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automatically switches between two processing modes is described by Casey
et al, in U.S-A This invention relates to video signal process-  4672445
entitled PROGRESSIVE SCAN PROCES- ing and particularly to filters for
providing a pro-  SOR EMPLOYING INTERPOLATION IN THE LU- cessed video
output signal in which picture ele-   5   MINANCE CHANNEL filed May 29,
1985, (FR-A- ments of a current field are provided by interpola-  2582891,
DE-A-3617924 and GB-A-2175770). In tion of corresponding elements of
Immediately pro-  this system a selector switch selects a field de- ceding
and following fields and which includes     layed luma image signal for
display on the inter- compensation for motion induced artifacts.
mediate lines of a display when the vertical detail While the interpolation
filter of the present in-  10  content of the input signal Is greater than
a mini- vention is of general utility, it Is particularly useful  mum
threshold value and there is little or no inter- for generating additional
horizontal lines for display  frame motion and selects a frame comb
filtered in a "line doubling" or progressively scanned tele-  and
interpolated luminance signal for display other- vision display system. In
one form of progressive  wise thereby providing enhanced vertical detail
and scan system the horizontal scan rate is multiplied,  16  reduced field
motion artifacts for displayed images. I.e., doubled, and each line of
video is displayed     It is recognized herein that adaptive processors
twice thereby providing a displayed Image having    which sense motion to
automatically switch be- reduced visibility of line structure. However in
an-  tween intra-field processing (e.g., line comb filter- other form of
progressive scan system in which the  ing) and inter-field processing
(e.g., field or frame invention finds an important application, the "extra"
20  processing) may be subject to switching errors lines for display are
obtained by interpolation. This  under certain circumstances as, for
example, when may be done either before or after "speed-up"      the signal
to noise (S/N) ratio of the video input (i.e., time compressing) of the
video signal in the  signal is poor. The visual effect of erratic motion
memory. Examples of progressively scanned dis-     switching under low
signal to noise ratio conditions play systems in which the additional scan
lines are   25   may be manifested as noise in the picture. obtained by
Interpolation from the original scan       A need exists for video
processor having the lines are described by K. H. Powers in U.S. -A-
relatively high resolution characteristic of field or 4,400,719 entitled
TELEVISION DISPLAY SYSTEM       frame processor, having the motion artifact
immu- WITH REDUCED LINE SCAN ARTIFACTS which              nity
characteristic of vertical or intra-field interpola- issued August 23, 1983
and by Yasushi Fujimura et  30  tion processors and which avoids switching
errors at. in U.K. Patent Application GB-A-2,111,343 pub-  characteristic
of motion adaptive systems. The lished June 29, 1983.
present invention is directed to meeting those It has been recognized (by
Powers, for exam-    needs. pie) that a superior progressive scan image may
be     In accordance with a first aspect of the inven- obtained in cases
where there is no significant  35  tion, linear filtering techniques are
employed to scene motion, by using a field memory to delay      generate
interpolated horizontal lines of a video the incoming video signal by one
field. in this way,  signal for display thereby avoiding switching arti-
all 525 lines of an interlaced frame (NTSC as-     facts characteristic of
the aforementions "adaptive" sumed) are available for display during each
field  systems. The invention is embodied in an Inter- period thereby
avoiding the loss of vertical resolu-   40  polation filter which operates
continuously upon a tion characteristic of conventional line interpolators.
video signal and is "non-adaptive" in the sense When motion occurs,
however, the temporal dif-      that the filtering parameters are
continuous linear ference (1/60th. second for NTSC) between the
functions and are not switched as a consequence undelayed and field delayed
lines causes the        of field-to-field motion of image date. Motion
arti- edges of moving objects to appear serrated.    45  facts which tend
to occur as a consequence of field The serrated edge effect may be
corrected as    to field processing of the video signal are continu-
described by Casey in our US-A-4598309 entitled     ously suppressed by
means of a combination of A TELEVISION RECEIVER THAT INCLUDES A
line and frame comb filters. FRAME STORE USING NON-INTERLACED SCAN-
An interpolation filter embodying the invention NING FORMAT WITH MOTION
COMPENSATION.   50  comprises an input terminal for receiving a video in an
exemplary embodiment of the Casey appara-    Input signal to be
interpolated. A frame comb filter tus, a motion responsive switch selects a
frame     means, coupled to the input terminal, provides an comb filtered
luminance signal for display during  interpolated video output signal in
which picture times when little or no motion is present and se-   elements
of a given field are generated by inter- lects the field-delayed luminance
signal (which, ad-   55  polation of corresponding elements of immediately
ditionally, is line-comb filtered) for display other-  preceeding and
following fields. A first line comb wise.
