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interpolation filter of the present invention is comprised of F partial
filters all of which share in This invention relates to a system for image
common one or more of a set of D delay means, processing an interlaced
digital video input signal   where D is a predetermined integer having a
and, more particularly, to such a system incor-    5    value such that
D<(m-1), each of which delay porating filter apparatus comprised of one or
means is capable of storing one scan-line of pixel more multitap digital
filter/decimators and/or        samples. Each of the F partial filters has
a expander/interpolation filters suitable for image     separate and
distinct subset of the m predeter- processing, in real time,
two-dimensional images,     mined multiplier coefficients individually
asso- such as television images, employing an inter-   10   ciated
therewith, the maximum number of the laced scanning raster.
coefficients contained in any of the subsets being Reference is made to
copending published            no greater than (D+1). British Patent
Application Ser. No. 2143046A            The improved filter-decimator
and/or expander- published 30 January 1985 and naming Carlson et
interpolation filter further comprises a scan con- al., as inventors. This
copending Carlson et al.   15   verter comprised of a memory and means
application discloses real-time hierarchal pyramid    including a summer
that are coupled to the signal processing apparatus which employs pipe-
plurality of F partial filters in accordance with the line architecture for
analyzing in delayed real       ordinal value of the then-occurring one of
the F time, inter alia, the two-dimensional spatial fre-    separate
line-interlaced scanning  fields. The quency spectrum of television images
defined by    20    memory and the means including the summer are a
temporal video signal, and for synthesizing in      operative during the
successive occurrences of delayed real time such a temporal video signal
each of the F separate line-interlaced scanning from the analyzed frequency
spectrum thereof. In      fields of the frame of the video-input signal to
particular, the signal processing apparatus dis-      sum corresponding
pixel samples applied thereto closed in this copending Carlson et al.
application    25   that are derived from the respective outputs of is
capable  of implementing  an  algorithm,           each of the F partial
filters. developed  by Dr. Peter J. Burt (hereinafter            In the
accompanying drawings: referred to as "Burt Pyramid") by means which
Figure 1 is a functional block diagram of a prior- include  many  digital
convolution  filters,         art arrangement of a Burt Pyramid analyzer
and decimators, expanders, and interpolation filters,   30   synthesizer
system responsive to a line-interlaced all operating on a stream of
multibit (e.g., 8-bit)   video input; digital signal samples. In the past,
the total          Figure 1a is an illustrative embodiment of the amount of
hardware required for the structure of      analog-to-digital (A/D) and
interlace to  pro- such  digital convolution  filters, decimators,
gressive-scan converter of Figure 1; expanders and interpolation filters
was quite   35      Figures 2a and 2b are diagrams illustrating, large and,
hence, relatively expensive.               respectively, two-dimensional
(2-D) non-deci- Reference is further made to pages 79-88 of         mated
and decimated pixel (picture element) the book Multirate Digital Signal
Processing, by C.   spatial density television-raster scanned images,
Rochiere et al., published by Prentice Hall, Inc., in  such as those
operated on by the Burt Pyramid 1983, which discusses the use of polyphase
com-   40   analyzer and synthesizer of Figure 1; ponent filters for
decimation and interpolation         Figure 3 is a block diagram of one
embodiment with integer changes in sampling rate.                of a
filter/decimator incorporating the present The present invention  is set
out in the            invention; appended claims. It is directed to an
improvement       Figure 4 is a block diagram of one embodiment in filter
apparatus, which is comprised of one-   45    of an expander/interpolation
filter incorporating dimensional m-tap digital filter/decimators and/or
the present invention; expander-interpolation filters and which is used
Figure 5 is a first embodiment of any one of in a system for digitally
processing, in real time,   stages 1 through (M-1); an applied interlaced
video-input digital signal.       Figure 5a is a block diagram of a first
embodi- The video-input signal is temporally comprised of   50    ment of
stage M of a Burt Pyramid analyzer successively-occurring   scan-lines  of
pixel        incorporating the present invention; samples of at least one
frame composed of F             Figure 5b is a block diagram  of the
vertical separate line-interlaced scanning fields of a ras-    digital
convolution filter/decimator of Figure 5; ter-scanned two-dimensional
image, where F is a         Figure 5c illustrates a second embodiment of
first plural integer. The number of taps m of such    55   any one of
stages 1 through (M-1) of Burt a digital filter-decimator and/or
expander-interpo-   Pyramid Analyzer incorporating  the present lation
filter is larger than F. Further, the filter-  invention; decimator and/or
expander-interpolation filter is       Figure 6 illustrates an example of a
symmetrical operative in that one of the two dimensions of the    kernel
weighting function of a type that can be image that is orthogonal to the
raster scan lines   so   employed in the convolution filter-decimators of
for deriving a video output digital signal com-       Figure 3 and in the
interpolation filters of Figure 4; prised of successively-occurring
scan-lines of          Figure 7 is an illustrative embodiment of an pixel
samples. Associated with each of the m taps    input-weighted
filter/decimator of a type that can is a predetermined multiplier
coefficient.            be employed as the vertical digital convolution The
improved filter-decimator and/or expander/   65   filter-decimator of
Figure 3; 2    
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illustrative embodiment of an       analyzer 102. A/D and interlace to
progressive- output-weighted filter/decimator of a type that      scan
converter 100 requires that one or more can be employed as the vertical
digital convolu-     scanning fields be stored in a memory. Figure la tion
filter-decimator of Figure 3;                   is an illustrative
embodiment of block 100, Figure 9 is an illustrative embodiment of an    5
employing a frame memory for providing a output-weighted
expander/interpolation filter of a   double-shuttered progressive-scan
output. type that can be employed as the vertical digital      Referring to
Figure la, a line-interlaced video expander/interpolation filter of Figure
4;           input is applied as an input to both A/D converter Figures 9a
and 9b are respective embodiments       104 and to odd/even field detector
106. A/D 104 of parallel-to-serial converters of a type that can    10
converts a line-interlaced video input into a be employed in the horizontal
digital expander/      stream of digital pixel samples at a given sam-
interpolation filter of Figure 4 for multiplexing    pling rate. Each pixel
sample is composed of a respectiveparallel-inputlinesN and N+1,thbreby
given multibit binary number that defines the to derive sequential output
lines N and N+1          amplitude level of that pixel sample. The usual
therefrom;                                      15   sampling rate for an
NTSC video input signal is Figures 10a, 10b and 10c, respectively,
illustrate  four times the color sub-carrier frequency (i.e. different
embodiments of the interlace to progers-   14.32 MHz). Further, the
amplitude level of each of sive-scan converter of Figure 3;
the stream of digital pixel samples emerging from Figures 11a and 11b,
respectively, illustrate      A/D converter 104 is usually defined by eight
bits. different embodiments of the interlace to pro-   20    Odd/even field
detector 106, known in the tele- gressive-scan converter of Figure 4;
vision art, responds to the line-interlaced video Figure 12 illustrates an
embodiment of the         input thereto for deriving a control output
O.F/E.F input-interlace to output-interlace converter of     signal
indicative of whether the current scanning Figure 5c;
field is an odd field (O.F) or is an even field (E.F.). Figure 12a is a
timing diagram  helpful in   25    Frame memory 108, which has a storage
capacity explaining the operation of the Figure 12 embodi-    sufficient to
store all of the multibit digital pixel ment; and
samples in an entire input frame, operates at an Figure 12b illustrates an
input-interlace to out-  output pixel sample rate twice that of its input
put-interlace converter to be used in a modifi-      sample rate. cation of
Figure 5a, which cooperates with the    30   More specifically, during the
occurrence of the Figure 5c embodiment of the Burt Pyramid analy-      odd
field of each successive input frame, the pixel zer.
samples of the entire stored immediately preced- ing frame are serially
read out from memory 108 Description of the preferred embodiments
at twice the aforesaid given rate. While this is The real-time Burt Pyramid
disclosed in the    35   happening, each readout pixel sample of the odd
aforesaid copending Carlson et al. patent applica-   field of the
immediately preceding frame is tion requires that a video input to the Burt
replaced in memory by the corresponding one of Pyramid analyzer be in the
form of a stream off     the pixel samples of the odd field of the current
digital pixel samples representing a progressively  frame, which are
serially applied to memory 108 scanned two-dimensional image. Thus, if the
40   at the aforesaid given rate. Then, during the video input is
originally in analog form, it must be  occurrence of the even field of each
successive passed through an analog-to-digital (A/D) con-       input
frame, while the pixel samples of each verter to derive the digital pixel
samples. Further,  individual line of the even field of the current if the
video input is originally in a line-interlaced  frame are serially applied
to memory 108 for format, it must be converted to a progressive-   45
storage, the stored pixel samples of the preceding scan format prior to
being applied to the Burt      line of the odd field of that current frame
are first Pyramid analyzer disclosed in the aforesaid          serially
read out (without erasure) at twice the copending Carlson et al. patent
application.         aforesaid current rate and then the stored pixel Each
successive frame of a standard television     samples of that individual
line are read out at signal, such as an NTSC video signal, is an analog
50   twice the given rate. Therefore, each stored full signal comprised of
an odd scanning field           frame of pixel samples is read out twice
from followed by an even scanning field line-interlaced   memory 108 during
the occurrence of a frame therewith. For illustrative purposes, in
describing  period. The first readout takes place essentially the present
invention, it will be assumed that the   during the occurrence of the even
input field of line-interlaced video input is an NTSC video    55   the
frame then being read out, and the second signal. However, it should be
understood that the   readout takes place essentially during the occurr-
present invention is not limited to a frame com-     ence of the odd input
field of the frame that prised of only two line-interlaced scanning fields,
immediately follows the frame then being read but applies to a frame
comprised of any plural       out. number F of line-interlaced fields.
60     The required storage capacity of frame memory As indicated in Figure
1, in the past, a line-     108 is quite large. Particularly, each of the
odd interlaced video input, such as an NTSC video        and even scanning
fields of an NTSC video signal signal, is passed through A/D and interlace
to      frame contains 241 or 242 active scan lines. Each progressive-scan
converter 100, before being        of these scan lines is comprised of
about 800 pixel applied as an input signal [err] to Burt Pyramid   65
samples (assuming a sampling rate of 14.32 3    
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pixel sample being defined by         respective  octave  sample  streams
[err] eight bits. Thus, the required storage capacity of    (derived
respectively from the subtractor of each frame memory 108 is in excess of 3
megabits.           of stages 103-1 ... 103-M) together with a low-
Returning to Figure 1, Burt Pyramid analyzer        frequency remnant
signal [err] (derived from the 102 (described in detail in the aforesaid
copend-    5    output of the convolution filter/decimator of stage ing
Carlson, et al. patent application) is comprised  103-M). of a pipeline of
M generally similar sampled-           The corresponding  pixel samples of
the signal translation stages 103-1, 103-2 ... 103-M.     respective
outputs [err]  and [err] of stages 103- Each of the respective stages
operates at a           1 ...103-M of analyzer 102 do not occur in time of
sample rate determined by the frequency of the    10   coincidence with one
another due to intrinsic time digital clock signals [err]  ... [err]
individually   delays inserted by the various convolution filter/ applied
thereto. The frequency of the clock           decimators and
expander/interpolation filters of applied to any particular one of the
stages is        stages 103-1 ... 103-M. lower than the frequency of the
clock applied to        As indicated in Figure 1, outputs Lo ... [err] and
any stage that precedes it. Preferably, the fre-   15   [err] Burt Pyramid
analyzer 102 are forwarded asan quency of each of the clocks of stages
103-2 ... 103-  inputs to Burt Pyramid synthesizer 124 through M is
one-half of the clock of the immediately         time-skew correction means
126. In practice, one preceding stage. In the following description it
or more of output signals [err]  and [err] may be will be assumed that this
preferable relationship     altered or modified by alteration means, not
among the clocks [err] ... [err] is the case.       20   shown, before
being forwarded to synthesizer As indicated in Figure 1, stage 103-1 is
com-        124. However, in any case, after any alteration prised of
convolution filter/decimator 116, delay     and time-skew  correction, each
of respective means 118, subtractor 120 and expander/interpo-       signals
[err] [err] and [err] is applied as an input lation filter 122. An input
stream  of digital        to stages 128-1 ... 128-M of synthesizer 124.
samples [err] from converter 100 having a sample   25      The signal [err]
corresponding to the original rate (e.g. 14.32 MHz) equal to the frequency
of       signal [err] applied to Burt Pyramid analyzer 102, is clock signal
[err] is applied through convolution       synthesized by synthesizer 124
operating on the filter/decimator 116 to derive an output stream of
pixel sample streams [err] and [err] This is digital samples [err] at a
sample rate equal to the      accomplished by applying the remnant sample
frequency of clock signal CL2. The convolution    30   stream [err] which
occurs at the lowest sample filter has a low pass function that reduces the
density, as an input to expander/interpolation center spatial frequency of
each image dimension      filter 130, which doubles the input sampling
represented by [err] to one-half of the center-spatial   density of [err]
in each of the image spatial frequency of the corresponding dimension
repre-       dimensions represented thereby. Corresponding sented by [err]
At the same time, the decimation    35    pixel samples at the output of
expanderrinterpola- reduces the sample density in each dimension by
tion filter 130 and of the sample stream [err] one-half.
(which corresponding pixel samples must occur The respective digital
samples of [err] are applied    in time coincidence with one another) are
sum- through delay means 118 as a first input to           med in adder
132. By iteration of this process subtractor 120. At the same time, the
reduced-   40   through  successive  synthesis  stages  128- density
digital samples of [err] are applied to          (M-1)...128-1 (each of
which also includes an expander/interpolation filter 122, which increases
expander/interpolation  filter followed  by an the sample density of the
[err] samples back to that     adder), the synthesizer output sample stream
[err] of [err] Then, the expanded density interpolated [err]     defining
the synthesized two-dimensional image samples are applied as a second input
to subtrac-   45   at the original high sample density of [err] is tor 120.
The presence of delay means 118 ensures      derived. that each pair of
samples of [err] and [err] which           The respective
expander/interpolation filters of correspond with one another in spatial
position,      each of the synthesizer stages 128-M ... 128-1 are applied
to the first and second inputs of         intrinsically inserts a time
delay. These time subtractor 120 in time coincidence with one    50
delays are cumulative. However, it is essential another. The  output stream
of successive            that corresponding pixel samples at the two
samples [err] from subtractor 120 defines the high-      inputs at the
respective adders of each of the est spatial frequency octave in each
dimension of     synthesizer stages 128-M ... 128-1 occur in time the
scanned image.                                    coincidence with one
another. Thus, while intrin- The structure of each stages 103-2 ... 103-M
is   55   sic time delays cause each pixel sample appear- essentially the
same as that of stage 103-1. How-     ing at the [err] output from analyzer
102 to occur ever, each of the higher ordinal numbered stages
significantly earlier than the corresponding pixel 103-2 ... 103-M
operates on lower spatial fre-       sample appearing at the [err] output
from analyzer quency signals occurring at lower sample den-         102, in
order to compensate for the intrinsic time sities than its immediately
preceding stage. More   60   delays in the synthesizer it is necessary that
each specifically, the output stream  of successive        pixel sample
appearing at the [err] input to syn- samples [err] represents the
next-to-highest octave     thesizer 124 occurs significantly earlier than
the of spatial frequencies in each image dimension,       corresponding
pixel sample appearing at the [err] etc., so that, as indicated in Figure
1, the Burt    input to synthesizer 124. Therefore, while any Pyramid
analyzed  signal is  comprised  of   65   time delay inserted by delay
means 134-M  of 4    



7               EP 0205554 B1                        8 time-skew
correction means 126 is relatively        corresponding to each dimension
thereof. While small (even zero in some cases), the time delay      there
taps is the minimum number of required inserted by delay means 134-0 of
time-skew           taps, it is preferable that the number of taps
correction means 126 is relatively large-often       corresponding to each
dimension thereof be a being nearly a scanning-field time duration in    5
higher odd integer, such as 5,7, or 9, for example. length.
