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video signal, having a selection circuit which passes one of three video
signals. The three video The present invention relates to a double scan-
signals correspond to three position-sequential ning non-interlaced
(progressive scan) television    lines of two consecutive fields and the
one which signal display apparatus including a system  for   5   has an
amplitude closest to the mean amplitude of generating signals representing
pixels of interstitial  the three video signals is passed to the output.
lines of a component of the composite video input        Any line averaging
technique used to generate signal.
an interstitial line signal reduces the vertical resolu- Current video
signal transmission standards      tion of the reproduced image. In
addition, the provide for two-to-one interlace scanning. There  io  present
inventors discovered that an interstitial col- are visible artifacts,
however, inherent in images   or difference signal generating system which
uses displayed by such a scanning structure. First, a line  a line
averaging technique adversely affects proper flicker artifact is produced
at horizontal edges of  color rendition in the interstitial line generated
in image objects, such as the tops and bottoms of       the presence of a
color transition. For example, at lettering. Second, line scanning
structure is visible  15  the boundary of regions of different colors, a
line due to alternating displays of a first vertical scan of  averaging
technique will estimate the luminance every other horizontal line, followed
by a second    value as being at a gray level between the lu- vertical scan
of the lines lying between those of the  minance values of the two
different color regions first vertical scan.
thus reducing vertical resolution. A line averaged U.S. Patent 4,400,719
entitled "Television Dis-  20   estimate of the chrominance value will
result in an play System  With Reduced Une-Scan Artifacts"        estimated
color which will most probably not be issued August 23, 1983 to Powers,
illustrates in     either one of the colors of the two regions. For FIGURE
13 and describes in the corresponding         example, the average of a
fully saturated blue line text, an exemplary double scanning non-interlaced
and a fully saturated green line is a line having television display
system. In this system, a signal  25  approximately 60% saturation
(relative to full satu- representing an interstitial line to be displayed
be-  ration) and having a cyan hue. tween two lines of the field currently
being re-         The present invention provides a video signal ceived, is
generated. This signal is composed from   processing apparatus for
generating interstitial lines two estimates of pixels in the interstitial
line. The  of video signal, comprising an input terminal for first has the
average value of the values of pixels  30  receiving an interlaced-scan
video signal having from the lines above and below the interstitial line
lines composed of horizontally successive pixels; in the same field. The
second has the value of the   an output terminal providing a vertically
offset inter- corresponding pixel from the proceeding field. A     stitial
line composed of horizontally successive in- motion detector, responsive to
the video signal,     terstitial pixels; and means coupled to said input
detects the presence of motion in the neighbor-  35  terminal for producing
signals representing first, hood of the interstitial line pixels. If motion
is de-  second and third estimates of an interstitial pixel tected, then
the estimate generated from the pixels  generated respectively from; pixels
in adjacent in the vertically adjacent lines in the same field as  fields
to that of said interstitial pixel; pixels in upper the interstitial line
is supplied as the interstitial line  adjacent lines to, and in the same
field as, that of pixel for further processing. In the absence of mo-   40
said interstitial pixel; and pixels in lower adjacent tion, the estimate
generated from the correspond-    lines to, and in the same field as, that
of said ing pixel in the preceeding field is supplied for    interstitial
pixel, characterized by, means coupled further processing.
to said input terminal and said estimate producing European Patent
Application 169,527 entitled      means for detecting magnitude and
direction of "Signal Converting Method and Circuit for Televi-  45  image
motion in the neighbourhood of said intersti- sion Receiver" filed by
Hitachi, Ltd. and published  tial pixel and selectively providing said
first es- January 29, 1986, describes a double scanning        timate to
said output terminal in the absence of non-interlaced video signal display
system in which  image motion, said second estimate to said output pixels
in an interstitial line are estimated by a    terminal if image motion
direction is relatively up- weighted average of pixels in the two
vertically  so   ward, and said third estimate to said output termi-
adjoining lines in the same field as the interstitial  nal if image motion
is relatively downward. line. The weighting of the pixels from the upper
In order to avoid the artifacts indicated above and lower adjoining line is
determined by the rela-  in accordance with principles of the present
inven- tive values of the corresponding pixel from the      tion, when no
motion is detected in the neighbor- preceeding field and the pixels in the
upper and   ss   hood of the interstitial pixel, a pixel generated from
lower adjoining lines.                               pixels In adjacent
fields to that of the interstitial There is known from  EP-A-0192292 motion
pixel is selected as the interstitial pixel for further adaptive video
processing circuitry for an interlaced  processing. When motion in the
neighborhood of 2    
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pixel is in a relatively upward direc-  but in the lower adjoining line to
that of the intersti- tion, then a pixel generated from pixels in upper
tial pixel. adjacent lines to, and in the same field as, that of     Pixel
selector 35 calculates the magnitude and the interstitial pixel is selected
as the interstitial  direction of image motion in the neighborhood of
pixel. When motion in the neighborhood of the   5   the interstitial pixel.