filter means is coupled to the input terminal for line Another example or
an "adaptive" system that    comb filtering and delaying the video Input
signal 2 



3                  EP 0 217 628 B1                     4 by substantially
one field interval to provide a first  picture element (pixel) of an
interpolated line B of line comb filtered and delayed video output signal.
field 2 is determined by interpolation by averaging A second comb filter
means is coupled to the         corresponding points (A and C) of the
immediately frame comb filter means for line comb filtering the  preceeding
and following fields (fields 1 and 3). interpolated video output signal for
providing a sec-   6   When inter field motion occurs, interpolation of
this ond line comb filtered output signal. An output      type would
normally tend to produce undesirable means, coupled to each filter,
linearly combines the  visual artifacts such as smeared Images, double
interpolated video output signal with the line comb  images, blured edges,
etc. In the previously dis- filtered signals to provide an interpolated
video    cussed prior art "adaptive" systems, the solution to output signal
having reduced motion related arti-   10  this problem was to detect
interframe motion above facts.
a threshold value and switch to vertical interpola- In accordance with a
further aspect of the       tion (averaging the points D, Eabove and below
B) invention, the output means includes a further filter  since vertical
interpolation, being within a field, means coupled to the two line comb
filter means      exhibits no motion artifacts. It does, however, tend for
generating an enhancement signal representa-   15  to reduce the vertical
resolution. Filter 30, as will tive of the edges of objects exhibiting
field to field  be described, is a linear filter which is compen- motion
and provision is made for adding the mov-     sated for motion effects.
Accordingly, filter 30 pre- ing edge enhancement signal to the interpolated
serves the vertical resolution of the original signal video output signal.
even in the presence of motion and is not subject The Invention is
illustrated In the accompany-   20  to the effects of low S/N ratio and
detector switch- ing drawing wherein like elements are identifed by   ing
noise previously discussed. like designators and in which:
Specifically, the receiver of FIGURE 1 com- FIGURE 1 is a block diagram of
a progressive      prises a receiving circuit unit 10 of conventional scan
television receiver embodying the inven-     design having an input 12 for
connection to an tion;                                        25  antenna
or other suitable video RF source and an FIGURE 2 is a representation of
the raster scan   output for providing a baseband video output signal lines
displayed by the receiver of FIGURE 1;      S1. Unit 10 may be omitted when
the receiver Is FIGURE 3 is a spatio-temporal diagram illustrat-  used as a
monitor for sources (e.g.  tape recorders) ing field interpolation used in
the receiver of   having baseband video outputs. Signal S1 is ap- FIGURE 1;
so  plied to a luminance/chrominance separator (Y/C) FIGURE 4 is a detailed
block diagram of an        and analog-to-digital (A/D) converter unit 14 of
con- interpolation filter embodying the invention and  ventional design
which provides digitized and sepa- used in the receiver of FIGURE 1;
rated luminance (Y) and chrominance (C) output FIGURE 5 is a diagram
comparing the pass-         signals. it is preferred that the signals be
pro- band characteristics of two line comb filters  36  cessed digitally to
facilitate signal storage in con- used In the Interpolation filter of
FIGURE 4; and  ventional random access memories (RAMs). After- FIGURE 6 is
a block diagram Illustrating a modl-  natively, processing may be provided
by other fication of the interpolation filter of FIGURE 4 for  sampled data
devices (e.g., charge coupled de- providing enhancement of edge detail of
objects   vices) In which case conversion to digital form Is exhibiting
inter frame motion.               40   not necessary. The progressive scan
receiver of FIGURE 1            Luma (luminance) signal Y is applied to
filter represents a preferred application of the use of the  30 which
generates a field delayed luma signal Yd interpolation filter 30, embodying
the invention, for  and a frame interpolated luma signal Yl. The total
generating interpolated horizontal lines of a video  interpolation delay,
with motion compensation, is signal for display in progressive scan fashion
along   45   one field plus one-half line (e.g., 263 lines total for with
received (non-interpolated) lines. The raster   NTSC standard input
signals). The non-interpolated structure is illustrated in FIGURE 2 wherein
Yd      luma signal Yd is delayed by this amount to ensure represents the
incoming video signal (delayed, as    proper registration between Yd and Y1
when the will be explained) and Yi represents the interpo-    signals are
ultimately displayed on a display unit lated lines added to the display to
double the   50  20. The chroma (chrominance) signal C Is similarly number
of lines and thereby reduce the visibility of  delayed by unit 16. The luma
signals Yd and Yi at vertical line structure. As shown, the received (Yd)
outputs 32 and 33 of filter 30 are applied to a luma and Interpolated (Yi)
lines are alternately displayed  speed-up circuit 18 which time compresses
and (interleaved) in the raster.                         interleaves the
signals to generate a double line Interpolation provided by filter 30 is
provided  55  rate video output signal Y'. Unit 18 may be of as shown in
FIGURE 3 wherein circles represent       conventional desire such as the
parallel organized 



received video lines and crosses represent field     first-in first-out
(FIFO) buffers described in the interpolated (Yi) lines. As shown, the
value of a    aforementioned Powers patent (4,400,719). The 3    5
EP 0 217 628 B1                         8 chroma signal Is also applied to
a speed-up unit 22  vertical resolution of the input luma signal Y but
which doubles the chroma line rate to provide a    also is subject to
motion artifacts. time-compressed double line-rate chroma output        The
delay of the interpolated signal S4 through signal C'. For purposes of
chroma processing, it is  filter 402 is equal to one-half of the total
delays of sufficient that the chroma signal simply be re-   5   units
406-410 or 262.5 lines (NTSC assumed). Sig- peated to double its line rate.