Further, in the case of a 2-D image, each filter can It normally takes 8
bits to represent the dynamic  be either non-separable or separable. A non-
range of each pixel sample of the [err] input to        separable 2-D
filter employs a single 2-D kernel analyzer 102, which occurs at the
highest sample     weighting function. A separable 2-D filter is com-
density. The [err] output from analyzer 102 also    10   prised of two 1-D
filters coupled in cascade. Each occurs at this highest sample density. If
8 bits     of the 1-D filters operates on a different one of two were
required for the dynamic range of each pixel    orthogonal dimensions
(preferably horizontal and sample of [err] the storage capacity in bits
required  vertical) and each employs a 1-D kernel weighting of delay means
134-0 would be very large. How-       function. In the past, filtering in
the vertical ever, because (1) [err] represents only the highest   15
direction required delay means capable of storing octave of the frequency
spectrum of [err] (2) the      at least (m-1) lines of pixel samples, where
m is dynamic range of the high-frequency portion of a     the number of
kernel weighting function taps in television-image video signal tends to be
rela-      the vertical direction. tively small and (3) the human visual
system is        In the foregoing discussion, it is plain that the
relatively insensitive to small changes in contrast   20   implementation
of a prior-art (Figure 1) Burt of high spatial frequency components of an
Pyramid system responsive to a line-interlaced image, it may be possible to
employ fewer than 8     video input required a very large amount of bits of
storage to represent the amplitude level of   memory hardware to provide
all the needed each pixel sample in delay means 134-0. How-
vertical-filter  line-delay  storage,  time-skew ever, the required storage
capacity of delay    25   correction delay storage and progressive-scan
means 134-0 is still quite large. On the other hand,  converter frame
storage. The present invention is while each one of delay means 134-1 ...
134-M of     directed to significantly reducing the total amount time-skew
correction means 126 must store 8 bits     of memory storage capacity
required to imple- per pixel sample, it inserts a smaller time delay
ment a Burt Pyramid system responsive to a line- and operates on a lower
sample-density signal   30   interlaced video input. The present invention
is than does its immediately preceding one of delay     further directed to
reducing the amount of line- means 134-0 ... 134-(M-1). Therefore, as the
ordi-   delay memory capacity required to implement nal value of each delay
means of time-skew           filter apparatus including a filter-decimator
and/or correction  means 126 becomes larger, the            an
expander/interpolation filter responsive to a required storage capacity for
that delay means    35   line-interlaced video input, regardless of whether
becomes significantly smaller. Nevertheless, the     or not such filter
apparatus is employed in a Burt total storage capacity of all the delay
means of     Pyramid system. time-skew correction means 126 plus the
storage        Figure 3 is a functional block diagram of a capacity of
frame memory 108 in Figures 1 and la     separable two-dimensional
convolution filter/ is very large.                                 40
decimator responsive to an interlaced digitized For a better understanding
of what is involved     video input that incorporates the present inven- in
the decimation (or, alternatively, the expan-     tion. More specifically,
the interlaced digitized sion) of the pixel spatial sample density of a 2-D
video input is applied to one-dimensional hori- raster scanned image,
reference is made to Figs.     zontal digital convolution filter/decimator
300, 2a and 2b. Fig. 2a shows a two-dimensional   45   which is
conventional in structure. The output of spatial matrix of image samples
arranged in          horizontal filter/decimator 300 is applied as an
horizontal rows and vertical columns. As is con-     input to
one-dimensional vertical digital convolu- ventional in television, sample
rows are hori-      tion filter/decimator 302. Vertical filter/decimator
zontally scanned in a predetermined sequence         302 is structurally
implemented in the form (the sequence for progressive scan being differ-
50   shown either in Figure 7 or in Figure 8, which are ent from the
sequence for interlaced scan). In any   discussed in detail below. The
output from verti- case, only two spatially adjacent horizontal         cal
filter/decimator 302 is applied as an input to samples (such as those
contained in the group of     interlace to progressive-scan converter 304.
Con- horizontal samples 200 of scan line 2) are scanned   verter 304 is
structurally implemented in the form one after another. However, this is
not true of two    55   shown in any one of Figures 1 Oa, 10b or 10c. As is
spatially adjacent vertical samples (such as those   further shown in
Figure 3, vertical filter/decimator contained in vertical column 202 of
samples of the   302 and converter 304 are controlled by an odd-
television-raster scanned image). The scanning of    even field (O.F./E.F)
control signal applied to each two vertically adjacent samples of column
202 is     of them. Conventional horizontal filter/decimator temporally
separated from one another by the    60   300 performs the function of
reducing the pixel total number of samples in each horizontal scan
sample density in the line-scan dimension (see line (e.g., up to 800
samples).                      Figure 2a) by one-half. Thus, if the
interlaced The Burt Pyramid employs convolution filters       digitized
video input has an 800 pixel samples per and interpolation filters each
utilizing a kernel    horizontal scan line sample density, the output
weighting function having three or more taps    65   from conventional
filter/decimator 300 is only 400 5    
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horizontal scan line. This is      all is applied to the O.F. input of MUX
708. An desirable because it reduces the number of pixel     O.F./E.F.
control signal is applied to MUX 708, samples that need to be stored in
each line-delay    710,712, and 714 to cause the output from each of means
of vertical filter/decimator 302. However,     these MUX to be coupled to
the O.F. input thereof the presence of conventional horizontal filter/    5
during the occurrence of each odd field and to be decimator 300 is not
essential to the present        coupled to the E.F. input thereof during
the invention. In those cases in which it is desired to  occurrence of each
even field. achieve only one-dimensional vertical (i.e. that       The
output from MUX 708 is applied as an input one of the two image dimensions
that is ortho-       to delay means 700. The output from mux 710 is gonal
to the scan-line dimension) filtering and    10   applied as a first input
to summer 716. The output decimation, an interlaced digitized video input
from  MUX 712 is applied as a first input to can be applied directly to the
input of vertical/    summer718.Theoutputfrom MUX714isapplied decimator
302.                                       as a first input to summer 720.
The output from During the separate occurrences of each odd        delay
means 700 is applied as a second input to and each even field, vertical
filter/decimator 302    15   summer 716 and the output from summer 716 is
during the odd field operates as a first partial     applied as an input to
delay means 702. The filter, and then, during the even field, as a second
output from delay means 702 is applied as a partial filter. Each of these
partial filters is com-  second input to summer 718 and the output from
prised of a separate and distinct subset of the      summer 718 is applied
as an input to delay means kernel weighting function multiplier
coefficients   20   704. The output from delay means 704 is applied of the
vertical filter/decimator 302. This permits   as a second input to summer
720 and the output the same scan-line delay means to be used in
from summer 720 constitutes the output stream common by each of the first
and second partial       of pixel samples from  vertical filter/decimator
filters by time dividing the use of the common       302. scan-line delay
means between the two partial   25     During each odd field, the
configuration of filters in accordance with the then-occurring one
Figure 7 operates as an input-weighted 3-tap of the odd and even scanning
fields. In this         partpul  filter  employing  three  multiplier
manner, the number of required scan-line delay       coefficients c, a, and
c, respectively. However, means employed by filter/decimator 302 may be
during each even field, the configuration of Figure reduced by as much as
one-half with respect to   30   7 operates as a 4-tap partial filter
employing the the number of scan-line delay means required by      four
multiplier coefficients d, b, b, and d, respec- a conventional vertical
filter/decimator.           tively. As indicated in Figure 6, the
multiplier Converter 304 performs the function of combin-     coefficients
c, a, and c of the first partial filter ing the respective outputs from the
first and        represent a first subset of the seven-coefficient second
partial filters by summing corresponding    35   kernel weighting function
shown in Figure 6, pixel samples derived therefrom. This involves
while the d, b, b, and d multiplier coefficients of delaying each pixel
sample derived from the          the second partial filter represent the
remaining output of the odd-field partial filter by the dura-  subset of
alternate ones at the seven-coefficient tion of a scanning field so that it
occurs in time   kernel weighting functions shown in Figure 6. coincidence
with the corresponding pixel sample   40   An input-weighted vertical
filter permits a derived from the output of the even-field partial
reduction in the number of bits required to define filter.
the dynamic range of each pixel sample in one of For illustrative purposes,
assume that vertical    more of delay means 700, 702 and 704. Since the
filter/decimator 302 operates as a seven-tap input-  number S of pixel
samples per scan line is large, weighted filter having the configuration
shown in   45   reduction of number of bits per sample provides Figure 7,
and that this filter employs the sym-      significant reduction in the
required storage metrical  seven  multiplier-coefficient  kernel
capacity of the delay lines employed in a vertical weighting function shown
in Figure 6. The con-       filter/decimator. For this reason, the
preferred figuration of Figure 7 employs only three scan-      embodiment
of vertical filter/decimator 302 incor- line delay means 700, 702 and 704,
each of which    50   porates an input-weighted filter having the con- is
capable of storing S pixel samples (where S is   figuration of Figure 7.
the number of pixel samples contained in each          However, vertical
filter/decimator 302 may also scan-line of the input stream of samples
applied     be embodied by an output-weighted filter, such to Figure 7).
Each pixel sample of the input stream  as that shown by the configuration
of Figure 8. In of samples is multiplied respectively by each of   55
Figure 8, respective elements 800, 802, 804, 806a, the four multiplier
coefficients a, b, c, and d by   806b, 806c, 806d, 808, 810, 812, and 814
corre- respective multipliers 706a, 706b, 706c, and 706d.  spond both
functionally and structurally with The output from d multiplier 706d is
applied both   respective elements 700, 702, 704, 706a, 706b, to the
even-field (E.F.) input of MUX 708 and MUX   706c, 706d, 708,710,712 and
714 of Figure 7. The 714. The output from c multiplier 706c is applied
60   output-weighted configuration of Figure 8 differs to both the odd
field (O.F.) input of MUX 710 and   from the input-weighted of the
configuration of MUX 714. The output from b multiplier 706b is       Figure
7 by applying the input stream of sample applied to both the E.F. input of
MUX 710 and       to delay means 800,802 and 804 prior to multipli- MUX
712. The output from a multiplier 706a is       cation by the multiplier
coefficients a, b, c, and d. applied to the O.F. input of MUX 712. No
signal at   65   Further, the output stream of pixel samples in the 6    
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Figure 8 is achieved by a single    is applied as a write input to a
decimated frame summation of all of the weighting function pro-      tapped
serial memory 1010. The output from ducts of each of the partial filters by
summer 822,  memory 1010 is applied as a second input to rather than by a
series of partial summations (as   summer 1008 through E.F. enable gate
1012. is the case in the input-weighted filter configura-    5    During
the occurrence of each odd field, gate 1012 tion of Figure 7).
is closed, so that no recirculation takes place and Three different
embodiments of interlace to       the output from  summer 1008 written into
progressive-scan  converter 304  are  shown         memory 1010 corresponds
solely to the first input respectively in Figures 10a, 10b and 10c. The
to summer 1008. Memory 1010 inserts a time simplest embodiment, shown in
Figure 10a, is   10   delay equal to the time interval between corre-
comprised of decimated frame memory 1000,           sponding pixel samples
of the interlaced fields. odd-field enable gate 1002, even-field enable
gate  During the occurrence of each even field, when 1004 and summer 1006.
Since this is a pro-          gate 1012 is open, each of the successive
delayed gressive-scan decimated frame, in includes only     pixel samples
of the odd field is applied to the one-half the number of scan lines in a
frame of the    15   second input of summer 1008 in time coincidence
interlaced digitized video input to Figure 3. There-  with the
corresponding pixel sample of the then- fore, the number of scan lines of
pixel samples      occurring even field. The output from summer that must
be stored by a decimated frame             1008 (which, during each even
field, is comprised memory 1000 is equal to only the number of scan     of
the sum of corresponding pixels of the first and lines of pixel samples in
a single one of the two    20   second partial filter outputs) is applied
as an input interlaced scanning fields of the interlaced        to memory
1010. digitized video input to Figure 3. Further, since     A
progressive-scan decimated digitized video each scan line of pixel samples
of the interlaced   output is derived from tap 1013 through delayed
digitized video input to Figure 3 is passed through  E.F. enable gate 1014.
The delay in opening gate horizontal filter/decimator 300, each  frame
25   1014, after the start of each even field, is just memory 1000 need
only store one-half the            equal to the time delay experienced by a
pixel number of pixel samples per scan lines included     sample in
traversing the portion of serial memory in each scan-line of the interlaced
digitized video  1010 between the input thereof and tap 1013. input of
Figure 3. Thus, assuming horizontal filter/  The embodiment shown in Figure
10c employs decimator 300 to be present, the storage capacity   30
decimated frame RAM memory 1016, read-write of decimated frame memory 1000
is only one-         control 1018 and summer 1020 to perform the fourth
that required by the prior-art frame         same function as that
performed by the arrange- memory 108 (shown in Figure la) of converter
ment of Figure 10b. More specifically, during the 100 of Figure 1.
Decimated frame memory 1000        occurrence of each odd field, the pixel
samples of may be comprised either of a serial memory or of   35   the odd
field are written into memory 1016. After a random-access (RAM) memory.
a time delay equal to the time interval between During the occurrence of
each odd-field, the      corresponding pixel samples of even and odd output
stream of pixel samples from vertical filter/  scanning fields, each pixel
sample of the "Read 1" decimator 302 (corresponding to the first partial
output from memory 1016 is recirculated and filter output) is applied
through open O.F. enable   40   added to the corresponding pixel sample of
the gate 1002 as a write input to decimated frame       then-occurring even
field, with the sum being memory 1000. During the occurrence of each
written back into memory 1016. The "Read 2" even field, the output stream
of pixel samples      output from memory 1016 is a delayed signal from
vertical filter/decimator 302 (corresponding   corresponding to the output
from gate 1014 of to the second partial filter output) is applied   45
Figure 10b. through open E.F. enable gate 1004 as a first input   The block
diagram shown in Figure 4 is com- to summer 1006. Decimated frame memory
1000         prised of vertical digital expander/interpolation reads out
each odd-field pixel sample written       filter 400, horizontal digital
expander/interpola- therein after a time delay equal to the time
tion filter 402, and interlace to progressive-scan interval between
corresponding pixel samples of   50   converter 404. Each of vertical
expander/interpo- the two interlaced scanning fields. Therefore,
lation filter 400 and interlace to progressive-scan each readout odd-field
pixel sample is applied to  converter 404 incorporates an embodiment of the
the second input of summer 1006 in time             present invention.
However, horizontal expander/ coincidence with the corresponding even field
interpolation filter 402 is conventional, except for pixel sample applied
to the first input of summer   55   inclusion therein of a multiplexer
operating as a 1006. In this manner, each pixel sample of the
parallel-to-serial converter. Use of a conventional progressive-scan
decimated digitized video out-     horizontal expander/interpolation
filter, while put from summer 1006 is comprised of the sum of
desirable, is not essential to the present inven- the corresponding pixel
samples from the first      tion. However, the need for a
parallel-to-serial and  second  partial filter outputs of filter/   60
converter between vertical expander/interpola- decimator 302.
tion filter 400 and interlace to progress-scanned In Figure 10b, during
both odd and even fields    converter 404 is essential. the output stream
of pixel samples from vertical      As indicated in Figure 4, an interlaced
digitized filter/decimator 302 is applied as a first input to  decimated
video input is applied to vertical summer 1008, and the output from summer
1008   65   expanderfinterpolation filter 400. More speci- 7    
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decimated video input is of the type    input stream in which the
respective occurrences shown in Figure 2b, in which alternate scan lines
of two consecutive scan lines of pixel samples are of pixels of the
non-decimated image shown in        separated by a null time interval at
least equal in Figure 2a have been removed. Therefore, in the
duration to that of a scan-line) is shown in Figure case of a decimated
video input, a null time    5    9a. As indicated in Figure 9a, each scan
line N of interval follows each scan-line of pixel samples.    pixel
samples from the output of summer 908 of The null time interval is one scan
line in duration,  the first partial filter is applied directly as a first
since it has the same length as the removed scan     input to MUX 912,
while each scan line N+1 of line of the non-decimated image.
pixel samples from the output of summer 910 of For illustrative purposes,
it is assumed that the    10   the second partail filter is applied through
delay vertical expander/interpolation filter 400 employs   means 914 as a
second input to MUX 912. Delay the symmetrical seven-coefficient kernel
weight-     means 914, which is capable of storing all of the ing function
of Figure 6 and has the output-         pixel samples in a scan line,
delays each scan line weighted filter configuration shown in Figure 9.
N+1 by a time interval equal in duration to that of Referring to Figure 9,
an input stream of pixel   15    a scan line. Thus, at the output from
delay means samples is applied to three cascaded line-delay      914, each
scan line N+1 occurs during the occurr- means 900,902 and 904, each capable
of storing S    ence of a null time interval between two succes- pixel
samples, where S is the number of pixel        sive ones of scan lines N.
In this manner, succes- samples per scan line of the input stream. The
sive scan lines N and N+1 of pixel samples occur input stream of pixel
samples is also coupled    20   sequentially in the output from MUX 912,
with through first d multiplier 906-d1 to a first input of  each N scan
line of pixel samples preceding a summer 908. The output from delay means
900 is       corresponding N+1 scan line of pixel samples. applied through
first c multiplier 906-c1 as a first  The parallel-to-serial converter
shown in Figure input to summer 910 and also through b multi-        9a may
be included in the input portion of the plier 906-b1 as a second input to
summer 908. The   25    otherwise  conventional horizontal expander/ output
from delay means 902 is applied through      interpolation filter 402.
