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METHOD AND APPARATUS FOR
DETECTING MOTION BETWEEN ODD AND
EVEN VIDEO FIELDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This invention relates in general to digital video signal
processing and more particularly to a method and apparatus
whereby motion between odd and even video fields may be
reliably measured despite the presence of high vertical spa-
tial frequencies.

BACKGROUND OF THE INVENTION

The NTSC and PAL video standards are in widespread
use throughout the world today. Both of these standards
make use of interlacing in order to maximize the vertical
refresh rate thereby reducing wide area flicker, while mini-
mizing the bandwidth required for transmission. With an
interlaced video format, half of the lines that make up a
picture are displayed during one vertical period (i.e. the even
field), while the other half are displayed during the next
vertical period (i.e. the odd field) and are positioned halfway
between the lines displayed during the first period. While
this technique has the benefits described above, the use of
interlacing can also lead to the appearance of artifacts such
as line flicker and visible line structure.

It is well known in the prior art that the appearance of an
interlaced image can be improved by converting it to non-
interlaced (progressive) format and displaying it as such.
Moreover, many newer display technologies, for example
Liquid Crystal Displays (LCDs), are non-interlaced by
nature, therefore conversion from interlaced to progressive
format is necessary before an image can be displayed at all.

Numerous methods have been proposed for converting an
interlaced video signal to progressive format. For example,
linear methods have been used, where pixels in the progres-
sive output image are generated as a linear combination of
spatially and/or temporally neighbouring pixels from the
interlaced input sequence.

Although this approach may produce acceptable results
under certain conditions, the performance generally repre-
sents a trade off between vertical spatial resolution and
motion artifacts. Instead of accepting a compromise, it is
possible to optimize performance by employing a method
that is capable of adapting to the type of source material. For
instance, it is well known that conversion from interlaced to
progressive format can be accomplished with high quality
for sources that originate from motion picture film or from
computer graphics (CG). Such sources are inherently pro-
gressive in nature, but are transmitted in interlaced format in
accordance with existing video standards. For example,
motion picture film created at 24 frames per second is con-
verted to interlaced video at 60 fields per second using a
process known as 3:2 pull down, where 3 fields are derived
from one frame and 2 are derived from the next, so as to
provide the correct conversion ratio. Similarly, a computer
graphics sequence created at 30 frames per second is con-
verted to interlaced video at 60 fields per second using a pull
down ratio of 2:2, where 2 fields are derived from each CG
frame. By recognizing that a video sequence originates from
a progressive source, it is possible for a format converter to
reconstruct the sequence in progressive format exactly as it
was before its conversion to interlaced format.
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Unfortunately, video transmission formats do not include
explicit information about the type of source material being
carried, such as whether the material was derived from a
progressive source. Thus, in order for a video-processing
device to exploit the progressive nature of film or CG
sources, it is first necessary to determine whether the mate-
rial originates from a progressive source. If it is determined
that the material originates from such a source, it is further-
more necessary to determine precisely which video fields
originate from which source frames. Such determination can
be made by measuring the motion between successive fields
of an input video sequence.

It is common to measure at least two different modes of
motion in determining the presence of a film source. Firstly,
it is common to measure the motion between a given video
field and that which preceded it by two fields. In this case,
motion can be measured as the absolute difference between
two pixels at the same spatial position in the two fields. A
measure of the total difference between the two fields can be
generated by summing the absolute differences at the pixel
level over the entire field. The quality of the motion signal
developed in this way will be fairly high, since the two fields
being compared have the same parity (both odd or both
even) and therefore corresponding samples from each field
have the same position within the image. Thus any differ-
ence that is measured between two pixels will largely be the
result of motion. Although the quality of measurement made
in this way is high, unfortunately it is of limited value. For an
input sequence derived from film in accordance with a 3:2
pull down ratio, only one out of five successive measure-
ments made in this way will differ significantly from the rest.
The measure of motion between the first and third fields of
the three fields that are derived from the same motion picture
frame will be substantially lower than the measurements
obtained during the other four fields, since the two fields
being compared are essentially the same and differ only in
their noise content. This does not provide sufficient informa-
tion to avoid artifacts under certain conditions when a film
sequence is interrupted. Also, in the case of an input
sequence derived from film or CG in accordance with a 2:2
pull down ratio, no useful information is provided whatso-
ever.