Dischert describes  nal S4 Is additionally delayed by a 1-H delay unit
suitable line repeating processors in his aforemen-  414 to produce a
signal S5 which is coupled to tioned patent 4,415,931. Alternatively, the
chroma  output terminal 33 via an adder 450. The signal 85 signal may be
processed in the same manner as      at the input to adder 450 thus has a
total delay of the luma signal. Another alternative would be to  10  263.5
lines and represents an interpolated video decode signal S1 to RGB
components or Y, I, Q    ouput signal in which picture elements of a given
components or Y, B-Y, R-Y components and pro-      field (e.g., field 2 of
FIG. 3) are generated by cess all components as the luma signal Y.
averaging of corresponding elements (A and C, The double line rate luma Y'
and chroma C'      FIG. 3) of immediately proceeding and following signals
are applied to a conventional matrix and   is  fields (e.g., fields 1 and
3, FIG. 3). digital to analog (D/A) converter unit 24 which sup-   Signal
S4 (or the signal S5) Is subject to mo- plies a video output signal S2 in
RGB form to    tion artifacts since it is the average of two fields. If
display 20 which is synchronized by sweep circuit  something moves from
field to field the resultant unit 26 to operate at the field rate, FV, and
double  moving object may exhibit serrated edges and the line rate, 2 FH,
of the video input signal S1. As   20  smear due to the averaging process.
This is cor- previously described, unit 20 produces a raster    rected by
means of two line-comb filters 430 and (FIG. 2) in which Yd and Yi
alternate in progressive  440 which generate a compensating signal 86 scan
fashion with Yi being interpolated from imme-  which represents the motion
effect within the inter- diately preceeding and following fields as shown
in  polated field (e.g., field 2 of FIG. 3). FIGURE 3. With the exception
of how Yd and Yi  25      As an overview, the motion compensation sig- are
generated, the detailed operation of the re-   nal S6 represents the
difference between the frame ceiver is much the same as described in the
verti-  interpolated field produced by filter 402 and a cal interpolation
progressive scan system  de-     vertically Interpolated field provided by
line comb scribed in the Powers patent (4,400,719) and so    filter 430. in
FIG. 3 the point B is frame interpolated will not be repeated here. The
differences, as will  30  by averaging points A and C as previously ex- now
be described in detail, are that the present   plained. Filter 430.
