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ceiver shown in FIGURE 1. FIGURES 3A and 3B, respectively are block The
present invention relates to a video signal  diagrams of luminance and
chrominance vertical filtering system for processing a video signal which
signal processors suitable for use in the receiver Is subsampled to produce
a reduced resolution    5   shown in FIGURE 1. display.
FIGURE 4 is a block diagram of a data encoder In a pix-in-pix display, a
reduced-size, and     which may be used in the receiver shown in FIG-
therefore, reduced-resolution image produced from    URE 1. an auxiliary
signal is inset on a part of the image     FIGURE 5 is a block diagram of a
memory produced by a main signal. A television receiver   10  input address
and clock signal generator suitable having a pix-in-pix display is
described, for exam-  for use In the receiver shown In FIGURE 1. ple, in
U.S. Patent US-A-4,298,891  entitled           FIGURE 6 is a block diagram
of a data de- "Television Receiver"                               coder
which may be used in the receiver shown in A typical pix-in-pix television
receiver uses    FIGURE 1. separate tuners, IF amplifiers and video signal
de-   15  FIGURE 7 is a block diagram of a memory modulators to obtain two
sets of luminance and      output address and clock signal generator
suitable color-difference signals, one set for the main image  for use in
the receiver shown In FIGURE 1. and one set for the auxiliary image.
Typically, the     FIGURE 8 is a timing diagram that is useful for
auxiliary signal is processed through anti-aliasing  explaining the
operation of the receiver shown in filters and subsampled both horizontally
and verti-  20   FIGURE 1. cally to produce a signal representing the
reduced-     In the drawing, broad arrows represent busses size image.
for multiple-bit parallel digital signals. Line arrows Anti-aliasing
filters are used to reduce the ban-  represent connections carrying analog
signals or dwidth of the signal In both the horizontal and      single bit
digital signals. Depending on the pro- vertical directions to reduce the
distortion compo-   25   cessing speed of the devices,  compensating de-
nents caused by subsampling. These distortion        lays may be required
in certain of the signal paths. components are also called aliasing
components.      One skilled in the art of digital circuit design would
They occur when a signal is sampled at a rate that   know where such delays
would be needed in a is less than the rate established by the well known
particular system. Nyquist sampling criterion. The aliasing compo-   30
FIGURE 1 shows in block form the main ele- nents are frequencies in the
original signal which   ments of a pix-in-pix processing circuit. Video
sig- are outside of the frequency spectrum of the sub-   nal representing
the primary or main image is sampled signal and which are translated by the
derived from the source 40. Source 40 may include subsampling process into
different frequencies that  a receiving antenna to capture broadcast video
are within the frequency spectrum of the subsam-   35  signals, and all of
the processing circuitry of a pled signal. This translation is commonly
referred   conventional television receiver required to develop to as a
folding of the frequency spectrum of the     red, R. green, G, and blue, B,
color signals to drive signal about a frequency equal to one-half of the
a display device (not shown). The main signal subsampling frequency.
Although anti-aliasing fil-  source 40 provides main RGB signals to a first
set ters are desirable in a subsampling system, they   40  of signal input
terminals of multiplexer 38. In addi- may have the undesirable side-effect
of blurring    tion, the main signal source 40 develops horizontal,
transitions in the reproduced image.                 MAIN HSYNC and
vertical MAIN VSYNC, synchro- It is desirable to provide a video signal
filtering  nizing signals which are applied to the pix-in-pix system  for a
reduced-resolution display device      subsampling and synchronizing
circuitry 11. such as a pix-in-pix television receiver which allows   45  A
source of auxiliary signals 10 which includes, for the reproduction of a
relatively sharp picture  for example, the tuner, IF amplifier, video
detector image.                                               sync
separating      circuitry,    and Aspects of the invention are specified in
the    luminance/chrominance signal separating circuitry claims to which
attention is drawn.  .              of a conventional digital television
receiver provides The invention will now be described by way of   50
eight-bit auxiliary luminance and chrominance sig- example, with reference
to the accompanying          nals [err] and [err] respectively. The
circuitry of source drawings in which:                                   10
also generates auxiliary horizontal and vertical FIGURE 1 is a generalized
block diagram of a     sync pulses, AUX VSYNC and AUX HSYNC re- pix-in-pix
television receiver which includes an em-  spectively and a clock signal,
[err]. The clock sig- bodiment of the present invention.              55
nal is locked in phase to the color synchronizing FIGURES 2A and 2B,
respectively are block        burst component of the auxiliary signal and
has a diagrams of luminance and chrominance horizontal    frequency, [err],
of four times the color subcarrier line signal processors suitable for use
in the re-  frequency, [err]. 2   
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luminance and chrominance sig-    quency components of the auxiliary
luminance sig- nals [err] and [err] are applied to the pix-in-pix sub-
nal, [err], relative to the low frequency components sampling and
synchronizing circuitry 11. Subsam-   to reduce aliasing distortion when
the auxiliary lu- pling and synchronizing circuitry 11 reduces the
minance signal is subsampled. information content of both the luminance,
[err], and    5  The output samples of filter 210 are applied to
chrominance, CA, components since the auxiliary    latch 212 which is
clocked by the [err]/5 clock signal will be reproduced as a reduced size
image.  signal provided by address and clock signal gener- Subsampling and
synchronizing circuitry 11 also    ator 20. Consequently, latch 212
subsamples the conditions the auxiliary signal components for sub-
filtered luminance signal, to produce luminance stitution into
predetermined portions of a predeter-  10  samples at a rate of
[err]/5corresponding to a re- mined number of sequential lines of the main
sig-  duction factor of 1/5 from the [err] sample rate of nal.
samples applied to its input. For NTSC samples Auxiliary luminance and
chrominance samples     occurring at approximately 14.32 MHz the frequen-
from circuitry 11 are applied to the digital-to-analog  cy response of the
low-pass filter 210 has a 3 dB converter (DAC) and matrix circuit 36. The
DAC   15  point at about 750 KHz and cuts off at approxi- and matrix
circuit 36 converts the auxiliary digital  mately 2.3 MHz. According to the
Nyquist sampling luminance and chrominance signals to respective
criterion, the maximum signal frequency for sub- analog signals and
combines them in appropriate    sampling an NTSC signal at a [err]/5 rate
is 1.43 proportions to produce red, R, green, G, and blue,  MHz. Thus,
low-pass filter 210 only partially elimi- B, color signals for driving a
display device (not  20  nates aliasing components, however, the aliasing
shown). These RGB color signals are coupled to a   components that are
folded back into the desired second set of input terminals of multiplexer
38.    signal spectrum are significantly reduced. Multiplexer 38 responsive
to a signal, MUX         The [err]/5 clock signal is active only during
CONTROL, from  circuitry 11, selectively, alter-   approximately 80 percent
of the active portion of natively applies the main color signals from
source   26  each horizontal line to prevent blanking information 40 and
the auxiliary color signals from DAC and    from being processed. For each
line of auxiliary matrix circuitry 36 to the display device to produce
signal video samples, only 128 luminance samples a pix-in-pix display.
are provided. Signals [err] and [err] from source 10 are applied       The
subsampled auxiliary luminance signal to horizontal line signal processor
14 of subsam-   30  from latch 212 Is applied to the peaking filter 220.
pling and synchronizing circuitry 11. A source of  The [err]/5 clock signal
and the viewer controlled viewer controlled peaking level 12, which is, for
peaking level, PL, are also applied to the peaking example, a four position
switch, provides a digital  filter 220. One skilled In the art of digital
filter peaking signal, PL, to horizontal line processor 14.  design will
recognize from the drawing that the The peaking signal, PL, may have values
of 0, [err], [err]   35  transfer function, Tp, of this filter can be
expressed or 1. Memory Input address and clock signal gen-   as erator 20
(described below) provides the processor 14 with the clock signals [err] ,
[err]/5 and    Tp = [err] + PL(-1 + 2[err] -[err]) [err]/5 via bus [err].
The clock signals [err] , [err]/5 and [err]/5 have respective frequencies
of four  40  In Z-transform notation. times, two times, four-fifths times
and one-fifth      The peaking filter amplifies the high frequency times
the color subcarrier frequency.               components of the filtered
and subsampled lu- FIGURES 2A and 2B are block diagrams show-      minance
signals relative to the low frequency com- ing respectively the luminance
and chrominance     ponents. This filter has the effect of sharpening
sections of the horizontal line processor 14. In  45  vertical edges in the
reproduced image. The peak- FIGURE 2A, the auxiliary luminance signal [err]
and   ing filter amplifies the portion of the subsampled the clock signal
[err] are applied to a FIR low-pass  auxiliary signal into which the
aliasing components filter 210. Low-pass filter 210 is of conventional  are
folded. Amplifying the frequency spectrum con- design and has a transfer
function H(Yh) which is  taining  the  aliasing  components  may  seem
defined by the equation                      50   counter-productive.
However, it has been found from subjective testing that the image produced
by H(Yh) = (1 + [err])[err](1 + [err])[err]/16.                   the
system including the particular low-pass filter 210 and the peaking filter
220 is more pleasing than the image produced without the peaking filter. -
Where Z connotes the conventional Z-trans-  55   Moreover, by adjusting the
peaking level, PL, form notation, and [err] represents a delay period
among its four possible values, a viewer can in- equal to i periods of the
[err] clock signal. Filter  crease or reduce the amount by which the high
210 is an anti-aliasing filter. It attenuates high fre-  frequency
components are peaked to produce an 3  
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most subjectively pleasing to   duced to five-bit samples by a limiter
circuit 240. him. Note that with a zero valued peaking level, PL,  Limiter
240 changes any digital value greater than distortion due to the allasing
components Is mini-  31 to be 31 and passes the values less than or mized,
however, the brightness or contrast of high  equal to 31 unchanged. Limiter
240 may be built spatial resolution image components is low. In-   5   from
conventional components by one skilled in the creasing the peaking level
increases the brightness  art. of the high spatial resolution image
components to    In FIGURE 2B, eight-bit chrominance samples develop a more
uniform image with slightly in-     and the [err] clock signal from source
10 are ap- creased distortion. From  subjective tests it has  plied to a
chrominance demultiplexer 250. As is been determined that it Is more
desirable to in-  10  known in the art, when NTSC chrominance signals
crease the brightness of these components and      are appropriately
sampled by a clock signal locked suffer the added distortion than vice
versa.       in phase to the color synchronizing burst reference The
samples provided by peaking filter 220 are  component and having a
frequency of [err], the eight-bits wide. It is desirable, for economic rea-
chrominance samples may be represented by the sons, to reduce the bit-width
of the luminance   15  sequence (R-Y), (B-Y), -(R-Y), -(B-Y), (R-Y)...etc.
samples from eight bits to five bits before writing  where the signs
indicate sampling phase, not sam- them into memory. In the present
embodiment, this   ple polarity. Chrominance demodulator 250, for ex-
reduction is done In three steps.                  ample, separates this
sequence into a sequence of The first step subtracts a value substantially
(R-Y) samples and a sequence of (B-Y) samples equal to the black-level bias
from each of the   20  and reverses the polarity of alternate samples In
samples provided by filter 220. The black-level bias  each of the two
sequences. The two sequences of may be thought of as a constant value which
samples provided by demodulator 250 represent represents the color black in
the reproduced im-   baseband (R-Y) and (B-Y) color difference signals age.
This value is greater than zero to allow control  respectively. Chrominance
demodulator 250 is of information, such as the horizontal and vertical  25
conventional design. sync pulses to be multiplexed with the signals that
The (R-Y) and (B-Y) samples provided by de- represent image information at
levels  below that of  modulator 250 are processed by two identical anti-
the black level. The black level bias doesnot need  aliasing filters, 260
and 270 and subsampled from to be stored in the memory with the image
informa-  a [err] rate to a rate of [err]/5 by identical latches 262 tion,
since this control information is not relevant to  30  and 272. the stored
image.                                      Demodulator 250 applies
eight-bit (R-Y) sam- The second and third steps of the bit-width     ples
to the input port of FIR Low-pass filter 260. reduction process divide each
sample by a factor   The [err] clock signal from address and clock sig- of
four and limit the maximum value of any sample  nal generator 20 is applied
to the clock input termi- to a value of 31 respectively.                 35
nal of filter 260. The transfer function [err] of this In the actual
hardware which performs this bit-  filter is expressed by width reduction,
eight-bit auxiliary luminance sam- pies are applied to the minuend input
port of sub-   [ERR] tracter 230 the subtrahend input port of which is
coupled to receive a dithered value representing   40  in Z-transform
notation. The filter 260 attenuates the black-level bias from adder 236.
Digital value  the high frequency components of the (R-Y) sam- source 234
applies a value of 28 to one input port  ples relative to the low frequency
components and of adder 236 and a dither generator 232 applies a  provides
six-bit samples at its output port. The pseudo-random two bit dither signal
to the second  digital (R-Y) signal from filter 260 is applied to latch
input port of adder 236. Dither generator 232 is, for  45  262 which
subsamples the signal at a rate of [err]/5 example, a conventional two-bit
shift register hav-  The clock signal [err]/5 is applied to the clock input
ing its output terminal coupled to its input terminal  terminal of latch
262. Latch 262 responsive to the through an inverter.
[err]/5 clock signal selects every tenth sample pro- The samples provided
by subtracter 230 are      vided from the low-pass filter 260 and outputs
applied to a divider 238. Divider 238 truncates the   50  these samples as
the subsampled signal (R-Y). To samples from eight-bits to six-bits by
removing the  prevent- the horizontal blanking information from two least
significant bits. The quantization levels  being processed, this clock
signal is active only lost due to sample truncation are partially retained
during approximately 80 percent of the active por- by the dithering of the
black-level bias value. The  tion of each horizontal line. Consequently,
for each concept of quantization level restoration through   55  line of
video samples, only 32 (R-Y) samples are the use of a dither signal is
known in the art and,  provided. so, is not described herein.
The anti-aliasing filter 270 and latch 272 are The six-bit samples from
divider 238 are re-    identical to filter 260 and latch 262 and, produce 4
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signal (B-Y).                       In the signal averaging mode are
coupled via mul- Referring again to FIGURE 1, the Y, (R-Y) and  tiplexer
334 to the subtrahend input port of sub- (B-Y) auxiliary signals from
horizontal line proces-  tracter 310. Subtracter 310 develops the differ-
sor 14 and the clock and control signals from      ences between the
incoming samples and the sam- address and clock signal generator 20 coupled
via   5   ples provided by the shift register and applies bus [err] are
applied to the vertical signal processor  these difference samples to
sample scaler 320 16. FIGURES 3A and 3B are block diagrams of the   which
multiplies each difference sample by the luminance and chrominance signal
processing por-   appropriate scale factor K. The scale factors K are tions
of processor 16 respectively. Vertical signal  developed by address and
clock signal generator processor 16 is an infinite impulse response (IIR)
10  20. The samples provided from the shift register low-pass filter which
reduces allasing distortion in  328 (330) are zero valued samples during
the first the vertical direction when the vertical lines are  line interval
of the three line averaging process and subsampled in a 1 to 3 ratio.
correspond to vertically aligned pixels from the Functionally, filter 16
has three sections, one  preceding line and preceding two lines during the
for the auxiliary luminance signal and one for each   15  second and third
line intervals of the averaging of the two auxiliary color difference
signals. Each of  process respectively. As stated above, the scale these
sections averages signal from three horizon-  factor has values of 1, 1/2
or 3/8 depending on tal Image lines of the subsampled video signal by
whether samples are respectively from the first, the following method. The
first line is stored in a  second or third line of the three line group
being shift register unmodified. As each sample of the   20  applied to
vertical signal processor 16. The sam- second line is applied to the
filter, the correspond-  ples provided by sample scaler 320 are applied to
ing sample from the first line Is subtracted from it  one input port of
adder 322. Samples from shift and the difference between the sample values
is    register 328 (330) are coupled via multiplexer 334 scaled by
one-half. The corresponding sample       and delay element 323, to a second
input port of from the first line is then added to this scaled   25  adder
322. Delay element 323 compensates for the difference value and the
composite sample is       processing time through subtracter 310 and sample
stored in the shift register. When the samples of  scaler 320. Adder 322
combines the scaled and the third line are applied to the filter, the cor-
delayed samples and applies the sum of these responding composite samples
are subtracted from   samples to demultiplexer 324. Demultiplexer 324 is
the samples of the third line and the difference  30  controlled by a
signal having a frequency ([err]/6) of between these sample values is
scaled by 3/8. The  one-sixth the horizontal line scanning frequency fH
corresponding composite sample Is then added to    and a 50 percent duty
cycle. this scaled difference value to form an averaged       For the three
horizontal line periods when the sample and the averaged sample is stored
in the    [err]/6 control signal Is in a logic high state, demul- shift
register. This method of averaging uses shift  35  tiplexer 324 applies
five-bit luminance samples to registers having the same bit-width as the
samples  shift register 328. During the next three horizontal it averages
and yet has less truncation error than a  line periods, the control signal
is in a logic low simple averaging filter which accumulates the sum  state
and the demultiplexer 324 applies the lu- of three lines of samples, each
scaled by one-third.  minance samples to shift register 330. The [err]/6
Moreover, the scale factors used by this method; 1,  40  control signal is
generated by applying the [err]/3 1/2 and 3/8; may be applied to the
samples by a    pulse signal developed by address and clock sig- simple
shift and add technique. This method does   nal generator 20 to frequency
divider 326. not form the exact average of three lines of sam-      Shift
registers 328 and 330 are identical. Each pies but the approximation it
produces has been    contains 128 five-bit storage locations. The clock
found to be subjectively pleasing.             45  signals for the shift
registers 328 and 330 are Each of the three filter sections employs two
provided by switch 332. The 4[err]/5 clock signal shift registers which
alternate between functions.  and the memory write clock signal, WCLK, are
While one of two shift registers develops the     applied to the input
terminals of switch 332. The averaged samples the other shift register Is
used to  [err]/3 signal controls switch 332 to connect the output the
samples to auxiliary image field memory  50  4[err]/5 clock signal to the
shift register which is 22 as explained below.             .
receiving data from the demultiplexer and to con- FIGURE 3A is a block
diagram of the lumi-      nect the WCLK signal to the other shift register.
nance signal processing stage of vertical signal       The output ports of
both shift registers 328 and processor 16. Five-bit luminance samples from
330 are connected to the two input ports of each of horizontal signal
processor 14 are applied to the   55  the two multiplexers 334 and 336. The
signal [err]/6 minuend input port of the subtracter 310. Five-bit
developed by frequency divider 326 is applied to samples from the shift
register 328 or shift register  the control input terminal of multiplexer
336 and to 330 whichever is currently conditioned to operate  Inverter 338.
The output signal of inverter 338 is 
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the control input terminal of multiplexer    The demultiplexer 370, shift
registers 374 and 334. Multiplexer 334 is controlled to connect the    376
and the multiplexers 380 and 382 perform the shift register which is
receiving data from demul-   same functions as the corresponding
demultiplexer tiplexer 324 to subtracter 310 and to delay element  324,
shift registers 328 and 330 and multiplexers 323. Concurrently, multiplexer
336 is controlled to    5   336 and 334 of FIGURE 3A except that the shift
connect the other shift register to the data encoder  registers 374 and 376
each contains only 64 six-bit circuit 18, described below.
storage cells and are alternately clocked by the FIGURE 3B is a block
diagram of the vertical     clock signals 2[err]/5 and WCLK/2. The support
cir- signal processors for the (R-Y) and (B-Y) color      cuitry including
the frequency divider 372, switch difference signals. The (R-Y) and (B-Y)
processors  10  378 and Inverter 384 perform the same functions are similar
to the luminance signal processor. Cor-  as the frequency divider 326,
switch 332 and In- responding stored (R-Y) samples from the previous
verter 338 described in reference to FIGURE 3A. lines are subtracted from
the incoming (R-Y) sam-       The six-bit samples provided by multiplexer
pies in subtracter 350 and corresponding stored      380 are split into
their three-bit (R-Y) and (B-Y) (B-Y) samples from previous lines are
subtracted   15  components and applied to data encoder 18 of from the
incoming (B-Y) samples in subtracter 360.   FIGURE 1. Sample scaler 352
multiplies the (R-Y) difference       Data encoder 18 combines the five-bit
lumi- values, and sample scaler 362 multiplies the (B-Y)   nance samples
with the three-bit color difference difference values by the scale factors
K. The scale  signal samples to produce eight-bit samples which factors K
are the same scale factors that are ap-   20  are applied to the auxiliary
Image field memory 22. plied to scaling circuit 320 in FIGURE 3A. The
Data encoder 18 also incorporates additional con- scaled difference values
of the (R-Y) and (B-Y)     trol Information with the signal data for each
hori- samples are added to the corresponding stored        zontal line of
the image. samples by adders 354 and 364 respectively.             The
additional control information is incorpo- At this point, the color
difference signal proces-  25  rated with the auxiliary signal stored In
memory for sors diverge from the luminance signal processor.   the
following reason. It is envisioned that the sys- To reduce the cost of the
system, only one pair of  tem  circumscribed in block 11 will be realized
shift registers, 374 and 376, is used to store both  using integrated
circuitry. This circuitry will be par- the R-Y and B-Y color difference
signals. To keep    titioned Into three circuits one of which will be a the
bit width of these shift registers low, the six-bit  so  commercially
available memory device. The sec- (R-Y) and (B-Y) samples from adders 354
and 364,     ond circuit will likely Include the horizontal and
respectively are separated by demultiplexers 356     vertical processors 14
and 16, the data encoder 18 and 366, into sequences of three-bit samples at
and the memory input address and clock signal double the rate of the
six-bit sample sequences.     generator 20. The third circuit will include
the data Corresponding samples in each of the three-bit  35   decoder 34,
the memory output address and clock sequences from the demultiplexers 356
and 366        signal generator 26, and some additional circuitry are
concatenated to form a six-bit sequence which    which is not shown in
FIGURE 1 and not part of the is applied to demultiplexer 370.
present invention. With the inclusion of this latter The samples provided
by the shift registers      additional circuitry, it is anticipated that
there will 374 and 376 via the multiplexers 380 and 384 are   40   be
insufficient input/output connections available on not samples of single
color difference signals but   the integrated circuit to apply the
requisite control multiplexed samples in which the three most sig-
information to the third integrated circuit. Thus, the nificant bits
(MSB's) are one-half of an (R-Y) sam-  control information is to be
supplied to the third ple and the three least significant bits (LSB's) are
integrated circuit via the memory device. In addi- one-half of a (B-Y)
sample.                     45  tion, the control information will be
encoded simi- The three MSB's of the six-bit samples from      larly to the
signal information in order to avoid the multiplexer 382 are applied to
multiplexer 358       requirement that the memory be specially ad- which,
under control of the [err]/5 clock signal, com-   dressed to extract the
control information for use bines successive pairs of the three-bit MSB
sam-     by the third circuit. ples to regenerate six-bit (R-Y) samples
which are   50  FIGURE 4 is a block diagram of data encoder applied to
subtracter 350 and to adder 354  via    18. The three bit (R-Y) and (B-Y)
samples from compensating delay element 355. Similarly, the      vertical
signal processor 16 are applied to the two three LSB's of the six-bit
samples from multiplexer  data input terminals of multiplexer 410, the
control 382 are applied to multiplexer 368, which, under    input terminal
of which is coupled to the WCLK/2 control of the signal [err]/5 regenerates
six-bit (B-Y)  55  clock signal. In this configuration multiplexer 410
samples from successive pairs of the three LSB's     alternately provides
samples of the (R-Y) and (B-Y) for application to subtracter 360 and, via
delay    color difference signals, one for each pulse of the 
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12 pies from multiplexer 410 are concatenated to the  inverter 420, to a
logic high signal which enables five-bit luminance samples provided by
vertical sig-  AND gate 422 to pass the clock signal pulses nal processor
16 to form eight-bit composite sam-  WCLK to counter 418 and to OR gate
424. The first pies which are applied to one input port of mul-   four
pulses of the WCLK signal transfer the four tiplexer 412. Every four
successive samples that   5   control information samples from the shift
register are applied to the multiplexer 412 contain the in-  416 to the
data Input of multiplexer 412. This formation from four five-bit luminance
samples, one  control information includes three eight-bit values six-bit
(R-Y) sample and one six-bit (B-Y) sample.  representing inset image
brightness, inset image The samples applied to the multiplexer are tor-
vertical and horizontal starting positions and a matted in four sample
sequences such as [err] &(R-   10  fourth value indicating the phase of the
first color Y)[err], [err]&(B-Y)[err], [err]&(R-Y)[err], [err]&(B-Y)-
difference signal sample in the current line (either [err], where "&"
indicates concatenation of the   R-Y or B-Y). The fifth pulse of the WCLK
signal five-bit luminance sample Y with the three-bit color  causes the
output of the counter 418 to change to difference sample.
a logic high state. This signal disables AND gate A microprocessor 414 is
coupled, for example,  15  422 and causes multiplexer 412 to pass image to
receive information relating to viewer prefer-  samples from processor 16
to the three-state buffer ences for the brightness levels and the location
of  426. Three-state buffer 426 is controlled by the the inset image from
viewer controls 413 and In-   MEM FREE signal which is developed by memory
formation relating to the phase of the first chromin-  output address and
clock signal generator 26 and ance sample to be stored from the WCLK and
20  is provided to data encoder 18 via bus [err] from WCLK/2 signals.
Microprocessor 414 generates the   address and clock signal generator 20.
MEM FREE control information for the memory output proces-  is in a logic
high state when data may be written sors described above from this data.
The values of  into the memory. When MEM FREE Is In a logic H START, V
START and BRT are generated from        high state, buffer 426 provides the
data applied to the values obtained from the viewer control 413,  25  its
input port to the data bus of memory 22. How- and a value of 0 or 2 is
stored in the PHASE       ever, when MEM FREE is in a logic low state the
register depending on whether WCLK/2 is low or     output port of buffer
426 presents a high Imped- high when the first pulse of the WCLK signal is
ance to the data bus. received for each line of samples. Four samples of
FIGURE 5 is a block diagram of the memory control. Information are written
into the four stage   30  Input address and clock signal generator 20. The
shift register 416 synchronous with a clock signal  auxiliary horizontal
and vertical synchronizing sig- developed by microprocessor 414. This clock
sig-   nals AUX HSYNC and AUX VSYNC from auxiliary nal is applied to the
shift register 416 via OR gate  signal source 10 are applied to the
respective Input 424. A second clock signal applied to OR gate 424  and
reset terminals of counter 510. The AUX controls the transfer of the data
from shift register  35   VSYNC signal resets the counter 510 at the start
of 416 to the second data input port of multiplexer   each field of the
auxiliary signal. For each field, 412. This clock signal is developed by
AND gate    counter 510 counts the auxiliary horizontal sync 422, counter
418 and inverter 420.                 pulses in groups of three. Counter
510 provides a The signal [err]/3 provided by address and clock  two-bit
output signal equal to the line number, signal generator 20 via bus [err]
is coupled to the   40   modulo 3, of the current line of the auxiliary
field. reset Input terminal of counter 418. The output    In the current
embodiment, this two-bit signal Is terminal of counter 418 is connected to
the control  applied to the read only memory (ROM) 511 which input terminal
of multiplexer 412 and to inverter  converts the three line numbers into
the three 420. The output terminal of inverter 420 Is con-   values of the
signal K(1, 1/2 and 3/8) which are nected to one input terminal of AND gate
422. The   45  applied to the vertical signal processor 16 as set write
clock signal WCLK, from the address and      forth above. The counter 510
also produces an clock signal generator 20 is coupled to the second  output
pulse signal having a frequency of [err]/3, one- input terminal of AND gate
422. The output of gate  third the frequency of the AUX HSYNC signal. This
422 is connected to the input terminal of counter  output pulse signal is
applied to delay element 512 418 and to one input terminal of OR gate 424.
50  and to the clock signal input terminal of the D-type When the signal
[err]/3 resets counter 418, a      flip-flop 514. The D input terminal of
flip-flop 514 is new line of data is available from vertical signal
connected to a logic high signal. The output termi- processor 16 to be
written into the field memory   nal of delay element 512 is connected to
the reset 22. Since counter 418 is reset, a logic low signal is  input
terminal of filp-flop 514. In this configuration, applied to the control
input terminal of multiplexer  55  flip-flop 514 produces a narrow pulse,
having a 412, causing the multiplexer to pass data from shift  pulse width
substantially equal to the delay through 



