digital to
analog form and added to the FM carrier wave. The resulting
sum signal is then recorded on a magnetic recording medium

using helical scan techniques.

In the chroma signal recording circuitry of the
invention, the down-converter 12 receives the nervous 4.21
MHz output signal of generator 11, such that during the
down-conversion of the chroma signal, TBE appears in the
resulting color-under signal. The TBE introduced into the
resulting color-under signal corresponds to the TBE in the
sampling clock supplied from the analog-to-digital
converter 14. The digital samples supplied from the analog-
to-digital converter 14, if they were re-timed in
accordance with a stable clock to occur regularly, would
thus be free of TBE with respect to color-under carrier
frequency. Accordingly, during playback up-conversion with
a stable clock can regenerate chroma signals without
appreciable error in color subcarrier phasing. This is
similar to prior art practice, except for the nervous 4.21
MHz carrier being generated in a different way. In prior-
art practice there is no time-base correction of the
luminance signal during recording, as can give rise to
differential TBE as between luma and chroma signals that
will cause a luma/chroma tracking problem during playback.
There is no need for time-base correction of the luminance
signal, since the luminance signal is not digitized and
then digitally filtered during the recording procedure. In
prior-art practice the procedure followed during playback,

then, is simply to up-convert the color-under signal by
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mixing it with a stable 4.21 MHz sine wave supplied from a
crystal oscillator, thereby to regenerate the chroma
sidebands for a composite video signal supplied to a VHF-
television-channel modulator. Since the 4.21 MHz sine wave
and the carrier of the color-under signal are both free
from TBE, the regenerated 3.58 MHz subcarrier as occurs
during color burst is free from TBE, which facilitates
synchronization of the local color oscillator in a color
television receiver. The pull-in range of the AFPC loop of
the local color oscillator is much less likely ever to be

exceeded.

In video tape recorders in which the luminance signal is
digitized and then digitally filtered during the recording
procedure, particularly when the digital filtering is in
the transversal direction, which are the type of recorders
which the invention concerns, time-base correction of the
luninance signal is needed in order that the digital
filtering can proceed. The, generation of the color-under
signal by down-converting 3.58 MHz chroma using a 4.21 MHz
nervous carrier is done in order to correct for TBE in
regard to the color-under carrier frequency. The TBE in
regard to the modulating function of the color-under signal
is not corrected for by this procedure, however. Because
the luminance signal is time-base corrected and the
modulating function of the color-under signal is not, there
is a resultant differential time-base error between the
luminance information in the L signal and the chrominance
information in the digitized color-under signal supplied by
the analog-to-digital converter 14. This is an impediment
to luma/chroma tracking on screen during the playback of

recorded video.

This impediment to luma/chroma tracking is removed by

applying a time-base correction to the digitized color-
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under signal supplied by the ADC 14 which corresponds to
the time-base correction applied to the digitized luminance
signal supplied by the ADC 13 . The time-base correction of
the digitized color-under signal is done by the FIFO memory
16, which receives the read addresses of the FIFO memory 15
as its write addresses and receives the write addresses of
the FIFO memory 15 as its read addresses. The adverse
effect that the time-base corrector TBC2 comprising
elements 16, 2 0 and 30 tends to have on the
synchronization of the local color oscillator in the color
television receiver the video tape recording is played back
for is compensated for in the playback electronics, as will
be explained in detail further in this specification when
FIGURE 6 is described in detail.

The time-base-corrected digitized color-under signal
chroma is supplied from the FIFO memory 16 to the chroma
recording processor 17. The chroma recording processor 17
limits the image response to input chroma signal, performs
anti-crosstalk filtering to prevent crosstalk into the
Fukinuki hole, which the motion signal M supplied from
motion processor 47 is to occupy, and then supplies the

final chroma signal C as one input signal of adder 18.

FIGURE 2 shows a modified luma recording processor 400
that can replace the luma recording processbr 40 of the
FIGURE 1 recording circuitry, which includes in addition to
the elements 41-49 of processor 40 further elements 401-
404. The luma recording processor 400 responds to an input
signal supplied for recording being classified as non-
standard to set to zero the motion signai M supplied to the
adder 18. This procedure is preferable to setting the
motion signal M supplied to the adder 18 to full value in
response to the input signal being classified as non-

standard, as done in the FIGURE 1 recording circuitry. The
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procedure is preferable because the motion signal M when
full-valued tends to exhibit some undesired crosstalk into
the color-under signal C. However, this procedure
necessitates that some alternative way be provided for:
signaling the video tape playback circuitry that the
recorded video signal is a non-standard one requiring its
processing be carried out only in the two-dimensional
spatial domain and not on a field-to-field or frame-to-

frame basis in the time domain.

The multiplexer 401 is used to apply selectively the
motion signal M from the motion processor 47 to the adder
18 when the non~-standard input signal detector 48
classifies the video input signal received for recording to
be standard, or substantially TBE-free, and supplies a
logic ZERO to the multiplexer 401. When the non-standard
input signal detector 48 classifies the video input signal
received for recording to be non-standard and supplies a
logic ONE to the multiplexer 401, the multiplexer 401
selectively applies arithmetic zero to the adder 18, rather

than the motion signal M from the motion processor 47.