The magnitude of image mo- interstitial pixel is in a relatively downward
direc-  tion may be calculated by comparing respective tion, then a pixel
generated from pixels in lower    pixels in the same horizontal and
vertical location adjacent lines to, and in the same field as, that of  as
that of the interstitial pixel but from proceeding the interstitial pixel
is selected as the interstitial  and succeeding fields. The direction of
image mo- pixel.                                          10  tion may be
calculated by comparing the pixel at In the drawings:
the same horizontal and vertical location as, and in FIGURES 1 and 2 are
block diagrams illustrating   the preceeding field to, that of the
interstitial pixel, interstitial signal generators in accordance with
respectively to the pixels in the same field as that principles of the
present invention;              of the interstitial pixel but located
immediately FIGURE 3 is a vertical/temporal pictorial repre-   15  above
and below it. If the magnitude of motion is sentation illustrating the
lines of a double scan-  relatively small, then the estimate from adjacent
ning non-interlaced display system and is useful  fields is selected as the
interstitial pixel. If the in understanding the operation of apparatus il-
motion is in a relatively downward direction, the lustrated in FIGUREs 1
and 2;                      estimate from lower adjacent lines is selected
as FIGURES 4 and 5 are block diagrams illustrating   20  the interstitial
pixel. If the motion is in a relatively in somewhat more detail
interstitial signal goner-  upward direction, the estimate from upper
adjacent ators in accordance with principles of the         lines is
selected as the interstitial pixel. present invention;
FIGURE 2 illustrates a more detailed embodi- FIGURE 6 is a block diagram of
a motion direc-     ment of an interstitial signal generator. Elements tion
detector which may be used in the appara-   25  similar to those in FIGURE
1 are designated by the tus illustrated in FIGURE 5; and
same reference number and operate in the same FIGURE 7 is a block diagram
of a motion detec-     manner. Input terminal 5 is coupled to respective
tor which may be used in the apparatus illus-     input terminals of a
delay device 10' (which op- trated in FIGURE 5.
erates as estimator), a motion direction detector 20 In FIGURE 1, an input
terminal 5 is coupled to   30  and a motion detector 40. Delay device 10'
pro- a source (not shown) of a component of the com-      duces at
respective output terminals a field de- posite video signal. The source may
be an output     layed component signal which is coupled to a first of a
luminance/ chrominance separator in a stan-     data input terminal of a
multiplexer 50, and upper dard television receiver. It may also be a color
and lower adjacent line component signals which difference signal output of
a chrominance de-   35  are coupled to respective data input terminals of a
modulator. Input terminal 5 is coupled to a data     second multiplexer 30.
A data output terminal of input terminal of an interstitial pixel estimator
10  multiplexer 30 is coupled to a second data input and a control input
terminal of pixel selector 35.   terminal of multiplexer 50. The output
terminal of Estimator 10 produces at respective output termi-
multiplexer 50 is coupled to an interstitial compo- nals, three estimates
of the interstitial pixel. The   40   nent signal output terminal 15. An
output terminal three output terminals are coupled to respective     of
motion direction detector 20 is coupled to a data input terminals of pixel
selector 35. Pixel se-  control input terminal of multiplexer 30. An output
lector 35 provides a signal representing successive  terminal of motion
detector 40 is coupled to a interstitial pixels at an interstitial
component signal  control input terminal of multiplexer 50. Motion output
terminal 15.                             45   direction detector 20, motion
detector 40 and mul- In operation, estimator 10 generates the first
tiplexers 30 and 50, in combination, perform the estimate from pixels in
adjacent fields to that of the  function of pixel selector 35 (of FIGURE
1). Intersti- interstitial pixel; for example, the pixel in the same  tial
component signal output terminal 15 produces horizontal and vertical
location as the interstitial  a signal representing the pixels in the
interstitial pixel and from the next proceeding field. The sec-   50  line.
This signal may be time compressed and time ond estimate is generated from
pixels in upper       division multiplexed with signals from the current
adjacent lines to, and in the same field as, the     field to display a
double scanned non-interlaced interstitial pixel; for example, the pixel in
the same  display. horizontal location but in the upper adjoining line to
The operation of the apparatus illustrated in that of the interstitial
pixel. The third estimate is  55   FIGURE 2 may be better understood by
reference generated from pixels in lower adjacent lines to,    to the
diagram illustrated in FIGURE 3. By means and in the same field as, the
interstitial pixel; for  of illustration, it will be assumed that the
compo- example, the pixel in the same horizontal position   nent signal
supplied to the input terminal 5 (of 3    
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color difference signal from a   adjacent pixel IFL+1 to the input of
multiplexer 50. chrominance signal demodulator (not shown). FIG-        The
interstitial component generated by the URE 3 illustrates the relative
positions of selected  apparatus of FIGURE 2 is never generated by an
pixels representing a particular horizontal location  averaging process.