register 416 to the three-state buffer 426. The logic  delay element 512.
This pulse occurs coincident low signal from counter 418 is complemented,
by    with the leading edge of the output pulse signal of 7    13
EP 0 196 826 B1                   14 counter 510. The signal provided by
flip-flop 514 is  direction to remove vertical blanking information the
[err]/3 signal referenced to above.               and then subsampled so
that each line of the The output pulse signal from counter 510 is
displayed image corresponds to three lines of the also applied to one input
terminal of AND gate 516.  original signal. The [err]/3 signal provided by
flip-flop An inverter 520 provides the signal applied to the   5   514 is
applied to the vertical signal processor 16 second input terminal of AND
gate 516. The output  which subsamples the auxiliary signal in the verti-
terminal of AND gate 516 is connected to the input  cal direction. The row
addresses generated by terminal of the counter 518, the output terminal of
counter 524 and applied to the field memory 22 by which is connected to the
input terminal of inverter  the three state buffer 528 limit the number of
lines 520. Counter 518 is reset at the start of each field  10  stored for
each field to 64, or approximately 80 by the AUX VSYNC signal applied to
Its reset      percent of the 80 active lines provided by vertical
terminal.                                         signal processor 16 for
each field of the auxiliary When the counter is reset, its output signal is
signal. The counter 518 eliminates the first sixteen in a logic low state,
causing the output signal of  lines provided by processor 16 to center the
auxil- inverter 520 to be logic high. This signal enables   15  lary image
in the vertical direction. The number AND gate 516 to pass the output pulse
signals     sixteen is chosen to simplify implementation. It is provided by
counter 510 to the Input of counter   contemplated, however, that other
values may be 518. When sixteen of these pulses have been       used.
applied to counter 518, its output signal changes to  The rows of the field
memory correspond to a logic high state, disabling the AND gate 516 from
20  the lines of the auxiliary image and the columns passing signals to the
input terminal of counter  correspond to the pixels In each line. The
appara- 518. Consequently, the output signal of counter   tus described
below generates the column ad- 518 remains logic high until the counter is
reset by  dresses and the memory write clock signals WCLK the next AUX
VSYNC pulse.                         and WCLK/2 for processing the pixels
and writing The output signal of counter 518 is applied to  25  them into
the memory 22. The [err] clock signals one input terminal of AND gate 522.
The [err]/3      from source 10, which are synchronized to the signal from
flip-flop 514 is applied to a second  color reference burst component of
the auxiliary input terminal, and the output signal of inverter 526
signal, are applied to the frequency divider 530 is applied to the third
input terminal of AND gate  which produces a clock signal, [err], having a
fre- 522. AND gate 522 provides the input signal to the   30  quency
one-half of that of the [err] clock signal. counter 524. Counter 524
provides a seven-bit out-  Both the [err] signal and the [err] signal are
applied put signal. The MSB of this signal is applied to the  to the
horizontal signal processor 14 via the control input terminal of inverter
526.                   signal bus [err] The [err] signal is also applied to
Counter 524 Is reset at the start of each auxil-  one input terminal of AND
gate 532. The other two iary field by the AUX VSYNC signal applied to its
35  Input signals to AND gate 532 are MEM FREE and reset terminal. When the
counter 524 is reset, the  the signal provided by inverter 542. The output
MSB of its output signal is low, causing inverter  terminal of AND gate 532
is connected to the Input 526 to apply a logic high signal to AND gate 522.
terminal of the frequency divider 534. Frequency When, after 16 pulses of
the [err]/3 signal, and the  divider 534 produces an output signal having a
output signal of counter 518 changes to a logic  40  frequency that Is
one-third of the frequency of its high state, the AND gate 522 applies the
[err]/3     input signal. The output terminal of frequency di- signal to
the counter 524. Counter 524 counts 64  vider 534 is connected to the input
terminals of pulses of the [err]/3 signal before the MSB of its   both
counter 538 and frequency divider 536. Coun- output signal changes to a
logic high, disabling  ter 538 counts the clock pulses applied to its input
AND gate 522 from passing the [err]/3 signal. The   45  terminal and
provides this count as an eight-bit six LSB's of the signal provided by
counter 524 are  output signal. The MSB of this output signal is row
addresses for the field memory 22. These      connected to the input
terminal of inverter 542. addresses are applied to the three state buffer
528   The frequency dividers 534 and 536 and the which is controlled by the
MEM FREE signal. Buff-  counter 538 are reset by the [err]/3 signal. When
er 528 provides the addresses to the memory  50  counter 538 is reset, the
MSB of its output signal is address bus when MEM FREE is in a logic high
a logic low causing inverter 542 to apply a logic state and provides a high
impedance to the ad-   high signal to AND gate 532. When the MEM dress bus
when MEM FREE is low. Each of these     FREE signal is also high,
indicating that data may row addresses corresponds to one averaged hori-
be written into the memory, AND gate 532 passes zontal line of the
auxiliary image i.e. three horizon-  55  the [err] clock signal from
divider 530 to frequency 