A second mode of motion that can be measured is the
motion between successive fields which are of opposite par-
ity (one odd and one even). Although this mode of measure-
ment overcomes the limitations of the above, it is inherently
a more difficult measurement to make since a spatial offset
exists between fields that are of opposite parity. Thus, even if
there is no actual motion, a finite difference between the
fields may exist owing to the spatial offset. This tends to
increase the measured difference when there is no motion
making it more difficult to reliably discriminate between
when there is motion and when there is not. This is particu-
larly true in the presence of noise and/or limited motion. A
number of methods have been proposed in the prior art for
the measurement of motion between fields of opposite par-
ity. It is an objective of the present invention to provide a
method for the measurement of motion between fields of
opposite parity with greater ability to discriminate between
the presence of motion or lack thereof than those of the prior
art.

Various techniques besides those linear methods
described above, have also been proposed for conversion
from interlaced to progressive format of video material not
derived from film. For example, if it can be determined
whether specific parts of an image are in motion, then each
part can be processed accordingly to achieve more optimal



US RE41,196 E

3

results. This requires the measurement of motion locally and
is akin to the problem of measuring motion globally as
required to determine the presence of film sources. The same
elemental operations may be used to measure differences at
a pixel level, only in the latter case the differences are
summed over an entire field to produce a global
measurement, whereas in the former case the difference may
be used as a measure of local motion without further summa-
tion. As with the global case, the local case may involve
various modes of measurement. One of the modes that can
be used to advantage is the local measurement of motion
between successive fields of opposite parity. It is a further
objective of the present invention to provide such a method.

The following patents are relevant as prior art relative to
the present invention:

U.S. Pat. Documents

5,689,301 - Nov. 18,1997  Method and apparatus for identifying
Christopher video fields produced by film sources
6,014,182 - Jan. 11, 2000 Film source video detection

Swartz

4932280 -  Jan.1,1991 Motion sequence pattern detector for
Lyon video

5,291,280-  Mar. 1, 1994 Motion detection between even and odd
Faroudja flelds within 2:1 interlaced television

standard

SUMMARY OF THE INVENTION

According to the present invention, a method and appara-
tus are provided whereby the motion between two fields of
opposite parity may be measured with greater ability to dis-
criminate between the presence of motion and lack thereof
than with those techniques of the prior art. According to the
present invention, the level of motion between the two fields
at a specific position is determined by comparing the values
of four vertically adjacent pixels, each of which having the
same horizontal position, where the first and third pixels are
taken from vertically adjacent lines in one field, the second
and fourth pixels are taken from vertically adjacent lines in
the other field such that the vertical position of the second
pixel is halfway between the first and third pixels and the
vertical position of the third pixel is halfway between the
second and fourth pixels. If the value of the second pixel lies
between the values of the first and third pixels, of if the value
of the third pixel lies between the values of the second and
fourth pixels, then the local motion is taken as zero.
Otherwise, the local motion is taken as the minimum of the
absolute differences between the first and second pixels, the
second and third pixels, and between the third and fourth
pixels.

This technique has the benefit that false detection of
motion arising from the presence of high vertical spatial
frequencies is minimized, while actual motion is still readily
detected. Using this technique, false detection is completely
avoided for vertical spatial frequencies less than one half of
the vertical frame Nyquist frequency. Utilizing more than
four pixels extends the range of vertical spatial frequencies
for which false detection is completely avoided irrespective
of the vertical frame Nyquist frequency. In general, if the
method of the present invention is scaled to utilize n pixels
where n is greater than or equal to four, then false detection
of motion is avoided for frequencies up to and including
(n-3)/(n-2) of the vertical frame Nyquist frequency. In any
case, the resulting local measurement of motion can either
be used directly or summed over an entire field in order to
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4

provide a global motion signal that is useful for determining
whether an input sequence derives from a film source.