Thus, it can never unduly de- of a displayed scene, as projected onto
vertical and    5   grade vertical resolution, or represent a color which
temporal (time) axes. All major television standards  does not appear in
the scene. In addition, the scan an image from top to bottom. Thus, the
lines   vertical resolution is not unduly degraded as would illustrated in
FIGURE 3 are scanned in the order: L-  be the case if the upper adjacent
pixel were un- 1, L, and L+1. The interstitial pixel being gen-
conditionally supplied as the interstitial pixel. erated is marked with a
star and is designated [err]  10  FIGURE 4 illustrates in more detail an
embodi- The small circles designated IF-1,L and IF+1,L are   ment of an
interstitial signal pixel generator. In pixels on the same line as that of
the interstitial  FIGURE 4, elements similar to those of FIGURE 2 pixel but
from the next proceeding and next suc-    are designated by the same
reference number, ceeding field respectively. The filled in dots des-
operate in the same manner and are not described ignated [err] represent
pixels from the   15  in detail below. same field as that of the
interstitial pixel but from   In FIGURE 4, component signal input terminal
the upper and lower adjoining lines respectively to  5 is coupled to the
respective input terminals of a the line of the interstitial pixel.
line substitution element 100, a field substitution Referring again to
FIGURE 2, delay element       element 80 and a motion detector 40. The
respec- 10' supplies respective signals representing three   20  tive
output terminals of the line substitution element pixels surrounding the
location of the interstitial  100 and the field substitution element 80 are
coup- pixel: [err] (field delayed), [err] (upper adjacent),  led to data
input terminals of a multiplexer 50. The and [err] (lower adjacent). Motion
detector 40 also  output terminal of motion detector 40 is coupled to
receives the I color difference signal from input   a control input
terminal of multiplexer 50. The data terminal 5. Motion detector 40 detects
the pres-  25   output terminal of multiplexer 50 is coupled to an ence of
motion in the neighborhood of the intersti-  interstitial signal output
terminal 15. tial pixel. Motion detector 40 may, for example,        Input
terminal 7 of line substitution element 100 compare the values of the
pixels IF+1,L and IF-1,L  is coupled to the respective input terminals of
an and if they differ by more than a given threshold,  upper adjacent line
substitution element 60, a lower provide an indication that motion has been
de-  3o  adjacent line substitution element 70 and a motion tected. When
the signal supplied to the control     direction detector 20. The output
terminals of upper input terminal of multiplexer 50 indicates that mo-
adjacent line substitution element 60 and lower tion has been detected,
multiplexer 50 is con-      adjacent line substitution element 70 are
coupled to ditioned to supply the signal from multiplexer 30 to  respective
data input terminals of a multiplexer 30. the interstitial component signal
output terminal 15.  35   The output terminal of motion direction detector
20 Otherwise, multiplexer 50 is conditioned to supply  is coupled to a
control input terminal of multiplexer the field delayed signal from delay
element 10' to  30. The data output terminal of multiplexer 30 is the
interstitial component signal output terminal 15.  coupled to an output
terminal 9 of line substitution Multiplexer 30 supplies one of the signals
re-   element 100. presenting the upper adjacent and lower adjacent  40
In operation, line substitution element 100 pro- pixels to the input of
multiplexer 50, depending    vides signals representing either upper
adjacent or upon the relative direction of the motion in the    lower
adjacent pixels depending upon the direction neighborhood of the
interstitial pixel, as detected  of detected motion. Field substitution
element 80 by motion direction detector 20. Motion direction   provides
signals representing pixels on the same detector 20 may, for example,
compare the value   45  line as the interstitial pixel but from the
preceeding of pixel [err] respectively to the values of pixels  field.
Motion detector 40 produces a signal indicat- [err] If pixel [err] is the
closer in value  ing the presence or absence of motion in the to pixel
IF-1,L. this indicates that the image element  neighborhood of the
interstitial pixel. In the pres- which previously was on line L, is now on
line L-1.  ence of motion, multiplexer 50 is conditioned to The motion is,
thus, assumed to be in an upward  5o  supply a signal from the line
substitution element direction, and multiplexer 30 is conditioned to sup-
100 to the interstitial component signal output ter- ply the signal
representing upper adjacent pixel    minal 15. In the absence of motion,
multiplexer 50 IF,L-1 to the input of multiplexer 50. If pixel [err] is  is
conditioned to couple a signal from field sub- the closer in value to pixel
[err] this indicates tht  stitution element 80 to the interstitial
component the image element which previously was line L, is  55  signal
output terminal 15. now on line L+ 1. The motion is, thus, assumed to
Field substitution element 80 provides a signal be in a downward direction,
and multiplexer 30 is   representing the pixel IF-1,L (of FIGURE 3). Upper
conditioned to supply the signal representing lower  adjacent line
substitution element 60 provides a 4    
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the pixel [err] and lower adja-  from multiplexer 30 to the output terminal
15 in the cent line substitution element 70 provides a signal  presence of
motion, and the output of delay ele- representing the pixel [err] Motion
direction detec-  ment 130 to the interstitial component signal output tor
20 and multiplexer 30 cooperate in the same    terminal 15 in the absence
of motion. Motion direc- manner as in the apparatus illustrated in FIGURE 2
5   tion detector 20' and multiplexer 30 cooperate to to produce an
estimate of the interstitial pixel IF.L  couple the signal representing
either the upper or based on pixels from the same field as that of the
lower adjacent pixel (whichever is closer in value to interstitial pixel at
output terminal 9 of line substitu-  the field delayed pixel) to
multiplexer 50. tion element 100.
FIGURE 6 illustrates an embodiment of a mo- In FIGURE 5, elements similar
to those in  10  tion direction detector 20' which may be used in apparatus
illustrated in FIGURES 2 and 4 are des-  the apparatus illustrated in
FIGURE 5. In FIGURE ignated by the same reference numbers and op-      6,
input terminal 203 is coupled to the output erate in a similar manner.
terminal of delay element 120 and receives a sig- In FIGURE 5, component
signal input terminal    nal representing the pixel IFL-1 (illustrated in
FIG- 5 is coupled to the input terminal of a pixel estima-  is   URE 3).