tal lines of the signal provided by source 10.    divider 534. Frequency
divider 534 generates a As set forth above, the auxiliary image is re-
clock signal, WCLK, having a frequency of [err]/3 duced by approximately 20
percent in the vertical  This signal is the write clock signal for the
field 8    15                EP 0 196 826 B1                   16 memory
22. Counter 538 counts the pulses of the   [err]/5 and [err]/5 clock
signals which are used by WCLK signal to produce the seven-bit column ad-
the horizontal signal processor 14 and vertical sig- dress signal for the
field memory 22. Each bit of  nal processor 16. The [err] clock signal from
this address signal is applied to a separate AND  source 10 is applied to
one input terminal of AND gate 540. The other input signals to each of the
5   gate 560, the other input terminal of which is con- AND gates 540 are
the output signal of counter 518  nected to the output terminal of inverter
564. The and the output signal of inverter 526. Each of the  output
terminal of AND gate 560 is connected to AND gates 540 have three-state
outputs. The gates  the input terminal of the counter 562, the output 540
are controlled by the signal MEM FREE to      terminal of which is
connected to the input terminal provide the column address from counter 538
to  10  of the inverter 564. Counter 562 is reset at the start the address
bus of auxiliary field memory 22 when  of each horizontal line of the
auxiliary signal by the MEM FREE is in a logic high state and to provide a
signal AUX HSYNC. When the counter is reset, its high impedance to the data
bus when MEM FREE      output signal is low, the output signal of inverter
is low.                                           564 is high and the AND
gate 560 applies the [err] Frequency divider 536, which is reset by the
15  clock signal to the input terminal of counter 562. [err]/3 signal
halves the frequency of the WCLK      The counter 562 provides a logic high
output signal signal to provide the WCLK/2 signal that is applied  when it
has counted 128 clock pulses. The logic to vertical signal processor 16 and
data encoder 18  high state at the output terminal of counter 562 is via
bus [err].                                      inverted by inverter 564 to
disable AND gate 560 AND gate 550 generates the write enable sig-  20  from
applying the [err] clock signal to the counter nal, WE, for the auxiliary
field memory 22. The   562. Accordingly, the output signal of counter 562
signals applied to AND gate 550 are the output    remains high until the
counter is reset by the next signal of counter 518, the output signals of
the  auxiliary horizontal sync pulse. inverters 526 and 542 and the signal
MEM FREE.       The output terminal of counter 562 is con- The signals
provided by counter 518 and inverter  25  nected to one input terminal of
AND gate 566. A 526 are both high only when the central 64 lines of  second
input terminal of AND gate 566 is con- the vertically subsampled image are
being applied  nected to the output terminal of Inverter 576 and to the
memory. The output of inverter 542 is high  the third input terminal is
connected to the [err] only while the 128 values from encoder 18 are
clock signal. When AND gate 566 is enabled, the being applied to the
memory. The MEM FREE   30  [err] clock signal is coupled to the series con-
signal disables the AND gate 550, causing the WE  nected frequency dividers
568, 569, 570 and 572. signal to be low, when data is not to be written
into  All of these frequency dividers and the counter 574 the auxiliary
field memory 22.                    are reset by the AUX HSYNC signal at
the start of The MEM FREE signal is generated by the        each horizontal
line of the auxiliary signal. When memory output address and clock signal
generator  35  counter 574 is reset it applies a logic low signal to 26,
described below. Briefly, this signal is in a logic  the inverter 576 which
applies a logic high signal to low state when data is being read from the
memory  the AND gate 566. When the counter 562 provides 22 and in a logic
high state otherwise. As set forth  a logic high output signal, AND gate
566 applies above, when MEM FREE is low, it causes the three  the [err]
clock signal to the frequency divider 568. state buffer 528 and the AND
gates 540 to provide   40  Frequency divider 568 divides the [err] clock
signal a high Impedance to the address bus of memory     by five to produce
the signal [err]/5. The [err]/5 22. It also causes the three state buffer
426 to  clock signal is applied to the frequency divider 569 provide a high
impedance to the data bus of the   which divides the signal by two to
produce the memory 22. In addition, when MEM FREE is in a     clock signal
[err]/5. Frequency divider 569 applies logic low state, AND gate 532 is
disabled so that  45  this clock signal to frequency divider 570 which the
WCLK and WCLK/2 signals are not generated     divides the [err]/5 clock
signal by two to produce and the column address does not advance. Thus,
the [err]/5 clock signal. The [err]/5 clock signal is when MEM FREE is low
the data transfer from the   applied to the frequency divider 572 which
divides vertical signal processor 16 to the data encoder 18  the frequency
of the [err]/5 clock signal by thirty- and from the data encoder 18 to the
auxiliary field  50  two. The output signal of frequency divider 572 memory
22 is interrupted. When MEM  FREE          changes from a logic low state
to a logic high state changes to a logic high state, the operation re-
when 640 pulses of the [err] clock signal have sumes with no loss of data.
The synchronization of  been applied to the frequency divider chain. Each
the apparatus for writing data to and reading data  of the 640 pulses
corresponds to one sample of 