The ID signal generator 402 is of a type that generates
an ID code capable of identifying the input signal as a
non-standard signal by any known method, in response to the
output signal from the non-standard input detector 48 being
a ONE. For example, the ID code may be a succession of
pseudo-noise pulse sequences when a non-standard video
signal is to be recorded and black level or a different
succession of pseudo-noise pulse sequences when a standard
video signal is to be recorded. The multiplexer 403
receives the output signals of the folder 46 and the ID
signal generator 402 as input signals and responds to the
condition of a control signal supplied thereto from the

gate signél generator 404 to select one of these input
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signals as the model on which to base its output signal.
The gate signal generator 404 responds to a vertical sync
signal to generate a gate signal that is applied to the
multiplexer 403 as its control signal conditioning the
multiplexer 403 to select its ID code input signal as the
model on which to base its output signal during the active
portion of a prescribed scan line or during immediately
following the vertical blanking period. The multiplexer 403
supplies a time-multiplexed luma and ID signal L+ID to the
remainder of the recording circuitry, which is conventional

in nature.

FIGURE 3 shows in greater detail a possible structure
for the non-standard input signal detector 48. A digital
adder 481 adds binary 320 (half the 640 pixels in a scan
line) to the read address supplied from counter 33 to
generate a signal that in the absence of TBE should equal
the write address supplied from counter 33 and that is
differentially combined with the write address supplied
from counter 33, using a digital subtractor 482. The
subtractor 482 supplies its difference signal to a digital
averaging filter 483 that averages over many samples. In
its output signal an absolute value circuit 484 rectifies
that average, which is applied as its input signal. The
output signal of the absolute value circuit 484 is supplied
to a threshold detector 485, which typically consists of a
digital comparator. The threshold detector 485 generates a
logic ONE output when a prescribed value is exceeded by the
output signal of the absolute value circuit 484, which ONE
indicates that the video input signal received for
recording is classified as being nonstandard. If the output
signal of the absolute value circuit 484 does not exceed
the prescribed value, the threshold detector 485 generates
a logic ZERO output, which ZERO indicates that the video

input signal received for recording is classified as being
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standard.

FIGURE 4 shows one way to generate the nervous 4.21 MHz
clock without having to have another phase-locked loop in
addition to the phase-locked loop PLL1 in the write address
generator 20. The write address counter 23 is shown in
greater detail as comprising a four-stage binary counter
231 that counts 10.1 MHz oscillations supplied from the VCO
22 to its carry-in (CI) connection to generate a 629 kHz
square wave at its carry-out (CO) connection, a six-stage
binary counter 232 that counts that 629 kHz square wave
supplied to its carry-in (CI) connection from the carry-out
(CO) connection of four-stage binary counter 231, and a
decoder 233 for responding to the combined counts of
counters 231 and 232 to reset the combined counts to 00
0000 0000 after the combined counts reach 10 0111 1111.

The nervous clock generator 11 is shown in greater
detail as comprising an amplifier 111 receiving as its
input signal 629 kHz square wave from the carry-out (CO)
connection of the counter 231, a crystal oscillator 112 for
generating a very stable with time 3.58 MHz sine wave, a
counter 113 for counting horizontal scan lines modulo-four,
a programmable phase shifter 114 for shifting the 3.58 MHz
sine wave in 90° steps in accordance with that modulo-four
count, and an up-converting mixer 115 that generates the
nervous 4.21 MHz clock frequency responsive to the sunm
frequency of the phase-shifted 3.58 MHz sine-wave
oscillations from phase shifter 114 and the amplified 629
kHz output signal of the amplifier 111, which latter signal
is "nervous" by reason of the shortness of the time

constant 71, of the phase-locked loop PLL1.

The programmabie phase shifter 114 is used because there
is to be a 90° incremental shift of 4.21 MHz from one

horizontal scan line to the next during video recording.
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This provides for the desired 90° incremental shift of the
629 kHz color-under carrier from one horizontal scan line
to the next during video recording. By way of example the
programmable phase shifter 114 can comprise a tapped analog-
delay 1line for supplying 0° , 90° , 180° and 270°
phases of 3.58 MHz sine wave and a multiplexer for
selecting, in accordance with each modulo-four count of
scan lines, a corresponding one of the four phases of 3.58
MHz sine wave as the output signal of the programmable
phase shifter.

FIGURE 5 shows another way to generate thecnervous 4.21
MHz clock without having to have another phase-locked loop
in addition to the phase-locked loop PLL1 in the write
address generator 20. The nervous 4.21 MHz clock can be
generated using a read-only memory 117 that stores sine-
wave and cosine-wave look-up tables, a suitable one of
which tables is selected for reading in accordance with the
modulo-four count of horizontal scan lines. Since there is
to be a 90° shift of 4.21 MHz from one horizontal scan
line to the next during video recording, look~up from the
sin/cos table is assumed to proceed on a four-scan-line
cyclic basis. A digital-to-analog converter 118 converts
the read-out signal from the ROM 117 to analog form for
application to the down-converting mixer 12 ‘of FIGURE I or
2.

One skilled in the art of ROM look-up tables will
discern that, rather than using a ROM 1 17 that stores two
full scan lines of 4.21 MHz sine-wave and cosine-wave,
advantage can be taken of symmetries of these functions
over the two scan lines and of the similarities between the
functions except for shift in time base to reduce ROM
storage requirements. The three more-significant bits of

the 12-bit write address can be used to control
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modification of the nine less-significant bits of the 12-
bit write address to generate addresses for a ROM that
stores half a scan line of the 4.21 MHz sin/cos function
and to control selective negativing of the ROM output:
signal, in order to generate correctly phased 4.21 MHz
carrier for each scan line. In the claims that are appended
to this specification, such alternative arrangements are
presumed to be within the scope of the term "read-only

memory".