However, should horizon- an a multiplier 906-a as a second input to summer
tal expander/interpolation filter 402 (which is not 910 and also through
second b multiplier 906-b2      essential) be omitted, the
parallel-to-serial con- as a third input to summer 908. The output from
verter shown in Figure 9a is inserted between the delay means 904 is
applied through second c   30    output from vertical
expander/interpolation filter multiplier 906-c2 as a third input to summer
910     400 and the input to interlace to progressive-scan and also through
second d multiplier 906-d2 as a     converter 404. fourth input to summer
908. The output from            In the aforesaid discussion of Figures 4, 9
and summer 908 constitutes a first partial filter output  9a, it has been
assumed that an interlaced deci- and the output from summer 910 constitutes
a    35    mated video input stream of pixel samples is second partial
filter output. The respective out-    applied to vertical
expander/interpolation filter puts from summers 908 and 910, are derived in
400. However, there are cases in which it is parallel during both the
occurrence of each odd      desired to expand the number of scan lines of
field and the occurrence of each even field. This    pixel samples
contained in an interlaced digitized results in the total number of scan
lines in the    40   non-decimated video input to vertical expander/ output
of both partial filters being expanded by a   interpolation filter 400. An
example of such a case factor of two with respect to the number of scan
is in the image processing apparatus of a high- lines of each successive
field of the interlaced     definition television receiver, in which it is
desired input stream.                                        to display a
higher resolution (e.g. 1050 scan The expanded scan lines correspond to the
45   lines)  progressively-scanned  image  display scan lines of the
non-decimated image shown in       derived from a lower-resolution
interlaced (e.g. Figure 2a. More specifically, if the non-decimated   525
scan line NTSC input). In this case, there is no image shown in Figure 2a
is assumed to be a          null time interval between the end of one scan-
progressive-scan image, the output from first       line of pixel samples
and the beginning of the partial filter summer 908 represents each indivi-
so   next scan-line of pixel samples of the input signal. dual one (denoted
N) of a first set comprised of     For this reason, the parallel-to-serial
converter of alternate ones of the scan lines of the pro-         Figure 9a
cannot be employed for the purpose of gressive-scanned non-decimated image
while the      converting the respective parallel outputs of the output
from second partial filter summer 910        first and second partial
filters from Figure 9 into a represents each individual one (denoted N+1)
of   55   sequential stream of each scan line N of pixel a second set
comprised of the remaining ones of     samples followed by a corresponding
scan line the scan lines of the progressive-scanned, non-      N+1 of pixel
samples. However, the parallel-to- decimated image.
serial converter shown in Figure 9b can be used It is essential that each
pair of pixel sample scan  for this purpose. lines derived in parallel from
the respective out-   so  The configuration of Figure 9b is comprised of a
puts of summers 908 and 910 of the first and        first pair of
serially-connected delay means 916 second partial filters be converted to
serial form   and 918 and a second pair of serially-connected by a suitable
parallel-to-serial converter. An      delay means 920 and 922. Each of
delay means example of such a parallel-to-serial converter      916, 918,
920 and 922 is capable of storing one responsive to a decimated input
stream (that is an   65   scan-line of pixel samples. When scan-line N has
8    
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in the successively-occurring  specifically, the implementation of
converter 404 scan lines of each individual input interlaced      shown in
Figure 11a is comprised of interpolated scanning field, demultiplexer
(DEMUX) 922 for-     frame RAM memory 1100 and summer 1102. The wards each
N scan-line pixel sample from the        sequential N, N+1 scan-line output
stream frame output of summer 908 as an input to delay means    5
expander/filter 402 is applied as a first input to 916, and DEMUX 924
forwards each N+1 scan-          summer 1102, and the output from summer
1102 line pixel sample from the output of summer 910     is applied as an
input to memory 1100. During the as an input to delay means 918. However,
when       occurrence of each odd field, memory 1100 stores scan line N has
an even ordinal value in the        each successive pixel sample applied as
an input successively-occurring scan lines of each indivi-   10  thereto.
During the occurrence of each even field, dual input interlaced scanning
field, each scan     each of the stored samples of the immediately line
pixel sample at the output of DEMUX 922 is     preceding odd field are
successively read out on applied as an input to delay means 920 and each
the "Read 1" output and applied as a second scan line pixel sample of the
output of DEMUX       input to summer 1102. 924 is applied as an input to
delay means 922.  15   As indicated in Figure 11a, RAM memory 1100 The
alternate loading of the respective odd N's  is organized so that each
stored pixel from an N delay means 916 and 918 and the even N's delay
scan line of an odd field is read out on "Read 1 " in means 920 and 922
causes the odd N's delay         time coincidence with the occurrence of
the corre- means 916 and 918 to be serially readout while     sponding N+1
scan-line pixel sample of an even the even N's delay means 920 and 922 are
being    20   field. Further, each stored N+1 scan-line pixel loaded, and
vice versa. However, because it is     sample of an odd field is read out
on "Read 1" in necessary to sequentially read out each N scan      time
coincidence with the occurrence of each N line of pixel samples followed by
an N+1 scan      scan-line pixel sample of an even field. During the line
of pixel samples from either the odd N's or    occurrence of each even
field, successive pixel the even N's serially-connected pair of delay   25
samples from the output of summer 1102 are means 916 and 918 or 920 and 922
during a time      again stored in memory 1100. As indicated in interval
that is equal only to the duration of a    Figure 11a, the result is that
each of the pixel single scan line of the input stream  of pixel
samples of the respective successive even-field samples, the readout sample
rate must be twice      scan lines N, (N+1), (N+2)... is summed with the
that of the input stream sample rate. The sequen-   30   corresponding
pixel sample of the respective tially readout pixel samples stored in odd
N's pair  successive stored odd field scan lines (N-1), N, of
serially-connected delay means 916 and 918       (N+1).... are applied as a
first input to MUX 926 and the      The pixel samples stored during each
even field sequentially readout pixel samples stored in the   can be read
out on the "Read 2" output from even N's pair of serially-connected delay
means   35   memory 1100 after a time delay which is less than 920 and 922
are applied as a second input to MUX   a single field in duration, thereby
providing a 926. MUX 926 provides a single output therefrom     delayed,
single-shuttered   progressive-scan in which the respective inputs thereto
are com-    expanded digitized video output. bined  in interleaved
relationship  with one        It is apparent that this time delay can have
any another. Thus, the output from  MUX 926 is   40   value from
essentially zero to essentially that of comprised of a continuous stream
of pixel          an entire single field. If the delay is essentially
samples.                                           zero, a non-delayed
single-shuttered progressive- Returning to Figure 4, the sequential lines
N,    scan expanded digitized video output is derived. N+1 output stream of
pixel samples from hori-     However, if memory 1100 is read out on "Read
2" zontal expander/interpolation filter 402 is applied   45   twice in
response to the occurrence of each even as an input to interlace to
progressive-scan con-  field-first with an essentially zero time delay and
verter 404. Converter 404, which includes a        then again a second time
with a time delay memory capable of storing an entire expanded
essentially equal to that of an entire single interpolated frame of pixel
samples, can be        field-a   double-shuttered   progressive-scan
implemented to read out either a non-delayed or   50   expanded digitized
video output results. delayed   single-shuttered   progressive-scan
The implementation shown in Figure 11b expanded digitized video output, or,
alternatively,  employs a serial memory rather than a RAM converter 404 can
be implemented to read out a      memory. Specifically, the output from
summer non-delayed double-shuttered progressive-scan-      1102 is applied
as an input to interpolated frame ned expanded digitized video output.
However,   55   plus one-line tapped serial memory 1104. During converter
404 cannot be implemented to provide     the occurrence of each even field,
the output from a delayed readout double-shuttered progressive-    serial
memory 1104 is recirculated through E.F. scanned expanded digitized video
output, unless    enable gate 1106 and then applied as a second the storage
capacity of the memory included in     input to summer 1102. The samples
(from the converter 404 is increased to more than a single   60   output of
summer 1102) stored in serial memory interpolated frame of pixel samples.
1104 during the occurrence of each even field are Figures 11a and 11b are
alternative illustrative  derived at a tap of serial memory 1104 and
implementations of converter 404, each of which    forwarded through
delayed E.F. enable gate 1108 provides a delayed, single-shuttered
progressive-  as a delayed, single-shuttered progressive-scan scanned
expanded digitized video output. More   65   expanded digitized video
output. More particu- 9    



17               EP  0 205 554  B1                   18 larly, gate1108 is
opened for a time interval equal  has its sample density in the vertical
dimension in duration to a single field period, which time     reduced by
one-half with respect to that of the GK interval is delayed with respect to
each even field  input to alternate line remover 504. by an amount which is
just equal to the time delay     Vertical expander/interpolation filter 400
and experienced by a pixel sample between the input    5    horizontal
expander/interpolation  filter  402 and the tap of serial memory 1104.
(which operate on the GK output from vertical A non-delayed,
double-shuttered progressive-       filter/decimator 302 of block 501 in a
manner scan expanded digitized video output can be          identical to
that described above in connection derived by multiplexing the output from
summer       with Figure 4), provides in succession an N scan 1102 during
each even field with the output from    10   line of pixel samples followed
by an N+1 scan the right end of serial memory 1104 during each      line of
pixel samples, at a sample rate that is twice odd field. Further, the
output from summer 1102,     the sample rate of the [err] interlaced
digitized during each even field, represents a non-delayed,    video signal
input to time-compressed delay single-shuttered   progressive-scan
expanded       means 518. In order to ensure that corresponding digitized
video output.                        15   pixels applied to the respective
inputs of subtrac- Figure 5 is directed to a Burt Pyramid analyzer    tor
120 from delay means 518 and from the output incorporating the present
invention, which pro-      of horizontal expander/interpolation filter 402
vides respective delayed, single-shuttered pro-       occur in time
conicidence with one another, it is gressive-scan digitized video outputs.
The delays,   essential that delay means 518 compress each which are
inherent, can be used to provide the    20   scan line of pixel samples
applied as an input required time-skew correction for the analyzer
thereto. More specifically, it is assumed that input outputs. This does
away for the need for a           pixel samples are continually stored in
delay separate, extrinisic time-skew correction means       means 518 at
the sampling rate of the [err] input 126, employed by the prior-art Burt
Pyramid          signal. It is further assumed that delay means 518 system
shown in Figure 1.                      25   derives no pixel samples
during the time of Referring to Figure 5, there is shown stages
occurrence of each N scan line of pixel samples 500-K  and 500-(K+1),
representing any two           from the output of horizontal
expander/interpola- successive cascaded stages of a Burt Pyramid
tion filter 402. However, during the time of occurr- Analyzer. All of the
stages, except the last stage,  ence of each N+1 scan line of pixel samples
from are assumed to be comprised of the elements of   30   the output of
horizontal expander-interpolation stage 500-K. Elements of the last stage
500-M, are   filter 402, time-compressed delay means 518 shown in Figure
5a, discussed in detail below. As    reads out stored pixel samples of a
single input indicated, each stage 500-K is comprised of          scan line
at twice the rate it is being inputted elements 120, 300, 400, 402 and 404,
which are       thereto from [err] The output from subtractor identical in
structure and function to the corre-   35   120, which corresponds to the
amplitude of each spondingly-identified elements shown in Figure
pixel-sample input from delay means 518 minus 1, 3 or 4. Stage 500-K also
includes vertical digital  the amplitude of the corresponding pixel-sample
convolution filter/decimator 501 (comprised of       input from horizontal
expander/interpolation filter the structure shown in Figure 5b), and time-
402. compressed delay means 518.                    40      The respective
polarities of the pixel samples The [err] interlaced digitized video signal
of the  applied to each of the two inputs of subtractor 120 Burt Pyramid
analyzer is applied as an input to      are positive. However, the
amplitude level of each horizontal filter/decimator 300 of stage 500-K and
pixel sample applied as an input to subtractor 210 to time-compressed delay
means 518. The output       from delay means 518 is higher than that of the
from horizontal filter/decimator 300 is applied as   45   corresponding
pixel sample applied as an input to an input to vertical filter/decimator
501. Vertical  subtractor 120 from horizontal expander/interpo-
filter/decimator 501 has a first output which is    lation filter 402.
Since no pixel sample is applied applied as an input to the following stage
500-      from delay means 518 as an input to subtractor (K+1) of the Burt
Pyramid analyzer and a second      120 during the occurrence of an N scan
line of output which is applied as an input to vertical   50   pixel
samples applied as an input to subtractor expander/interpolation filter
400.                   120 from horizontal expander/interpolation filter As
shown in Figure 5b, vertical filter/decimator   402, each pixel sample at
the output of subtractor 51 is comprised of vertical filter/decimator 302
120 of an N scan line has an unchanged amplitude (which is identical in
structure and function to the  level. However, its polarity is reversed to
negative correspondingly-identified    vertical   filter/   55   (as
indicated by "-N" in Figure 5) by the subtrac- decimator shown in Figure 3)
and alternate line     tion process. During the occurrence F an N+1 remover
504. The GK direct-output from vertical     scan line of pixel samples, the
pixel sample at the filter/decimator 302, that is applied to interpola-
output from subtractor 120 has its amplitude level tion filter 400 (Figures
5 and 5b), has the same     reduced by the subtraction process, but has a
sample density in the vertical dimension as that of   60   positive
polarity as indicated in Figure 5 by [err] the [err] interlaced digitized
video signal input     (N+1)." stage 500-K. Altenate line remover 504
removes        Interlace to progressive-scan converter 404 can alternate
scan lines of pixel samples (see Figure   be implemented in the manner
shown either in 2b), so that the GK output from alternate line      Figure
11a or 11b. In this case, the duration of the remover 504, that is applied
to stage 500-(K+1),   65   delay  in  reading  out the  progressive-scan
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digitized video output is adjusted to provide the    expander/interpolation
filter 502 derives separate proper amount of time-skew correction for that
parallel N and N+1 outputs, in which successive stage of the Burt Pyramid.
Specifically, converter   pixel samples occur at the same sampling rate as
404, in Figure 5, provides a time delay between      that of the [err]
interlaced digitized video signal the occurrence of each even field and the
occurr-    5    input. This does away with the need for any time ence of
each single-shuttered frame of pro-          compression, so that
time-compressed delay gressive-scan digitized video output which is the
means 518 of Figure 5 can be replaced with the proper time-skew correction
for that stage 500-K     simpler delay means 118, of the type discussed in
of the Burt Pyramid analyzer. Thus, the pro-         connection with Figure
1. gressive-scan digitized video output from con-   10    The polarity of
each pixel sample of the N verter 404 corresponds with the [err] signal of
the  output from horizontal expander/interpolation fil- prior-art Burt
Pyramid system shown in Figure 1,     ter 501, after being reversed by
inverter 522, is rather than the [err] signal thereof.
applied as a first input to input interlace to output As shown in Figure
5a, the structure of the last   interlace converter 524. Each pixel sample
of the stage 500-M  of the Burt Pyramid analyzer is   15    N+1 output from
horizontal expander/interpola- slightly different from the preceding stages
500-K.  tion filter 501 is subtracted from  the corre- In particular, the
alternate line remover 504      sponding pixel sample at the output from
delay (shown in Figure 5b) of vertical filter/decimator    means 118 by
subtractor 120 and then applied as 501 is replaced, in last stage 500-M, by
interlace to  a second input to input interlace to output inter-
progressive-scan converter 304 (which is identical   20   lace converter
524. Thus, as indicated in Figure 5c, in structure and function to the
correspondingly-    the respective "-N" and [err] signals identified
element of Figure 3). In all other        applied in parallel to input
interlace to output respects, last stage 500M is identical in structure
interlace converter 524 in Figure 5c correspond to to that of each
preceding stage 500K.                the respective "-N" and [err] signals
Inherent operation of interlace to progressive-   25   applied in series to
interlace to progressive-scan scan converter 304 results in the removal of
converter 404 in Figure 5. alternate lines. Thus, the [err]
progressive-scan        Input interlace to output interlace converter
digitized video output from converter 304 has a      524, which may be
structurally embodied in the sampling density of only one half that of the
input  manner shown in Figure 12, is distinguished by thereto. Further, the
[err]  progressive-scan    30   the fact that samples derived from both an
inter- digitized video output is delayed with respect to    laced odd input
scanning field and an even the occurrence of an even field by an amount
scanning field of each successive frame contri- which is adjusted to
provide the proper time-skew    bute to the pixel samples of the interlaced
odd correction in the remnant signal from the Burt       output scanning
field of each successive frame. Pyramid analyzer.