from the memory 22 is discussed in relation to  55  the auxiliary signal
that is processed by the hori- FIGURE 8 below.
zontal signal processor 14 and vertical signal pro- The final portion of
the memory input address  cessor 16. The output signal of frequency divider
and clock signal generator 20 provides the [err]/5,    572 is applied to
one input terminal of AND gate 9    17                EP 0 196826 B1
18 573 the other input terminal of which is connected  iary image is
displayed without jagged edges. Con- to the output terminal of frequency
divider 568. A  sequently, in the present embodiment, the memory logic high
signal at the output terminal of frequency  read operations are controlled
by a clock that is divider 572 enables the AND gate 573 to apply the
locked in frequency and phase to the horizontal [err]/5clock signal to the
processing delay counter   5   line synchronization pulses of the main
signal. The 574. Counter 574 counts a predetermined number    memory write
operations for one line of auxiliary of the [err]/5 clock pulses and
latches its output  Image data are performed during three of the main
signal high. This high signal causes the inverter  horizontal line
intervals in time Intervals when data 576 to apply a low signal to the AND
gate 566     is not being read from the memory. The memory disabling it
from applying the [err] clock signal to  10  output address and clock
signal generator 26 pro- the frequency divider 568, and consequently dis-
vides a signal MEM FREE which indicates when abling the clock signals
[err]/5, [err]/5 and [err]/5.      data may be written into the memory.
When MEM As set forth above, each line of the auxiliary  FREE changes from
high to low, the memory Input image is developed from approximately 80
percent  address and clock signal generator suspends the of the samples in
the active portion of a line of the   15  generation of the write clock
signals WCLK and auxiliary signal, or 640 of the 910 samples taken at
WCLK/2 and changes the write enable signal WE [err]. The frequency dividers
568, 569, 570 and 572  to allow data to be read from the memory. When
provide a sufficient number of clock pulses to pro-  the memory read
operation is complete, MEM cess the 640 samples and the processing delay
FREE changes from low to high and the write counter 574 prolongs the clock
signals by a suffi-  20  operation resumes at the pixel and address values
cient amount of time to allow the last sample of  it was processing when
the write operation was each line to propogate through the horizontal and
Interrupted. The write operation continues in this vertical signal
processing circuitry. The amount of  manner until all of the 128 samples
representing delay provided by the counter 574 will depend on  the control
data and auxiliary image pixels for one the processing speed of the devices
used. One   25  line are written into the memory. skilled in the art of
digital design would know how  The auxiliary field memory 22 may be a con-
much delay is needed in a particular system.      ventional 8K by eight-bit
random access memory. The counter 562 delays the start of the gen-  Samples
are written Into the memory from the data erated clock signals relative to
the horizontal sync  bus when the memory is clocked and the write pulse to
center the 640 samples in the active area   30  enable signal, WE, Is high.
In the present embodi- of the auxiliary image. A delay of 128 samples is
ment, the memory write clock has a frequency of chosen to simplify
implementation. It is anticipated,  2[err]/3 In the NTSC system, this write
clock fre- however, that other delays may be used.           quency allows
approximately 420 ns for writing The auxiliary field memory 22 accepts
samples  each sample into the memory. The read clock used representing the
auxiliary image from data encoder  35  In the present embodiment operates
at a frequency 18 coincident with the pulses of the write clock  of
12[err]/5 which allows approximately 115 ns to signal, WCLK, and applies
samples to data de-     read each sample from memory. These read and coder
34 as requested, coincident with the pulses  write timing signals are well
within the range of of the read clock signal, RCLK. The WCLK signal is
commercially available random access memories. applied to the memory 22 by
the memory input  40     At 420 ns per sample, approximately 54 [err] or
address and clock signal generator 20 via the three  .85H are required to
write 128 samples into the state buffer 24. Buffer 24 is controlled by the
signal  memory. At 115 ns per sample, however, only MEM FREE to provide
WCLK to the clock signal      about 14 [err] or about .23H are needed to
read 128 input terminal of memory 22 when MEM FREE is      samples from the
memory. FIGURE 8 is a timing high and to provide a high impedance when MEM
45  diagram showing how the lines of auxiliary signal FREE is low.
are subsampled and stored into the auxiliary field Similarly, the read
clock signal RCLK is applied  memory. to the clock input terminal of the
memory 22 by the  Three consecutive lines of one field of the memory output
address and clock signal generator  auxiliary signal are filtered and
subsampled into 26 via the three state buffer 30. Buffer 30 is con-  so
128 samples representing approximately 80 per- trolled by an inverted MEM
FREE signal provided   cent of the Information in the active portion of a
line by inverter 28. Consequently, buffer 30 applies the  of the auxiliary
video signal. 124 of these samples RCLK signal to the memory when MEM FREE
is        plus four samples containing control information 



low and applies a high impedance when MEM        are written into the
memory during the time inter- FREE is high.
55  vals between memory read operations. In the ex- In general, it is
preferred for memory read   ample shown in FIGURE 8, the auxiliary image is
operations to occur during a carefully controlled  centered horizontally
within the main image so the portion of the main horizontal line so that
the auxil-  memory read operations occur during the middle 10    19
EP 0 196 826 B1                   20 one-quarter of the main signal
horizontal line inter-  each image line contain information to control the
val.                                              memory output address and
clock signal generator Referring to FIGURE 8, one of these read       26.
These four samples are clocked into the four operations begins at time
[err] and ends at time T2.  stage serial-in-parallel-out register 622 by
four Since there is no outstanding write operation at   5   clock pulses
supplied by AND gate 620 at the time [err], the memory is idle until time
T3. At [err], a  beginning of each line. Each stage of register 622 new
line of samples are available to be written into  is a parallel-bit stage
to accomodate all of the bits the memory 22. As there are no read
operations in  of the respective control samples. The respective progress,
the samples are written into the memory  control samples are available on
busses H START, between times [err] and [err]. At time [err], a read opera-
10  V START and BRT for the duration of the remain- tion occurs and the
write operation is suspended.  der of the current auxiliary signal image
line being At [err], the read operation ends. The remaining     read from
memory. Control data loaded into regis- samples are written into the memory
between       ter 622 from the last line of each auxiliary signal times
[err] and [err]. The memory is idle from times [err]  field Is retained
until the first line of the next to [err], when a read operation occurs.
15  auxiliary signal field is read into the data decoder. In the present
embodiment, approximately 143   The control data from the last line of one
field [err] or 2.25H is available for writing each line of  controls the
timing of reading the first line of auxil- auxiliary signal into the memory
22. This time is  iary signal from the next field. sufficient to ensure
that a line of auxiliary signal  When the illustrated system initially
starts up, may be written into the memory during the allowed   20  the data
decoder 34 will not have received the three horizontal line intervals of
the auxiliary signal  proper H START and V START parameters for while data
is read from the memory for display    display of the first field of the
auxiliary image. synchronously with the main signal, regardless of
However, register 622 will contain some values. the relative timings of the
main and auxiliary sig-  Even if the values are all zero they will be
sufficient nals.                                         25  to load the
control data from at least one line of As set forth above, data is output
from memory  image data stored in memory to thereafter properly 22 by the
selective application of a read clock   reference the system. Nominally,
this set up occurs (RCLK) and memory read addresses. The data is     before
the receiver Is conditioned to display the applied to the data decoder 34.
auxiliary image. Data decoder 34 accepts the encoded signal  30    The
control signal applied to multiplexer 612 data from memory 22, extracts the
control informa-  from counter 616 is developed from the main sig- tion
from the beginning of each stored auxillary  nal horizontal sync pulses
MAIN HSYNC and the image line and separates the luminance and color  sample
clock, PCLK. The MAIN HSYNC signal difference signals to produce scaled
parallel lu-  resets counter 616 at the beginning of each hori- minance and
color difference signals.        35  zontal image line. The reset operation
causes the FIGURE 6 illustrates circuitry for the data de-  counter to
output a logic low signal. A logic low coder 34. In FIGURE 6 the sample
rate clock PCLK  applied to multiplexer 612 conditions it to pass and the
control signal MEM READ, supplied from    input signal to register 622 and
a logic high con- the memory output address and clock signal gen-   ditions
multiplexer 612 to pass Input signal to de- erator 26 and the control data
H START, and V   40  multiplexer 626. START are supplied to generator 26
via the bus        Output signal from counter 616 is complement- [err]
(FIGURE 1). The sample rate clock PCLK        ed in logic inverter 618 and
applied to one input contains pulses only during memory reading inter-
terminal and AND gate 614. The logic low output vals.
from counter 616 enables the AND gate 614 to Data read from memory 22 is
applied to AND   45  couple the sample rate clock, PCLK to the clock gates
610 which are selectively enabled by the    input terminal of counter 616.
The counter 616 memory read signal, MEM READ. AND gates 610       remains
in the reset state until a memory read are included to reduce loading of
the data bus,   cycle begins and pulses occur on the PCLK con- DATA, and to
preclude spurious data from being    nection. Counter 616 counts the first
four PCLK applied to multiplexer 612 when data is not being   so  pulses
and then outputs a logic high. The logic read from memory 22. The output of
AND gates      high output disables AND gate 614 from applying 610 is
applied to the input port of multiplexer 612,  further PCLK pulses to
counter 616, constraining its 



which is conditioned by the output from counter   output to remain in the
logic high state until the 616, to couple the first four data samples from
next occurrence of a MAIN HSYNC signal. each image line of data to register
622 and to  55    The output of AND gate 614 is also coupled to couple the
remaining samples from each image      the clock input terminal of register
622. The first line of data to latch 632 and demultiplexer 626. As  four
occurring PCLK pulses are coupled to register has been described earlier,
the first four samples of  622 to shift data therein concurrently with mul-
11    21                EP 0 196 826 B1                   22 tiplexer 612
coupling the first four data samples to  into latch 626F. the input of
register 622.                            As Illustrated in the figure,
clock phase [err]4 After the first four PCLK pulses, the incoming  loads
the last sample, (B-Y)[err], of each four sample samples from the data bus
of memory 22 are        sequence into latch 626D. At this point the four
coupled to demultiplexer 626 and asynchronous   5   samples of a particular
sequence are resident in latch 632. The luminance and chrominance compo-
their respective latches 626A-626D. When the nents of each sample are
separated by directing   clock phase [err]4 goes low it clocks the data
from the five most significant bits of each sample to  latches 626A and
626B into latch 626E and concur- latch 632 and the three least significant
bits of each  rently clocks the data from latches 626C and 626D sample to
demultiplexer 626. Latch 632 is an eight-  10  into latch 626F. bit latch
and the five-bit luminance samples are     The output signals from latches
626E and 626F coupled to the five most significant bit positions in  are
respective eight-bit samples occurring at a rate the latch. Zero values are
applied to the three least  of one-quarter of the PCLK rate. These signals
significant bit positions of eight-bit latch 632. The  correspond to the
(R-Y) and (B-Y) color difference eight-bit output samples provided from
latch 632   15  signals each scaled by a factor of four by virtue of
correspond to the input luminance component       placing the six-bit
combined samples in the six [err] scaled by a factor of eight.
locations of the eight-bit latches 626E and 626F. The luminance samples are
applied to adder        The four phase clock generator 624 is preset- 633.
The auxiliary signal brightness data BRT from  table and of conventional
design. The preset value register 622 is coupled to a second Input of adder
20  is provided by the PHASE control data from regis- 633. The output Y" of
adder 63 consists of lu-    ter 622. This phase data is loaded into the
clock minance samples occurring at the PCLK rate and    generator 624
responsive to the output signal of modified by the brightness control data.
The output  inverter 618 being in a logic high state. Thus, at the signal
Y" is coupled to the luminance signal input  end of the four clock period
in which the control of the digital-to-analog converter and matrix circuit
26  data is loaded into shift register 622, clock gener- 36 of FIGURE 1.
ator 624 is preset to the phase value for the line. Recalling that the
incoming data to the data   Clock generator 624 is clocked by pulses of the
decoder is formatted In the four sample sequences  read clock PCLK and
produces clock phase pulses [err]&(R-Y)[err],  [err]&(B-Y)[err],
[err]&(R-Y)[err],   substantially concurrently with occurrences of
[err]&(B-Y)[err], the data applied to demulitplexer  30  pulses of the
PCLK. The clock generator 624 Is 626 consists of three-bit, four sample
sequences  required to be preset because the first color dif-
(R-Y)[err],(B-Y)[err], (R-Y)[err], (B-Y)[err]. Demul-  ference sample on
each line of data may be either tiplexer 626 combines the first and third
samples of  a (R-Y)[err] sample or a (B-Y)[err] sample. The each sequence
to reconstruct the (R-Y) color dif-  phase control data is encoded to
indicate which ference samples and combines the second and   35  sample the
first sample happens to be. This phase fourth samples of each sequence to
reconstruct the  control data presets the clock generator to align the
(B-Y) color difference samples. In demultiplexer     [err] and [err], clock
phases with the (R-Y)[err], 626 the three-bit sample signal data is coupled
to  (B-Y)[err], (R-Y)[err] and (B-Y)[err] samples respec- the data input
terminals of latches 626A-626D. Four  tively for the current image line.
phase clock signals generated by the four phase  40  The luminance samples
Y" from adder 633 and clock generator 624 are applied to respective clock
the (R-Y)" and (B-Y)" color difference samples input terminals of the
latches 626A-626D. Each of  from latches 626E and 626F respectively are
coup- the four phases have a pulse rate of one-quarter of  led to
respective input ports of the digital-to-analog the PCLK pulse rate. The
clock phases are ar-     converter and matrixing circuitry 36. In circuitry
36 ranged so that the (R-Y)[err], the (R-Y)[err], the (B-Y)-  45  the
respective digital samples are converted to [err] and the (B-Y)[err]
samples are respectively load-  analog, luminance and color difference
signals. ed into latches 626A, 626B, 626C and 626D.        These analog
signals are combined in the appro- The three MSB (R-Y) samples from latch
626A    priate proportions to develop red, R, green, G, and are combined
with the three LSB (R-Y) samples     blue, B, color signals for driving the
display device from latch 626B to form six-bit (R-Y) samples.  50  (not
shown). These samples are coupled to the six MSB data         The RGB
signals are coupled to one set of 