According to a further aspect of the present invention, the
contributing pixels are chosen such that their spatial posi-
tions remain constant regardless of whether the most recent
of the two fields is even or odd. In this way, any motion that
is falsely detected in a static image remains constant from
one field to the next, thereby improving the ability to distin-
guish between falsely detected motion and actual motion
that arises as a result of a sequence that was generated in
accordance with a 2:2 pull down ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

A description of the prior art and of the preferred embodi-
ments of the present invention is provided hereinbelow with
reference to the following drawings in which:

FIG. 1 is a schematic representation showing how motion
may be measured between successive fields of opposite
parity, according to the prior art.

FIG. 2 is a schematic representation showing how motion
may be measured between successive fields of opposite par-
ity using a second method, according to the prior art.

FIG. 3 is a schematic representation showing how motion
may be measured between successive fields of opposite par-
ity using a third method, according to the prior art.

FIG. 4 is a schematic representation showing how motion
may be measured between successive fields of opposite par-
ity using a fourth method, according to the prior art.

FIG. 5 is a schematic representation of a first example
showing how motion may be measured between successive
fields of opposite parity, according to the method of the
present invention.

FIG. 6 is a schematic representation of a second example
showing how motion may be measured between successive
fields of opposite parity, according to the method of the
present invention.

FIG. 7 is a schematic representation showing how motion
may be measured between successive fields of opposite
parity, according to an alternative embodiment of the
method of the present invention.

FIG. 8 is a block diagram of an apparatus for implement-
ing the method of the present invention.

FIG. 9 is a schematic representation of a third example to
show how motion may be measured between successive
fields of opposite parity where the most recent of the two
fields is even, according to the method of the present inven-
tion.

FIG. 10 is a schematic representation of a fourth example
to show how motion may be measured between successive
fields of opposite parity where the most recent of the two
fields is odd, according to the method of the present inven-
tion.

FIG. 11 is a schematic representation showing how the
contributing pixels are selected to have a particular spatio-
temporal relationship to one another depending on whether
the most recent field is even or odd, according to a further
aspect of the present invention.

FIG. 12 is a schematic representation of a further example
to show how motion may be measured between successive
fields to opposite parity where the most recent of the two
fields is odd, according to the method of the present inven-
tion.

FIG. 13 is a block diagram of an apparatus for implement-
ing the method as set forth in FIGS. 9, 11 and 12, according
to a preferred embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, a first example is shown of how
motion may be measured between successive fields of oppo-
site parity, according to one technique known in the prior art.
The left half of FIG. 1 shows the spatio-temporal relation-
ship between a set of vertically and temporally adjacent pix-
els at a given horizontal position. It is clearly shown in FIG.
1 that the vertical position of each pixel in the even field is
halfway between the two nearest pixels in the odd field. The
right half of FIG. 1 shows the value of each pixel relative to
its vertical position. A curved line is shown connecting the
pixels and is intended to represent an image detail, the inten-
sity of which varies vertically within the image in a sinusoi-
dal fashion with the bright and dark image portions (i.e.
signal crests and troughs) occurring in the even video field,
and intermediate intensity image portions occurring in the
odd field. The curved line is drawn continuously through the
pixels of both the odd and the even fields to represent the fact
that both fields are part of an image in which there is no
motion. Two pixels, P1 and P2 are highlighted showing their
spatio-temporal relationship to one another and their values
within the image. In this example, the image detail has a
vertical spatial frequency that is exactly equal to one half of
the vertical frame Nyquist frequency and a peak amplitude
equal to quantity A. The formula at the bottom of FIG. 1
shows how a local measurement of motion is made using a
first prior art technique. The motion is simply taken as the
absolute difference between the two pixels P1 and P2, as
depicted in FIG. 1. Note that although the pixel values used
in this example are intended to represent samples of an
image in which there is no motion, application of this prior
art technique will result in a measured motion value equal to
quantity A. Thus, this technique fails to reject as motion the
difference between pixels P1 and P2 that arises owing to
their different vertical positions.