35   Similarly, the pixel samples of both the interlaced While  a
single-shuttered  progressive-scan       odd input scanning field and of
the even input video signal is useful for many purposes, it may
scanning field of each successive frame contri- produce noticeable flicker
in a displayed image. It  bute to the pixel samples of the interlaced even
is for this reason that double-shuttered pro-        output scanning field
of each successive frame. gressive-scanned video signals are preferred.
40     More specifically, as shown in Figure 12, the "- However, for the
reasons discussed above,            N" input to converter 524 is applied to
both the N neither of the interlaced to progressive-scan con-   input of
odd-field enable gate 1200-1 and to the N verters employed in Figure 5 or
5a can provide a     input of even-field enable gate 1200-2 The "GK-1-
double-shuttered progressive-scan video output      (N+1)" input to
converter 524 is applied to both and also provide time-skew correction
without an    45   the N + 1 input to odd-field enable gate 1200-1 and
undesirable addition to the storage capacity of the  the N+1 input to
even-field enable gate 1200-2. memory portion thereof. However,
modification        Gates 1200-1 and 1200-2 operate as a reversing of the
implementation of Figures 5 and 6a in         switch for forwarding the N
output from gate accordance with Figures 5c, 12, 12a and 12b can
1200-1 and N input to Field Memory 1 MUX 1202- be employed to overcome the
flicker problem.   50    1 and the N+1 outputfrom gate 1200-1 as an N +1
Referring to Figure 5c, horizontal digital expan-  input to Field Memory 2
MUX 1202-2 during the der/interpolation filter 501 has the respective par-
occurrence of each odd input scanning field, and allel N and N+1 outputs
from vertical expander/      for forwarding the N+1 output from gate 1200-2
interpolation filter 400 applied as inputs thereto.  as an N+1 input to MUX
1202-1 and the N output Horizontal expander/interpolation filter502 differs
55   of gate 1200-2 as an N input to MUX 1202-2 from horizontal digital
expander/interpolation fil-  during the occurance  of each even input scan-
ter 402 in two ways. First, horizontal digital       ning field. MUX 1202-1
multiplexes the two inputs expander/interpolation filter 502 does not
include   thereto onto a single output which is applied as a a
parallel-to-serial converter of the type shown in  first input to summer
1204-1. Similarly, MUX Figure 9a or 9b for providing a sequential-line
60   1202-2 multiplexes the two inputs thereto onto a output. Instead,
horizontal expander/interpolation   single output which is applied as a
first input to filter 502 includes two separate conventional hori-  summer
1204-2. The output from summer 1204-1 zontal expander/interpolation
filters, one of which  is applied to Field Memory 1 1206-1 and the is for
the N-line channel and the other of which is  output from summer 1204-2 is
applied as an input for the N+1 line channel. Therefore, horizontal   65
to Field Memory to 1206-2. Further, each of    21              EP  0 205
554 B1                    22 respective Field Memories 1206-1 and 1206-2
has     during the occurrence of each even field of 



a storage capacity sufficient to store a single input  successive input
frames, each pixel sample at the scanning field of pixel samples. The "Read
1"       output from summer 1204-1 (which is applied as output from each of
the Field Memories 1206-1       an input to Field Memory 1206-1) includes
con- and 1206-2 is coupled as a second input to the    5    tributions from
both the first and second partial respective summer 1204-1 or 1204-2.
Converter       filters of vertical expander/interpolation filter 400. 524
also includes MUX 1208 for multiplexing the     Hence, each of the pixel
samples stored in Field respective separate "Read 2" outputs from Field
Memory 1206-1 during the occurrence of an even Memories 1206-1, and 1206-2,
thereby providing      input field is fully filtered by all seven of the
the interlaced [err] digitized output from con-   10   multipler
coefficients shown in the kernel weight- verter 524.
ing function of Figure 6. After a delay equal to the For help in
understanding the operation of        time skew correction, each of these
stored fully- converter 524, reference is made to the timing      filtered
pixel samples is read out from  Field diagrams shown in Figure 12A. As
indicated by       Memory 1206-1 in the proper phase for a particu- timing
diagram 1210, each successive input frame    15  lar one (preferably for
the odd-output field shown is comprised of an odd field interval followed
by   in Figure 12) of the two scanning fields of each of an even field
interval. As indicated by timing      the successive output frames.
diagrams 1212 and 1214, odd field enable gate         In general, the
operation of summer 1204-2 and 1200-1 is in its enabled state only during
the      Field Memory 1206-2 in deriving fully-filtered occurrence of each
odd field of successive input   20   pixels is similar to that of summer
1204-1 and frames and even field enable gate 1200-2 is in its  Field Memory
1206-1, discussed above. However, enabled state only during the occurrence
of each    as indicated in the timing diagrams of Figure 12a, even field of
successive input frames. As indi-     there is an offset in timing of a
single scanning cated by timing diagrams 1216 and 1218, Field       field
between the respective "Read 1" and "Read Memory 1206-1 provides its "Read
1" output only   25   2" outputs of Field Memory 1206-2 with respect to
during the occurrence of each even field of         the corresponding
outputs of Field Memory 1206- successive input frames and provides its
"Read      1. The results is that each fully-filtered pixel 2" output
during a field period which is delayed    sample of Field Memory 1206-2 is
comprised of with respect to its "Read 1" output by the proper   the sum
of the corresponding pixel samples time skew correction delay (i.e., each
"Read 2"   30   derived respectiely from  an N+1 line (corre- output is
offset with respect to the occurrence for  sponding to the second partial
filter) of the odd each even field of successive input frames by this
field of the current one of successive input frames proper time skew
correction delay). As shown in     and an N line (corresponding to the
first partial diagrams 1220 and 1222, Field Memory 1206-2         filter)
of the even field of the input frame that provides its "Read 1" output only
during the    35   immediately precedes the current one of the occurrence
of each odd field of successive input    successive input frames. This
differs from the frames and provides its "Read 2" output during a    case
of Field Memory 1206-1 in which corre- field period which is delayed with
respect to its   sponding N and N+1 pixel samples of the odd "Read 1"
output by the proper time skew correc-     and even fields of the same one
of the successive tion delay (i.e. each "Read 2" output is offset with   40
input frames are summed by summer 1204-1. respect to the occurrence of each
odd field of        The fully-filtered pixel samples stored in Field
successive input frames by the proper time skew     Memory 1206-2 during
each odd input scanning correction delay).
field are read out after a time skew correction Returning to Figure 12, it
is apparent that the   delay in the proper phase to provide an output "Read
1" output from Field Memory 1206-1 is   45   scanning field (even)
different from that provided applied as a second input to summer 1204-1 and
by the "Read 2" output of Field Memory 1206-1. the "Read 1" output from
Field Memory 1206-2 is     MUX 1208 then combines the respective "Read 2"
applied as a second input to summer 1204-2. It is   outputs of Field
Memories 1206-1 and 1206-2 to also apparent that the "Read 2" output from
provide successive output frames of interlaced memory 1206-1 constitutes an
odd output field of   so   odd-even scanning fields, each comprised of the
interlaced [err] output signal from MUX 1208     fully-filtered pixel
samples. and that the "Read 2" output from memory 1206-       In order that
the remnant signal [err] of the Burt 2 constitutes the even output field of
the inter-   Pyramid analyzer has the same interlaced output laced [err]
output from MUX 1208. As indicated in   form as [err] it is necessary to
replace the stage 5c, the interlaced [err] output constitutes the   55    M
interlace to progressive-scan converter of Fig- output from converter 524.
ure 5a (which incorporates a decimated frame In view of the foregoing
discussion, it can be    memory) with an appropriate input-interlace to
seen that during the occurrence of each even field  output-interlace
converter which also provides of the successive input frames, summer 1204-1
decimation. The structural implementation of performs the function of
combining each N pixel   60   such an appropriate input-interlace to
output- sample from the odd input field of that frame       interlace
converter for deriving a [err] interlace (representing the output of the
first partial filter)  video output is shown in Figure 12b. with the
corresponding N+1 pixel sample of the        As shown in Figure 12b, an
output from a even input field of that frame (representing the    vertical
filter/decimator having a structure corre- output of the second partial
filter). Therefore,   65   sponding to that of a vertical filter/decimator
302 12    23               EP  0 205 554  B1                   24 (rather
than that of vertical filter/decimator 501   Memory 1214-1 occurs only
during the even input 



shown in Figure 5b) is applied as an input to        field of each
successive input frame. Therefore, DEMUX 1210. DEMUX 1210 has an odd-even
each fully-filtered pixel sample at the output of (O.F./E.F.) control
signal applied thereto for caus-  summer 1212-2, during the odd field of
any one of ing DEMUX 1210 to forward its input to its odd-    5    the
successive input frames, represents the sum lines output during the
occurrence of each odd       of the corresponding pixel samples of the odd
line of both odd and even fields and to forward     field of that one of
the successive input frames input to its even-lines output during the
occurr-    and the corresponding pixel sample of the even ence of each even
line of both odd and even input    field of the immediately preceding one
of the fields. The odd-lines output from DEMUX 1210 is   10   successive
input frames. Thus, the timing of the applied as a first input to summer
1212-1 and the   interlaced [err] converter, shown in Figure 12b,
even-lines output from DEMUX 1210 is applied as      occurs in
synchronization with the timing of the a first input to summer 1212-2. The
output from      interlaced [err] signal from converter 524 (shown summer
1212-1 is applied as an input to Deci-       in Figures 5 and 12). mated
Field Memory 1 1214-1 and the output   15 from summer 1212-2 is applied as
an input to         Claims Decimated Field Memory 2 1214-2. During the
occurrence of each even input field, the "Read 1"      1. In a system for
digitally processing in real output from Decimated Memory 1214-1 is applied
time an applied interlaced video-input digital as a second input to summer
1212-1. Similarly,   20   signal, wherein said video-input signal is
tempor- during the occurrence of each odd input field, the   ally comprised
of successively-occurring scan- "Read 1" output from Decimated Memory
1214-2        lines of pixel samples of at least one frame is applied as a
second input to summer 1212-2.       composed of F separate line-interlaced
scanning During a field period that is offset with respect to  fields of a
raster-scanned two-dimensional image, each even input field by an
appropriate time-skew    25    where F is a first plural integer; wherein
said correction delay. Decimated Field Memory 1214-1      system includes
filter apparatus comprised of a provides a "Read 2" output (corresponding
to the     one-dimensional m-tap digital filter/decimator odd output field
of the G'M remnant signal from      and/or expander/interpolation filter,
where m is a the input interlace to output-interlace converter)   second
plural integer that is larger than said first to the first input of MUX
1216. Similarly, during a    30   plural integer F, said filter apparatus
being oper- field period which is offset with respect to each    ative in
that one of the two dimensions of said odd input field by the appropriate
time-skew         image that is orthogonal to said raster scan lines
correction delay, Decimated Field Memory 1214-2      for deriving a
progressive-scan video output digi- provides a "Read 2" output
(corresponding to the    tal signal comprised of successively-occurring
even output field of the [err] remnant signal from    35   scan-lines of
pixel samples; and wherein each of the input-interface to output interlace
converter),  said m  taps has a predetermined multiplier to the second
input of MUX 1216. MUX 1216            coefficient associated therewith;
the improve- multiplexes the two inputs thereto to provide the    ment
wherein said filter apparatus filter com- interlaced [err] remnant signal
from the converter.    prises: The number of odd lines in each input field
is   40  a set of D delay means (700, 702, 704), where D only one-half of
the total number of lines in that   is a predetermined integer having a
value such input field. Therefore, since summer 1212-1 com-    that
D<(m-1), each of which delay means is bines each pixel sample of an odd
line of the even   capable of, storing one scan-line of pixel samples;
field of each of successive input frames with the      a plurality of F
partial filters (700-720) & corresponding pixel sample of an odd line of
the    45   (702-706, 710-720) each of which is operative odd field that
input frame, the total number of     for a respective ordinal one of said F
fields and scan lines that are stored by Decimated Field        has a
separate and distinct subset of said m Memory 1214-1 is- only one-half the
total number     predetermined multiplier coefficients individually of scan
lines in either in an odd or an even input   associated therewith, the
maximum number of field. Further, since each odd field corresponds    so
said coefficients contained in any of said subsets with the output from a
first partial filter and each  being no greater than (D+1); even field
corresponds to the output from  a          each of said plurality of F
partial filters being second partial filter, each pixel sample at the
comprised of at least a subset of said D delay output of summer 1212-1,
during the occurrence       means (700-704) and (702-704), with one or of
an even input field, represents a fully filtered    55    more (702-704) of
said delay means of said set pixel sample.
being common to all of said plurality of F partial In general, summer
1212-2 and Decimated Field      filters; and Memory 1214-2 operate in the
same manner as           an interlace to progressive-scan converter com- do
summer 1212-1 and Decimated Field Memory          prised of a
progressive-scan frame memory 1214-1, discussed above. The only significant
60   (1010) and means including a summer (1008, difference between them is
in the timing. More       1012) that are coupled to said plurality of F
partial specifically, the "Read 1" output from Decimated    filters in
accordance with the ordinal value of the Field Memory 1214-2 occurs only
during the odd      then-occurring one of the F separate line-inter- input
field of each successive input frame, while   laced scanning fields, said
progressive-scan the "Read 1" output from  Decimated Field   65   frame
memory and said means including said 13    23               EP  0 205 554
B1                  24 (rather than that of vertical filter/decimator 501
Memory 1214-1 occurs only during the even input 



shown in Figure 5b) is applied as an input to       field of each
successive input frame. Therefore, DEMUX 1210. DEMUX 1210 has an odd-even
each fully-filtered pixel sample at the output of (O.F./E.F.) control
signal applied thereto for caus-  summer 1212-2, during the odd field of
any one of ing DEMUX 1210 to forward its input to its odd-    5    the
successive input frames, represents the sum lines output during the
occurrence of each odd      of the corresponding pixel samples of the odd
line of both odd and even fields and to forward     field of that one of
the successive input frames input to its even-lines output during the
occurr-   and the corresponding pixel sample of the even ence of each even
line of both odd and even input   field of the immediately preceding one of
the fields. The odd-lines output from DEMUX 1210 is   10   successive input
frames. Thus, the timing of the applied as a first input to summer 1212-1
and the   interlaced [err] converter, shown in Figure 12b, even-lines
output from DEMUX 1210 is applied as     occurs in synchronization with the
timing of the a first input to summer 1212-2. The output from
interlaced [err] signal from converter 524 (shown summer 1212-1 is applied
as an input to Deci-       in Figures 5 and 12). mated Field Memory 1
1214-1 and the output   15 from summer 1212-2 is applied as an input to
Claims Decimated Field Memory 2 1214-2. During the occurrence of each even
input field, the "Read 1"     1. In a system for digitally processing in
real output from Decimated Memory 1214-1 is applied      time an applied
interlaced video-input digital as a second input to summer 1212-1.