input connections of eight-bit latch 626E. The two  respective input
terminals of multiplexer 38. RGB LSB data input connections of latch 626E
are coup-  signals from the main video signal source 40 are led to a zero
value. After each four-sample se-   coupled to a second set of respective
input termi- quence is loaded into latches 626A-626D, latch   55  nals of
multiplexer 38. Multiplexer 38, controlled by 626E is clocked to load the
combined (R-Y) sample  the signal provided on connection MUX CONTROL
applied to its input. Similarly combined (B-Y) sam-  from the memory output
address and clock signal pies from latches 626C and latch 626D are loaded
generator 26, selectively substitutes the auxiliary 12    23
EP 0196 826 B1                    24 RGB signals for the main RGB signals
produced at  output. The output of comparator 726 remains high its output
terminals.                            until counter 714 is reset on the
next line. FIGURE 7 illustrates exemplary circuitry for     The output of
comparator 726 is applied to one generating a read clock and read address
codes to  input of AND gate 734. The 546H clock signal is output data from
memory 22. In addition it gen-   5   applied to a second input of AND gate
734 and the erates a picture insertion control for multiplexer 38,  output
of NAND gate 740 is applied to a third input and the PCLK for the data
encoder.               of AND gate 734. The input terminals of NAND In
FIGURE 7, a phase locked loop (PLL) 710    gate 740 are connected to
respective output bit generates a clock frequency synchronous to the
lines of binary counter 736. The possible binary horizontal sync of the
main video signal In the  10  output values provided from binary counter
736 present embodiment the clock frequency is 1092   range from zero to 127
(decimal). The output of times the main signal horizontal frequency. This
NAND gate 740 is a logic high for all output values frequency is divided by
two in divider 712 to pro-  of the bianry counter 736 except value 127 duce
a frequency of 546 times the main signal    (decimal) which causes the NAND
gate 740 to horizontal sync frequency. The frequency 546H is  15  produce a
logic low output. the rate at which the samples are read from mem-     AND
gate 734 is enabled to couple the 546H ory and displayed on the reproduced
image. Scan-  signal to the clock input of binary counter 736 ning the
stored auxiliary signal samples per line at  whenever the output value of
the counter 736 Is this rate produces an auxiliary image which is   less
than 127 and the horizontal starting position is compressed to one-third
the size of that portion of  20  indicated to have occurred by a logic high
from the original image sampled by the horizontal pro-  comparator 726.
cessor 14. Thus, the auxiliary image is compressed   Binary counter 736 is
reset to zero at the equally in both the vertical and horizontal dimen-
beginning of each image line by the signal MAIN sions.
HSYNC. When the output of comparator 726 goes The 546H clock from divider
712 is applied to  26  high binary counter 736 begins counting and pro- AND
gates 718 and 720. AND gates 718 and 720     duces sequential output values
from zero to 127. are enabled by the memory read enable signal,    When it
reaches the value of 127 it is precluded MEM READ, from AND gate 742. AND
gate 720        from changing to another state by the output of provides a
read clock, RCLK to memory 22 to       NAND gate 740 going low. sequence
the memory through the applied read   30    The binary output values from
binary counter addresses. The pulse rate of the read clock is   736 are
coupled to a three state gate 744. The always 546H. AND gate 718 provides
the sample    output of the three state gate 744 is coupled to the rate
clock, PCLK to data decoder 34. The PCLK    address input port of memory
22. When the three circuit is made separate from the RCLK circuit in  state
gate 744 is enabled by AND gate 742, the anticipation that in particular
embellishments of the   35  output values from binary counter 736
correspond system it may be desirable to have a PCLK signal  to column
address words for reading data from the which is twice the rate of the
RCLK. In this instance  memory. AND gate 718 will be coupled directly to
the output  Counter 714 produces a second output signal of the PLL 710
rather than the output of the divide  on connection 715. This output signal
is a pulse of by two circuit 712.                          40  less than a
546H clock period and occurs when The 546H clock signal is coupled to a
horizon-  counter 714 counts 546 pulses. A count of 546 tal position
detector consisting of counter 714 and  pulses corresponds to one
horizontal line in the comparator 726. Counter 714 is reset by the main
main display. Internally, counter 714 is reset to signal vertical sync
signal MAIN VSYNC at the    zero when a pulse is produced on connection
715. beginning of each field of the main signal and then   46  The second
output from counter 714 is applied begins counting the 546H clock pulses.
Counter   to the clock input terminal of binary counter 716. 714 applies a
binary output to one input of com-  Counter 716 is arranged to count from a
zero value parator 726. The binary output corresponds to the  to 262
(decimal) and then stop until reset by the cumulative count of the 546H
pulses applied to the  next MAIN VSYNC pulse. Counter 716 thus pro- input
of counter 714 since the last reset pulse.  so  duces a binary output
corresponding to the current 



Each successive pulse of the 546H clock signal   cumulative number of
horizontal image lines occur- corresponds to a successive horizontal pixel
posi-  ring since the last MAIN VSYNC pulse, i.e. the tion on the current
main picture image line. The  current horizontal line number (minus one).
The horizontal pixel position, H START, at which the left  binary output
from counter 716 is coupled to one edge of the auxiliary picture is to
begin is applied   55  input port of subtracter 728 and one input port of
to a second input of comparator 726. When the    comparator 732. The value
V START, from data cumulative count in counter 714 reaches the value
decoder 34, and corresponding to the upper hori- H START, comparator 726
produces a logic high    zontal Image line on which display of the
auxiliary 13    25                EP 0 196 826 B1                   26
image is to start is applied to a second input port  from comparator 726,
NAND gate 740, comparator of comparator 732 and the subtrahend input port
of  732 and inverter 748 are coupled to respective subtracter 728.
input terminals of AND gate 742. Comparator 732 produces a logic high
output       The output signal generated by AND gate 742 when the
cumulative value from counter 716 equals   5   defines the memory read
intervals. The comple- the value V START. The output of comparator 732
ment of this signal therefore defines the intervals remains high until
binary counter 716 is reset by  that the memory is free to write new data.
Inverter the next MAIN VSYNC pulse.                        752 coupled to
the output of AND gate 742 pro- The output values provided by subtracter
728   duces the signal MEM FREE which is the com- are coupled to the three
state gate 730, the output  10  plement of the MEM READ signal. of which is
coupled to the row address connection   It is contemplated, however, that
data may be of the address input port of memory 22. The values  read from
the memory during a portion of each from subtracter 728 equal the current
line number  horizontal line of the main image. In this alternative minus
the value V START. During periods when      embodiment, the data read from
memory would be the memory is enabled to read data, i.e. periods  15
processed and displayed only when the auxiliary when the three state gate
730 is enabled, the     image is displayed. The memory read operations
values provided sequence from zero to 63.         would periodically
refresh the stored data, allowing The auxiliary signal data is contained in
mem-  memory 22 to use inexpensive dynamic RAM's. ory locations addressed
by 64 row  address           The multiplexer 38 substitutes the auxiliary
vid- codewords, and is displayed in 64 consecutive   20  eo (RGB) signals
for the main video (RGB) signals image lines of the main picture. It is
therefore  during the intervals that the auxiliary signals are necessary to
count 64 lines from, and including,  read from memory. These intervals
correspond to the vertical starting line, to generate a signal that  the
logic high periods of the signal MEM READ. may be used to enable the three
state gates 730   However, It will be recalled that the first four sam- and
744 only during the 64 horizontal lines imme-  25  ples per line read from
memory contain control diately after the occurrence of the vertical
starting  information. To account for the time occupied by position.
Counter 750, AND gate 746 and inverter  these four samples each logic high
interval of the 748 are arranged to count 64 line periods. counter  MEM
READ signal is foreshortened by four sample 750 counts the horizontal
pulses from the output  periods to generate the control signal, MUX CON-
connection 715 of counter 714 provided via AND   30  TROL, for multiplexer
38. This is accomplished by gate 746. AND gate 746 has respective input
termi-  coupling the signal MEM READ to one input termi- nals connected to
the output of comparator 732    nal of AND gate 724. The MEM READ signal is
and the output of inverter 748. The input of inverter  delayed by four
sample periods and applied to a 748 is connected to the output of counter
750.    second input terminal of AND gate 724 which gen- Counter 750 is
reset by the vertical pulses from   35  erates the signal MUX CONTROL. MAIN
VSYNC conditioning its output to a logic low. Consequently, the output of
inverter 748 is high.  Claims Under these conditions, AND gate 746 will be
en- abled to pass horizontal line pulses to counter 750  1. A video signal
processing apparatus for pro- after comparator 732 detects the starting
horizontal  40  cessing a baseband video signal representing line. After 64
line pulses are coupled to counter    images to produce a video signal
representing 750 it generates a logic high output signal. This     a
reduced resolution image, comprising:- forces the output of inverter 748
low disabling AND      means (10) for applying said baseband gate 746. The
output of inverter 748 is therefore     video signal; high from the
beginning of a respective field period   45   filter means (210) coupled to
said means and goes low after the last line of the auxiliary    for
applying said baseband video signal for image.
attenuating components of said baseband sig- The control signals to enable
the three state      nal having frequencies greater than a predeter- gates
730, 744 and AND gates 718 and 720 is high      mined frequency relative to
components hav- 