averages points D and E to progressive scan system employs linear frame in-
provide a vertically or intra-field Interpolated es- terpolation with
motion compensation to preserve   timate of the value of point B. Thus,
there are two vertical resolution while also avoiding switching arti-
estimates of the value of point B which are spatially facts characteristic
of so-called "adaptive" field or  35  and temporally coincident. The
difference between frame progressive scan conversion systems.         the
frame estimate (A+C)/2 and the vertical es- FIGURE 4 shows the details of a
first embodi-  timate (D + E)/2 would represent motion between ment of
filter 30 which, as will be explained, ac-  these two spatially and
temporally coincident es- tually comprises several filters and also
provides  timates if there were no vertical detail present. the delay
necessary to ensure proper registration   40  Vertical detail is a problem
because vertical Inter- of the Interpolated (Yi) and non-interpolated (Yd)
polation attenuates it whereas frame averaging pre- signals. The filter
comprises an input terminal 31  serves it. In order to detect motion
between the for receiving the luma signal Y to be interpolated  vertically
interpolated field (D+ E)/2 and the frame from unit 14. Input terminal 31
is coupled to the   averaged field (A+B)/2 it Is necessary to equalise
Input of a frame comb filter (indicated generally as   45  the vertical
detail. This is done by a further line 402) comprising an adder 404 having
a first input  comb filter 440 which attenuates the vertical detail
connected directly to terminal 31 and a second       of the frame
interpolated signal in proportion to the input connected to terminal 31 via
a cascade con-  vertical detail which is lost due to vertical interpola-
nection of three delay units (406-410) having re-  tion. With vertical
detail suppressed In equal spective delays of 263 H, 1-H and 261 H where H
so  amounts in both the frame comb filtered signal and corresponds to one
horizontal line. The total delay  the line comb (vertically) filtered
signal, the dif- is thus one frame (525 lines in the NTSC system)   ference
between the two signals will accurately and the output signal (S3) from
adder 404 thus     represent motion between the two spatially and 



represents the sum of pixels one frame apart. This  temporally coincident
interpolated fields. The dif- signal (S4) is attenuated by a factor of two
in unit  55  ference signal, thus compensated for vertical detail 412 to
provide an interpolated output signal S4 for  differences, may thus be
combined with the framp a current field of the input signal equal to
(A+C)/2  averaged signal to correct motion artifacts on a as shown In
FIGURE 3. Signal S4 has the full       continuous basis with no need for
adaptively 4    7                 EP 0 217 628 B1                     8
switching to change interpolation modes as in the      Although
structurally different, the line comb prior art. Moreover, since the
compensating signal  filters 430 and 440 have been selected to provide only
removes motion artifacts, the output signal will  transfer characteristics
which are nearly matched still possess the full vertical detail content of
the  as to their passband characteristics as shown in original video input
signal.                   5   FIGURE 5. Each has a null at an odd multiple
of The first of the line comb filters 430 comprises  half the line rate of
the video input signal (Fl, F2, an adder 432 which adds the input and
output       etc.) Two-tap filter 430 has a cycloidlal response signals of
delay unit 408 and an attenuator 434    and three-tap filter 440 has a
raised-cosine re- which divides the sum by two. The resultant signal
sponse as shown. The line comb filters, accord- S7 represents the average
of lines within a field  10  ingly, have similar transfer characteristics
and ex- immediately above and below the Interpolated line  actly matched
temporal characteristics (i.e., signals produced by filter 402. This
corresponds to the    S7 and S8 are equally delayed). average of points D
and E of FIGURE 3. Signal S7       The error (difference) in the transfer
character- may thus be considered to be a first point of      istics of
filters 430 and 440 represented by FIG- reference for detecting motion of
signal S5 since   15   URE 5 represents residual vertical detail compo- the
average of D and E falls at the same point as  nent which is removed from
signal S9 by means of the average of A and C both spatially and tem-    a
high pass filter 462 (e.g., 0.5 MHz) which sup- porally.
plies the motion correction signal S6 to adder 450 Having developed a
vertical average signal S7   in output circuit 460. (D + E/2) which is
spatially and temporally coinci-  20  To summarize filter 402 provides a
frame Inter- dent with the frame averaged signal S5 (A+B/2),    polated
signal S5 having motion artifacts. Filters the next step according to the
invention, is to    430 and 440 provide, respectively, a line comb extract
the vertical detail from signal S4 to gen-  filtered field delayed signal
S7 and a frame comb erate a signal S8 which corresponds to S4 except
filtered, line comb filtered signal S8, each line for attenuated vertical
detail. This step is important  25  comb filtered signal having attenuated
vertical de- because signal S4 contains the full vertical detail of  tail.
Output unit 460 combines the outputs of all the input signal Y but signal
S7 has attenuated    three filters to provide a motion compensated,
vertical detail due to vertical averageing. It is sig-  frame interpolated
output signal Yl. Miss-match in nificant that motion spectra be separated
from ver-  the transfer characteristics of the line comb filters tical
detail and this is done by filter 440 which   30  is corrected by means of
high pass filter 462. takes the vertical detail out of signal S4.