Similarly,   20   signal, wherein said video-input signal is tempor- during
the occurrence of each odd input field, the  ally comprised of
successively-occurring scan- "Read 1" output from Decimated Memory 1214-2
lines of pixel samples of at least one frame is applied as a second input
to summer 1212-2.      composed of F separate line-interlaced scanning
During a field period that is offset with respect to  fields of a
raster-scanned two-dimensional image, each even input field by an
appropriate time-skew    25   where F is a first plural integer; wherein
said correction delay. Decimated Field Memory 1214-1     system includes
filter apparatus comprised of a provides a "Read 2" output (corresponding
to the    one-dimensional m-tap digital filter/decimator odd output field
of the [err] remnant signal from     and/or expander/interpolation filter,
where m is a the input interlace to output-interlace converter)  second
plural integer that is larger than said first to the first input of MUX
1216. Similarly, during a    30   plural integer F, said filter apparatus
being oper- field period which is offset with respect to each   ative in
that one of the two dimensions of said odd input field by the appropriate
time-skew        image that is orthogonal to said raster scan lines
correction delay, Decimated Field Memory 1214-2     for deriving a
progressive-scan video output digi- provides a "Read 2" output
(corresponding to the    tal signal comprised, of successively-occurring
even output field of the [err] remnant signal from    35   scan-lines of
pixel samples; and wherein each of the input-interface to output interlace
converter)  said m  taps has a predetermined multiplier to the second input
of MUX 1216. MUX 1216           coefficient associated therewith; the
improve- multiplexes the two inputs thereto to provide the   ment wherein
said filter apparatus filter com- interlaced [err] remnant signal from the
converter.   prises: The number of odd lines in each input field is   40  a
set of D delay means (700, 702, 704), where D only one-half of the total
number of lines in that  is a predetermined integer having a value such
input field. Therefore, since summer 1212-1 com-   that D<(m-1), each of
which delay means is bines each pixel sample of an odd line of the even
capable of, storing one scan-line of pixel samples; field of each of
successive input frames with the     a plurality of F partial filters
(700-720) & corresponding pixel sample of an odd line of the    45
(702-706, 710-720) each of which is operative odd field that input frame,
the total number of     for a respective ordinal one of said F fields and
scan lines that are stored by Decimated Field       has a separate and
distinct subset of said m Memory 1214-1 iS only one-half the total number
predetermined multiplier coefficients individually of scan lines in either
in an odd or an even input  associated therewith, the maximum number of
field. Further, since each odd field corresponds   50   said coefficients
contained in any of said subsets with the output from a first partial
filter and each  being no greater than (D+1); even field corresponds to the
output from a           each of said plurality of F partial filters being
second partial filter, each pixel sample at the     comprised of at least a
subset of said D delay output of summer 1212-1, during the occurrence
means (700-704) and (702-704), with one or of an even input field,
represents a fully filtered   55   more (702-704) of said delay means of
said set pixel sample.                                       being common
to all of said plurality of F partial In general, summer 1212-2 and
Decimated Field     filters; and Memory 1214-2 operate in the same manner
as           an interlace to progressive-scan converter com- do summer
1212-1 and Decimated Field Memory         prised of a progressive-scan
frame memory 1214-1, discussed above. The only significant   50   (1010)
and means including a summer (1008, difference between them is in the
timing. More      1012) that are coupled to said plurality of F partial
specifically, the "Read 1" output from Decimated    filters in accordance
with the ordinal value of the Field Memory 1214-2 occurs only during the
odd      then-occurring one of the F separate line-inter- input field of
each successive input frame, while   laced scanning fields, said
progressive-scan the "Read 1" output from  Decimated Field   65   frame
memory and said means including said 13    25               EP  0 205 554
B1                    26 summer being operative during the successive
field followed by an even field, whereby the value 



occurrences of each of said F separate line-          of said first plural
integer F is two. interlaced scanning fields of said frame of said
7. The system defined in Claim 6, where D is video-input signal to sum
corresponding pixel         equal to the largest integer that is smaller
than samples applied thereto that are derived from the    5    one-half m.
respective outputs of each of said plurality of F       8. The system
defined in Claim 4, wherein each partial filters.
of said F partial filters is an input-weighted filter 2. The system defined
in Claim 1, wherein said      (Fig. 7). interlaced video input signal is
comprised of a         9. The system defined in Claim 4, wherein each
continuous succession of said input frames, and    10   of said F partial
filters is an output-weighted filter each of said input frames is composed
of only two     (Fig. 8). interlaced scanning fields that consist of an odd
10. The system defined in Claim 1, in which said field followed by an even
field, whereby the value    filter apparatus is comprised of an expander/
of said first plural integer F is two.                interpolation filter;
wherein: 3. The system defined in Claim 2, where D is   15     said F
partial filters (900-904, 906a-906d) are equal to the largest integer that
is smaller than     each output-weighted filters that are simul- one-half
m.                                           taneously operative during
each and every one of 4. The system defined in Claim 1, in which said
said F interlaced scanning fields thereby to derive filter apparatus is
comprised of said filter/         in parallel F separate partial filter
outputs (908, decimator and  said  filter/decimator further   20    910)
during each and every one of said F inter- includes:
laced scanning fields; and a set of D+1 multiplexers (708-714; 808-814)
a parallel-to-serial converter incorporating at common to said F partial
filters with each of D       least (F-1) serially-connected  delay  means
ones of said multiplexers being individually asso-    (916-920) each of
which is capable of storing one ciated with a different one of said D delay
lines    25   scan line of pixel samples, said parallel-to-serial (700-704;
800-804), said multiplexers being           converter being operative
during each und every selectively controlled in accordance with the ordi-
interlaced scanning field to convert (922-926) the nal value of the
then-occurring one of said F line    respective scan lines of pixel samples
that appear interlaced scanning fields for rendering effective a  in
parallel at the respective outputs of said F corresponding one of said
separate and distinct   30    partial filters into a serial stream of F
scan lines of subsets of said m predetermined coefficients to       pixel
samples during a time interval no longer thereby provide a different
selected one of said F    than the time period between the beginnings of
partial filters during each successive one of said F  two successive scan
lines of any one of said F line-interlaced scanning fields.
interlaced scanning fields. 5. The system defined in claim 4, wherein:
35      11. The system defined in Claim 10, wherein said progressive-scan
frame memory (404) is a       said interlaced video input signal is a
decimated decimated frame memory that is operative to           interlaced
video input signal. delay pixel samples applied thereto for a time
12. The system defined in Claim 10, wherein: interval equal to the
difference in time of occurr-       said progressive-scan frame memory
(404) is ence of corresponding pixel samples between    40   an
interpolated frame memory that is operative to successive ones of said F
interlaced scanning         delay pixel samples applied thereto by a time
fields;                                               interval equal to the
sum of the difference in time said decimated frame memory (1100) and said
of occurrence of corresponding pixel samples means including said summer
(1102) are oper-          between successive ones of said F interlaced
ative during each of said second-occurring to said   45   scanning fields
and the time duration of one scan Fth occurring one of said F interlaced
scanning       line of pixel samples appearing at the serial fields to add
each individual pixel sample from       output from said serial-to-parallel
converter; the output of the selected one of the F partial         said
interpolated frame memory (1104) and filters during the then-occurring
scanning field to   said means including said summer (1102) are the sum  of
all the respective samples corre-   50    operative (1) to derive a serial
stream of pixel sponding to that individual pixel sample from the
samples each of which is a function of the sum of respective output of
those ones of the F partial      a corresponding first pixel sample
appearing at filters which were selected during those ones of      the
serial output of said parallel-to-serial con- the F interlaced scanning
fields that preceded to     verter and a delayed corresponding second pixel
the then-occurring scanning field; and          55   sample from said
interpolated frame memory, said decimated frame memory and means
and (2) to apply said derived serial stream of pixel including said summer
are operative subsequent        samples as an input to said interpolated
frame to the end of said (F-1)th interlaced scanning field  memory; and for
deriving said progressive-scan video output         said interpolated frame
memory and means signal.                                         60
including said summer are operative subsequent 6. The system defined in
Claim 5, wherein said      to the end of said (F-1)th interlaced scanning
field interlaced video input signal is comprised of a       for deriving
said progressive-scan video output continuous succession of said input
frames, and       signal. each of said inputframes iscomposed of onlytwo
13. The system defined in Claim 12, wherein interlaced scanning fields that
consist of an odd    65   said interlaced video input signal is comprised
of 14    27               EP 0 205554 B1                        28 a
continuous succession of said input frames, [err]      selected one of said
two fields of each successive 



each of said input frames is composed of only two      input frame with the
corresponding pixel samples interlaced scanning fields that consist of an
odd      of said second video-output signal that define the field followed
by an even field, whereby the value     output of said fourth partial
filter for a first non- of said first plural integer F is two.           5
selected field that is temporally contiguous with 14. The system defined in
Claim 13, where D is      said selected one of said two fields of each
equal to the largest integer that is smaller than      successive input
frame and (B) to effectively one-half m.
combine the respective pixel samples of said 15. The system defined in
Claim 12, wherein          second video-output signal that define the
output each pixel sample of said derived serial stream of   10   of said
fourth partial filter for said selected one of pixel samples is
substantially equal to the sum of    said two fields of each successive
input frame said  corresponding  first and  second  pixel         with the
corresponding pixel samples of said samples.
second video-output signal that define the output 16. In a system
incorporating a Burt Pyramid        of said third partial filter for a
second non- analyzer having at least one stage for digitally   15
selected field that is temporally contiguous with processing in real time
an interlaced digital video   said selected one of said two fields of each
signal that is applied as an input to that stage, in  successive input
frame. which said video-input signal is temporally com-        17. The
system defined in Claim 16, wherein: prised of successively-occurring scan
lines of          said Burt Pyramid analyzer is comprised of an pixel
samples of successive input frames, each of   20    ordinal group of M
stages, where M is a given said frames being composed of two line-inter-
integer; and laced scanning fields of a raster-scanned two-          said
Mth stage (500 M) further includes second dimensional image; the
improvement wherein          signal translation means (304) responsive to
said each stage of said analyzer includes;                 first
video-output signal of said Mth stage applied digital filter/decimation
means (501) for deriv-   25   thereto for deriving a fourth video-output
signal ing a first video-output signal in reponse to said    representing
the remnant output from said Burt video-input signal applied as an input
thereto,       Pyramid analyzer; said filter/decimation means being
operative in         said second signal translating means being that one of
the two dimensions of said image that     operative to effectively combine
the respective is orthogonal to said raster scan lines (1) as a first   30
pixel samples of said first video-output signal of partial filter employing
a first subset comprised of  said Mth stage that define the output of said
alternate weights of a first given kernel weighting   second partial filter
for said second-occurring function composed of at least three weights for
all   field of each successive input frame with the scan lines of the
first-occurring one of said two     corresponding pixel samples of said
first video- fields of each successive input frame, and (2) as a    35
output signal of said Mth stage that define the second partial filter
employing a second subset       output of said first partial filter for a
first-occurring comprised of the remaining weights of said first      field
that is contiguous with the second-occurring given kernel weighting
function for all scan lines    field of that input frame. of the
second-occurring one of said two fields of       18. The system defined in
Claim 17; wherein: each successive input frame;                    40
M is a given plural integer; and digital expansion/interpolation  filter
means         each of the first through the (M-1 th stages (400) for
deriving a second video-output signal in    (500K) of said Burt Pyramid
analyzer further response to said first video-output signal applied
includes means (504) responsive to said first as an input thereto, said
expansionlinterpolation     video-output signal of that stage applied
thereto filter means being operative in said one of the two    45   for
removing therefrom alternate scan lines of dimensions of said image (a) as
a third parallel      pixel samples thereby to derive a fifth video- filter
employing a first subset comprised of alter-   output signal from that
stage, said fifth video nate weights of a second given kernel weighting
output signal from each of said first through the function comprised of at
least three weights for all  (M-1 )th stages of said Burt Pyramid analyzer
scan lines of both of said two fields of each    50    being applied as the
video input signal to its successive input frame, and (b) as a fourth
partial   immediately following one of the second through filter employing
a second subset comprised of the     the Mth stages of said Burt Pyramid
analyzer. remaining weights of said second given kernel           19. The
system defined in Claim 16, wherein: weighting function for all scan lines
of both of        said expander/interpolation filter means (400) said two
fields of each successive input frame;   55   includes a time-compressed
parallel-to-serial con- and
verter (916-926) for deriving a format for said signal translating means
(120) responsive to        second video-output signal in which, within the
said video-input signal and said second video-        duration of each scan
line of said video-input output signal applied thereto for deriving a third
signal, each scan line of pixel samples from said video-output signal
representing a bandpass out-   60   third partial filter is followed by a
scan line of put from that stage of said Burt Pyramid analyzer,
corresponding pixel samples from said fourth said signal translating means
being operaive (A)      partial filter; to  effectively combine the
respective  pixel          said signal translation means is comprised of
samples of said second video-output signal that       subtraction means
(120) for subtracting the value define the output of said third partial
filter for a    65    of each pixel sample applied to a second input 15
29                EP 0205 554 B1                        30 thereof from the
value of a corresponding pixel         (118) for applying the respective
pixel samples of 



sample applied to a first input thereof to thereby      each scan line of
said video-input signal to said derive at its output respective pixel
samples each      first input of said subtraction means in time
representing a difference value, means (518) for        coincidence with
the application to the second applying said second video-output signal to
said  5    input thereof of the corresponding pixel samples second input of
said subtraction means, and time-       of the corresponding scan line of
said fourth compressed  delay  means for applying  the              partial
filter; and respective pixel samples of each scan line of said        said
signal translation means is further com- video-input signal to said first
input of said sub-     prised of an input-interlace to output-interlace
traction means in time coincidence with the    10   converter responsive to
the respective outputs of application of the second input thereof of the
said subtraction means and said inverter applied corresponding  pixel
samples of the  corre-            thereto for deriving a delayed interlaced
video sponding scan line of said fourth partial filter; and   output as
said third video-output signal of each said signal translation means is
further com-         stage of said Burt Pyramid analyzer, said input-
prised of an interlace to progressive scan con-    15   interlace  to
output-interlace  converter (524) verter (304) responsive to the output of
said           including means (1200-1208) employing said subtraction means
applied thereto for deriving, a       second-occurring field as said
selected one of delayed single-shuttered progressive scan video
said two fields of each successive input frame, output as said third
video-output signal of each        and employing said first-occurring field
of that stage of said Burt Pyramid analyzer, said interlace    20    said
input frame as said first non-selected field to progressive scan converter
including means           and said first occurring field of the immediately
employing said second-occurring field of each           succeeding output
frame as said second non- successive input frame as said selected one of
selected field. said two fields and employing said first-occurring
22. The system defined in Claim 21, wherein: field of that same input frame
as both said first   25    said Burt Pyramid analyzer is comprised of an
and said second non-selected fields.                    ordinal group of M
stages, where M is a given 20. The system defined in Claim 19, wherein:
integer; and said Burt Pyramid analyzer is comprised of an           said
Mth stage further includes second signal ordinal group of M stages, where M
is a given           translation means comprised of an input-interlace
integer; and                                     30   to output-interlace
converter responsive to said said Mth stage further includes second signal
first video-output signal of said Mth stage applied translation means
comprised of an interlace to         thereto for deriving a fourth video
output signal progressive scan converter (304) responsive to
representing a delayed interlaced remnant video said first video-output
signal of said Mth stage        output from  said Burt Pyramid analyzer
said applied thereto for deriving a fourth video output    35
input-interlace  to  output-interlace  converter signal representing a
delayed single-shuttered          including means (1210-1216) for
effectively com- remnant video-output from  said Burt Pyramid
bining the respective pixel samples of said first analyzer, said interlace
to progressive-scan con-       video-output signal of said Mth stage that
define verter including means (1008) for effectively com-      the output
of said second partial filter for said bining the respective pixel samples
of said first   40    second-occurring field of each input frame with
video-output signal of said Mth stage that define       the corresponding
pixel samples of said first the output of said second partial filter for
said       video output signal of said Mth stage that defines
second-occurring field of each successive input        the output of said
first partial filter (1 ) for the first- frame with the corresponding pixel
samples of           occurring field of that same input frame to derive
said first video-output signal of said Mth stage    45    one of two
interlaced fields of each successive that define the output of said first
partial filter for  remnant video output frame and (2) for the first- the
first-occurring field of that same input frame.     occurring field of the
immediately succeeeding 21. The system defined in Claim 16, wherein:
input frame to derive the other of said two said signal translation means
is comprised of        interlaced fields of each successive remnant
subtraction means (120) for subtracting the value    50    video output
frame. of each pixel sample applied to a second input thereof from the
value of a corresponding pixel         Patentanspruche sample applied to a
first input thereof to thereby derive at its output respective pixel
samples each       1. System zur digitalen Echtzeit-Verarbeitung
representing a difference value, an inverter (522). 55    eines angelegten
digitalen Videoeingangssignals, for inverting at its output the polarity of
each pixel  das im Zeilensprungformat vorliegt und sich zeit- sample
applied to its input, means (502) for           lich aus nacheinander
erscheindenden Abtastzei- applying the respective pixel samples of all scan
len  von  Bildpunkt-Abtastproben  mindestens lines of said second
video-output signal that          eines, Vollbildes zusammensetzt, welches
aus F represent the output of said third partial filter as    60
getrennten   zeilenverschachtelten   Teilbildern said input to said
inverter and for applying the       eines im Raster abgetasteten
zweidimensionalen respective pixel samples of all scan lines of said
Bildes besteht, wobei F eine erste ganze Mehrzahl second video output
signal that represent the          ist; mit einer Filtereinrichtung, die
aus einem output of said fourth partial filter as said second    digitalen
Filter/Dezimator undloder Erweiterungs/ input to said subtraction means,
and delay means    65   Interpolations-Filter mit m Anzapfungen besteht, 16
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wobei m eine gegenuber der besagten ersten            eine Menge von D+1
Multiplexern (708-714; Mehrzahl F grolgere zweite ganze Mehrzahl !st,
808-814), die den F Teilfiltern gemeinsam sind, und die in derjenigen der
beiden Dimensionen        wobei jeweils D Exemplare der Multiplexer des
Bildes wirksam ist, welche orthogonal zu den    jeweils einem anderen
Examplar der D Verzoge- Rasterabtastzeilen ist, um ein digitales Videoaus-
5    rungsleitung (700-704; 800-804) individuell gangssignal in
Zeilenfolgeformat abzuleiten, das    zugeordnet sind, und wobei die
besagten Multi- aus nacheinander erscheinenden Abtastzeilen         plexer
selektiv entsprechend der Ordnungszahl von Bildpunkt-Abtastproben besteht;
und worin       des jeweils erscheinenden Exemplars der F Zei- einer jeden
der m Anzapfungen ein vorbestimm-       lensprungformat-Teilbilder
gesteuert werden, um ter Multiplikationskoeffizient zugeordnet ist,   10
ein entsprechendes Exemplar der getrennten und wobei die Verbesserung darin
besteht, daft das      eigenen Untermengen der m  vorbestimmten Filter der
Filtereinrichtung folgendes aufweist:    Koeffizienten wirksam zu machen
und dadurch eine Menge von D Verzogerungseinrichtungen        wahrend jedes
aufeinanderfolgenden Exemplars (700,702, 704), wobei D eine vorbestimmte
ganze     der F Zeilensprungformat-Teilbilder ein jeweils Zahl mit einem
derartigen Wert ist, dal D<(m-1)   15   anderes ausgewahltes Exemplar der F
Teilfilter ist, und wobei jede dieser Verz6gerungseinrich-     vorzusehen.