Referring now to FIG. 2, a somewhat enhanced measure-
ment technique is shown as fully disclosed in U.S. Pat. No.
5,291,280 (Faroudja). The left half of the figure shows the
spatio-temporal relationship between pixels in two succes-
sive video fields while the right half shows the value of each
pixel relative to its vertical position for a particular image
detail. The example used is that of an image detail that has a
vertical spatial frequency exactly equal to one half of the
vertical frame Nyquist frequency. The formula for calculat-
ing the motion according to this second method is shown at
the bottom of FIG. 2. The measured motion is taken as the
lesser of the absolute differences between pixels P1 and P2,
and between pixels P2 and P3, as depicted in FIG. 2. As
before, although the pixel values used in this example are
intended to represent samples of an image in which there is
no motion, application of this technique will result in a mea-
sured motion value equal to quantity A. Thus, as with the
previous method, this technique fails to reject as motion the
difference between the pixels that arises owing to their dif-
ferent vertical positions.

Referring now to FIG. 3, a further enhanced measurement
technique is shown, as disclosed in U.S. Pat. No. 6,014,182
(Swartz). The left half of the figure shows the spatio-
temporal relationship between pixels in two successive
video fields while the right half shows the value of each pixel
relative to its vertical position for a particular image detail.
The example used is that of an image detail that has a verti-
cal spatial frequency exactly equal to one half of the vertical
frame Nyquist frequency. The formula for calculating the
motion according to this third method is shown at the bottom
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of FIG. 3. The measured motion is taken as the lesser of the
absolute differences between pixels P1 and P2, and between
pixels P2 and P3, unless the absolute difference between
pixels P1 and P3 is greater than the lesser of the absolute
differences between pixels P1 and P2, and between pixels P2
and P3, in which case the motion value is taken as zero. As
before, although the pixel values used in this example are
intended to represent samples of an image in which there is
no motion, application of this technique results in a mea-
sured motion value equal to quantity A. Thus, as with the
previous method, this technique fails to reject as motion the
difference between the pixels that arises owing to their dif-
ferent vertical positions.

Referring now to FIG. 4, another enhanced measurement
technique is shown, as disclosed in U.S. Pat. No. 5,689,301
(Christopher). The left half of the figure shows the spatio-
temporal relationship between pixels in two successive
video fields while the right half shows the value of each pixel
relative to its vertical position for a particular image detail.
The example used is that of an image detail that has a verti-
cal spatial frequency exactly equal to one half of the vertical
frame Nyquist frequency. The formula for calculating the
motion according to this fourth method is shown at the bot-
tom of FIG. 4. The measured motion is taken as the lesser of
the absolute differences between pixels P1 and P2, and
between pixels P2 and P3, unless the value of pixel P2 is
between the values of pixels P1 and P3, in which case the
motion value is taken as zero. As before, although the pixel
values used in this example are intended to represent
samples of an image in which there is no motion, application
of'this technique results in a measured motion value equal to
quantity A. Thus, as with the previous method, this tech-
nique fails to reject as motion the difference between the
pixels that arises owing to their different vertical positions.

Referring now to FIG. 5, an enhanced measurement tech-
nique is shown according to the present invention. The left
half of the figure shows the spatio-temporal relationship
between pixels in two successive video fields while the right
half shows the value of each pixel relative to its vertical
position for a particular image detail. The example used is
that of an image detail that has a vertical spatial frequency
exactly equal to one half of the vertical frame Nyquist fre-
quency. The formula for calculating the motion according to
one aspect of the present invention is shown at the bottom of
FIG. 5. The measured motion is taken as the lesser of the
absolute differences between pixels P1 and P2, pixels P2 and
P3, and between pixels P3 and P4, unless the value of either
pixel P2 or pixel P3 is between the values of its immediate
neighbours, in which case the motion value is taken as zero.
Using this technique, the motion value generated in the
example is zero, since the value of pixel P3 is between that
of P2 and P4. This is the desired result, since the pixel values
in the example are intended to represent samples of an image
in which there is no motion. In fact, it can be shown that by
using this technique, false detection of motion is completely
avoided for vertical spatial frequencies less than one half of
the vertical frame Nyquist frequency. Although some of the
prior art techniques may avoid false motion under certain
conditions, there is no vertical spatial frequency below
which any of the four prior art techniques discussed above
are guaranteed to avoid all false motion, as provided by the
present invention.