In FIGURES 4 and 5 the resets of the write-address
counter 23 are shown being used as count input signal to
the scan-line counter 113, which counter for the purposes
of the invention needs only to be a two-stage binary
counter for counting successive horizontal scan lines
modulo-four. For other purposes, however, a multiple-stage
binary counter 113 may be used for accumulating higher
counts of successive scan lines or half-scan-lines, and two
bits of the output signal of such a counter 113 may be used
to provide the desired modulo-four count of scan lines used
in FIGURE 4 for controlling the programmable phase-shifter
114 and used in FIGURE 5 for addressing the ROM storing the
4.21 MHz sin/cos look-up tables. Such a multiple-stage
binary counter 113 should be of a type which counts
horizontal scan lines over a two-frame cycle, so the
counting of successive horizontal scan lines modulo-four

progresses properly.

The FIGURE 6 playback electronics receive a time-
multiplexed L+ID signal recovered from the recording medium
in accordance with prior art methods for recovering luma
signals and a C+M color-under signal encoding chroma and
motion signal C+M recovered from the recording medium in
accordance with prior art methods for recovering color-
under signals. The analog L+ID and C+M signals are
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digitized by a third analog-to-digital converter (ADC3) 513
and by a fourth analog-to-digital converter (ADC4) 514,
respectively, which are similar in construction to the
first analog-to-digital converter (ADC1)13 and to the
second analog-to-digital converter (ADC2)14. The digitized
L+ID signal is supplied to a third time-base corrector 515
(TBC3), which is similar in construction to the first time-
base corrector 15 (TBCl). The digitized C+M signal is
supplied to a fourth time-base corrector 516 (TBC4), which
is similar in construction to the second time-base
corrector 16 (TBC2). Accordingly, switching arrangements
(not shown) can be provided for using elements 1316 during
playback as the elements 513-516, rather than using
separate elements 513-516.

The luma reproducing circuitry comprises the third
analog-to-digital converter 513 (ADC3), the third time-base
corrector 515 (TBC3), a luma playback processor 540, an ID
signal detector 550, and a multiplexer 551. Through
appropriate switching arrangements (not shown), during
playback the luma playback processor 540 can use elements
which during recording are used in the luma recording
processor 40. The ADC3 513 digitizes the reproduced luma
and ID signal L+ID, and TBC3 515 performs TBE correction to
the resulting digitized signal. The ID signal detector 550
identifies whether or not the luma signal of one field to
be reproduced is a non-standard signal by detecting the
recorded ID signal. If and only if the reproduced luma
signal is a non-standard signal, the ID signal detector
550, generates a control signal that conditions the
multiplexer 551 to apply arithmetic one (the presumed full
value of the motion signal M) to the 1luma playback
processor 540 for conditioning processor 540 to generate an

outpﬁt signal L just by spatial processing.
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Luma playback processor 540 includes an unfolder 546
which restores the bandwidth compressed luma signal by
frequency-folding into its original frequency bandwidth, a
temporal filter 541 for eliminating a folding carrier and
an undesired image sideband, a spatial filter 542, a noise
canceler 543 which improves the image quality when
reproducing signal recorded by a conventional VHS system,
a soft switch 544, a motion factor generator 545, and a
multiplexer 547. The multiplexer 547 reproduces as is its
own output signal one of the output signals from soft
switch 544 and noise canceler 543 supplied to the
muitiplexer 547 as its input signals, as selected by a mode
select signal that specifies the kind of the video signal
that is being played back from the tape, i.e., whether it
is a normal VHS system or a bandwidth compression system.
The motion factor generator 545 performs the same operation
as the aforesaid motion factor generator 45 of the luma
recording processor 400 in response to the input signal of
the ID signal detector 550.

The chroma reproducing circuitry comprises the fourth
analog-to-digital converter 514 (ADC4), the fourth time-
base corrector 516 (TBC4), a motion/chroma separator 517,
a digital-to-analog converter 518, a four-phase stable 4.21
MHz carrier generator 519 and an up-converter 520. The ADC4
514 digitizes the reproduced motion and chroma signal, and
the TBC4 516 corrects the TBE during the reproduction of
the digitized signal. The motion/chroma separator 517
separates the motion signal and the chroma signal, and
supplies the motion signal to the 551 multiplexer for
selective application to the motion factor generator 545.
The separated chroma signal is converted to analog form by
the digital-to-analog converter 518 for application as
input signal to the up-converter 520, to be up-converted in

frequency from 629 kHz to 3.58 MHz in accordance with a
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stable 4.21 MHz clock signal supplied by the 4.21 MHz
carrier generator 519. The generator 519 supplies a four--
phase 4.21 MHz stable clock with phase change from one
horizontal scan line to the next during playback. These
shifts of phase heterodyne with the phase shifts of the 629
kHz color-under carrier from one horizontal scan line to
the next, as introduced during video recording, so these
phase shifts cancel out in the regenerated 3.58 MHz chroma
sidebands supplied from the up-converting mixer 520.
Accordingly, the 1line-to-line changes in the carrier
phasing of the regenerated 3.58 MHz chroma sidebands
supplied from the mixer 520 replicate the 1line-to-line
changes in the carrier phasing of the 3.58 MHz chroma
sidebands in the composite signal originally supplied for

recording.

The regenerated 3.58 MHz chroma sidebands supplied from
the mixer 520 are additively combined with the luminance
signal L supplied from the multiplexer 547 in circuitry
subsequent to that shown in FIGURE 6. There are customarily
steps of filtering that precede this step of additive
combining to regenerate a composite video signal. This
composite video signal is rejoined with a modulated sound
carrier and then used to modulate a 1low-level radio-
frequency carrier. The modulated r-f carrier is suitable

for application to a color television receiver.