only during the intervals when the auxiliary image   50  ing frequencies
less than said predetermined signal is actually being displayed, in order
that the  frequency; memory 22 may be free for the maximum amount
sampling means (212) coupled to said fil- of time to write new data. Thus,
the output of AND    ter means for sampling the filtered video signal gate
742 is high during the read positions of those    -  at a predetermined
rate to produce a video horizontal lines after comparator 732 goes high
i.e.  55  signal representing a reduced resolution image from the vertical
starting line, and until 64 lines are  wherein said sampling means (212)
subsam- read from memory, i.e. when counter 750 produces      pies the
filtered video signal at a subsampling an output pulse. Accordingly, the
output signals     rate which tends to introduce aliasing compo- 14    25
EP 019826B1                       26 image is to start is applied to a
second input port  from comparator 726, NAND gate 740, comparator of
comparator 732 and the subtrahend input port of  732 and inverter 748 are
coupled to respective subtracter 728.
input terminals of AND gate 742. Comparator 732 produces a logic high
output       The output signal generated by AND gate 742 when the
cumulative value from counter 716 equals   5   defines the memory read
intervals. The comple- the value V START. The output of comparator 732
ment of this signal therefore defines the intervals remains high until
binary counter 716 is reset by  that the memory is free to write new data.
Inverter the next MAIN VSYNC pulse.                        752 coupled to
the output of AND gate 742 pro- The output values provided by subtracter
728   duces the signal MEM FREE which is the com- are coupled to the three
state gate 730, the output  10  plement of the MEM READ signal. of which is
coupled to the row address connection     It is contemplated, however, that
data may be of the address input port of memory 22. The values  read from
the memory during a portion of each from subtracter 728 equal the current
line number  horizontal line of the main Image. In this alternative minus
the value V START. During periods when      embodiment, the data read from
memory would be the memory is enabled to read data, i.e. periods   15
processed and displayed only when the auxiliary when the three state gate
730 is enabled, the     image Is displayed. The memory read operations
values provided sequence from zero to 63.         would periodically
refresh the stored data, allowing The auxiliary signal data is contained in
mem-  memory 22 to use inexpensive dynamic RAM's. ory locations addressed
by 64 row  address            The multiplexer 38 substitutes the auxiliary
vid- codewords, and is displayed in 64 consecutive   20  eo (RGB) signals
for the main video (RGB) signals image lines of the main picture. It is
therefore  during the intervals that the auxiliary signals are necessary to
count 64 lines from, and including,  read from memory. These Intervals
correspond to the vertical starting line, to generate a signal that  the
logic high periods of the signal MEM READ. may be used to enable the three
state gates 730   However, it will be recalled that the first four sam- and
744 only during the 64 horizontal lines imme-  25  ples per line read from
memory contain control diately after the occurrence of the vertical
starting  information. To account for the time occupied by position.
Counter 750, AND gate 746 and inverter  these four samples each logic high
interval of the 748 are arranged to count 64 line periods. counter  MEM
READ signal Is foreshortened by four sample 750 counts the horizontal
pulses from the output  periods to generate the control signal, MUX CON-
connection 715 of counter 714 provided via AND   30  TROL, for multiplexer
38. This is accomplished by gate 746. AND gate 746 has respective input
termi-  coupling the signal MEM READ to one input termi- nals connected to
the output of comparator 732    nal of AND gate 724. The MEM READ signal is
and the output of inverter 748. The input of inverter  delayed by four
sample periods and applied to a 748 is connected to the output of counter
750.    second input terminal of AND gate 724 which gen- Counter 750 is
reset by the vertical pulses from   35  erates the signal MUX CONTROL MAIN
VSYNC conditioning its output to a logic low. Consequently, the output of
inverter 748 is high.  Claims Under these conditions, AND gate 746 will be
en- abled to pass horizontal line pulses to counter 750  1. A video signal
processing apparatus for pro- after comparator 732 detects the starting
horizontal  40  cessing a baseband video signal representing line. After 64
line pulses are coupled to counter    images to produce a video signal
representing 750 it generates a logic high output signal. This     a
reduced resolution image, comprising:- forces the output of inverter 748
low disabling AND      means (10) for applying said baseband gate 746. The
output of inverter 748 is therefore     video signal; high from the
beginning of a respective field period   45   filter means (210) coupled to
said means and goes low after the last line of the auxiliary    for
applying said baseband video signal for image.
attenuating components of said baseband sig- The control signals to enable
the three state      nal having frequencies greater than a predeter- 



gates 730, 744 and AND gates 718 and 720 is high      mined frequency
relative to components hav- only during the intervals when the auxiliary
image   so  ing frequencies less than said predetermined signal is actually
being displayed, in order that the  frequency; memory 22 may be free for
the maximum amount             sampling means (212) coupled to said fil- of
time to write new data. Thus, the output of AND    ter means for sampling
the filtered video signal gate 742 is high during the read positions of
those   at a predetermined rate to produce a video horizontal lines after
comparator 732 goes high i.e.  55  signal representing a reduced resolution
image from the vertical starting line, and until 64 lines are  wherein said
sampling means (212) subsam- read from memory, i.e. when counter 750
produces      ples the filtered video signal at a subsampling an output
pulse. Accordingly, the output signals     rate which tends to introduce
aliasing compo- 14    27                 EP 0 196 826 B1
28 nents into a portion of the frequency spectrum       forth in Claim 1,
wherein said sampling means of the video signal that represents said re-
(212) subsamples the filtered video signal at a duced resolution image; and
characterized in         rate substantially equal to twice said predeter-
that                                                 mined frequency to
produce a video signal 5       representing said reduced resolution image
signal peaking means (220) are coupled to        and said aliasing
components have a frequen- said subsampling means for amplifying the
cy spectrum which corresponds to portion of portion of the frequency
spectrum of the video      the frequency spectrum of the signal provided
signal representing said reduced resolution im-      by said filter means
(210) above said predeter- age which includes said aliasing components   10
mined frequency, but folded about said pre- to enhance higher frequency
transitions in the       determined frequency; and reduced resolution
image, wherein said pre-             said signal peaking means (220)
amplifies determined frequency is selected such that the       components
of said subsampled video signal higher frequency signal components within
the        which occupy a band of frequencies corre- frequency spectrum of
the subsampled signal  15      sponding to the frequency spectrum of said
are processed by the signal peaking means to         aliasing components
relative to components of produce a reproduced image having relatively
said subsampled video signal having frequen- uniform brightness over the
resolvable range of      cies outside of said band of frequencies, and
spatial frequencies in the reduced resolution           wherein said
predetermined frequency is image.                                       0
selected so that said subsampled video signal is processed by said signal
peaking means 2. The processing apparatus set forth in Claim 1
(220) to allow reproduction of an image having wherein said baseband video
signal is a lu-          relatively uniform brightness over the resolv-
minance signal derived from a composite vid-         able range of spatial
frequencies In the re- eo signal including a chrominance reference   25
duced resolution image. frequency signal and said sampling means (212)
subsamples the filtered luminance signal   5. The processing apparatus set
forth in Claim 4 at a frequency of four-fifths times the frequen-
wherein said baseband video signal is a lu- cy of said chrominance
reference signal and          minance signal derived from a composite vid-
wherein said predetermined frequency of said   30    eo signal which
includes a chrominance refer- filter means Is two-fifths times said
chromin-       ence frequency signal and said sampling ance reference
frequency and is significantly       means (212) subsamples the filtered
luminance less than the cut off frequency of said filter      signal at a
frequency of four-fifths times the means.
frequency of said chrominance reference sig- 35      nal and said
predetermined frequency of said 3. The processing apparatus set forth in
Claim 2        filter means is two-fifths times said chromin- wherein said
signal peaking means (220) has a        ance reference frequency and is
significantly transfer function Tp represented by the equa-       less that
the cut-off frequency of said filter tion
means. 40 [ERR]                                                 6. The
processing apparatus set forth in Claim 5 wherein said signal peaking means
(220) has a wnere Z connotes the conventional Z-transform        transfer
function [err] represented by the equa- and [err] represents a unit delay
of one period       tion of a subsampling frequency which corresponds   45
to said subsampling rate and K is a variable         [ERR] scale factor;
and 



wherein the transfer function TF of said         where Z connotes the
conventional Z-transform filter means is represented by the equation
and [err] represents a unit delay of one period 50      of the subsampling
frequency and K is a vari- [ERR]
able scale factor; and wherein the transfer function [err] of said wherein
[err] corresponds to a unit delay of            filter means is represented
by the equation one period of the frequency equal to four-fifths times the
chrominance reference frequency   55          [ERR] and m and n are
positive integers. wherein [err] corresponds to a unit delay of 4. The
video signal processing apparatus set            one period of the
frequency equal to four-fifths 15    29                 EP 0 196 826B1
30 times the chrominance reference frequency.         ance signal and
responsive to one of said first and second color difference signal
components 7. A video signal processing apparatus, including      for
reducing the amplitude of frequencies a source of luminance signal (YA)
occupying a      thereof greater than a color difference limiting
predetermined band of frequencies and a   5        frequency relative to
frequencies thereof less source (10) of chrominance signal (CA) which
than said color difference limiting frequency; includes first and second
color difference sig-    and nal components each occupying a band of
subsampling means (262,272) coupled to frequencies having a bandwidth that
is less        said color difference signal filtering means for than
one-half of the bandwidth of the band of  10  subsampling the filtered
color difference signal frequencies occupied by said luminance signal
component at a subsampling rate substantially to produce video signals
representing a re-        equal to twice said color difference limiting
duced resolution image,                            frequency for producing
a color difference sig- filter means (210) including luminance sig-     nal
representing said reduced resolution im- nal filtering means coupled to
said source of  15  age. luminance signal for reducing the amplitude of
components of said luminance signal which       9. The apparatus set forth
in Claim 8 wherein have frequencies greater than a predetermined      said
chrominance signal includes a chromin- frequency relative to components
having fre-       ance reference signal having a known frequen- quencies
less than said predetermined fre-  20     cy and said luminance signal
sampling means quency;                                            (212)
subsamples said filtered luminance sig- luminance signal sampling means
(212)           nal at a frequency substantially equal to four- coupled to
said luminance signal filtering         fifths times the frequency of said
chrominance means for sampling the filtered luminance sig-     reference
signal: said predetermined frequency nal to produce a luminance signal
representing   26  is substantially equal to two-fifths times the a reduced
resolution image wherein said sam-       frequency of said chrominance
reference sig- pling means (212) subsamples the filtered lu-      nal; said
color difference signal subsampling minance signal at a subsampling rate
substan-      means (262,272) subsamples said filtered color tially equal
to twice said predetermined fre-      difference signal at a frequency
substantially quency, the subsampling at said sampling rate  30  equal to
one-fifth times the frequency of said tending to introduce aliasing
components into      chrominance reference signal; and said color said
subsampled luminance signal, said alias-      difference limiting frequency
is substantially ing components having a frequency spectrum        equal to
one-tenth times the frequency of said which corresponds to the portion of
the fre-       chrominance reference signal. quency spectrum  of the signal
provided by   35 said luminance filtering means above said pre-  10. The
apparatus set forth in Claim 9 wherein determined frequency, but folded
about said        said signal peaking means (212) has a transfer
predetermined frequency; CHARACTERISED             function [err]
represented by the equation IN THAT signal peaking means (220) are coupled
to  40   [ERR] said sampling means (212) for amplifying com- ponents of
said subsampled luminance signal        where Z connotes the conventional
Z-transform which occupy a band of luminance signal fre-       and [err]
represents a unit delay of one period quencies corresponding to the
frequency spec-      of a subsampling frequency corresponding to trum of
said aliasing components relative to  45  said subsampling rate and K is a
real number components outside of said band of luminance       between zero
and one; 



signal frequencies, said predetermined fre-            the transfer
function [err] of said luminance quency being selected so that said subsam-
signal filtering means is represented by the pled luminance signals are
processed by said       equation signal peaking means to allow reproduction
of  so an image having relatively uniform brightness      [ERR] over the
resolvable range of spatial frequen- cies in the reduced resolution image.
wherein [err] corresponds to a unit delay of one period of the frequency
equal to four-fifths 8. The apparatus set forth in Claim 7 wherein  56
times the frequency of said chrominance refer- said filter means further
comprises:               ence signal; and color difference signal filtering
means            said color difference samples are applied (260,276)
coupled to said source of chromin-       to said color difference signal
filtering means    31                EP 0 196 826 B1                  32
(260,270) at a rate of two times the frequency    frequences spatiales dans
I'image de definition of said chrominance reference signal and the
redulte. transfer function [err] of said color difference signal filtering
means (260,270) is represented  2. Appareil de traitement selon la
revendication 1 by the equation                           6       od ledit
signal video sur bande de base est un signal de luminance d~rlv6 d'un
signal video [ERR]                                        composite
comprenant un signal & la frequen- ce de r~fdrence de chrominance et ledit
wherein [err] corresponds to a unit delay of        moyen d'
echantillonnage (212) sous-echantll- one period of the frequency equal to
two times  tO  lonne le signal flitre de luminance a une fre- the frequency
of said chrominance reference      quence 6gale aux quatre cinquibmes de la
signal.                                           frequence dudit signal de
refdrence de chromi- nance et ou ladite frequence preddtermin~e
Revendlcatlons                                        dudit moyen formant
filtre est 6gale aux deux 16      cinquiemes de la frequence de reference
de 1. Appareil de traitement de signaux video pour       chrominance et est
consid6rablement plus fai- le traltement d'un signal video sur bande de
ble que la fr~quence de coupure dudit moyen base repr6sentant des images
afin de produire     formant filtre. un signal vid6o representant une image
de d6finition reduitebcomprenant:            2o  3. Apparell de traitement
selon la revendication 2 un moyen (10) pour appliquer ledit signal     ou
ledit moyen d'accentuation de signqux vid6o sur bande de base;
(220) a une fonction de transfert Tp represen- un moyen formant filtre
(210) couple audit    t6e par l'Nquation moyen pour appliquer ledit signal
vid6o sur bande de base afin d'attenuer des composan-   2s  Tp = Z-1 + K(-1
+ 2Z-1 -Z2) tes dudit signal video sur bande de base ayant des frequences
plus importantes qu'une fre-       ob Z a pour connotation la
transformation quence pred6terminee relativement aux corn-
conventionnelle en Z et Z-t represente un posantes ayant des fr~quences
plus faibles        retard unitaire d'une p6riode d'une fr~quence que
ladite fr~quence pred6terminde;       30      de sous-6chantillonnage qul
correspond a ladi- un moyen d'6chantillonnage (212) couple       te
fr6quence de sous-echantillonnage et K est audit moyen formant filtre pour
6chantillonner    un facteur variable de pond4ration ; et le signal video
flItre a une frequence pred4ter-    6o la fonction de transfert TF dudit
moyen minee pour produire un signal video represen-     formant filtre est
representee par l'Mquadon tant une Image de deflnition reduite ou ledit  3s
moyen d'dchantIllonnage (212) sous-echantil-      TF = (1 + Z-2)2(1 +
Z-M)(1 + Z-n)/1 6 lonne le signal video fltre a une frequence de
sous-dchantIllonnage qui a tendance a introdui-   oO Z1' correspond a un
retard unitaire d'une re des composantes de chevauchement dans
perlode de la fr~quence 6gale aux quatre cin- une portion du spectre des
fr6quences du si-  40  quiemes de la fr~quence de reference de chro- gnal
vid6o qui represente ladite image de defl-   minance et m et n sont des
nombres entlers nition r~duite ; et caractdrlsW en ce que         positifs.
des moyens d'accentuation de signaux (220) sont couples audit moyen de
sous-       4. Apparell de traltement de signaux viddo selon
echantillonnage pour amplifier la portion du   46  la revendication 1 ou
ledit moyen d'echantillon- spectre des fr6quences du signal vid6o repr6-
nage (212) sous-echantillonne le signal video 