Referring now to FIG. 6, another example is provided in
which the present invention is applied to an image in which
motion exists. The left half of the figure shows the spatio-
temporal relationship between pixels in two successive
video fields while the right half shows the value of each pixel
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relative to its vertical position within the image. In this
example, a continuous line has been drawn through pixels P1
and P3 from the odd field, and a separate line has been drawn
through pixels P2 and P4 from the even field to represent the
fact there is no direct correlation between the samples from
the odd field and those from the even field. Pixel values P2
and P4 differ from pixel values P1 and P2 by quantity B.
According to the method of the present invention, the motion
value is given as quantity B which is the desired result since
it correctly indicates the presence of motion between the
fields. The use of a four-pixel aperture in the present inven-
tion may result in a lower measured motion value near the
edges of moving objects than would otherwise be obtained
using a two or three pixel aperture as in the prior art meth-
ods. When summed over an entire field, this may tend to
produce a slightly lower total than would otherwise be
obtained. However, the present technique produces signifi-
cantly lower false motion values for fields between which
there is no motion. For typical video sources, the present
technique results in a significantly higher ratio between the
values measured where motion exists and the values mea-
sured where there is none. Hence, the ability to discriminate
between motion and lack thereof is enhanced.

In another aspect of the present invention, utilizing greater
than four pixels extends the range of vertical spatial frequen-
cies for which false detection is avoided. Referring now to
FIG. 7, an example is provided which is similar to that of
FIG. 5 except that the method has been generalized to make
use of n pixels. The formula for calculating the motion is
shown at the bottom of the figure. The example used is that
of an image detail that has a vertical spatial frequency
exactly equal to one half of the vertical frame Nyquist fre-
quency. Application of the formula in this case yields a
motion value of zero, which is the desired result since there
is no motion between the fields. It will be understood from
FIG. 7 that for higher frequencies as well, in particular those
frequencies up to and including (n-3)/(n-2) of the vertical
frame Nyquist frequency, false detection of motion is com-
pletely avoided.

FIG. 8 shows an apparatus implementing the method of
the present invention as shown in FIG. 5 where a motion
value is calculated based on four pixels. An input video sig-
nal is applied to the input of a memory controller 10, a line
delay element 12 and a first input of a differencing circuit 14.
The pixel that is present at the video input at any given time
corresponds to that designated as pixel P4 in FIG. 5. The
memory controller stores incoming video data into a DRAM
array 11 and later retrieves it so as to produce a version of the
input video signal that is delayed (e.g. by 263 lines in the
case of an NTSC input). The memory controller 10 may also
concurrently retrieve other versions of the input video signal
that are delayed by different amounts to be used for other
purposes that are not relevant to the present invention. The
pixel that is output from the memory controller 10 at any
given time corresponds to that designated as pixel P3 in FIG.
5, which is subsequently applied to the input of a second line
delay element 13, a first input of a differencing circuit 15 and
the second input of differencing circuit 14 referred to herein
above. Line delay element 12 provides a version of the input
video signal that is delayed by one vertical line, and corre-
sponds to pixel P2 in FIG. 5. Pixel P2 is applied to a first
input of a differencing circuit 16 and the second input of
differencing circuit 15 described earlier. Line delay element
13 provides a version of the delayed video signal from the
memory controller that is further delayed by one vertical line
and corresponds to pixel P1 in FIG. 5. Pixel P1 is applied to
the second input of differencing circuit 16. Each of the dif-
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ferencing circuits 14-16 generates both the sign and the
magnitude of the differences between their input signals.
The three signals representing the signs of the differences
are applied to the inputs of override logic block 17. The three
signals representing the magnitudes of the differences are
applied to the inputs of the keep smallest value block 18
which propagates only the smallest of the three values at its
input. A multiplexor 19 selects either the output of the keep
smallest value block or zero, depending on the output of
override logic block 17. The value at the output of multi-
plexor 19 is forced to zero if the signs at the outputs of
differencing circuits 14 and 15 are the same, of if the signs at
the outputs of differencing circuits 15 and 16 are the same.
The value at the output of multiplexor 19 provides a measure
of the motion in the vicinity of pixels P1-P4 according to
one aspect of the present invention. The local motion value
may be integrated over a complete field in order to provide
an overall measure of the motion between two fields for the
purpose of determining whether the input sequence derives
from a film source. Alternatively, the local motion value may
be used to advantage without subsequent integration for the
conversion from interlaced to progressive format of material
that has not been derived from film.