FIGURE 7 shows one form the stable 4.21 MHz generator
519. of FIGURE 6 may take, assuming that the time-base
corrector TBC4 used during playback employs the same read
address generator 30 used for time-base corrector TBC2
during recording. The read address generator 30 includes
the read address counter 33. The read address counter 33 is
shown in greater detail as comprising a four-stage binary
counter 331 that counts 10.1 MHz oscillations supplied from
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the VCO 32 to its carry-in (CI) connection to generate a
629 kHz square wave at its carry-out (CO) connection, a
six-stage binary counter 332 that counts that 629 KkHz
square wave supplied to its carry-in (CI) connection from
the carry-out (CO) connection of four-stage binary counter
331, and a decoder 333 for responding to the combined
counts of counters 331 and 332 to reset the combined counts
to 00 0000 0000 after the combined counts reach 10 0111
1111.

The 4.21 MHz stable clock generator 60 is shown in
greater detail as comprising an amplifier 61 receiving as
its input signal 629 kHz square wave from the carry-out
(CO) connection of the counter 331, a crystal oscillator 62
for generating a very stable with time 3.58 MHz sine-wave,
a counter 63 for counting horizontal scan lines modulo-
four, a programmable phase shifter 64 for shifting the 3.58
MHz sine wave in 90° steps in accordance with that modulo-
four count, and an up-converting mixer 65 that generates
the stable 4.21 MHz clock frequency responsive to the sum
frequency of the phase-shifted 3.58 MHz sine-wave
oscillations from phase shifter 64 and the amplified 629
kHz output signal of the amplifier 61, which latter signal
is "stable" by reason of the length of the time constant 72
of the phase-locked loop PLL2. The programmable phase
shifter 64 is used to introduce the phase shifts of the
4.21 MHz stable clock from one horizontal scan line to the
next during playback that heterodyne with the phase shifts
of the 629 kHz color-under from one horizontal scan line to
the next, as introduced during video recording, so these
phase shifts compensate for each other invthe up-converting

mixer 520 output signal.

FIGURE 8 shows another form the stable 4.21 MHz
generator 519 of FIGURE 6 may take, again assuming that the
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time-base corrector TBC4 used during playback employs the
same read address generator 30 used for time-base corrector
TBC2 during recording. The read address counter 33 is
assumed to have substantially the same structure as
described in regard to FIGURE 7. The scan-line counter 63
is assumed to have substantially the same structure as
described in regard to FIGURE 7, also. A read-only memory
67 stores sine-wave and cosine-wave look-up tables, and a
digital-to-analog converter 68 converts the read-out signal
from the ROM 67 to analog form for application to the up-
converting mixer 520 of FIGURE 6. The tables in ROM 67 are
sequentially selected for reading, this selection being in
accordance with the modulo-four count of horizontal scan
lines supplied from the scan-line counter 63. This
selection is such as to introduce phase shifts of'the 4.21
MHz stable clock from one horizontal scan line to the next
during playback that heterodyne with the phase shifts of
the 629 kHz color-under from one horizontal scan line to
the next, as introduced during video recording, so these
phase shifts cancel out in the 3.58 MHz chroma sidebands

supplied from the up-converting mixer 520.

FIGURE 9 shows still another form the stable 4.21 MHz
generator 519 of FIGURE 6 may take, which form is similar
to that used in prior-art VHS home video recorder playback
electronics. While not as simple as the stable 4.21 MHz
generators of FIGURES 7 and 8, fast-forward, frame-freeze
and other modes of trick play are better accommodated. The
analog color-under signal from the digital-to-analog
converter 518 and the four-phase 4.21 MHz stable carrier
frequency being generated are heterodyned in a mixer 601.
The resulting 3.58 MHz sidebands, with phasing suitable to
a composite video signal, are separated by a band-pass
filter 602 that suppresses the higher-infrequency image

signal. A burst gate 603 selects the color burst from the
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resulting 3.58 MHz sidebands to a synchronous phase-
detector 604, which detects the error of the separated
burst from the 3.58 MHz oscillations supplied from a
crystal oscillator 610. (Because 3.58 MHz crystals are so
widely used in color television receivers, they are
relatively inexpensive and 3.58 MHz oscillations are
commonly used as a time-base reference for the
servomechanism that controls tape speed.) The error signal
is passed through a lowpass filter 605 with a time constant
7;0f the order of several pixel durations and is then
applied as control signal to a voltage-controlled 629 kHz
oscillator 606, which reproduces the four-phase carrier of
the color-under signal. The four-phase 629 kHz oscillations
supplied by the oscillator 606 and the single-phase 3.58
MHz oscillations from the crystal oscillator 610 are
heterodyned in a mixer 607 to generate four-phase 2.95 MHz
and 4.21 MHz carriers. A band-pass filter 608 selects the
four-phase 4.21 MHz carrier as the 4.21 MHz stable clock
for application to the mixer 601. The action of the
degenerative feedback loop as formed by interconnecting
elements 601-608 is such as to remove during playback, both
from the 3.58 chroma sidebands and the accompanying color
bursts, the line-to-line phase modulation added during

video recording.

A number of variants in the design of the phase-locked
loops are known to those skilled in the art of their design
and may be employed in alternative embodiments of the
invention. As an example, the address counter output is in
effect a digitized sawtooth wave which may be latched
responsive to a recurring edge of the horizontal
synchronizing pulses to generate an error signal for the
VCO having its oscillations counted by the address counter.
As a further example, the foregoing type of phase-locked
loop may be modified to use the digitized sawtooth wave
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from the address counter to address a read-only memory
storing a steeper slope discriminator characteristic that
is latched responsive to a recurring edge of the horizontal
synchronizing pulses to generate an error signal for the
VCO having its oscillations counted. As a still further
example, the digital discriminator response may be
converted to analog form and the horizontal synchronizing
pulses may used to gate the analog discriminator response
to generate an error signal for the VCO having its
oscillations counted. Other variants in the design of the
phase-locked loops are known.