sentant ladite image de difinition rnduite qui    filtre a une fr~quence
sensiblement egale au comprend lesdites composantes de chevau-
double de ladite fr~quence pr~determin~e pour chement pour ameliorer les
transitions aux frd-   produire un signal vIdeo representant ladite quences
superieures, dans l'image de defini-  50  image de definition r6dulte et
lesdites compo- tion r~duite, ob ladite fr~quence prddeterminde   santes de
chevauchement ont un spectre des est choisie de manibre que les composantes
frequences qui correspond a une portion du du signal A plus haute frequence
dans le spec-    .  spectre des frequences du signal produit par tre des
frequences du signal sous-echantillon-    ledit moyen formant flltre (210)
au-dessus de n6 soient traitees par les moyensd'accentua-  as  ladite
fr6quence pr6determin6e, mais pli6e au- tion de. signaux pour produire une
image re-      *tour de ladite frdquence pr~determin~e ; et produite ayant
une luminosite relativement unl-      ledit moyen d'accentuation de signaux
forme sur la plage pouvant etre definie des       (220) ampllfle les
composantes dudit signal 17    33                tr U 'I96 828 iBl
34   llllllll ii *  C   L  M   S video sous-6chantillonne qui occupent une
et seconde composantes de signal de differen, bande des frequences
correspondant au spec-       ce de couleurs, chacune occupant une bande tre
des frequences desdites composantes de        des frequences ayant une
largeur de bande chevauchement relativement aux composantes        qui est
plus petite que la moitie de la largeur dudit signal vIdeo
sous-echantillonne ayant des   5  de la bande des frequences occupee par
ledit frequences en dehors de ladite bande des          signal de luminance
pour produire des signaux frequences, et
video representant une image de definition re- od ladite frequence
predeterminee est          duite, choisie de maniere que ledit signal video
sous-      un moyen formant filtre (210) ayant un echantillonne soit trait4
par ledit moyen d'ac-  to  moyen de filtrage du signal de luminance cou-
centuatlon de signaux (220) pour..,permettre la   ple a ladite source du
signal de luminance reproduction d'une Image ayant une luminosltO     pour
reduire l'ampiltude des composantes du- relativement uniforme sur la plage
de deflnlt on  dit signal de luminance qui ont des frgquences des
frequences spatiales dans l'lmage de defl-    superieures a une frequence
predetermIn~e nition r6duite.                           Is
relativement aux composantes ayant des fr6- quences plus faibles quo ladite
frequence pre- 5. Appareil de traitement solon la revendicatlon 4
ddtermlnee; oO ledit signal vidgo sur bande de base est un       un moyen
(212) d'echantillonnage de sl- signal de luminance d6rive d'un signal vid6o
gnaux de luminance coupl6 audit moyen de composite qui contlent un signal a
la fr6quen-  20  filtrage de signaux de luminance pour 6chantil- ce de
r~ference de chrominance et ledit           lonner le signal filtre de
luminance et produlro moyen d'echantillonnage (212) sous-echantil-      un
signal de luminance representant une Ima- lonne le signal filtre de
luminance & une fre-    ge de ddfinitlon redulte ob ledit moyen quence de
quatre cinquibmes de la frequence       d'echantillonnage (212)
sous-6chantillonne le du signal de reference de chrominance et ladi-  25
signal filtr6 de luminance & une frdquence de te frequence predetermrnene
dudit moyen for-      sous-6chantillonnage sensiblement 6gale au mant
filtre est 6gale aux deux cinqulemes de      double de ladite frdquence
preddtbrmin6e, le la frequence de r6fdrence de chrominance et
sous-echantillonnage  a  ladit  fr4quence est considerablement plus faible
quo la fre-      d'4chantillonnage tendant & introduire des quence de
coupure dudit moyen formant filtre.   30  composantes de chevauchement dans
ledit si- gnal sous-6chantillonn6 de luminance, lesdites 6. Appareil de
traitement salon la revendication 4    composantes de chevauchement ayant
un oO ledit moyen d'accentuation. de signaux         spectre des frequences
qul correspond a la (220) a une fonction de transfert Tp 1eapresen-
portion du spectre des frgquences du signal tee par l'equation
36                  produit par ledit moyen de filtrage de luminan- ce
au-dessus de ladite frequence predeterni- Tp = Z-t + K(-1 + 2Z-1 -Z2)
nee mals pliee autour de ladite fr6quence pre- *.-'
determin6e ; caractdris6 en ce quo oO Z a pour connotation la
transformation            des moyens d'accentuation de signaux
conventionnelle en Z et Z1 represento un   40     (220) sont coupls audit
moyen d'4chantillon- retard unitaire d'une periode de la fr6quence     nage
(212) pour amplifier les composantes du de sous-echantillonnage at K est un
facteur       signal sous-6chantlllonn4 de luminance qui oc- variable de
ponderatlon ; et                      cupent une bande des frequences du
signal de oO la fonction de transfert TF dudit moyen     luminance
correspondant au spectre des fre- 



formant filtre est representeo par ltquation  45  quences des composantes
de chevauchement relativement aux composantes en dehors de TF = (1 +Z-2)2(1
+Z-3)2/16                       ladite bande des frequences du signal de
lumi- nance, ladite frequence predeterminee dtant oO Z' correspond & un
retard unitahre d'une       choisie de maniere quo lesdits signaux sous-
periode d'une frequence egale aux quatre cin-  so  echantllonnes de
luminance soient traites par quiemes de la fr~quence de refirence de chro-
ledit moyen d'accentuation de signaux pour minance.
permettre la reproduction d'une Image ayant une luminosit4 relativement uni
forme sur la 7. Appareil de traitement de signaux video com-       plage de
definition des frequences spatiales prenant une source d'un signal .de
luminance  65  dans l'image de definition reduite. (YA) occupant une bande
predfternie des frequences et une source (10) d'un signal.de  &  Appareil
solon la revendicatlon 7 oO ledit chrominance (CA) qui comporto des
premiere        moyon formant filtre comprend de plus: 18    35
EP O196 826 Bt                   38   I!1Ii II11  1HII1 1111 11 Jllj un
moyen de filtrage de signaux de diffe-      par ltequation rence de
couleurs (260, 278) couple a ladite source du signal de chrominance et
repondant      TFL = (1 + Z-2)2(1 + Z-3)2/1 6 k IPune desdites premlire et
seconde compo- santes du signal de difference de couleurs   6    oD Z-1
correspond a un retard unitaire d'une pour reduire lamplitude de ses
frequences         periode de la frequence dgale aux quatre cin- plus
importantes qu'une frequence limitant la     quimes de la frdquence du
signal de r~feren- diff6rence de couleurs relativement aux frd-      ce de
chrominance ; et quences plus falbles que ladite frequence limi-
-lesdits echantillons de difference de cou- tant la difference de couleurs;
et        10      leurs sont appliques audit moyen de filtrage de un moyen
de sous-6chantillonnage (262.         signaux de difference de couleurs
(260, 270) a 272) couple audit moyen de filtrage- do signaux   une
frequence 6gale a deux fois la fr~quence de difference de couleurs pour
sous echaptil-     du signal de rdfdrence de chrominance et la lonner la
composante filtrde du signal de diffe-  fonction de transfert TFc dudit
moyen de filtra- rence de couleurs a une frequence de sous-  is    go do
signaux de diff6rence de couleurs (260. echantillonnage sensibiement egale
au double      270) est representee par l quation de ladite fr6quence
limite de difference de couleurs at produire un signal de ditffrence de
TFC = (1 + Z_1)(1 + Z-8)14 couleurs representant ladite image de deflni-
tion reduite.                             20      OU Z1 correspond a un
retard unitaire d'une p6riode de la frequence egale a deux fois la 9.
Apparell selon la revendication 8 ou ledit signal  frequence du signal de
reference de chromi- de chrominance comporte un signal de r~f4-
nance. rence de chrominance ayant une frequence connue et ledit moyen
d'echantillonnage (212)  25  Anspr~iche *du signal de luminance
sous-6chantillonne ledit signal flltr6 de luminance a une frequence qui  1.
Videosignal-Verarbeltungsvorrichtung  fMr die est sensiblement egale aux
quatre cinquiemes      Verarbeitung  elnes  BlIder  darstellenden de la
frdquence dudit signal de ref~rence de      Basisband-Vidoosignals zum
Erzougen eines chrominance ; ladite frequence pr6ddterminde   30
Videosignals, das ein Bild mit verminderter est sensiblement egale aux deux
cinquiemes        Auflosung darstellt, mit de la fr~quence du signal de
r6ference de             elner Einrichtung (10). zum Anlegen des
chrominance; ledit moyen (262,. 272) de sous-     Basisband-VAdeosignals;
echantillonnage du signal de diffdrence. de           einer mit der
Einrichtung zum Anlegen des couleurs sous-echantillonne ledit signal filtre
35  Basisband-Videosignals gekoppelten Filterein- de difference de couleurs
A une fr6quence         richtung (210) zum EDampfen von Komponon-
sensiblement egale A un cinquibme de la frd-      ten des
Basisband-Videosignals, deren Fre- quence dudit signal de reference de
chromi-       quenzen ho her sind als eine vorbestlmmte nance; et ladite
fr6quence limite de difference   Frequenz, gegen~ber Komponenten, deren de
couleurs est sensiblement egale a un dixie-  40  Frequenzen nledriger sind
als die vorbestimm- me de la frdquence du signal de reference de      to
Frequenz; chrominance.                                          elner mit
der Filtereinrichtung gekoppelten Abtasteinrichtung (212) zum Abtasten des
ge- 