In order to fully determine the motion sequence, it is nec-
essary to measure a new motion value for each and every
field that is received. In half of the cases, the most recent of
the two fields is even, while in the other half the most recent
field is odd. In all of the prior art methods described above,
the spatio-temporal relationship of the contributing pixels
relative to one another is fixed irrespective of whether the
most recent field is even or odd. In a further aspect of the
present invention, the spatio-temporal relationship is chosen
depending on whether the most recent field is even or odd, so
as to generate a measure of the motion that does not change
unduly from one field to the next. Referring now to FIG. 9,
an example of the present invention is provided which is
similar to that shown in FIG. 5, except the image detail
includes a vertical frequency component that is greater than
half the vertical frame Nyquist frequency. Note that in this
example, the most recent of the two fields is even. Applica-
tion of the method in this case results in a measured motion
value of zero, since the value of P3 clearly lies between that
of P2 and P4. It should be noted that the inventive method
produces a value of zero even though in this case the image
detail contains a frequency component outside of the range
where false detection is guaranteed to be avoided. This is
coincidental and may occur depending on the phase of the
image signal with respect to the sample points.

Referring to FIG. 10, an example is set forth in which the
method is applied to the same image detail set forth in FIG. 9
but where the most recent field is odd. In this example, the
spatio-temporal relationship between pixels P1 to P4 has
been maintained, as in the prior art methods described ear-
lier. Due to the half line offset between the odd and even
fields, the four contributing pixels have moved along the
contour of the static image detail, relative to FIG. 9. Applica-
tion of the method in this case results in a measured motion
value equal to quantity C, since the value of P2 does not lie
between that of P1 and P3, nor does the value of P3 lie
between that of P2 and P4. Thus, it can be seen that the
measured motion value may alternate from one field to the
next depending on whether the most recent field is even or
odd, despite the fact there may be no actual motion at all
within the image. The inventor has realized that this is a
detrimental result since alternating high and low motion val-
ues is exactly the same pattern that would be produced by an
actual motion sequence produced in accordance with a 2:2
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pull down ratio, thereby hampering the ability to distinguish
motion from static images in accordance with the present
invention. Consequently, the inventor has concluded that the
spatio-temporal relationship between the contributing pixels
should preferably be chosen depending on whether the most
recent field is even or odd, as shown in FIG. 11. Essentially,
the pixels are chosen such that for a static image, the same
image samples are always used. Thus, if PI represents a
sample from an odd field, then P1 is always taken from an
odd field, regardless of whether the most recent field is odd
or even.

Referring now to FIG. 12, an example is provided of the
preferred method for choosing the spatio-temporal relation-
ship between the contributing pixels as applied to the
example of FIGS. 9 and 10 for the case where the most
recent field is odd. Application of the formula according to
the method of the present invention yields a measured
motion value of zero, which is the same result as in FIG. 9
where the most recent field is even. Thus, undue modulation
of the motion value from field to field is effectively avoided.
It should be noted that in the examples of FIGS. 9, 11 and 12,
pixel P1 has consistently been taken from the odd field. It
will be apparent to one of ordinary skill in the art that pixel
P1 could have consistently been taken from the even field
instead, with results equal in overall performance.

FIG. 13 shows an apparatus for implementing the method
of the present invention as shown in FIGS. 9, 11 and 12. For
convenience, the same numbers have been used to designate
those items that are in common with the apparatus shown in
FIG. 8. The refinement of appropriately selecting the pixels
s0 as to avoid modulation of the motion signal from one field
to the next is achieved by the addition of four multiplexors
20-23 and through manipulation of the delay provided by
the memory controller 10. It will be apparent from inspec-
tion of FIGS. 10 and 12 that the less desirable spatio-
temporal relationship between the contributing pixels for the
case in which the most recent field is odd as shown in FIG.
10, can be transformed to the more desirable case as show in
FIG. 12, by delaying the even field by one less line and by
subsequently interchanging pixel P1 with P2 and pixel P3
with P4. In the apparatus of FIG. 13, multiplexors 20 and 21
are used to interchange pixels P3 and P4, while multiplexors
22 and 23 are used to interchange pixels P1 and P2, for the
case when the field that is currently being inputted is odd.