The filter 30 of FIGURE 4 may be modified as Filter 440 comprises a
three-tap vertical inter-  shown in FIGURE 6 to enhance the detail of the
polation line comb filter having weighting coeffi-  edges of moving
objects. Recall that filters 430 and clents of 0.25, 0.5 and 0.25. The
filter is con-    440 produce signals S7 and S8, respectively, structed by
means of an adder 441 having a first  35   which are used to produce signal
S6 which Is itself input coupled via a 1/4 attenuator 442 to the input
combined with signal S5 to remove motion artifacts of delay line 414, a
second input coupled to the   produced by frame comb filter 402. In the
modified output of line 414 via a 1/2 attenuator 443 and a  circuit, a
bandpass filter 601 having a passband In third Input coupled to the output
of line 414 via a  the general range of 3-4 MHz generates an edge cascade
connection of an attenuator 444 and an-   40  motion indicating signal S10
from signal S6. The other 1-H delay line 445.
amplitude of signal S10 Is controlled by an edge- It will be noted that
line-comb filters 430 and  peaking for motion unit control 602 comprising a
440 are different structurally. Filter 430 is a "two-  variable attenuator
to provide a variable amplitude tap" filter and filter 440 is a "three-tap"
filter.  motion edge peaking signal S11. Signal S11 is Different filter
forms or types are used in order to  45  added to signals Yd and Yi by
means of adders ensure that the field-delayed line comb filtered   603 and
604, respectively, to ensure that edge signal S7 is in proper registration
with the frame-  peaking is added to both the real and interpolated comb
filtered line-comb filtered signal S8. The de-  luma signals. In operation,
filters 430 and 440 pro- lay, for each filter is 263.5 lines. Filter 430
provides  vide motion compensation for signal S5 as pre- a vertically
interpolated signal with attenuated verti-  50  viously explained. Units
601-604 peak only the 



cal detail and filter 440 provides a frame interpo-  edges of moving
objects. The net result is that lated signal with attenuated vertical
detail. The dif-  moving objects have smear removed but retain ference
between signals S7 and S8 (e.g., signal S9  indications of motion due to
the enhanced motion produced by a subtractor 461 in output circuit 460
compensated edge information provided by the e.g. subtractor 461, filter
462 and adder 450) thus   55  edge compensation circuits 601-604. It has
been represents inter frame motion without contamina-   found that this
produces a subjectively pleasing tion by vertical detail components of the
luma input  image. signal Y.    EP 0 217 628 B1                10 * C   L
M   S Claims                                                  (402) for
line comb filtering said field Interpo- lated video output signal to
provide said further 1. A video signal interpolator (30) comprising an
video output signal as a frame and line comb input (31) for receiving a
video input signal to    filtered output signal. be interpolated and
characterized by the corn-   5 bination of:
4. An interpolator as recited in Claim 3 wherein first interpolating filter
means (402) coup-    said first and second line comb filters (430, led to
said input (31) for providing a frame        440) comprise respective
adders (432, 441) interpolated video output signal (S3, 84) ten-
coupled to different numbers of filter taps in ding to exhibit motion
artifacts;          10       respective delay chains. second interpolating
filter means (430) coupled to said input (31) for providing a line  5. An
Interpolator as recited in any preceding interpolated video output signal
(S7) having        claim wherein said output means includes filter picture
elements spatially and temporally co-       means (462) for suppressing
components be- Incident with corresponding picture elements  15   low a
given frequency of said line interpolated of said frame interpolated video
output signal      video output signal (S7) and said further video and
having a vertical detail component sup-         output signal (S8). pressed
by a given amount; third filter means (440) coupled to said first  . An
Interpolator as recited In Claim 5 wherein filter means (402) for
attenuating a vertical  20   said suppressing filter means (462) Is coupled
detail component of said frame interpolated         to said second and
third filter means via sub- video output signal by substantially said given
traction means (461). amount to provide a further video output signal (S8);
and                                       7. An interpolator as recited in
any preceding output means (461, 450) for combining the   25  claim wherein
one (430) of said second and video output signals of said first, second and
third filter means exhibits a cycloidial response third filter means for
providing a frame interpo-   characteristic and the other (440) exhibits a