The mixers 12 and 520 have each been shown as being the
type in which the difference of the heterodyned signals is
selected by the mixer output filtering to be the output
signal of the mixer. Mixers of the type in which the sum of
the heterodyned signals is selected by the mixer output
filtering instead are used in other video recorder/playback
systems embodying the precepts of the invention, the 4.21
MHz carriers being replaced with 2.95 MHz carriers. This
represents a further departure from the VHS standard,

however.

Video tape recorders in which the generation of the
color-under signals is carried out completely in the
digital regime or substantially so may embody the invention
in its broader aspects. While the TBC of separately
recorded luma and chroma signals has been described with
specific reference to the processing of folded-spectrum
luma signals, the TBC of separately recorded luma and
chroma signals has Ggeneral application in video
recorder/playback systems in which digital processing of
the luma signal, or of the chroma signal, or of both the
luma and the chroma signals is carried out and requires

time-base stability.
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CLAIMS

1. A combination of electronic components for generating
a color-under signal responsive to the chrominance
information portion of a composite video signal, which
video signal also includes horizontal synchronizing
information, said chrominance information comprising
modulation of a suppressed carrier, said combination
comprising:

a separator for separating said horizontal
synchronizing information from said composite video signal;

means for separating the chrominance information
portion of said composite video signal;

an analog to digital converter for sampling said
composite video signal and digitizing samples resulting
from said sampling;

a down-converter for mixing said separated chrominance
information with a nervous carrier signal thereby to
generate said color-under signal;

a controlled oscillator for generating a succession of
pixel clock signals at a rate the frequency and phase of
which are determined in accordance with an oscillator
control signal, said rate being more than twice the highest
frequency of said composite video signal and setting the
rate of the sampling by said analog to digital converter;

a counter for counting the number of pixel clock
signals supplied by said controlled oscillator to generate
a count therefrom, said counter including means for
returning said count therefrom to an initial value thereof
after counting the number of pixel clock signals occurring
in four scan lines of said composite video signal;

means, responding to the condition of said counter, for
generating a feedback signal the frequency and phase of
which are related to the frequency and phase of said pixel

clock signal rate, as a submultiple of said rate;
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a discriminator for discriminating when said feedback
signal differs in frequency or phase from the horizontal
synchronizing information separated from said composite
video signal, to develop an error signal;

a low-pass filter responsive to said error signal, for
generating said oscillator control signal, thereby to
complete a phase-lock loop connection including said
controlled oscillator, said counter, said frequency
divider, said discriminator and said low-pass filter; and

means responding to the condition of said counter for

deriving said nervous carrier signal.

2. A combination as set forth in Claim I wherein said
means for generating said nervous carrier signal comprises:

table look-up circuitry, responding to the count from
said counter supplied thereto as a table-look-up address
signal, for generating successive digital samples of said
nervous carrier signal;

a digital-to-analog converter for converting said
successive samples of said nervous carrier signal to a
continuous analog form of said nervous carrier signal
applied to said down-converter for mixing with said

separated chrominance.

3. A combination as set forth in Claim 2 wherein said

table look-up circuitry comprises a read-only memory.

4. A combination as set forth in Claim 2 wherein said

table look-up circuitry consists of a read-only memory.

5. A combination as set forth in Claim 2 wherein said
continuous analog form of said nervous carrier signal
applied to said down-converter is an analog sinusoidal

signal that has a 4.21 MHz frequency.
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6. A combination as set forth in Claim 2 wherein said
continuous analog form of said nervous carrier signal
applied to said down-converter is an analog sinusoidal

signal that has a 2.95 MHz frequency.

7. A combination as set forth in Claim I wherein said
means for generating said nervous carrier signal comprises:

an oscillator oscillating at the frequency of a
suppressed carrier of the chrominance information portion
of said composite video signal;

means for deriving a horizontal scan line count modulo
four from the count of said counter;

means controlled by said horizontal scan line count
modulo four for supplying a corresponding one of four
phases of oscillations drawn from said oscillator
oscillating at the frequency of the suppressed carrier of
the chrominance information portion of said composite video
signal, which four phases successively differ by 90° as
they are successively selected by incrementing horizontal
scan line count modulo four to generate a mixing signal;

means for generating a square wave at the frequency of
the suppressed carrier; and

an up-converter for mixing said square wave with said
mixing signal, thereby to generate said nervous carrier

signal.

8. A combination as set forth in Claim 7 wherein said
nervous carrier signal applied to said down-converter is an

analog sinusoidal signal that has a 4.21 MHz frequency.
9. A combination as set forth in Claim 7 wherein said
nervous carrier signal applied to said down-converter is an

analog sinusoidal signal that has a 2.95 MHz frequency.

10. A combination as set forth in Claim 1, wherein said
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means for generating a feedback signal comprises:
a decoder responding to the condition of said counter

for deriving said feedback signal.