tungen fahig ist, eine Abtastzeile von Bildpunkt-     5. System nach
Anspruch 4, worin: Abtastproben zu speichern;
der Zeilenfolgeformat-Vollbildspeicher (404) eine Vielzahl von F
Teilfiltern (700-720) und     ein Speicher fOr dezimierte Vollbilder ist,
der (702-706, 710-720), deren jedes fOr ein eine   20   wirksam ist, umr
ihm angelegte Bildpunkt-Abtast- jeweils zugeordnete Ordnungszahl
aufweisendes       proben um ein Zeitintervall zu verz6gern, das Exemplar
der F Teilbilder wirksam ist und deren     gleich ist der Zeitdifferenz
zwischen dem Auftre- jedem eine gesonderte und eigene Untermenge
ten einander entsprechender Bildpunkt-Abtast- der besagtem m vorbestimmten
Multiplikations-       proben von aufeinanderfolgenden Exemplaren
koeffizienten indivduell zugeordnet ist, wobei die   25   der F
Zeilensprungformat-Teilbilder; maximale Anzahl der in jeder Untermenge
daB der Speicher (1100) fOr dezimierte Vollbil- enthaltenen Koeffizienten
nicht gr8Ber als (D+1)    der und die den Summierer (1102) enthaltenden
ist;                                                Einrichtung wahrend
jedes der an zweiter bis F-ter wobei jedes der F Teilfilter aus mindestens
Stelle erscheinenden Exemplare der F Zeilen- einer Untermenge des besagten
D Verz6gerungs-   30   sprung-Teilbilder wirksam sind, um jede einzelne
einrichtungen (700-704) und (702-704) besteht,      Bildpunkt-Abtastprobe
vom Ausgang des jeweils worin ein oder mehrere (702-704) Exemplare der
gewihlten Exemplars der F-Teilfilter wahrend des Verzogerungseinrichtung
der besagten Menge          jewsils erscheinenden Teilbildes mit der Summe
allen F Teilfiltern gemeinsam ist oder sind;        aller der dieser
Bildpunkt-Abtastprobe entspre- einen    ZeilensprungJZeilenfolge-Formatum-
35   chenden Abtastproben von den jeweiligen Aus- wandler, bestehend aus
einem Zeilenfolgeformat-     gingen derjenigen Exemplare der F Teilfilter
zu Vollbildspeicher (1010) und einer elnen Summie-     addieren, die
wahrend derjenigen Exemplare der rer (1008, 1012) enthaltenden Einrichtung,
die mit  F Zeilensprung-Teilbilder ausgewdhlt wurden, der Vielzahl der F
Teilfilter entsprechend der      welche dem jeweils erscheinenden Teilbild
voran- Ordnungszahl des jeweils erscheinenden Exemp-   40   gegangen sind;
und lars der F getrennten Zeilensprungform-Teilbilder    der Speicher fOr
dezimierte Vollbilder und die verbunden werden und die wahrend eines jeden
den Summierer enthaltende Einrichtung anschlie- der nacheinander
erscheinenden F getrennten         Bend bis zum Ende des (F-1)-ten
Zeilensprungfor- Zeilensprungformat-Teilbilder des besagten Voll-
mat-Teilbildes wirksam sind, um das Zeilenfolge- bildes des
Videoeingangssignals wirksam sind,   45   format-Videoausgangssignal
abzuleiten. um einander entsprechende Exemrplare der Bild-       6. System
nach Anspruch 5, worin das im punkt-Abtastproben, die ihnen angelegt werden
Zeilensprungformat liegende Videoeingangssi- und von den jeweiligen
Ausgingen eines jeden        gnal aus einer standigen Folge der Eingangs-
der F Teilfilter abgeleitet sind, zu summieren.     Vollbilder besteht,
deren jedes aus nur zwei Zei- 2. System  nach Anspruch 1, worin das im   so
lensprung-Teilbildern zusammengesetzt ist, nam- Zeilensprungformat
vorliegende Videoeingangs-      lich einem ungeraden Teilbild gefolgt von
einem signal aus einer kontinuierlichen Folge der besag-  geraden Teilbild,
so dal der Wert der besagten ten Eingangs-Vollbilder besteht, deren jedes
sich   ersten ganzen Zahl F gleich 2 ist. aus nur zwei
Zeilensprung-Teilbildern zusam-         7. System nach Anspruch 6, wobei D
gleich der mensetzt, nimlich einem  ungeraden Teilbild   5s   groBten
ganzen Zahl ist, die kleiner als die Halfte gefolgt von einem geraden
Teilbild, so daB der     von m ist. Wert der besagten ersten ganzen
Mehrzahl F           8. System nach Anspruch 4, worin jedes der F gleich 2
ist.                                      Teilfilter ein Filter mit
gewichteten Eingangen ist 3. System nach Anspruch 2, wobel D gleich der
(Fig. 7). grolten ganzen Zahl ist, die kleiner als die HSlfte   60  9.
System nach Anspruch 4, worin jedes der F von m ist.
Teilfilter ein Filter mit gewichteten Ausgingen ist 4. System nach Anspruch
1, in welchem die        (Fig. 8). Filtereinrichtung aus dem besagten
Filter/Dezima-    10. System nach Anspruch 1, in welchem die tor besteht
und in welchem dieser Filter/Dezima-    Filtereinrichtung aus einem
Erweiterungs/interpo- tor ferner folgendes enthalt:                 65
lations-Filter besteht; worin: 17 C 1111111111111111    
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(900-904, 906a-906d) samtlich     Wert der besagten ersten ganzen Mehrzahl
F Filter mit gewichteten Ausgangen sind und           gleich 2 ist.
gleichzeitig wahrend jedes der F Zeilensprungfor-     14. System nach
Anspruch 13, wobei D gleich mat-Teilbilder wirksam  sind, so daB, wahrend
der grol3ten ganzen Zahl ist, die kleiner als die jedes der F
Zeilensprungformat-Teilbilder F    5    Halfte von m ist. getrennte
Teilfilter-Ausgangssignale (908, 910) in    15. System nach Anspruch 12,
worin jede Bild- paralleler Weise abgeleitet werden; und
punkt-Abtastprobe der besagten seriellen Folge ein ParalleVSerien-Konverter
vorgesehen ist,      von  Bildpunkt-Abtastproben  im  wesentlichen der
mindestens (F-1) hintereinandergeschaltete      gleich der Summe der
besagten entsprechenden Verz6gerungseinrichtungen (916-920) aufweist,   10
ersten und zweiten Bildpunkt-Abtastproben ist. deren jede fahig ist, eine
Abtastzeile von Bild-      16. System mit einem Burt-Pyramiden-Analysa-
punkt-Abtastproben zu speichern, wobei der          tor, der mindestens
eine Stufe zur digitalen Echt- besagte Parallel/Serien-Konverter wahrend
jedes     zeit-Verarbeitung eines im  Zeilensprungformat
Zeilensprungformat-Teilbildes wirksam  ist, um      vorliegenden digitalen
Videosignals aufweist, das die jeweiligen Abtastzeilen von
Bildpunkt-Abtast-   15   dieser Stufe als ein Eingangssignal angelegt wird
proben, die parallel an den einzelnen Ausgangen     und sich zeitlich aus
nacheinander erscheinenden der F Teilfilter erscheinen, in eine serielle
Folge  Abtastzeilen von Bildpunkt-Abtastproben aufein- von F Abtastzeilen
von Bildpunkt-Abtastproben       anderfolgender Eingangs-Vollbilder
zusammen- wihrend  eines  Zeitintervalls  umzuwandeln         setzt, deren
jedes aus zwei zeilenverschachtelten (922-926), das nicht linger ist als
die Zeitperiode    20   Teilbildern eines im Raster abgetasteten zweidi-
zwischen den Anfangen zweier aufeinanderfol-        mensionalen Bildes
besteht; wobei die Verbesse- gender Abtastzeilen des beliebigen der F
Zeilen-    rung darin besteht, daB jede Stufe des Analysa-
sprungformat-Teilbilder.                            tors folgendes enthalt:
11. System nach Anspruch 10, worin das im           eine digitale
Filter/Dezimierungs-Einrichtung Zeilensprungformat vorliegende
Videoeingangs-   25   (501) zur Ableitung eines ersten Videoausgangssi-
signal ein dezimiertes Videoeingangssignal im       gnals aus dem besagten,
ihr als ein Eingangssi- Zeilensprungformat ist.
gnal angelegten Videoeingangssignal, wobei 12. System nach Anspruch 10,
worin:               diese Filter/Dezimierungs-Einrichtung in derjeni- der
Zeilenfolgeformat-Vollbildspeicher (404)      gen der beiden Dimensionen
des besagten Bildes, ein Speicher fur interpolierte Vollbilder ist, der
30   welche orthogonal zu den Rasterabtastzeilen ist, wirksam ist, um ihm
angelegte Bildpunkt-Abtast-     1) fOr alle Abtastzeilen des
ersterscheinenden proben um ein Zeitintervall zu verzogern, das
Exemplars der beiden Teilbilder jedes der aufein- gleich der Summe der
Zeitdifferenz zwischen dem     anderfolgenden Eingangs-Vollbilder als ein
erstes Auftreten einander entsprechender Bildpunkt-        Teilfilter
wirkt, das mit Gewichten arbeitet, die zu Abtastproben aufeinanderfolgender
Exemplare   35   einer ersten gegebenen Gewichtungs-Kernfunk- der F
Zeilensprungformat-Teilbilder und'der Zeit-   tion von mindestens drei
Gewichten gehoren und dauer einer Abtastzeile der am seriellen Ausgang
elne aus abwechselnden Exemplaren bestehende des
Serien/Parallel-Konverters  erscheinenden      erste Untermenge dieser
Gewichte sind, und 2) Bildpunkt-Abtastproben ist;
fur alle Abtastzeilen des zweiterscheindenden der Speicher (1104) fOr
interpolierte Vollbilder   40   Exemplars der beiden Teilbilder jedes der
aufein- und die den Summierer (1102) enthaltende Ein-       anderfolgenden
Eingangs-Vollbilder als ein zwei- richtung wirksam sind, um 1) eine
serielle Folge    tes Teilfilter wirkt, das mit einer zweiten Unter- von
Bildpunkt-Abtastproben abzuleiten, deren        menge von Gewichten
erbeitet, bestehend aus jede eine Funktion der Summe einer am Serien-
den restlichen Gewichten der ersten gegebenen ausgang des
Parallel/Serien-Konverters erschei-   45   Gewichtungs-Kernfunktion; nenden
entsprechenden ersten Bildpunkt-Abtast-        eine digitale
Erweiterungs/lnterpolations-Filter- probe und einer verzogerten
entsprechenden          einrichtung (400) zur Ableitung eines zweiten
zweiten Bildpurikt-Abtastprobe vom Speicher fOr     Videoausgangssignals
aus dem ersten Videoaus- interpolierte Vollbilder ist, und um 2) diese
abge-  gangssignal, das ihr als ein Eingangssignal ange- leitete serielle
Folge von Bildpunkt-Abtastproben    50   legt wird, wobei diese
Erweiterungs/interpola- als ein Eingangssignal an den Speicher fOr inter-
tions-Filtereinrichtung  in der besagten einen polierte Vollbilder zu
legen; und                   Dimension des Bildes a) fOr alle Abtastzeilen
der Speicher fur interpolierte Vollbilder und die  beider Teilbilder jedes
der aufeinanderfolgenden den Summierer enthaltende Einrichtung anschlie-
Eingangs-Vollbilder als ein drittes Teilfilter wirkt, Rend bis zum Ende des
besagten (F-1 )-ten Zeilen-   55   das mit Gewichten arbeitet, die zu einer
zweiten sprungformat-Teilbildes wirksam sind, um das        gegebenen
Gewichtungs-Kernfunktion von min- Zeilenfolgeformat-Videoausgangssignal
abzulei-      destens drei Gewichten gehoren und eine aus ten.