Input terminal 205 is coupled to the output tor 10 formed by a cascade
connection of delay     terminal of delay element 130 and receives a sig-
elements 110, 120, and 130: and to a first input   nal representing pixel
IF-1,L and input terminal 207 terminal of a motion detector 40'. Delay
element   is coupled to the output terminal of delay element 110 produces
at an output terminal a signal which  110 and receives a signal
representing pixel [err] is delayed by 262 horizontal line intervals with
20  Input terminal 203 is coupled to a first input respect to the signal at
its input terminal. Delay  terminal of a subtractor 210. Input terminal 205
is element 120 produces a signal at its output termi-  coupled to a second
input terminal of subtractor nal which is delayed by one horizontal line
interval  210 and a first input terminal of subtractor 230. The with
respect to the signal at its input terminal.  output terminal of subtractor
210 is coupled to an Delay element 130 produces a signal at its output  25
input terminal of absolute value circuit 220. The terminal which is delayed
by 262 horizontal line   output terminal of absolute value circuit 220 is
intervals with respect to the signal at its input  coupled to a first input
terminal of a comparator terminal.
250. Input terminal 207 is coupled to a second The output terminal of delay
element 110 is     input terminal of subtractor 230. The output termi-
coupled to a first data input terminal of multiplexer  30  nal of
subtractor 230 is coupled to an input terminal 30 and to a first input
terminal of motion direction  of a absolute value circuit 240. The output
terminal detector 20'. The output terminal of delay element  of absolute
value circuit 240 is coupled to a second 120 is coupled to a second data
input terminal of  input terminal of comparator 250. The output of
multiplexer 30 and to a second input terminal of   comparator 250 is
coupled to a motion direction motion direction detector 20'. The output
terminal  35  signal output terminal 215. Motion direction signal of delay
element 130 is coupled to a third input   output terminal 215 is coupled to
the control input terminal of motion direction detector 20', a second
terminal of multiplexer 30 in FIGURE 5. input terminal of motion detector
40', and to a first  In operation, subtractor 210 and absolute value data
input terminal of a multiplexer 50. The output  circuit 220 produce a
signal which represents the terminal of multiplexer 30 is coupled to a
second   40   magnitude of the difference between the values of data input
terminal of multiplexer 50. The output  pixels [err] Subtractor circuit 230
and terminal of motion direction detector 20' is coupled  absolute value
circuit 240 produce a signal which to a control input terminal of
multiplexer 30. The  represents the magnitude of the difference between
output terminal of motion detector 40' is coupled to  the values of pixels
[err] a control input terminal of multiplexer 50. Motion   45  Comparator
circuit 250 produces a signal at direction detector 20', motion detector
40' and mul-  output terminal 215 which has a first state if the tiplexers
30 and 50, in combination, perform the   output signal from absolute value
circuit 220 is function of pixel selector 35 (of FIGURE 1). The   greater
than that from the absolute value circuit output terminal of multiplexer 50
is coupled to an  240 and has a second state otherwise. If compara-
interstitial component signal output terminal 15.  50  tor circuit 250
produces an output signal having the The operation of FIGURE 5 will be
described    first state, this means that the value of pixel IF,L+1 is with
respect to an I color difference signal. Refer-  closer to the value of
pixel [err] than that of pixel ring to FIGURE 3, the signal at input
terminal 5   IFL-1 and the direction of motion is relatively down- may be
considered to represent the pixel [err] The  ward. When the first state
output signal from com- respective output signals of delay elements 110,
55  parator 250 is supplied to the control input terminal 120, and 130
represent the pixels IFL+1. IF,L-1 and  of multiplexer 30, multiplexer 30
is conditioned to IF-1,L respectively. Motion I detector 40' and mul-
couple the output signal from delay element 110 to tiplexer 50 cooperate to
couple the output signal  the input terminal of multiplexer 50. If
comparator    9                 EP 0 262 926 B1                    10 



circuit 250 produces an output signal having the   number of integral lines
in a field, such as 312 in a second state, this means that the value of
pixel   625-line, e.g. PAL, system. [err] is closer to the value of pixel
[err] than that of pixel [err] and the direction of motion is rela-  Claims
tively upward. When a second state signal is sup-   5 plied to the control
input terminal of multiplexer 30,  1. A video signal processing apparatus
for gen- multiplexer 30 is conditioned to couple the output     erating
interstitial lines of video signal, com- signal from delay element 120 to
the input terminal    prising: of multiplexer 50.