lated video output signal (Y1) in which said       raised cosine response
characteristic. motion artifacts have been attenuated. 30  8. An
interpolator as recited in Claim 7 wherein 2. An interpolator as recited in
Claim 1 wherein       said second filter means comprises a two-tap said
third filter means (440) comprises a line      line comb filter (408, 432)
and said third filter comb filter means (414, 445, 442, 443, 444,
means comprises a three tap line comb filter 441) having a pass-band
characteristic (Fig.5)      (414, 445, 442, 443, 444, 441). similar to that
of said second filter means (430)  35 and an effective delay which Is the
same as     9. An interpolator as recited in any preceding that of said
second filter means.                   claim further comprising fourth
filter means (601) coupled to said second and third filter 3. An
interpolator as recited in Claim 1 wherein:       means (430, 440) for
generating an enhance- said first filter means (402) comprises a   40  ment
signal (S10, S11) representative of edges frame comb filter (406. 408, 410,
404) coupled      of moving images and means (604) for adding to said input
terminal and responsive to said       said enhancement signal to frame
interpolated video input signal for providing said frame in-     video
output signal (Yi) of said output means terpolated video output signal (84)
as a signal     (461, 450). in which picture elements of a given field are
46 generated by interpolation of corresponding     10. A progressive scan
display system comprising elements of immediately preceding and follow-
an Interpolator as recited in any preceding 



ing fields;                                         claim in which a
delayed (406) and time-com- said second filter means (430) comprises a
pressed (18) video signal (Yd) derived from first line comb filter (408,
432) coupled to said  50  said video input signal is displayed line-by-line
input terminal for line comb filtering said video   altematingly with an
interpolated video signal input signal with a delay of substantially one
(yi) provided by said interpolator (30) and cor- field to provide said live
interpolated signal      respondingly time compressed (18). (S7) as a line
comb filtered and delayed video output signal; and
55   Revendications said third filter means (440) comprises a second line
comb filter (414, 445, 442, 443,    1. Un interpolateur de signal video
(30) compre- 444, 441) coupled to said frame comb filter         nant une
entrde (31) de reception d'un signal 6    11 iEP 0 217 628B1
121 d'entree video a interpoler, et caracteris6 par   (440) comprend un
second filtre on poigne de la combinaison de:
lignes (414, 445, 442, 443, 444, 441) couple au un premier moyen formant
filtre d'interpo-    filtre en peigne d'image pr6cite (402) pour lation
(402) couple & ladite entree (31) pour     filtrer en peigne de lignes l
signal de sortie produire un signal de sortie vld6d inteporle   6  video
interpold de trame prdcit6 pour produire d'image (83, S4) tendant a
presenter des arte-    I'autre signal de sortie video prdcit4 comme facts
de mouvement;                               signal de sortie flltre on
peigne de lignes et un second moyen formant filtre d'interpola-    d'image.
tion (430) coupl6 a ladite entree (31) pour produire un signal de sortie
viddo Interpole de   to  4. Un interpolateur solon la revendicatlon 3, o0
ligne (S7) ayant des el6ments d'image colhei-     les premier et second
filtres en peigns de dant spatialement et dans lo temps avec e16-
lignes (430, 440) comprennent des addition- ments d'image correspondants du
signal de         neurs respectifs (432, 441) couples A des sortie video
interpol6 d'mage et ayant une        nombres differents de bornes de
filtragefdans composante de detail vertical supprlmee par  t5   des chalhes
a retard respectives. une quantite donn6e; un troisieme moyen formant
filtre (440)    5. Un interpolateur solon l'uno des revendications couple
au premier moyen formant filtre (402)      precedentes, oO le moyen de
sortie precit6 pour attenuer une composante de detail verti-     compend un
moyen formant flltre (402) pour cal du signal de sortie vid6o interpol4
d'image   20  supprimer les composantes on dessous d'une de sensiblement
ladite quantit6 donn6e pour       fr6quence donnee du signal de sortie
video produire un autre signal de sortie vid6o (SB); et  interpole de ligne
precite (S7) ot de l'autre un moyen de sortie (461, 450) pour combi-
signal de sortie vid6o pr4cite (S8). ner les signaux de sortie video des
premier, second et troisieme moyens formant filtres  25  6. Un
Inborpolateur solon la revendlcatlon 5, ob le pour produire un signal de
sortie video interpo-  moyen formant filtre de suppression (462) est 16
d'lmage (Yi) dans lequel les art6facts de      coupl6 aux second et
trolslbme moyens for- mouvement ont ete attdnues.