abwechselnden Exemplaren bestehende erste 13. System nach Anspruch 12,
worin das im         Untermenge dieser Gewichte sind, und b) fOr alle
Zeilensprungformat vorliegende Videoeingangs-   60   Abtastzeilen beider
Teilbilder jedes der aufeinan- signal aus einer standigen Folge der
besagten       derfolgenden Eingangs-Vollbilder als ein viertes
Eingangs-Vollbilder besteht; deren jedes sich aus   Teilfilter wirkt, daS
mit einer zweiten Untermenge nur zwei zeilenverschachtelten Teilbildern
zusam-   von Gewichten arbeitet, bestehend aus den restli- mensetzt,
namlich einem  ungeraden Teilbild         chen Gewichten der besagten
zweiten gegebenen gefolgt von einem geraden Teilbild, so dal der   65
Gewichtungs-Kernfunktion; und 18                      11111111  ll  ll 11l
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Signalumsetzer 120), der auf das besagte     dieser Stufe abzuleiten, wobei
das funfte Video- Videoeingangssignal    Idas besagte zweite
ausgangssignal einer jeden der ersten bis (M-l)- Videoausgangssignal;
jricht, die ihm angelegt      ten Stufe des Burt-Pyramiden-Analysators als
werden, urn ein drii.- : Videoausgangssignal         Videoeingangssignal
dem dieser Stufe unmittel- abzuleiten, welches ein Bandpal3-Ausgangssignal
5    bar folgenden Exemplar der ersten bis M-ten von der betreffenden Stufe
des Burt-Pyramiden-      Stufe des Burt-Pyramiden-Analysators angelegt
Analysators darstelit, wobei dieser Signalumset-    wird. zer wirksam ist,
um A) einzelne Bildpunkt-Abtast-     19. System nach Anspruch 16, worin:
proben des zweiten Videoausgangssignals, die          die
Erweiterungs/lnterpolations-Filtereinrich- das Ausgangssignal des dritten
Teilfilters fOr ein   70   tung  (400) einen zeitkomprimierten  Parallel/
ausgewahltes Exemplar der beiden Teilbilder         Serien-Konverter
(916-926) enthait, um fOr das eines jeden der aufeinanderfolgenden
Eingangs-      zweite Videoausgangssignal ein Format abzulei- Vollbilder
definieren, mit den entsprechenden       ten, bei welchem innerhalb der
Dauer einer jeden Bildpunkt-Abtastproben des zweiten Videoaus-
Abtastzeile  des  Videoeingangssignals  jede gangssignals zu kombinieren,
die das Ausgangs-   15   Abtastzeile der Bildpunkt-Abtastproben aus dem
signal des vierten Teilfilters fOr ein erstes nicht-  dritten Teilfilter
gefolgt wird von einer Abtastzeile ausgewihites Teilbild definieren, das
dem ausge-    entsprechender Bildpunkt-Abtastproben aus dem wihiten
Exemplar der beiden Teilbilder eines        vierten Teilfilter; jeden der
aufeinanderfolgenden Eingangs-Vollbil-      der Signalumsetzer eine
Subtraktionseinrich- der zeitlich benachbart ist, umd urn B) die einzel-
20   tung (120) aufweist, um den Wert einer jeden nen
Bildpunkct-Abtastproben des zweiten Video-      Bildpunkt-Abtastprobe, die
einem  zweiten Ein- ausgangssignals, die das Ausgangssignal des
gang dieser Einrichtung angelegt wird, vom Wert vierten Teilbildes fOr das
ausgewihite Exemplare    einer entsprechenden Bildpunkt-Abtastprobe zu der
beiden Teilbildes eines jeden der aufeinander-  subtrahieren, die einem
ersten Eingang dieser folgenden Eingangs-Vollbilder definieren, mit den
25   Einrichtung angelegt wird, um dadurch an ihrem entsprechenden
Bildpunkt-Abtastproben  des        Ausgang einzelne Bildpunkt-Abtastproben
abzu- zweiten Videoausgangssignals zu kombinieren,        leiten, deren
jede einen Differenzwert darstellt. die das Ausgangssignal des dritten
Teilfilters fOr  und eine Einrichtung (518) zum  Anlegen des ein zweites
nicht-ausgewghltes Teilbild definie-    zweiten Videoausgangsignals an den
zweiten Ein- ren, das dem ausgewihiten Exemplar der beiden    30   gang der
Subtraktionseinrichtung, und eine zeit- Teilbilder eines jeden der
aufeinanderfolgenden     kompriminierte  Verzogerungseinrichtung  zum
Eingangs-Vollbilder zeitlich benachbart ist.        Anlegen der einzelnen
Bildpunkt-Abtastproben 17. System nach Anspruch 16, worin:
einer jeden Abtastzeile des Videoeingangssignals der besagte
Burt-Pyramiden-Analysator aus         an den ersten Eingang der
Subtraktionseinrich- einer nach Ordnungszahlen unterteilten Gruppe   35
tung in zeitlicher Koinzidenz mit dem Anlegen der von M Stufen besteht,
wobei M eine gegebene         entsprechenden Bildpunkt-Abtastproben der
ent- ganze Zahl ist; und                                 sprechenden
Abtastzeile vom vierten Teilfilter an die M-te Stufe (500M) ferner einen
Signalum-      den zweiten Eingang der Subtraktionseinrich- setzer (304)
enthalt, der auf das ihm angelegte     tung; und erste Videoausgangssignal
der M-ten  Stufe   40       der Signalumsetzer ferner einen Zeilensprung/
anspricht, um ein viertes Videoausgangssignal
Zeilenfolge-Formatumwandler (304) aufweist, der abzuleiten, welches das
Restausgangssignal des      auf das ihm angelegte Ausgangssignal der Sub-
Burt-Pyramiden-Analysators darstellt;               traktionseinrichtung
anspricht, um ein verz6ger- der besagte zweite Signalumsetzer wirksam ist,
tes, mit einfacher VerschluBrate auftretendes Zei- um effektiv die
einzelnen Bildpunkt-Abtastproben    45   lenfolgeformat-Videoausgangssignal
als  das des ersten Videoausgangssignals der M-ten           besagte dritte
Videoausgangssignal einer jeden Stufe, die das Ausgangssignal des zweiten
Teilfil-  Stufe des Burt-Pyramiden-Analysators abzuleiten, ters fur das
zweiterscheinende Teilbild eines       wobei der
Zeilensprung/Zeilenfolge-Formatum- jeden der aufeinanderfolgenden
Eingangs-Vollbil-    wandler eine Einrichtung enthalt, die das zweiter- der
definieren, mit den entsprechenden Bild-   50   scheindende Teilbild des
jeden der aufeinander- punkt-Abtastproben des ersten Videoausgangssi-
folgenden Eingangs-Vollbilder als das ausge- gnal der M-ten Stufe zu
kombinieren, die das        wahite Exemplar der beiden Vollbilderverwendet
Ausgangssignal des ersten Teilfilters fOr ein       und die das
ersterscheindende Teilbild desselben ersterscheinendes Teilbild definieren,
das dem      Eingangs-Vollbildes als das erste und als das
zweiterscheindenden Teilbild des Eingangs-Voll-   55   zweite
nichtausgewbhite Teilbild verwendet. bildes benachbart ist.
20. System nach Anspruch 19, worin: 18. System nach Anspruch 17, worin:
der Burt-Pyramiden-Analysator aus einer nach M eine gegebenen ganze
Mehrzahl ist; und          Ordnungszahlen unterteilten Gruppe von M Stu-
jede der ersten bis (M-1)-ten Stufe (500K) des    fen besteht, wobei M eine
gegebene ganze Zahl Burt-Pyramiden-Analysators ferner eine Einrich-   60
ist: und tung (504) enthalt, die auf das ihr angelegte erste   die M-te
Stufe ferner einen zweiten Signalum- Videoausgangssignal dieser
betreffenden Stufe       setzer enthilt, bestehend aus einem  Zeilen-
anspricht, umr daraus abwechselnde Abtastzeilen
sprunglZeilenfolge-Formatumwandler (304). der von Bildpunkt-Abtastproben zu
entfernen und         auf das ihm angelegte erste Videoausgangssignal
dadurch ein funftes Videoausgangssignal von    65   der M-ten Stufe
anspricht, um ein viertes Video- 19 c 11111111111111111   
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abzuleiten, das ein verz6gertes,     ersterscheinende Teilbild des
unmittelbar folgen- mit einfacher Verschlugrate auftretendes Restvi-    den
Ausgangs-Vollbildes als das zweite nicht- deoausgangssignal des
Burt-Pyramiden-Analysa-       ausgewdhlte Teilbild verwendet. tors
darstellt, wobei der ZeilensprunglZeilen-        22. System nach Anspruch
21, worin: folge-Formatumwandler eine Einrichtung (1008)    5    der
Burt-Pyramiden-Analysator aus einer nach enthalt, urn effektiv die
einzelnen Bildpunkt-      Ordnungszahlen unterteilten Gruppe von M Stu-
Abtastproben des ersten Videoausgangssignals        fen besteht, wobei M
eine gegebene ganze Zahl der M-ten Stufe, die das Ausgangssignal des
ist; und zweiten Teilfilters fOr das zweiterscheinende Teil-   die M-te
Stufe ferner einen zweiten Signalum- bild eines jeden der
aufeinanderfolgenden Ein-   10   setzer enthalt, bestehend aus einer ein
Eingangs- gangs-Vollbilder definieren, mit den entsprechen-
Zeilensprungformat in  ein  Ausgangs-Zeilen- den Bildpunkt-Abtastproben des
ersten Videoaus-     sprungformat umwandelnden Einrichtung, die
gangssignals der M-ten Stufe zu kombinieren, die    auf das ihr angelegte
erste Videoausgangssignal das Ausgangssignal des ersten Teilfilters fMr des
der M-ten Stufe anspricht, urn ein viertes Video- ersterscheinende Teilbild
desselben Eingangs-   15   ausgangssignal abzuleiten, des ein verzogertes
Vollbildes darstellen.
Zeilensprungformat-Restvideoausgangssignal 21. System nach Anspruch 16,
worin:               des Burt-Pyramiden-Analysators darstellt, wobei der
Signalumsetzer eine Subtraktionseinrich-      die das
Eingangs-Zeilensprungformat in das Aus- tung (120) aufweist, urn den Wert
einer jeden       gangs-Zeilensprungformat umwandelnde  Ein-
Bildpunkt-Abtastprobe, die einem zweiten Ein-   20   richtung eine
Einrichtung (1210-1216) enthalt, gang dieser Einrichtung angelegt wird, vom
Wert     urn effektiv die einzelnen Bildpunkt-Abtastproben einer
entsprechenden Bildpunkt-Abtastprobe zu       des ersten
Videoausgangssignals der M-ten subtrahieren, die einem ersten Eingang
dieser       Stufe, die das Ausgangssignal des zweiten Teilfil- Einrichtung
angelegt wird, und dadurch am Aus-      ters fMr das zweiterscheinende
Teilbild eines gang dieser Einrichtung einzelne Bildpunkt-Pro-   25   jeden
Eingangs-Vollbildes definieren, mit den ent- ben abzuleiten, deren jede
einen Differenzwert      sprechenden Bildpunkt-Abtastproben des ersten
darstelit, ferner einen Inverter (522) der an sei-  Videoausgangssignals
der M-ten Stufe zu kombi- nem Ausgang die Polaritat einer jeden seinem
nieren, welche das Ausgangssignal des ersten Eingang angelegten
Bildpunkt-Abtastprobe inver-     Teilfilters definiert 1) fOr des
ersterscheinende tiert, eine Einrichtung (502) zum Anlegen der   30
Teilbild desselben Eingangs-Vollbildes, urn eines einzelnen
Bildpunkt-Abtastproben allerAbtastzei-    der beiden
Zeilensprungformat-Teilbilder eines len des zweiten Videoausgangssignals,
die das       jeden der aufeinanderfolgenden Vollbilder des Ausgangssignal
des dritten Teilfilters darstellen,  Restvideoausgangssignals abzuleiten,
und 2) for als Eingangssignal an den Inverter und zurn Anle-   das
ersterscheinende Teilbild des unmittelbar fol- gen der einzelnen
Bildpunkt-Abtastproben aller   35   genden Eingangs-Vollbildes, um das
andere der Abtastzeilen des zweiten Videoausgangssignals,      beiden
Zeilensprung-Teilbilder jedes der aufein- die das Ausgangssignal des
vierten Teilfilters      anderfolgenden  Volibilder des Restvideoaus-
darstellen, an den zweiten Eingang der Subtrak-     gangssignal abzuleiten.
tionseinrichtung, und eine Verz6gerungseinrich- tung (118) zum Anlegen der
einzelnen Bildpunkt-   40   Revendications Abtastproben jeder Abtastzeile
des Videoein- gangssignals an den ersten Eingang der Subtrak-       1. Dans
un systeme pour le traitement numeri- tionseinrichtung in zeitlicher
Koinzidenz mit dem   que en temps reel d'un signal numerique d'entrne
Anlegen der entsprechenden Bildpunkt-Abtast-        video entrelace
applique, oui ledit signal d'entree proben der entsprechenden Abtastzeile
des vier-   45   video se compose temporellement de lignes de ten
Teilfilters an den zweiten Eingang dieser       balayage se produisant
successivement d'echan- Einrichtung; und
tillons d'elements d'image d'au moins une trame der Signalumsetzer ferner
eine ein eingangssei-   simple composie de F trames doubles separees a
tiges Zeilensprungformat in ein ausgangsseitiges    lignes entrelackes
d'une image bidimensionnelle Zeilensprungformat umwandelnde Einrichtung
50   A trames doubles explorees, oO F est un premier aufweist, die auf die
ihr angelegten Ausgangssi-    nombre entier; ou ledit systeme comporte un
gnale der Subtraktionseinrichtung des Inverters     appareil de filtrage
compose d'un filtre numeri- anspricht, um ein verzogertes Zeilensprungfor-
que a rn prises/compresseur et/ou filtre d'exten- mat-Videoausgangssignal
als drittes Videoaus-       sionlinterpolation, oO rn est un second nombre
gangssignal einer jeden Stufe des Burt-Pyrami-   55   entier qui est plus
grand que ledit premier nom- den-Analysators abzuleiten, wobei die das ein-
bre entier F, ledit filtre etant actif par le fait que gangsseitige
Zeilensprungformat in das aus-         I'une des deux dimensions de ladite
image qui est gangsseitige Zeilensprungformat umwandelnde
orthogonale auxdites lignes de balayage de la Einrichtung (524) eine
Einrichtung (1200-1208)      trame pour deriver un signal numerique de
sortie enthalt, die das zweiterscheinende Teilbild als das   60   video a
balayage progressif compose de lignes ausgewihite Exemplar der beiden
Teilbilder eines    successives de balayage d'echantillons d'ele- jeden der
aufeinanderfolgenden Eingangs-Vollbil-    ments d'image; et oui chacune
desdites m prises a der verwendet, die das ersterscheinende Teilbild    un
coefficient multiplicateur associe predeter- desselben Eingangs-Vollbildes
als erstes nicht-     mine; le perfectionnement ou ledit filtre com-
ausgewAhItes Teilbild verwendet und die des   65   prend,: 20 1~ ~~Hl 1||1
| 1 1111111111111  
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moyens a retard (700,702,704),       balayage progressif est une memoire a
trames ou C  st un nombre entier predetermin6 ayant          doubles
comprimees qui sert a retarder les echan- une alieur telle que D<(m-1),
chaque moyen A          tillonsd'imageappliqu6spendantunintervallede retar
ttant capable de stocker une ligne de         temps egal a la difference du
temps de presence balav=ge d'echantillons d'elements d'image;     5    des
6chantillons  correspondant  d'6lements un  certain  nombre  de  F filtres
partiels         d'image entre des trames successives parmi les F (700-20)
et (702-706, 710-720) dont chacun            trames simples entrelac6es de
balayage; est acdf pour l'une desdites F trames simples           ladite
memoire de trames compress6es (1100) ordina.es respectives et a un
sous-groupe separe      et ledit moyen comprenant ledit additionneur et
disznct desdits m coefficients multiplicateurs   10   (1102)  fonctionnent
pendant  chaque  des prede:ermines qui lui est individuellement asso-
secondes A Fieme desdites F trames simples ci6, ie nombre maximum  desdits
coefficients          entrelacees de balayage pour ajouter chaque contenus
dans tout sous-groupe ne depassant           echantillon individuel
d'element d'image de la pas (D-1);
sortie du filtre choisi parmi les F filtres partiels chacun desdits F
filtres partiels se composant   is   pendant la trame de balayage qui se
produit alors d'au moins un sous-groupe desdits D moyens A          a la
somme de tous les echantillons respespectifs retard (700-704) et (702-704)
avec un ou plu-        correspondant a  cat 6chantillon  d'e6lment sieurs
(702-704) desdits moyens A retard dudit       d'image individual des
sorties respectives de groupe commun a tous lesdits F filtres partiels; et
ceux des F filtres partiels qui ont ete choisis un convertisseur de
balayage entrelace a pro-   20    pendant celles des F trames simples
entrelacees gressif compos6 d'une memoire de trames dou-         de
balayage qui ont precede la trame pr6sente de bles A balayage progressif
(1010) et d'un moyen      balayage; et >    comprenant un additionneur
(1008-1012) qui              ladite memoire de trames comprimees et ledit
sont couples a ladite quantite de F filtres partiels  moyen comprenant
I'additionneur servent, a la selon la valeur ordinale de celle des F trames
25   suite de la fin de ladite (F-1)ixbme trame simple simples s6parees de
balayage a lignes entrela-       de balayage entrelace, A deriver ledit
signal de c6es qui se produit, ladite memoire de trames        sortie vid6o
a balayage progressif. doubles a balayage progressif et ledit moyen
6. Systeme d6fini a la revendication 5, ou ledit comprenant ledit
additionneur fonctionnant pen-      signal d'entree video entrelace se
compose d'une dant les presences successives de chacune des F    30
succession continue desdites trames doubles trames simples de balayage
separees a lignes         d'entree et chacune desdites trames doubles
entrelacees de ladite trame double dudit signal      d'entree ne se compose
que de deux trames d'entree video pour additionner des echantillons
simples entrelacees qui se composent d'une correspondants d'elements
d'image appliques          trame impaire suivie d'une trame paire, la
valeur qui sont derives des sorties respectives de chacun    35   dudit
premier nombre entier F etant deux. desdits F filtres partiels.
7. Systeme defini A la revendication 6, ou D est 2. Systeme defini a la
revendication 1, ou ledit   egal au plus grand nombre entier que est plus
signal d'entree video entrelace se compose d'une     petite que la moiti6
de m. succession continue desdites trames doubles            8. Systeme
defini A la revendication 4, oCu d'entree et chacune desdites trames
doubles   4o   chacun desdits F filtres partiels est un filtre pon-
d'entree ne se compose que de deux trames            d6re d'entree (figure
7). simples entrelacees de balayage qui consistent en     9. Systeme defini
A la revendication 4, ou une trame impaire suivie d'une trame paire, la
chacun desdits F filtres partiels est un filtre pon- valeur dudit premier
nombre entier F etant deux.     dere de sortie (figure 8). J,>     3.