an input terminal (5) for receiving an inter- FIGURE 7 illustrates a motion
detector 40'  10     laced-scan video signal having lines composed which
may be used in the apparatus illustrated in      of horizontally successive
pixels; FIGURE 5. In FIGURE 7, input terminal 403 is              an output
terminal (15) providing a verti- coupled to the output terminal of delay
element        cally offset interstitial line composed of hori- 130 and
represents the pixel [err] Input terminal    zontally successive
interstitial pixels; and 405 is coupled to input terminal 5 of FIGURE 5 and
15   means (10') coupled to said input terminal represents the pixel [err]
Input terminals 403 and   for producing signals representing first, second
405 are coupled to respective input terminals of a     and third estimates
of an interstitial pixel gen- subtractor 410. The output terminal of
subtractor      erated respectively from: pixels in adjacent 410 is coupled
to an input terminal of an absolute     fields to that of said interstitial
pixel; pixels in value circuit 420. The output terminal of absolute  20
upper adjacent lines to, and in the same field value circuit 420 is coupled
to a first input of a     as, that of said interstitial pixel; and pixels
in comparator 440. The output terminal of comparator      lower adjacent
lines to, and in the same field 440 is coupled to a motion detected signal
output      as, that of said interstitial pixel; characterized terminal
415. An output terminal of a threshold        by; value producing circuit
430 is coupled to a second   25   means (20,40,30,50,35) coupled to said
in- input terminal of comparator 440. Output terminal      put terminal and
said estimate producing 415 is coupled to the control input terminal of
means for detecting magnitude and direction multiplexer 50 (of FIGURE 5).
of image motion in the neighborhood of said In operation, subtractor 410
and absolute value    interstitial pixel and selectively providing said
circuit 420 produce a signal representing the mag-  30  first estimate to
said output terminal in the nitude of the difference between the values of
absence of image motion, said second es- pixels [err]  This signal
represents the   timate to said output terminal if image motion amount of
change in the scene in the same line L       direction is relatively
upward, and said third as that of the interstitial pixel being generated
but  estimate to said output terminal if image mo- over the course of one
frame period, that is from   35  tion is relatively downward. the
preceeding field (F-1) to the succeeding field (F+1) of that of the
interstitial pixel. Comparator  2. The apparatus of Claim 1, characterized
in that 440 produces a signal having a first state if the      said
selective providing means comprises: signal from absolute value circuit 420
exceeds the        means (40) coupled to said input terminal value from the
threshold value producing circuit  40   for detecting the presence of
motion in the 430 and a second state otherwise. When compara-
neighborhood of said interstitial pixel; tor 440 produces a signal having
the first state, this    means (20) coupled to said input terminal
indicates that motion has been detected in the         for detecting the
relative direction of motion in neighborhood of the interstitial pixel
being gen-      the neighborhood of said interstitial pixel; erated. When
the signal having a first state is  45       first means (30) coupled to
said signal coupled to the control input terminal of multiplexer
producing means and said motion direction 50 (of FIGURE 5) multiplexer 50
is conditioned to      detector ad having an output port, for selec- couple
the signal from the output terminal of mul-    tively coupling said signal
representing said tiplexer 30 to the output terminal 15. When a signal
second estimate to said output port when said having a second state is
coupled to the control  50    motion direction is relatively upward, and
said input terminal of multiplexer 50, multiplexer 50 is   third estimate
to said output port when said conditioned to couple the output of delay
element      motion direction is relatively downward; and 130 to the output
terminal 15.                            second means (50) coupled to said
signal It will be appreciated that the 262 line delays    producing means,
said first selective coupling introduced by the delay elements 110 and 130
in  55    means and said motion detector, for selectively Figure 5 are
appropriate for 525-line interlaced       coupling the signal from said
output port to system such as NTSC. More generally the delays         said
output terminal in the presence of de- required from these elements
correspond to the         tected motion, and said signal representing 6
9                 EP 0 262 926 B1                     10 



circuit 250 produces an output signal having the    number of integral
lines in a field, such as 312 in a second state, this means that the value
of pixel    625-line, e.g. PAL, system. IF,L-1 is closer to the value of
pixel [err] than that of pixel [err] and the direction of motion is rela-
Claims tively upward. When a second state signal is sup-   5 plied to the
control input terminal of multiplexer 30,  1. A video signal processing
apparatus for gen- multiplexer 30 is conditioned to couple the output
orating interstitial lines of video signal, com- signal from delay element
120 to the input terminal     prising: of multiplexer 50.
an input terminal (5) for receiving an inter- FIGURE 7 illustrates a motion
detector 40'  10      laced-scan video signal having lines composed which
may be used in the apparatus illustrated in       of horizontally
successive pixels; FIGURE 5. In FIGURE 7, input terminal 403 is
an output terminal (15) providing a verti- coupled to the output terminal
of delay element         cally offset interstitial line composed of hori-
130 and represents the pixel [err] Input terminal     zontally successive
interstitial pixels; and 405 is coupled to input terminal 5 of FIGURE 5 and
15     means (10') coupled to said input terminal represents the pixel
[err] Input terminals 403 and   for producing signals representing first,
second 405 are coupled to respective input terminals of a      and third
estimates of an interstitial pixel gen- subtractor 410. The output terminal
of subtractor       erated respectively from: pixels in adjacent 410 is
coupled to an input terminal of an absolute      fields to that of said
interstitial pixel; pixels in ) value circuit 420. The output terminal of
absolute  20  upper adjacent lines to, and in the same field value circuit
420 is coupled to a first input of a      as, that of said interstitial
pixel; and pixels in comparator 440. The output terminal of comparator
lower adjacent lines to, and in the same field 440 is coupled to a motion
detected signal output       as, that of said interstitial pixel;
characterized terminal 415. An output terminal of a threshold         by;
value producing circuit 430 is coupled to a second   25     means
(20,40,30,50,35) coupled to said in- input terminal of comparator 440.