mant filtres prdclt6s via un moyen de soustrac- tion (461). 2. Un
interpolateur solon la revendication 1, oO le  so troisieme moyen formant
filtre precite (440)   7. Un interpolateur selon l'une des revendications
comprend un moyen formant filtre en peigne        precddentes, oO Pun (430)
des second et trol- de lignes (414, 445, 442, 443, 444, 441) ayant    sieme
moyens formant filtres precit4s presento une caract6ristique passe-bande
(fig. 5) similal-  une caracteristique de r~ponso cycloTdale et re a celle
du second moyen formant filtre (430)  35  I'autre (440) presente une
caracteristique de et un retard offectif qui est le meme quo celui
reponse en cosinus relevee. du second moyen formant filtre. 8. Un
Interpolateur solon la revendication 7, oO le 3. Un interpolateur solon la
revendlcation 1, oO:     second moyen formant filtre precite comprend le
premier moyen formant filtre precite  so    un filtre en peigne de lignes a
deux bomes (402) comprend un filtre en peigne d'image        (408, 432) et
le trolsibme moyon formant filtre (406, 408, 410, 404) couple a la bome
d'entree    pr6cit6 comprend un filtre en peigne de lignes prdcitde et
repondant au signal d'entree video    a trois bomes (414, 445, 442, 443,
444, 441). preclte pour produire le signal de sortie vid6o 



interpol6 d'image precit6 (S4) comme un si-  45  9. Un interpolateur solon
l'une des revendicatlons gnal dans lequel les 6l6ments d'image d'une
prec6dentes. comprenant de plus un quatrle- trame donn6e sont produits par
interpolation      me moyen formant filtre (601) coupl4 aux se- d'elements
correspondants de -trames Imm6-        cond et troisieme moyens formant
filtres preci- diatement prec6dento et suivante;                Wts (430,
440) pour produire un signal d'am6- le second moyen formant filtre prcdt4
5o      Roratlon (S10, 811) repr6sentatif de bords (430) comprend un
premier filtre en peigne de     d'images en mouvement et d'un moyen (604)
lignes (408, 432) couple h la premibre bome       pour additionner le
signal d'am~lioration au d'entr~e pour filtrage on peigne de lignes du
signal de sortie viddo interpole d'lmage precite signal d'entr6e video avec
un retard de sensl-    (Yi) du moyen de sortie (461, 460). blement une
trame pour produire Is signal In-  56 terpold de ligne (87) comme signal de
sortie   10. Un systeme de visualisation a balayage pro- vid~o filtr6 en
peigne de lignes et retard6; et   gressif comprenant un Interpolateur tel
quo le trolsleme moyen formant filtre prdcitd      d~fini dans l'une des
revendications prdc6den- 7    13                EP 0 217 628 B1
14 C   L   M   S * tes, dans loquel un signal vid6o (Yi) retarde
ausgangssignal (S4) als ein Signal zu liefern, in (400) et compress6 dans
le temps (18) derive       welchem Bildelemente elnes gegebenen Tell- du
signal d'entree video prdcitM est visualise     bildes durch Interpolation
entsprechender Ele- alternativement ligne-par-ligne avc un signal
mente des unmittelbar vorhergehenden und video interpoil (Yi) produit par
linterpolateur   s  des unmittelbar nachfolgenden Teilbildes er- precite
(30) et comprlm6 dans le temps de          zeugt sind; fagon correspondante
(18).                             die zwelte Filtereinrichtung (430) ein
mit dem Eingangsanschlufi gekoppeites erstes Patentansprlche
Zellonkamrmfllter (408, 432) zur Zellenkammfil- 10     terung des
Videoeingangssignals mit elner 1. Ein Videosignal-lnterpolator (30), der
einen        Verzogerung von im wesentlichen elnem Teil- Eingang (31) zum
Empfang eines zu interpolle-      bild aufwelst, um das zeileninterpollerte
Signal renden Videoelngangssignals aufweist und ge-       (87) als eln
zellenkammgefiltertes und verz8- kennzeichnet ist durch die Kombinatlon
gertes Videoausgangssignal zu liefem, und einer ersten interpolierenden
Filterelnrich-   i6  die dritte Filtereinrichtung (440) eln mit tung (402),
die mit dem besagten Eingang (31)      dem   Vollbildkammfilter  (402)
gekoppeltes gekoppelt ist, um ein vollbildinterpoliertes Vi-   zweites
Zeilenkammfiter (414, 445, 442, 443, deoausgangesignal (83, S4) zu liefern,
das         444, 441) zur Zeilenkammfilterung des teilbild- dazu neigt,
Bewegungsartefakte zu zelgen;          interpolierten Videoausgangssignals
aufweist, elner zweiten interpolierenden Flitereinrich-  20  urn das
besagte weltere Videoausgangssignal tung (430)i die mit dam besagten
Eingang (31)      als ein vollbild- und zelienkammgeflltertes Aus-
gekoppelt Ist, um ein zeileninterpollertes Vl-     gangssignal zu liefern.