Systeme defini a la revendication 2, ou D est   45  10. Systeme defini A la
revendication 1, ou ledit egal au plus grand nombre entier qui est plus
filtre se compose d'un filtre d'extensionlinterpola- petit que la moitie de
m.                           tion; ou: 4. Systeme defini a la revendication
1, ou ledit    lesdits F filtres partiels (900-904; 906a-906d) filtre se
compose dudit filtre/compresseur et ledit  sont des filtres ponderes de
sortie qui sont simul- filtre/compresseur comprend de plus:           so
tanement actifs pendant chacune et toutes les F un groupe de D+1
multiplexeurs (708-714;          trames simples entrelacees de balayage
pour 808-814) communs auxdits Ffiltres partiels avec     ainsi deriver en
parallele F sorties partielles sepa- chacun des D multiplexeurs
individuellement         rees de filtre (908, 910) pendant chacune et
toutes associes a Iune des D lignes a retard (700-704;     les F trames
simples A balayage entrelace; et 800-8CAt, lesdits multiplexeurs etant
selective-   55  un convertisseur paralille-serie contenant au ment
cmmandes selon la valeur ordinale de          moins (F-1) moyens a retard
(916-920) relies en celle des trames de balayage entrelace A F lignes
serie, dont chacun est capable de stocker une se proe isant alors pour
rendre efficace un sous-   ligne de balayage des echantillons d'elements
groupe ^rrespondant separe et distinct desdits      d'image, ledit
convertisseur parallele-serie fonc- m coeff-:ents predetermines et ainsi
alimenter   60   tionnant pendant chaque et toute trame simple de un filtre
^-oisi different parmi les F filtres partiels  balayage entrelace pour
convertir (922-926) les pendan- :naque trame simple successive de
lignes respectives de balayage d'echantillons balayao- F lignes
entrelaches.                      d'el6ments d'image qui apparaissent en
parallele 5. Sys-sie defini A la revendication 4, ou:       aux sorties
respectives desdits F filtres partiels en ladite -moire (404) de trames
doubles a    65   un courant en serie de F lignes de balayage 21 11111!
111L   N 1111111 1111 
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d'6l6ments dMimage pendant un        de deux trames simples de balayage
entrelace de intervalle de temps qui n'est pas plus long que la  lignes
d'une image bidimensionnelle dont la p6riode de temps entre les debuts de
deux lignes    trame est exploree; le perfectionnement ou cha- successives
de balayage de chacune desdites F       que etage dudit analyseur comprend;
trames simples de balayage entrelac6es.        5      un moyen formant
filtre num6rique/compres- 11. Systeme defini a Ia revendication 10, ou
seur (501) pourderiverun premiersignal de sortie ledit signal d'entr~e
vid6o entrelace est un signal  video en r6ponse audit signal d'entr6e video
d'entree video entrelace comprime.                  formant son entree,
ledit moyen formant filtre/ 12. Systeme defini A la revendication 10, ou
compresseur servant par le fait que l'une des ladite m6moire de trames
doubles A balayage    10   deux dimensions de ladite image qui est orthogo-
progressif (404) est une memoire de trames inter-   nale auxdites lignes de
balayage de la trame (1) pol6es qui sert A retarder les echantillons d'6le-
en tant que premier filtre partiel employant un ments d'image qui lui sont
appliques d'un inter-    premier sous-groupe compose de poids alternes
valle de temps egal a la somme de la difference     d'une premiere fonction
de ponderation donn6e du temps de la presence des echantillons corres-   15
de noyau composee d'au moins trois poids pour pondants d'6l6ments d'image
entre les F trames      toutes les lignes de balayage de la premiere
simples de balayage entrelac6 successives et la     desdites deux trames
simples de chaque trame dur6e d'une ligne de balayage des 6chantillons
double successive d'entree et (2) comme second d'6l6ments d'image
apparaissant a Ia sortie en      filtre partiel employant un second groupe
com- serie dudit convertisseur serie-parallele;    20   pose des poids
restants de ladite premiere fonc- ladite memoire de trarnes interpolees
(1104) et   tion de ponderation de noyau donnee pour toutes ledit moyen
comprenant ledit additionneur (1102)    les lignes de balayage de la second
desdites deux sont actifs (1) pour deriver un courant en serie    trames
simples de chaque trame double succes- _i    d'echantillons d'elements
d'image dont chacun        sive double d'entree; est fonction de la somme
du premier echantillon    25  un moyen formant filtre numerique d'exten-
d'el6ment d'image correspondant apparaissant a      sion/interpolation
(400) pour deriver un second la sortie en serie dudit convertisseur
parallele-   signal de sortie vid6o en reponse audit premier sbrie et d'un
second echantillon d'element         signal de sortie video applique en
tant qu'entree, d'image retarde correspondant de ladite memoire     ledit
moyen formant filtre d'extension/interpola- de trames doubles interpolees
et (2) pour appli-   30   tion servant, dans l'une des deux dimensions de
quer ledit courant derive en s6rie d'echantillons   ladite image, (a) de
troisieme filtre partiel d'elements d'image, en tant qu'une entr6e de
employant un premier sous-groupe compose de ladite memoire de trames
doubles interpolees; et    poids alternes d'une seconde fonction de ponde-
ladite memoire de trames doubles inteporl6es      ration donnee de noyau
composee d'au moins et moyen comprenant ledit additionneur servent,   35
trois poids pour toutes les lignes de balayage des subsequmment A la fin de
la (F-1)ieme trame         deux trames simples de chacune des trames simple
de balayage entrelace, a deriver ledit       doubles successives d'entree
et (b) de quatrieme signal de sortie video A balayage progressif.
filtre partiel employant un second sous-groupe 13. Systeme defini A la
revendication 12, ou      compose des poids restants de ladite second ledit
signal d'entreo video entrelace se compose   40   fonction de ponderation a
noyau, donnee pour d'une succession continue desdites trames dou-
toutes les lignes de balayage des deux trames bles d'entree et chacune
desdites trames doubles    simples de chaque trame double successive d'en-
d'entree ne se compose que de deux trames           tree; et simples
entrelaceos de balayage qui se compo-         un moyen de translation de
signaux (120) sent d'une trame impaire suivie d'une trame    45   repondant
audit signal d'entr6e video et audit paire, la valeur dudit premier nombre
entier F      second signal de sortie vid6o qui lui est applique etant
deux.                                         pour deriver un troisieme
signal de sortie video 14. Systeme dbfini A la revendication 13, oui D
representant une sortie passe-bande de cet etage est egal au plus grand
nombre entier quiest plus    de l'analyseur A pyramide de Burt, ledit moyen
de petit que la moitie de m.                     so   translation de
signaux servant (A) a combiner 15. Systeme dbfini a la revendication 12,
oCb     efficacement les echantillons respectifs d'ble- chaque echantillon
d'6l6ment d'image dudit cou-     ments d'image dudit second signal de
sortie rant derive en serie d'bchantillons d'elements      video qui
definissent la sortie dudit troisieme d'image est sensiblement egal a la
somme des        filtre partiel pour l'une desdites deux trames premier et
second echantillons correspondants   55   simples de chaque trame double
d'entr~e succes- d'blements d'image.                                 sive
avec les 6chantillons correspondants d'ele- 16. Dans un syst~me contenant
un analyseurde      ments d'image dudit second signal de sortie la pyramide
de Burt ayant au moins un etage pour    video qui definissent la sortie
dudit quatrieme le traitement numerique en temps rMel d'un signal   filtre
partiei pour une premiere trame simple non video numerique entrelace qui
est applique en   60   choisie qui est temporellement contigue a la tant
qu'entree a cet etage, obi ledit signal d'entree  trame choisie desdites
deux trames simples de video se compose temporellement de lignes suc-
chaque trame double d'entree successive et (B) A cessives de balayage
d'echantillons d'blements      combiner efficacement les echantillons
respectifs d'image de trames doubles successives d'entree,     d'elements
d'image dudit second signal de sortie chacune desdites trames doubles se
composant   65   video qui definissent la sortie dudit quatrieme 22 
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partiel pour la trame choisie desdites deux   ment d'image applique A sa
seconde entree de la trames simples de chaque trame double d'entree
valeur d'un echantillon d'element d'image corres- successive avec les
6chantillons correspondants      pondant appliqu6 a sa premiere entree pour
ainsi d'6l6ments d'image dudit second signal de sortie     d6river, A sa
sortie, des 6chantillons respectifs video qui d6finissent la sortie dudit
troisieme    5    d'6lements d'image, chacun representant une filtre
partiel pour une seconde trame simple non     valeur de difference, un
moyen (78) pour appli- choisie qui est temporellement contigud a celle
quer ledit second signal de sortie video A ladite qui est choisie desdites
deux trames simples de     seconde entree dudit moyen de soustraction et un
chaque trame double d'entr6e successive.             moyen A retard
comprim6 dans le temps pour 17. Systeme defini a la revendication 16, oua:
10   appliquer les -6chantillons respectifs d'elements ledit analyseur A
Pyramide de Burt se compose      d'image de chaque ligne de balayage dudit
signal d'un groupe ordinal de M etages, ou M est un        d'entree video a
ladite premiere entree dudit nombre entier donne; et
moyen de soustraction en coincidence de temps ledit Mieme etage (500 M)
comprend de plus un      avec l'application, A sa seconde entr6e, des
second moyen de translation de signaux (304)   is   echantillons
correspondants d'elements d'image repondant audit premier signal de sortie
video      de la ligne correspondant de balayage du qua- dudit Mieme etage
qui lui est applique pour         trieme filtre partiel; et deriver un
quatrieme signal de sortie video repre-    ledit moyen de translation de
signaux corn- sentant la sortie restante dudit analyseur A Pyra-  prend de
plus un convertisseur de balayage entre- mide de Burt;
20   lace A progressif (304) repondant A la sortie dudit ledit second moyen
de translation de signaux      moyen de soustraction qui lui est appliqu6
pour servant A efficacement combiner les echantillons    deriver une sortie
video A balayage progressif respectifs d'elements d'image dudit premier
retardee a simple protection en tant que ledit signal de sortie vid6o dudit
Mieme etage qui        troisieme signal de sortie vid6o de chaque etage
definissent la sortie dudit second filtre partiel   25   dudit analyseur a
Pyramide de Burt, ledit conver- pour ladite seconde trame simple qui se
presente    tisseur de balayage entrelace A progressif com- de chaque trame
double d'entr6e successive avec     prenant un moyen employant ladite
seconde les  echantillons  correspondants  d'6l6ments       trame simple de
chaque trame double d'entr~e d'image dudit premier signal de sortie video
dudit  successive en tant que trame choisie desdites Mieme etage qui
definissent la sortie dudit pre-   30   deux trames simples et employant
ladite pre- mier filtre partiel pour une premiere trame simple  miere trame
simple de cette meme trame double qui se presente, qui est contingue a la
seconde     d'entree en tant que lesdits premiere et seconde trame simple
qui se presente de la trame double     trames simples non choisies.
d'entree.                                             20. Systeme defini a
la revendication 19, ou: 18. Systeme defini a la revendication 17, ou:  35
I'analyseur a Pyramide de Burt se compose M est un nombre entier donne; et
d'un groupe ordinal de M etages, ou M est un chacun des premier A (M-1)ieme
etages (500 K)     nombre entier donne; et cdudit analyseur A Pyramide de
Burt comprend de       ledit Mieme etage comprend de plus un second plus un
moyen (504) repondant audit premier         moyen de translation de signaux
compose d'un signal de sortie video de cet etage qui lui est   40
convertisseur de balayage entrelace A progressif applique pour en eliminer
une ligne de balayage     (304) repondant audit premier signal de sortie
sur deux des echantillons d'el6ments d'image et     video dudit Mieme etage
qui lui est applique pour ainsi deriver un cinquieme signal de sortie video
deriver un quatrieme signal de sortie video repre- de cet etage, ledit
cinquieme signal de sortie      sentant une sortie video restante retarde a
simple video de chacune desdits premier a (M-1)ieme    45   protection
dudit analyseur a Pyramide de Burt, etages dudit analyseur a Pyramide de
Burt etant     ledit convertisseur A balayage entrelace a pro- applique en
tant que signal d'entree video a        gressif comprenant un moyen (1008)
pour effica- I'etage immbdiatement suivant des second a          cement
combiner les 6chantillons respectifs d'ble- Mieme Atages dudit analyseur a
Pyramide de          ments d'image dudit premier signal de sortie Burt.
50   vidbo dudit Mieme btage qui definissent la sortie 19. Systeme dbfini A
la revendication 16, oCu:    dudit second filtre partiel pour ladite
seconde ledit moVen formant'filtre d'extensionfinterpo-   trame simple de
chaque trame double d'entrbe lation (400) comprend un convertisseur
parallele-   successive avec les bchantillons correspondants sbrie avec
compression dans le temps (916-926)      d'blements d'image dudit premier
signal de sortie pour dbriver un format dudit second signal de   ss   video
dudit Mieme etage qui definissent la sortie sortie vidbo ou, pendant la
durbe de chaque ligne   dudit premier filtre partiel pour la premiere trame
de balayage dudit signal d'entrbe video, chaque     simple de cette mAme
trame double d'entrbe. ligne de balayage d'bchantillons d'elements
21. Systeme defini A la revendication 16, oCu: d'image dudit troisieme
filtre partiel est suivie    ledit moyen de translation de signaux se corn-
d'une ligne de balayage d'Achantillons correspon-   60   pose d'un moyen de
soustraction (120) pour dants d'elements d'image dudit quatrieme filtre
soustraire la valeur de chaque echantillon d'ble- partiel;
ment d'image applique a sa seconde entree de la ledit moyen de translation
de signaux se com-     valeur d'un dchantillon d'blement d'image corres-
pose d'un moyen de soustraction (120) pour          pondant applique a sa
premiere entree pour ainsi soustraire la valeur de chaque bchantillon
d'616-   cs   deriver, a sa sortie, des bchantillons respectifs 
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46 d'eiement d'image dont chacun represente une        meme trame double
d'entree en tant que pre- valeur de difference, un inverseur (522) pour
miere trame simple non choisie et ladite premiere inverser, a sa sortie, la
polarit6 de chaque echan-  trame simple de la trame double de sortie imme-
tillon d'element d'image applique a son entree,     diatement suivante en
tant que seconde trame un moyen (502) pour appliquer les echantillons    5
simple non choisie. respectifs d'elements d'image de toutes les lignes
22. Systeme defini a la revendication 1, ob: de balayage dudit second
signal de sortie video       ledit analyseur A pyramide de Burt se compose
qui representent la sortie dudit troisieme filtre   d'un groupe ordinal de
M etages, ou M est un partiel en tant que ladite entree dudit inverseur et
nombre entier donn6; et pour appliquer les echantillons respectifs d'WM&-
10    ledit M-ieme etage comprend de plus un ments d'image de toutes les
lignes de balayage      second moyen de translation de signaux corn- dudit
second signal de sortie video qui represen-   pose d'un convertisseur
entree entrelacee-sortie tent la sortie dudit quatrieme filtre partiel, en
tant  entrelacee repondant audit premier signal de que ladite seconde
entree, audit moyen de sous-     sortie video dudit M-ieme etage qui lui
est appli- traction, et un moyan a retard (118) pour appli-   15   qu6 pour
d6river un quatrieme signal de sortie quer les echantillons  respectifs
d'el6ments        video representant une sortie vid6o restante d'image de
chaque ligne de balayage dudit signal    entrelacee retardee dudit
analyseur A Pyramide d'entr6e video a ladite premiere entree dudit       de
Burt, ledit convertisseur entree entrelacee- moyen de soustraction en
coincidence dans le        sortie  entrelacee  comprenant  un  moyen temps
avec l'application, a sa seconde entree, des   20   (1210-1216) pour
combiner efficacement les echantillons correspondants d'elements d'image
6chantillons respectifs d'elements dOimage dudit de la ligne correspondante
de balayage dudit        premier signal de sortie video dudit M-ime etage
quatrieme filtre partiel; et                        qui definissent la
sortie dudit second filtre partiel ledit moyen de translation de signaux
com-        pour ladite seconde trame simple de chaque prend de plus un
convertisseur entrelacement   25   trame double d'entree avec les
echantillons d'ele- entree a entrelacement sortie repondant aux sor-
ments d'image correspondants dudit premier ties respectives dudit moyen de
soustraction et     signal de sortie vid6o dudit M-ieme stage qui dudit
inverseur qui lui sont appliquees pour deri-  definit la sortie dudit
premier filtre partiel (1) pour ver une sortie video entrelacee retard6e en
tant    la premiere trame simple de cette mAme trame que ledit troisieme
signal de sortie vid6o de   30   double d'entree pour deriver l'une des
deux chaque etage dudit analyseur a pyramide de Burt,    trames simples
entrelacees de chaque trame dou- ledit convertisseur (524) entree
entrelac6e-sortie  ble de sortie video restante successive et (2) pour
entrelacee comprenant un moyen (1200-1208)          la premiere trame
simple de la trame double employant ladite seconde trame simple en tant
d'entr6e immediatement suivante pour deriver que la trame choisie desdites
deux trames sim-   35   I'autre desdites deux trames simples entrelacees
pies de chaque trame double successive d'entree,  -  de chaque trame double
de sortie video restante et employant ladite premiere trame simple de la
successive. 40 / 45 50 55 60 65 24 C 11111111111111111    