Output terminal       put terminal and said estimate producing 415 is
coupled to the control input terminal of         means for detecting
magnitude and direction multiplexer 50 (of FIGURE 5).
of image motion in the neighborhood of said In operation, subtractor 410
and absolute value     interstitial pixel and selectively providing said
circuit 420 produce a signal representing the mag-   30  first estimate to
said output terminal in the nitude of the difference between the values of
absence of image motion, said second es- pixels [err] This signal
represents the   timate to said output terminal if image motion amount of
change in the scene in the same line L        direction is relatively
upward, and said third as that of the interstitial pixel being generated
but   estimate to said output terminal if image mo- over the course of one
frame period, that is from   35  tion is relatively downward. the
preceeding field (F-1) to the succeeding field (F+1) of that of the
interstitial pixel. Comparator  2. The apparatus of Claim 1, characterized
in that 440 produces a signal having a first state if the       said
selective providing means comprises: signal from absolute value circuit 420
exceeds the            means (40) coupled to said input terminal value from
the threshold value producing circuit  40    for detecting the presence of
motion in the 430 and a second state otherwise. When compara-
neighborhood of said interstitial pixel; tor 440 produces a signal having
the first state, this      means (20) coupled to said input terminal
indicates that motion has been detected in the          for detecting the
relative direction of motion in neighborhood of the interstitial pixel
being gen-       the neighborhood of said interstitial pixel; erated. When
the signal having a first state is  45        first means (30) coupled to
said signal coupled to the control input terminal of multiplexer
producing means and said motion direction 50 (of FIGURE 5) multiplexer 50
is conditioned to       detector ad having an output port, for selec-
couple the signal from the output terminal of mul-     tively coupling said
signal representing said tiplexer 30 to the output terminal 15. When a
signal    second estimate to said output port when said having a second
state is coupled to the control   50    motion direction is relatively
upward, and said input terminal of multiplexer 50, multiplexer 50 is
third estimate to said output port when said conditioned to couple the
output of delay element       motion direction is relatively downward; and
130 to the output terminal 15.                              second means
(50) coupled to said signal It will be appreciated that the 262 line delays
producing means, said first selective coupling introduced by the delay
elements 110 and 130 in  55     means and said motion detector, for
selectively Figure 5 are appropriate for 525-line interlaced
coupling the signal from said output port to system such as NTSC. More
generally the delays          said output terminal in the presence of de-
required from these elements correspond to the         tected motion, and
said signal representing 6    11                EP 0 262 926 B1
12 



said first estimate to said output terminal in the  Patentanspitiche
absence of detected motion. 1. Videosignal-Verarbeitungsvorrichtung zur Er-
3. The apparatus of Claim 1, characterized in that     zeugung von
Zwischenzeilen eines Videosi- said signal producing means comprises a   5
gnals, mit: serial connection of first (120) and second            einer
Eingangsklemme (5) zum Empfang (130) delay elements having respective
delays      eines Zeilensprung-Videosignals, dessen Zei- of one line
interval and the number of integral    len aus horizontal
aufeinanderfolgenden Pixeln lines in a field.
zusammengesetzt sind; 10         einer Ausgangsklemme (15), die eine verti-
4. The apparatus of Claim 2, characterized in that     kal versetzte
Zwischenzeile liefert, die aus ho- said signal producing means comprises a
rizontal aufeinanderfolgenden Zwischen-Pixeln serial connection of first,
second and third de-   zusammengesetzt ist; und lay elements of which the
second (120) has a           Mitteln (10'), die mit der Eingangsklemme
delay of one line interval and the first (110)  18  verbunden sind, um
Signale zu erzeugen, die and third (130) each have a delay of the num-
erste, zweite und dritte Schgtzungen eines ber of integral lines in a
field.                  Zwischen-Pixels darstellten, das jeweils er- zeugt
wird aus: Pixeln in benachbarten Halbbil- 5. The apparatus of Claim 4,
characterized in that     dern von dam des Zwischen-Pixels; Pixeln in said
motion detecting means comprises means   20   oberen benachbarten Zeilen in
demselben (40) coupled to the input and output of said        Halbbild wie
dem  des Zwischen-Pixels; und serial connection for producing a bistate
signal   Pixeln in unteren benachbarten Zeilen in dem- having a first state
when the values of the        selben Halbbild wie dem des Zwischen-Pixels;
signals at said input and output differ in mag-    gekennzeichnet durch:
nitude by more than a predetermined amount,  25        Mittel (20, 40, 30,
50, 35), die mit der and a second state otherwise.