11. In a video recorder for recording image-descriptive
signals derived from composite video signals which include
horizontal synchronizing information, which video recorder
is of the type separating chrominance components from the
composite video signals for conversion to color-under
signals, frequency modulating a luma carrier wave with the
remaining components of the composite video signals, and
combining the color-under signals with the frequency-
modulated luma carrier to generate said image-descriptive
signals; a combination comprising:

a separator for separating the horizontal synchronizing
information from the composite video signal being recorded;

means for separating the chrominance information
portion of the composite video signal being recorded;

an analog to digital converter for sampling the
composite video signal being recorded and digitizing
samples resulting from said sampling;

a down-converter for mixing said separated chrominance
information with a nervous carrier signal thereby to
generate a color-under signal;

a controlled oscillator for generating a succession of
pixel clock signals at a rate the frequency and phase of
which are determined in accordance with an oscillator
control signal, said rate being more that twice the highest
frequency of said composite video signal and setting the
rate of the sampling by said analog to digital converter;

a counter for counting the number of pixel clock
signals supplied by said controlled oscillator to generate
a count therefrom, said counter including means for
returning said count therefrom to an initial value thereof

after counting the number of pixel clock signals occurring
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in four scan lines; 7

means, responding to the condition of said counter, for
generating a feedback signal the frequency and phase of
which are related to the frequency and phase of said pixel
clock signal rate, as a submultiple of said rate;

a discriminator for discriminating when said feedback
signal differs in frequency or phase from the horizontal
synchronizing information separated from the composite
video signal being recorded, to develop an error signal;

a low-pass filter responsive to said error signal, for
generating said oscillator control signal, thereby to
complete a phase-lock 1loop connection including said
controlled oscillator, said counter, said frequency
divider, said discriminator and said low-pass filter; and

means responding to the condition of said counter for

deriving said nervous carrier signal.

12. A combination of electronic components for generating
a color-under signal responsive to the chrominance portion
of a composite video signal, which video signal also
includes horizontal synchronizing information, said
chrominance information comprising modulation of a
suppressed carrier, said combination comprising:

a separator for separating horizontal synchronizing
information from said composite video signal;

means for separating the chrominance information
portion of said composite video signal;

an analog to digital converter for sampling said
composite video signal and digitizing samples resulting
from said sampling;

a down-converter for mixing said separating chrominance
information with a nervous carrier signal thereby to
generate said color-under signal;

a controlled oscillator for generating a succession of

pixel clock signals at a rate the frequency and phase of
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which are determined in accordance with an oscillator
control signal, said rate being more than twice the highest
frequency of said composite video signal and setting the
rate of the sampling by said analog to digital converter;"

a counter for counting the number of pixel clock
signals supplied by said controlled oscillator to generate
a count therefrom, said counter including means for
returning said count therefrom to an initial value thereof
after counting the number of pixel clock signals occurring
in four scan lines of said composite video signal, said
counter including a first plurality of counter stages each
having at different times first and second output states,
said first plurality of counter stages together counting
said pixel clock signals for generating a square wave at
the frequency of the suppressed carrier of said color-under
signal, which square wave exhibits transitions between
first and second output states, said counter including a
second plurality of further counter stages each having at
different times first and second output states, said second
plurality of counter stages together counting transitions
from said first to said second states in said square wave,
said first and second pluralities of counter stages
together generating a pixel count, said counter including
means for resetting the counter stages in said first and
second pluralities to their first output states when the
number of pixels in a horizontal scan line have been
counted, said counter including a third plurality of still
further counter stages each having at different times first
and second output states, said third plurality of counter
stages together counting the number of times said means for
resetting the counter stages in said ‘first and second
pluralities resets them to their first output states and
supplying a horizontal scan line count modulo four;

means, responding to the current output states of said

counter, for generating a feedback signal, the frequency

A
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and phase of which said feedback signal are related to the
frequency and phase of said pixel clock signal rate, as a
submultiple of said rate;

a discriminator for discriminating when said feedback
signal differs in freqﬁency or phase from the horizontal
synchronizing information separated from said composite
video signal, to develop and error signal;

a low-pass filter responsive to said error signal, for
generating said oscillator control signal, thereby to
complete a phase-lock 1loop connection including said
controlled oscillator, said counter, said frequency
divider, said discriminator and said low-pass filter;

an oscillator oscillating at the frequency of the
suppressed carrier of the chrominance information portion
of said composite video signal;

means controlled by said horizontal scan line count
modulo four for supplying a corresponding one of four
phases of oscillations drawn from said oscillator
oscillating at the frequency of the suppressed carrier of
the chrominance information portion of said composite video
signal, which four phases successively differ by 90° as
they are successively selected by incrementing horizontal
scan line count modulo four to generate a mixing signal;
and

an up-converter for mixing said square wave with said
mixing signal, thereby to generate said nervous carrier

signal.



PCT/KR93/00013

1/8

WO 93/17528

Ll 91 -
81 [ = vi | "Bbiy
- HOSS300Hd |4 | (0€ % 0T HLIM ZO8L ND|_
2 VINOHHO AHOW3W 041
W
e SR iy e
» v 4 ve Y
| | A ) I ) _
| | | (| | HoLvuanao
0300930 0z€ 300230 (zHW S6°ZHO) [~}
| _ | ; | ZHN TV
_ v | v | Y | L_snoAuan
yoLvuvdwod| | juolLvavdawoo
| 8v—"] molw%wz__mn _ asvHd |l asvHd || , _||L HILHIANOD
| 6v . |advanvis| | ceJ ﬁ 'Y 4 lsel Nmod
_ ) "NON _ _ Y _ W
| | xnw A\L | b <@ | ) [
i 0 ¢t 1z HOLVHVYd3S Zi
Micssaooud ﬁ | L te | Y ! ORAS
Il nNowow <] » HOL03130 14 | OOA | ] 0oA | A b
T 3NO SV | zw_k»oz _ Y 112§ _
I 61
£ HOLVHV3S
_ yainnoo | || [u3awnoo| |
b P, ss3Haav SS3HAAY VWORHD
| O M y3ailnd | av3y | JLIHM | \1 --
vilvdas |4 ‘ .
_ 7 0 Lee? | o e | o ot
l | waano4 cv ﬁ—v L =i
y ad ¥ UM
| N _ TVNDIS
_
_ 9t Wy HALE | [ g |(0€ 2 02 HuM 1OBLN) E 03GIA
| . IVHOdWIL _ AHOWIAW O -
| _ 0 HOSS300Ud ONIGHOO3H VWM S
v MY e T — — ! Gl €l
1