A person understanding the present invention may con-
ceive of other embodiments and variations thereof without
departing from the sphere and scope of the invention as
defined by the claims appended hereto.

I claim:

1. A method for measuring motion at a horizontal and
vertical position between video fields of opposite parity of a
video signal comprising the steps of:

measuring the video signal values of at least two vertically

adjacent pixels from a video field of one parity and at
least two vertically adjacent pixels from a video field of
the opposite parity such that when taken together, the
pixels represent contiguous samples of an image at said
horizontal and vertical position; [and]

determining, using differencing circuitry, whether the sig-

nal value of any of said pixels lies between the signal
values of adjacent pixels in the field of opposite parity
and in response outputting a zero motion value,
otherwise, outputting a motion value equal to the low-
est absolute difference between any of said pixels and
its closest adjacent pixel in the field of opposite parity;
and

converting the video signal from interlaced to progressive

format using the motion value.
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2. The method of claim 1 wherein said pixels are mea-
sured from the same vertical positions in fields of like parity,
irrespective of the order in which the fields were received.
3. The method of claim 1 wherein two vertically adjacent
pixels are taken from an even video field and two vertically
adjacent pixels are taken from an odd video field.
4. The method of claim 1 wherein motion values produced
from each of a plurality of sets of vertically adjacent pixels
are summed substantially over an entire field to produce an
overall measure of the motion between said fields of oppo-
site parity.
5. Apparatus for measuring motion at a horizontal and
vertical position between video fields of opposite parity
comprising:
register means for selecting at least two vertically adjacent
pixels from a video field of one parity and at least two
vertically adjacent pixels from a video field of the
opposite parity such that when taken together, the pix-
els represent contiguous samples of an image at said
horizontal and vertical position; and
differencing circuitry for determining whether the signal
value of any of said pixels lies between the signal val-
ues of adjacent pixels in the field of opposite parity and
in response outputting a zero motion value, otherwise,
outputting a motion value equal to the lowest absolute
difference between any of said pixels and its closest
adjacent pixel in the field of opposite parity.
6. The apparatus of claim 5 wherein said pixels are mea-
sured from the same vertical positions in fields of like parity,
irrespective of the order in which the fields were received.
7. The apparatus of claim 5 wherein two vertically adja-
cent pixels are taken from an even video field and two verti-
cally adjacent pixels ave taken from an odd video field.
8. The apparatus of claim 5 wherein motion values pro-
duced from each of a plurality of sets of vertically adjacent
pixels are summed substantially over an entive field to pro-
duce an overall measure of the motion between said fields of
opposite parity.
9. Apparatus for measuring motion at a horizontal and
vertical position between video fields of opposite parity com-
prising:
means for measuring the signal values of at least two
vertically adjacent pixels from a video field of one par-
ity and at least two vertically adjacent pixels from a
video field of the opposite parity such that when taken
together, the pixels represent contiguous samples of an
image at said horizontal and vertical position; and

differencing circuitry for determining whether the signal
value of any of said pixels lies between the signal val-
ues of adjacent pixels in the field of opposite parity and
in response outputting a zero motion value, otherwise,
outputting a motion value equal to the lowest absolute
difference between any of said pixels and its closest
adjacent pixel in the field of opposite parity.

10. The apparatus of claim 9 wherein said pixels are mea-
sured from the same vertical positions in fields of like parity,
irrespective of the order in which the fields were received.

11. The apparatus of claim 9 wherein two vertically adja-
cent pixels are taken from an even video field and two verti-
cally adjacent pixels ave taken from an odd video field.

12. The apparatus of claim 9 wherein motion values pro-
duced from each of a plurality of sets of vertically adjacent
pixels are summed substantially over an entive field to pro-
duce an overall measure of the motion between said fields of
opposite parity.