10. Appareil selon la revendication 9 ob ledit       filterten Videosignals
mit einer vorbestimmten moyen d'accentuation de signaux (212) a une   45
Rate, um ein Videosignal zu erzeugen, das ein fonction de transfert Tp
representee par l'equa-  Bild mit verminderter Auflosung darstellt, w0-
tion                                              bei die Abtasteinrichtung
(212) das gefilterte Videosignal mit einer Unterabtastrate unterab- Tp =
Z-1 + K(-1 + 2Z-1 -Z2)                       tastet, bei welcher die
Tendenz besteht, dar 50      Aliase-Komponenten in einen Teil des Fre- oO Z
a pour connotation la transformation         quenzspektrums des
Videosignals eingefUhrt conventionnelle en Z et Z1 represente un
werden, der das Bud verminderter Auflosung retard unitalre d'une periode
d'une frequence     darstellt; de sous-echantillonnage correspondant a
ladite        dadurch gkernnzeichnot, frequence de sous-echantillonnage et
K est un  s5     dalB mit der unterabtastenden Einrichtung nombre reel
entre zero et un;      .              eine Signalverstellerungseinrichtung
(220) geo la fonction de transfert TFL duditr moyen de   koppelt ist, um
den die Allase-Komponenten flltrage du signal de luminance est reprdsent~e
enthaltenden Tell des Frequenzspektrums des 19    37                EP O
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verminderter Aufl6sung darstellenden      minderter Aufl6sung darstellt,
und worin die Videosignals zu verstlrken und dadurch h6h-
Aliase-Komponenten  sin  Frequenzspektrum erfrequente Obergange Im Bild
verminderter         haben, das dem oberhalb der vorbesftmmten Aufl6sung
hervorzuheben, wobel die vorbe-          Frequenz liegenden Tell des
Frequenzspek- stimmte Frequenz so gewahlt ist, daD die SI-   5   trums des
von der Filtereinrichtung (210) gelie- gnalkomponenten h6herer Frequenz
innerhalb         ferten Signals entspricht, aber um die vorbe- des
Frequenzspektrums des unterabgetasteten        stimmte Frequenz gefaltet
isti Signals durch die Signalverstellerungssinrich-         und worin die
Slgnalversteilerungseinrich- tung verarbeitet werden, urn ein wiedergegebe-
tung (220) Komponenten des untsrabgetaste- nes Bild zu erzeugen, das sine
relativ gleich-   10  ten Videosignals, die ein dem Frequenzspek- mailge
Helligkeit Ober den auflosbaren Be-         trum der Aliase-Komponenten
entsprechendes reich von Raumfrequenzen Im Bild verminder-        Band von
Frequenzen belegen, gegenlber ter Aufl6sung hat.
Komponenten des unterabgetasteten Videosi- gnals verst~rkt, die Frequenzen
aulierhalb des 2. Verarbeitungsvorrichtung  nach Anspruch  1,  16
besagten Frequenzbandes belegen; worin das Basisband-Videosignal sin
Leucht-            und worin die vorbestimmte Frequenz so dichtesignal ist,
das aus einem sin Farbart-       gewAhlt ist, daBc das unterabgetastete
Videosi- Bezugsfrequenzsignal  enthaltenden  zusam-         gnal durch die
Signalverstellerungseinrichtung mengesetzten Videosignal abgeleitet ist,
und       (220) verarbeitet wird, um eine Wiedergabe worin die
Abtastelnrichtung (212) das gefilterte  20  sines Blides zu erlauben, das
eine relativ Leuchtdichtesignal mit einer Frequenz unterab-
gleichmrnlige Helligkelt Ober den auflosbaren tastet, die gleich vier
Ftrnfteln der Freuenz des  Bereich von Raurnfrequenzen im Bid vermin-
Farbart-Referenzsignals ist, und worin die vor-    derter AufIlsung hat.
bestimmte  Frequenz  der  Filtereinrichtung gleich zwei FUnfteln der
Farbart-Bezugsfre-  25  5. Verarbeltungsvorrichtung  nach Anspruch 4, quenz
ist und wesentlich niedriger als die         worin das
Basisband-Videosignal sin Leucht- Grenzfrequenz der Filtereinrichtung ist.
dichtesignal ist, das aus einem ein Farbart- Bezugsfrequenzsignal
enthaltenden zusam- 3  Verarbeitungsvorrichtung  nach Anspruch  2,
mengesetzten Vildeosignal abgeleltet ist, und worin die
Signalversteilerungseinrichtung (220)  3o  worin die Abtasteinrichtung
(212) das gefilterte sine Obertragungsfunktlon Tp hat, die durch
Leuchtdichtesignal mit elner Frequenz gleich die Gleichung
vier FUnfteln der Frequenz des Farbart-Be- zugssignals unterabtastet und
worin die vorbe- Tp = Z-' + K(-1 + 2Z-1-Z2)                         stimmte
Frequenz der Flltereinrichtung glelch 35      zwei FUnfteln der
Farbart-Bezugsfrequenz ist dargestellt ist, wobei 2 die herk6mmliche
und wesentlich niedriger ist als die Grenzfre- Z-Transformierte bedeutet
und Z-1 elne Ein-        quenz der Fllterelnrichtung. heitsverz6gerung
gleich einer Periode einer Unterabtastfrequenz darstellt, die der besagten
6. Verarbeitungsvorrichtung  nach Anspruch 5, Unterabtastrate entspricht,
und K sin variabler  40  worin die Slgnalverstellsrungseinfichtung (220)
Bemessungsfaktor ist;                              eine
Obertragungsfunktion Tp hat, die durch und worin die Obertragungsfunktion
TF der       die Gleichung 



FRltereinrichtung durch die Gleichung Tp = Z-1 + K(-1 + 2Z- -Z2) TF = (1 +
Z2)2(1 + Zm)(1 + Zn)I1 6         45 dargestellt ist, wobei Z die
herk6mmliche dargestellt ist, wobei Z.' einer Einheits-
Z-Transformierte bedeutet und Z-' sine Ein- verz6gerung gleich einer
Periods der Fre-          heitsverz6gerung gleich elner Periode elner quenz
entspricht, die gleich vier FEnfteln der     Unterabtasffrequenz darstellt
und K sin varlab- Farbart-Bezugsfrequenz ist und m und n positi-  N0  ler
Bemessungsfaktor ist; ve ganze Zahlen sind.
und worin die Obertragungsfunktion TF der FRlterelnrichtung durch die
Gleichung 4. Videosignal-Verarbeltungsvorrichtung nach An- spruch 1, worin
die Abtasteinrichtung (212) das    TF = (1 + Z2)2(1 +Z_3r)/16 gefilterte
Videosignal mit einer Rate unterabta-  5s stet, die Im wesentlichen gleich.
dem Zweifa-          dargestellt Ist, wobel Z-1 elner Elnheitsver- chen der
vorbestimmtln Frequenz ist, um rin        z6gerung gleich einer Periode der
Frequenz Videosignal zu erzeugen, welches das Bild k!er-    entspricht, die
gleich vier Ftrnfteln der Farbart- 20    39                EP 0 196 826'B1
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keit Ober den auflosbaren Bereich von Raum- frequenzen im Bild verminderter
Auflosung hat1. 7. Videosignal-Verarbeitungsvorrichtung. enthal- tend eine
Quelle eines Leuchtdichtesignals      8. Vorrichtung nach Anspruch 7, worin
die Filter- (YA) das ein vorbestimmtes Band von Fre-   5       einrichtung
ferner foigendes aufwelst: quenzen belegt, und eine Quelle (10) eines
eine  Farbdifferenzsignal-Filtereinrichtung Farbartsignals (CA), das eine
erste und eine       (260, 276), die mit der Quelle des Farbartsi- zweite
Farbdifferenzsignal-Komponente enthalt,     gnals gekoppelt !st und auf
eine der ersten und deren jede ein Band von Frequenzen belegt,
zwelten Farbdifferenzsignal-Komponenten an- dessen Bandbreite kleiner Ist
als die Halfte der   10  spricht, um die Amplitude von Frequenzen die-
Bandbreite des vom Leuchtdichtesignal beleg-       ser Komponente, die
h6her sind als elne ten Bandes von Frequenzen, um- VIdeosignale
Farbdifferenz-Grenzfrequenz, gegenO ber Fre- zu erzeugen, die ea .Bild
verminderter Auflo-      quenzen der besagten Komponente zu vermin- sung
darstellen;                                   dern, die niedriger sind als
die besagte eine Flitereinrichtung (210), die eine mit  is
Farbdifferenz-Grenzfrequenz, der Quelle des Leuchtdichtesignals gekoppelte
eine Unterabtasteinrichtung (262, 272). die
Leuchtdichtesignal-Filtereinrichtung enthit, um   mit der
Farbdifferenzsignal-Filtereinrichtung die Amplitude derjenigen Komponenten
des           gskoppelt  ist,   um    die   gefilterte Leuchtdichtesignals,
deren Frequenzen ho5her       Farbdifferenzsignal-Komponente mit einer Un-
sind als eine vorbestimmte Frequenz, gegen-   20   terabtastrate
unterabzutasten, die Im wesentli- Uber denjenigen Komponenten zu
reduzieren,         chen gleich dem Doppelten der Farbdifferenz- deren
Frequenzen niedriger sind als die vorbe-     Grenzfrequenz ist, und dadurch
Sin das Bild stimmte Frequenz;
verminderter Aufl6sung darstellendes Farbdif- eine
Leuchtdichtesignal-Abtasteinrichtung     ferenzsignal zu erzeugen.
t (212), die mit der Leuchtdichtesignal-Filtereln-   25 richtung  gekoppelt
Ist, um  das gefliterte     9. Vorrichtung nach Anspruch 8, worin das Farb-
Leuchtdichtesignal abzutasten und dadurch ain      arteignal ain
Farbart-Bezugssignal mit eaner Leuchtdichtesignal zu erzeugen, welches ain
bekannten   Frequenz   enthilt  und   die Bild verminderter Aufiosung
darstellt, worn die     Leuchtdichesignal-Abtasteinrichtung (212) das
Abtasteinrichtung (212) das gefilterte Leucht-  30  gefllterte
Leuchtdlchtesignal mit einer Fre- dichtesignal mit einer Unterabtastrate
untarab-    quenz  unterabtastet, die im  wesentlichen tastet, die im
wesentlichen gleich dem Doppel-     gleich vier FUnfteln der Frequenz des
Farbart- ten der vorbestimmten Frequenz Ist, und worin       Bezugssignals
ist, wobei die vorbestimmte Fre- die Untbrabtastung mit dieser
Abtasffrequenz       quenz Im wesentlichen gleich zwei FUnfteln dazu neigt,
Aliase-Komponentan in das unter-  36   der Frequenz des
Farbart-Bezugesignals ist,. abgetastete  Leuchtdichtesignal einzuffhren,
und wormn die Farbdifferenzslgnal-Unterabta- wobei diese Aliase-Komponenten
ain Fre-            steinrichtung (262, 272) das gefilterte FarbdiF-
quenzspektrum haben, das dem oberhalb der          ferenzsignal mit einer
Frequenz unterabtastet, vorbestimmten Frequenz Ilegenden Tell des
die im wesentlichen gleich elnem FUnftel der Frequenzspektrums des von der
Leuchtdichte-  40    Frequenz des Farbart-Bezugssignals ist, und 



Filtereinrichtung gelieferten Signals entsprlcht,  wobel die
Farbdifferenz-Grenzfrequenz im we- aber um die vorbestimmte Frequenz
gefaltet         sentlichen gleich einem Zehntel der Frequenz ist,
des Farbart-Bezugssignals Ist. dadurch gekennzeichnet, daB mit der
Abtasteinrichtung (212) eine   46  10. Vorrichtung nach Anspruch 9, worin
die Signal- Signalversteilerungseinrichtung (220) gekoppelt
versteilerungselnrichtung (212) alne Obertra- ist, um Komponenten des
unterabgetasteten          gungsfunktion Tp hat, die durch die Gleichung
Leuchtdichtesignals, die ein dem  Frequenz-         I spektrum  der
Aliase-Komponenten entspre-          Tp = Z1 + K(-1 + 2Z-1 -Z2) chendes
Band von Leuchtdichtesignalfrequen-  so zen belegen, gegentber Komponenten
au0er-              dargestellt Ist, wobei Z die herkommliche halb des
besagten Bandes von Leuchtdichtesi-       Z-Transformlerte bedeutet und Z-1
sine Eln- gnalfrequenzen zu verst~rken, wobei die vor-
heitsverzogerung glelch elner Periods einer bestimmte Frequenz so gewAhlt
Ist, daB die         der Unterabtastrate entsprechenden Unterab-
unterabgetasteten  Leuchtdlchtesignale durch   so  tasffrequenz darstellt
undi K eine reelle Zahl die Signalverstellerungseinrichtung verarbeitet
zwlschen null und elns ist; werden, um die Wiedergabe eines,.Bildes zu
und worin die Obertragungsfunktion TFL erlauben, das sine relativ
gleichmrifige-Hellig-   der Leuchtdichtesignal-Filtereinrichtung durch 21
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Z43)2/1 6 dargestellt ist, wobei Z-' einer Einheits-   5 verzogerung gleich
einer Periode der Fre- quenz entspricht, die gleich vier FUnfteln der
Frequenz des Farbart-Bezugssignals !st; und worin die
Farbdifferenz-Abtastwerte mit einer Rate gleich dem Doppelten der Fre-   10
quenz des Farbart-Bezugssignals an die
Farbdifferenzsignal-Filtereinrichtung (260, 270) gelegt werden und die
Obertragungsfunktion TFc  der  Farbdifferenzsignal-Filtereinrichtung (260,
270) durch die Gilelchung               t5 TFC = (1 +Z1)(1 +Z-8)/4
dargestellt ist, wobel Z-1 einer Einheits- verz6gerung von einer Periode
der Frequenz   20 entspricht, die gleich dem Zweifachen der Fre- quenz des
Farbart-Bezugssignals ist. 25 30 35 40 45 50 55 22    