PCT/KR93/00013

WO 93/17528

2/8

8l c b4
HOSS3Io0Hd (0€ ® 0Z HLIM 2281 NI) -
W3 vwouHo [ AHOWAW 0414 o ar \ 529 X
W LY - 91 148
Bttt el e ST, S S L
<o_“mm> V”:_n ﬁ « I A wm _ ﬁ wm [ + \
HOLVHINID
A oy zov- Ho1o313q |/ | ze 3a0o3a | || @hw sz vo)
HOLVHINID \ 1LNdN} | 0390934 | 02£ 9909 I ZHN C'V
TVNOIS J1VD L QUVaNVIS | Y _ Y |L_snoauan
ob JYNDIS aI “NON HOLVHVAWOD| | [HOLVHVAWOD |
ﬁ Y asvHd |l asvHd || HILHIANOD
oy3z 8y [ NMOQ
XON I mmg& * | r sel -
X Lo N _ _ Yy
o 6V _ <l | L |
i W ZE N HOLVHVJ3S Z1
mﬁm ano _ y e Yy le ONAS
HOSS3IDOHd HOL03130 | o | O2A i \ OOA |—b w A
o v ZMV_\._,O_Z | * ! ce « _ 61 HOLVHVdAS
\nv I Ev—. _ HIINNOD | | HIAINNOD | | YWOLHD
ss3yaav ss3Haqyv
YETRIE _ avay _ JLIHM |
viLvds [A _ 5 1S | A
ee _ _ _ __
N—w\\ ﬁvv | I |of_|x — I@N.l_
| _yad ¥ HM
TETRIE, (0€ ® 0Z HLIM £D9.L NI) IVNDIS
TVHOdWAL AIA”, AHOWIW 0414 +oav S 22an
| 00vu0SsI00ud DNIQHOOIY VWNT m—\ &
ar



WO 93/17528 PCT/KR93/00013

3/8
WRITE — — — — — T T — T — —
FROM |
COUNTER | _ DIGITAL ABSOLUTE| | tHRESHOLD
23 '

FILTER CIRCUIT

READ

- AVERAGING |- -VALUE |-l pETEOTOR. K-
I
ADDRESS l
FROM | 481
COUNTER |
33 I
l
BINARY |
320 NON-STANDARD INPUT DETECTOR 48 |
L
Fig. 3
r—__ﬁ;*ﬂ;—_lj
| 3.58 MH prase | T o ! N
. z OR 2.95 MH
|| XTL. 0SC. 7| SHIFTER || CONVERTER " (NERVOUSZ)
7 ! I CARRIER
| |~ LINE COUNT |
| 112 MODULO-4 | 111
SCAN-LINE |
| 113 ~| COUNTER Z |
O o [
|
6-STAGE 4-STAGE
BINARY }«t—<—/! BINARY <—|-'N FROM

VCO 22

COUNTER | CI CO| COUNTER

DECODE
1001111111 p— 233

Cl|
(| |
232 ?10 2K31 :
.| OUTTO
|
|
|

:_FT. Ry
|
|
|
|
|
|
|



WO 93/17528 PCT/KR93/00013
4/8
———————— —
| l
Ry |
| 1| 6.sTAGE 4-STAGE
I BINARY BINARY .q._l.__ IN FROM
COUNTER |Cl | VCO 22
| T
| 232 {10 231
l L 5 OUT TO
| J; | 15,16,24
DECODE
| 1001111111 7~ 233 : 410
T _ _ &8/ _
| t 7
| SCAN-LINE | _ .4 |
| | COUNTER |~ |
| 2 |
I ( 7 |
| Y12 |
LINE COUNT 117
| MODULO-FOUR ! ( 18 |
| 4.21 MHz |
| (Oglzhi?gothz) DAC (OégggmzH )
.95 MHz
| LUTROM | NERVOUS
CARRIER

e —— —— —— attt———n — — Gr— o— S— O———




PCT/KR93/00013

WO 93/17528

IVNDIS HILUIANOD |
VIWOHHO -dn
owxm 815~ ;15— woLvuavaas
VWNOHHO [<——] $08l
HOLVHINID Wl /NolLow
HIIHHYO 166 )
(zHW S6°C HO) gLS
ZHW 12V ,—08§
319V1S _
N XN |<g—§ HO1D3130 {4
VNDIS al
61S
e 1
[ _ HIT1IONVO Ovs
10 _ ‘ISION [ |
| evs —/ _
| i I
, 3L
_ | vivas ) _
g
-
Jxl._li XN Nvmk LS 9vS
! N\\.vm I b3t - _
| 2%] VHOWNEL [ < B3AT04NN [
Lo e e et e g e e e m— — —— —_— e —
IVNDIS ﬁ
Lo3739 HOSSIOOHd OVEAVTd VNN
3aow

voayv (=

1451

9 b4

W+O
AOVEAVId

L b14 30 0€ 2 02'91
sjuawa)d 0) bulpuodsanod
sjuswaje aspdwods Aew yHgl

L 614 10 0€ B 02'Sl
sjuawdla o} buipuodsaiiod
syuawale asudwos Aew gogi

-

- a

£081

SIS

£0av

€1§

aiti
MOVEAV1d



PCT/KR93/00013

WO 93/17528
6/8
B 64— 65 60 |
| \_~ | 4.21 MHz
358 MHz | | PHASE UP- (OR 2.95 MHz)
|| XTL. OSC. SHIFTER [ ™| CONVERTER STABLE
i CARRIER
| | LiNE counT
|62 MODULO-4 61 l
SCAN-LINE
| COUNTER |
L ' L .
R} R ¢ :
6-STAGE 4-STAGE
BINARY |w—w— BINARY fa—]—!NFROM
COUNTER |Cl CO| COUNTER | ¢j, VCO 32