Eingangsklemme und den die Schatzung er- zeugenden Mitteln verbunden sind,
urn die 6. The apparatus of Claim 4, characterized in that     GrdBe und
die Richtung der Bildbewegung in said motion direction detecting means
corm-        der Nachbarschaft des Zwischen-Pixels festzu- prises means
(20) coupled to the junctions of  30  stellen und wahlweise die erste
SchAtzung bei said first and second, ad said second and third    Fehlen
einer Bildbewegung an die Ausgangs- delay elements and to the output of
said serial    klemme, die zweite SchAtzung bei relativ auf- connection for
producing a bistate signal hav-     wArtsgerichteter Bildbewegung an die
Aus- ing a first state when the value of the signal at  gangsklemme und die
dritte Schltzung bei the junction of said first and second delay   35
relativ abwArtsgerichteter Bildbewegung an die elements is closer in value
to that of the signal  Ausgangsklemme zu liefern. at the output of said
serial connection than that of the signal at the junction of said second
and  2. Vorrichtung nach Anspruch 1, dadurch gekenn- third delay elements,
and a second state other-    zeichnet, daB die wahlweise liefernden Mittel
wise.                                      40      umfassen: Mittel (40),
die mit der Eingangsklemme 7. The apparatus of Claim 6, characterized in
that     verbunden sind, urn das Vorhandensein einer said bistate signal
producing means corn-          Bewegung in der Nachbarschaft des Zwischen-
prises:                                            Pixels festustellen;
first means (230,240) for calculating the   45     Mittel (20), die mit der
Eingangsklemme magnitude of the difference in value between       verbunden
sind, urn die relative Richtung einer signals at the junction of said first
and second   Bewegung in der Nachbarschaft des Zwischen- delay elements and
at the output of said serial    Pixels festzustellen; connection;
erste Mittel (30), die mit den Signalerzeu- second means (210,220) for
calculating the   80  gungsmitteln und dem  Bewegungsrichtungs- magnitude
of the difference in value between       Detektor verbunden sind und einen
Ausgangs- signals at the junction of said second and third   anschluB
haben, urn wahlweise das die zwehte delay elements and at the output of
said serial    SchAtzung darstellende Signal dam Ausgangs- connection: and
anschlufl zuzufUhren, wenn die Bewegungs- a comparator (250) having
respective in-  56    richtung relativ aufwArts waist, und urn die puts
coupled to said first and second calculat-    dritte SchAtzung dem
AusgangsanschluB zuzu- ing means for producing said bistate signal.
fUhren, wenn die Bewegungsrichtung relativ abwArts waist; und 7    13
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zweite Mittel (50), die mit don Signalerzeu-      erste Mittel (230, 240)
zur Berechnung der gungsmitteln, don ersten wahlweisen Verbin-       GroBe
des Wertunterschiedes zwischen Signa- dungsmitteln und dem
Bewegungs-Detektor          len an der Verbindung des ersten und zweiten
verbunden sind, um das Signal wahlweise vom       Verzogerungselementes und
am Ausgang der AusgangsanschluB der Ausgangsklemme bei   5
Reihenverbindung; K-'  Vorhandensein einer festgestellten Bewegung
zweite Mittel (210, 220) zur Berechnung zuzufUhren, und um das die ersto
Abschltzung      der GroBe des Wertunterschiedes zwischen Si- darstellende
Signal der Ausgangsklemme bet        gnalen an der Verbindung des zweiten
und Fehlen oener festgestellten Bewegung zuzufUh-     dritten
Verzogerungselementes und am Aus- ron.
10      gang der Reihenverbindung, und eine Vergloichsschaltung (250) mit
ont- &  Vorrichtung nach Anspruch 1, dadurch gekenn-      sprechenden
Einglingen, die mit den ersten zeichnet, daB die das Signal erzeugenden
Mit-     und zweiten Berechnungsmitteln verbunden tel eine Serienverbindung
von ersten (120) und    sind, um des Zwei-Zustands-Signal zu erzeu- zweiten
(130) Verzogerungsolementen umfas-  15    gen. sen, die entsprechende
Verzdgerungen von ei- ner Zeilendauer bzw. der Zahl von allen Zeilen
Revendlcatlons in oinem Halbbild haben. 1. Dispositif de traitement d'un
signal vid6o pour 4  Vorrichtung nach Anspruch 2, dadurch gekenn-  2o
g6nerer des lignes interpolees du signal vid6o, zeichnot, daB die des
Signal orzougenden Mit-     comprenant: tel eine Serienanordnung von
ersten, zweiten         une borne d'entree (5) pour recevoir un und dritten
Verzogerungselementen umfasson,       signal video A balayage entrelace
comportant von denen das zweite (120) eine Verzogerung       des lignes
composees de pixels successifs von einer Zeilendauer und das erste (110)
und   25  horizontalement; dritte (130) jeweils eine Verzogerung von der
une borne de sortie (15) fournissant une Zahl aller Zeilen in elnem
Halbbild hat.         ligne interpolee decalee verticalement compo- see de
pixels interpoles successifs horizontale- 5. Vorrichtung nach Anspruch 4,
dadurch gekenn-      ment; et zeichnet, daB die eine Bewegung feststellen-
30     un moyen (10') couple & ladite borne d'en- don Mittel Mittel (40)
umfassen, die mit dem     tree pour produire des signaux representant
Eingang und Ausgang der Reihenverbindung          des promibre, seconde et
troisibme estima- verbunden sind, urn ein Zwei-Zustands-Signal      tons
d'un pixel interpole gen6re respective- zu orzeugen, das einen ersten
Zustand hat,        ment a partir: des pixels de champs adjacents wenn die
Signale sich an dem Eingang und an   35  & celui du pixel interpol ; des
pixels des dem Ausgang in der GroBe um mehr als einen        lignes
adjacentes superieures & celle, et dans vorgegebenen Betrag unterschoiden,
und die        la m~me champ quo celul, dudit pbcel interpole einen
sonstigen zweiten Zustand haben.            ; at des pixels des lignes
adjacentes inferiou- res & celle, et dans le m~me champ quo celui, 6.