deoausgangssignal (S7) zu liefern, das Bildele- mente hat, die raumlich und
zeitlich koinzident  4. Ein Interpolator nach Patentanspruch 3, worin mit
entsprechenden Bildelementen des voll-  26     das erste und das zweite
Zeilenkammflittr bildinterpolierten Videoausgangssignals sind,      (430,
440) jeweies elnen Addierer (432, 441) und das eine um eln gegebenes MaO
unter-   5       aufweisen und diese Addierer mit unterschied- driOkte
Vertikaidetailkomponente hat;              lichen Anzahlen von
Fllteranzapfungen in elner einer mit der ersten Flltereinrichtung (402)
leweils zugeordneten Verzogerungskette ge- gekoppelten dritten
Fletereinrichtung (440) zur  30  koppelt sind. Dampfung einer
Vertikaldetailkomponente des vollbildinterpolierten Videoausgangssignals
urn  5. Ein Interpolator nach Irgendeinem  vorherge- Im wesentlichen das
gogebene MaB, um sin           henden Patentanspruch, worin die Ausgangs-
weiteres Videoausgangssignal (88) zu liefern,      elnrichtung eine
Filtereinrichtung (462) zum und                                        3s
Unterdr~cken von Komponenten unterhalb el- elner Ausgangvelnrichtung (461,
450) zum        ner gegebenen Frequenz des zelleninterpoller- Kombinieren
der Vldeoausgangssignaie der er-       ten Vidooausgangssignals (S7) und
des welte- sten, der zwelten und der dritten Filtereinrich-   ren
Videoausgangssignals (88) enthalt. tung, um ein vollbildinterpollertes
Videoaus- gangssignal (YI) zu liefem, in welchem die  40  6. Eln
Interpolator nach Patentanspruch 5, worin 



besagten Bewegungsartefakte gedlrmpft wor-         die unterdr~ckende
Flitereinrichtung (462) Ober den sind.
elne Subtraktionseinrichtung (461) mit der zwelten und der dritten
Flltereinrichtung gekop- 2. Ein Interpolator nach Patentanspruch 2, worin
pelt ist. die dritte Flitereinrichtung (440) eine Zellen-  45
kammfiltereinrichtung (414, 445, 442, 433, 444,  7. Ein Interpolator nach
irgendeinem  vorherge- 441) autweist, das eine Durchlaibandcharakte-
henden Patentanspruch, worin von der zweiten ristik (Fig. 5) Ahnlich
derjenigen der zweiten     und der dritten Filtereinrichtung die eine (430)
Fliterelnrichtung (430) und elne effektive Ver-      eine zykioldenfdrmnige
Ansprechcharakteristik zogerung hat, welche die gleiche wie diejenige   60
und die andere (440) eine Ansprechcharakteri- der zweitenI
FIltereinrichtung ist.                stik entsprechend elner erhobenen
Kosinus- funktion hat 3  Ein Interpolator nach Patentanspruch 1, worn: die
erste Filtereinrichtung (402) eln Voll-  a  Ein Interpolator nach
Patentanspruch 7, worln bildkammfilter (406, 408, 410, 404) aufwelst,  66
die zweite Filtereinrichtung sin mit zwel Anzap- das mit dom besagton
ElngangsanschlulO ge-         fungen arbeitendes Zeilenkammfllter (408,
432) koppelt ist und auF das Videoeingangssignal        und die drite
Filtereinrichtung ain mit drel An- anspricht, um das vollbildinterpolierte
Video-     zapfungen arbeltendes Zeilenkammfilter (414.    15
EP 0 217 828B1                      18    !        III1 I III I1111 445,
442, 443, 444, 441) aufweist. 9. Ein Interpolator nach Irgendelnem
vorherge- henden Patentanspruch, ferner aufwelsend elne mit der zweiten und
der dritten Filterein-   5 richtung (430, 440) gekoppelte vierte Filterein-
richtung (601) zur Erzeugung eines Steige- rungssignals (Si0, SI1), das
reprisentativ fUr Kanten bewegter Bilder ist, und elne Einrich- tung (804)
zum Addieren des Steigerungssl-  70 gnals mit dem volibildinterpolierten
Videoaus- gangssignal (YI) der AusgangselnrIchtung (461, 450). 10.
Bildwiedergabesystem   mit  Zeilenfolgeabta-   t5 stung, das einen
Interpolator nach irgendeinem vorhergehenden Patentanspruch aufweist, wor-
in ein vom besagten Videoeingangssignal ab- geleltetes verz5gertes (406)
und zeitkomprl- miertes (18) Videosignal (Yd) zeilenweise ab-   20
wechselnd mit einem interpolierten Videosignal (YI), das vom Interpolator
(30) geliefert und entsprechend zeltkomprlmiert (18) ist, darge- stellt
wird. 26 30 35 40 45 50 55    