|
|
|
|
LT
|
|
|
|

332

DECODE
1001111111




WO 93/17528

PCT/KR93/00013

7/8

6-STAGE
BINARY |je———

4-STAGE
BINARY

COUNTER J CI CO{ COUNTER

|
I .
el INFROM-

cl - VCo 32

{1

DECODE
1001111111

|
|
|
|
I 332 10
=y
|
|

COUNTER

15,16,34,48

|

l

I » OUTTO
|

: //10

]

LINE COUNT
MODULO-FOUR

|
|
|
|
|
L
|
|
|
|

! STABLE CARRIER GENERATOR 600

S

a

2
67
L (.

4.21 MHz
(OR 2.95 MHz)
SIN/COS
LUT ROM

DAC

4.21 MHz
(OR 2.95 MHz)
STABLE
CARRIER



WO 93/17528 PCT/KR93/00013

8/8
1.
6027 _
FROM 3,58 MHz
DAC 328 M2 [ CHROMA
518 ! SIDEBANDS
BURST

J’ | 6150

PHASE 3.58 MHz
STABLE 4~ Eq
421 MHz —~— 60 DETECTOR 7 XTL. 0sC.
(OR 2.95 MHz)
CARRIER 4
605—— Ts

4.21 MHz 606~ 629 KHz

608~ (OR 2.95 MHz) vCO
BPF

T 607

p. g B BE—

: A Fig. 9



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR 93/00013

A.  CLASSIFICATION OF SUBJECT MATTER

IPCS: H 04 N 9/79, 9/89

According to International Patent Qlassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

5

IPC™: H 04 N 5/00, 9/00

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

Electronic data base consulted during the intcrnational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y,P

(cited in the application).

claims 1,2,4.

line 27.

EP, A, 0 432 668 (SONY) 19 June
claim 1.

US, A, 5 113 262 (STROLLE et al.
fig. 8,9; column 14, line 65 - column 16, last line,

EP, A2, 0 160 398 (MATSUSHITA) 06 November 1985
(06.11.85), fig. 4; page 9, line 6 - page 11, line 5;

US, A, 4 807 048 (YASUDA) 21 February 1989 (21.02.89),
abstract; fig. 3,5; column 6, line 45 - column 8,

GB, A, 2 246 264 (SAMSUNG ELECTRONICS) 22 January 1992
(22.01.92), fig. 1,2; page 9, line 23 - page 12, line 32.

) 12 May 1992 (12.05.92), 1,2,5,10,11
1,2,5,10,11

1,11,12

1,11,12

1991 (19.06.91) fig. 2; 1,11,12

D Further documents are listed in the continuation of Box C.

See patent family annex.

. Special categories of cited documents:

“A* document defining the general state of the art which is not considered
to be of particular relevance
carlier document but published on or after the international filing date

document which may throw doubts on priority claim(s) or which is
cited 1o establish the publication date of another citation or other
special reason (as specified)

uge
apn

“0" document referring to an oral disclosure, use, exhibition or other
~ means
“P"  documeat published prior to the international filing date but later than
the priority date claimed

.y

“T" later document published after the international fili ngdateor priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be

coasidered novel or cannot be considered to involve an inveative

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more othersuch documents, such combination
being obvious to a person skiiled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

06 May 1993 (06.05.93)

Date of mailing of the international search report

19 May 1993 (19.05.93)

Name and mailing address of the ISA/ AT
AUSTRIAN PATENT OFFICE
Kohlmarkt 8-~10

14 Vienna
Facsimile No.  0225/53424/535

Authorized officer

Dimitrow e.h.
Telephone No. 0222/53424/340

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR 93/00013

In Recherchenbericht Datum der Mitglied(er) der Datum der
angefihrtes Patentdokusent Verdffentlichung Patentfamilie Verdffentlichung)
Patent document cited Publication Patent family Publication
in search report date mesher (s) date

Docugent de brevet cité Date de Megbre(s) de la Date de
dans le rapport de recherche publication tanille de brevets publication
us a 3113262 12-05-92 CA AR 2040779 18-02~-92
CN A 1063789 19-08-92 -
EF A2 471517 19-02~-92
EP A3 471317 17-0Z2-93
CA AR 2056744 03~-07~-92
JP A2 3056394 QS—03-93
EF A2 160398 N6-11-83 EF AT 1460398 F0-03-88
JP A2 60213191 25-10-85 .,
JP AZ 60204192 15-10—85|
us A 4807048 21-02-89 DE CO 32782871 14—01-93‘
DE T2 3782871 08-04-97
EP AZ 233296 20-01-88 |
EF A3 233296 18-10-89 |
EF Bl 233296 02—-12-92 '
JP A2 43027189 04~-02-88 -
KR Bl 9302858 12-04-93
JP AZ 463024785 02-02-88 -
GB A 22446264 DE Al 4036452 05~-12-91
GE A0 2110020 OZ-07-91
GR Al 2246264 22-01-92
JF AZ 4035391 Q6—02~92
us a a083197 21~-01-92
EF 326648 EF A2 4326468 19-06-91
EF AZ 4272668 14~10-92
JP AZ 3186090 14-08-91
us a 179450 12-01-93

Form PCT/ISA/210 (patent family annex) (July 1992)

hi



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