Vorrichtung nach Anspruch 4, dadurch gekenn-  40  dudit pixel interpole ;
caracterise par: zeichnet, daB die die Bewegungsrichtung fest-        un
moyon (20, 40, 30, 50, 35) couple a stellenden Mittel Mittel (20) umfassen,
die mit   ladito borne d'entree et auxdits moyens de don Verbindungen der
ersten und zweiten und       production d'estimation pour detecter
l'amplitu- der zweiten und dritten Verzogerungsmittel        de et la
direction du mouvement de l'image und mit dem Ausgang der Reihenverbindung
4s     dans le voisinage dudit pixel interpole et four- zur Erzeugung eines
Zwei-Zustands-Signals         nir s~lectivement ladite premibre estimation
a verbunden ist, das einen ersten Zustand hat,     ladite borne de sortie
en l'absence de mouve- wenn der Wert des Signals an der Verbindung
ment d'image, ladite seconde estimation a la- des ersten und zweiten
Verzogerungselements       dite borne de sortie si la direction du mouve-
naher an dem des Signals am Ausgang der  60       ment d'image est
relativement vers le haut et Reihonverbindung liogt als der des Signals an
ladite troisibme estimation A ladite borne de der Verbindung des zweiten
und dritten Verzo-     sortie si le mouvement d'image est relative-
gerungselements, und das sonst einen zweiten      ment vers le bas. Zustand
hat. 85  2. Dispositif selon la rovendication 1 caracterisd 7. Vorrichtung
nach Anspruch 6, dadurch gekenn-      en co que ledit moyen de production
selective zeichnet, daB die das Zwei-Zustands-Signal or-    comprend:
zougenden Mittel umfassen:                           un moyen (40) couple a
ladite borne d'en- 8    15                EP 0262926 B1
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We pour detecter la presence de mouvement         elements a retard est
plus proche en valour de dans le voisinage dudit pixel interpol:;
celle du signal I la sortie dudit couplage on un premier moyen (30) couple
audit            serie quo celle du signal & la jonction desdits moyen de
production des signaux et audit          second et troisibme dlements a
retard et ayant detecteur de direction du mouvement et ayant   5  sinon un
second etat. un port sortie, pour coupler s~lectivement ledit signal
representant ladite seconde estimation  7. Dispositif solon la
revendication 6 caractdrisd audit port sortie lorsque ladite direction du
en co quo ledit moyen de production du signal mouvement est relativement
vers le haut et          deux etats comprend: ladite troisieme estimation
audit port sortie  70    un premier moyen (230, 240) pour calculer lorsque
ladite direction du mouvement est rela-   I'amplitude de la difference de
valour entre les tivement vers le bas ; et                         signaux
& la jonction desdits premier et se- un second moyen (50) couple audit
moyen       cond 4ldments a retard et a la sortie dudit de production des
signaux, audit premier          couplage en sdrie; moyen de couplage
selectif et audit detecteur  15    un second moyen (210, 220) pour calculer
de mouvement pour coupler selectivement le        l'amplitude de la
difference de valeur entre les signal dudit port sortie a ladite borne de
sortie  signaux & la jonction desdits second et troisib- en presence de
detection de mouvement et          me dl6ments a retard ot & la sortie
dudit ledit signal representant ladite premiere esti-   couplage en serie;
mation a ladite borne de sortie en l'absence de   20  un comparateur (250)
ayant des entrees detection de mouvement.
respectives couplees auxdits premier et se- cond moyens de calcul pour
produire ledit 3. Dispositif selon la revendication 1 caracterise   signal
a deux dtats. en ce quo ledit moyen de production de si- gnaux comprend un
couplage en serie des  25 premier (120) et second (130) elements & re- tard
ayant des retards respectifs d'un intervalle de lignes et le nombre de
lignes entibres dans un champ. 30 4. Dispositif salon la revendication 2
caracterise en ce quo ledit moyen de production de si- gnaux comprend un
couplage en serie du pre- mier, second at troisibme 6lements a retard dont
le second (120) comporte un retard d'un   3s intervalle de lignes et les
premier (110) et troisieme (130) comportent chacun un retard du nombre de
lignes entieres dans un champ. 5. Dispositif solon la revendication 4
caracterise  40 on co quo ledit moyen de detection de mouve- ment comprend
un moyen (40) couple a l'en- tre at & la sortie dudit couplage en serie
pour produire un signal a deux dtats ayant un pre- mier etat lorsque les
valeurs des signaux aux-  45 dites ontree et sortie different on amplitude
de plus d'une quantite pred6terminee et ayant si- non un second etat. 6.
Dispositif solon la revendication 4 caracterise  50 en ce que ledit moyen
de detection de la direction du mouvement comprend un moyen (20) coupl4 aux
jonctions desdits premier et second et desdits second et troisibme ele-
ments a retard et a la sortie dudit couplage en   55 serie pour produire un
signal & deux etats ayant un premier etat lorsque la valeur du signal a la
jonction desdits premier et second 9    


