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Motion compensated upconversion for video scan rate conversion

TECHNICAL FIELD OF THE INVENTION
The present invention relates to a method of motion compensated
upconversion in a video image upconversion nnit of the type that uses motion compensation

to generate an interpolated video field using motion vectors.

BACKGROUND OF THE INVENTION

A moving video image is transmitted by a video transmitter as a sequence of
frames or pictures, Each frame ot picture may be coded individually, but is displayed
sequentially at a video ‘vate. Each video frame is made up of two video fields, an odd video
field and an even video field. More specifically, an individual frame denoted by the letter
“A” is made up of an odd field denoted by the letters “Ao” and an even field denoted by the
letters “Ae.”

‘When capturing or recording a video sequence, either frames or fields may be
captured. When both the odd field and the even field of a video frame are captured at the
same time, the picture is said to be a “progressive” picture. The odd fields and the even fields
are not generally used to describe progressive pictures. Instead the individual video frames
(e.g., frame A, frame B) are used to describe progressive pictures. Most movie film material
is composed of progressive pictures.

When the odd field and the even field of a video frame are captured at
different times, the picture is said to be an “interlaced” picture. The two fields are not
combined to be displayed at the same time, Each field is treated and displayed separately.
Most television material is composed of interlaced pictures.

In order to achieve maximum efficiency during the transmission process, not
every field or frame is transmitted. That is, some of the individual fields or frames are
dropped and are not transmitted. The dropped fields or frames are recreated by the video
receiver from information taken from the fields or frames that are transmitted.

For example, the dropped fields or frames can be recreated simply by
repeating the previous field or frame. Alternatively, if the display is delayed, the next field or
frame that follows the dropped field or frame can be used to take the place of the dropped

JP 2004-513575 A 2004.4.30



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(15)

WO 02/37846 PCT/EP01/12717
5 .
field or frame. It is also possible to replace the dropped field or frame by averaging the
neighboring fields or frames on each side of the dropped field or frame.

There are difficulties with these simple approaches. Repeating a previous field
or frame (or using the next following field or frame) in place of the dropped field or frame
causes the perceived image to be jerky even when small motions are depicted in the video
image. Averaging the fields or frames causes the perceived image to be blurred even when
moderate motions are depicted in the video image.

A well known method for recreating the dropped fields or frames is motion
compensated interpolation. In motion compensated intexpolation (also referred to as
“bidirectional prediction”) a subsigual with a low temporal resolution (typicaily one half to
one thixd of the frame rate) is coded and the full resolution signal is obtained by interpolation
of the low resolution signal and the addition of a correction term. The signal to be
reconstructed by interpolation is obtained by adding a correction term fo a combination of a
past and a future reference.

Video sequences exist in vatious fotm.ats. For example, high definition (HD)
television video sequences may be displayed in any one of eighteen (18) different formats.
The process of converting a video sequence from one format to another format is called “scan
rate conversion.” »

Scan rate conversion may be used to reduce image flicker in televison images.
For example, 2 European televison video standard specifies a frequency of fifty Hertz (50
Hz). That is, the video fields a:é to be displayed at a rate of fifty fields per second. This
televison video rate is not sufficient to prevent noticeable flicker in the television image. To
reduce image flicker, the television video rate may be increased to one hundred Hertz
(100 Hz) by interpolating additional fields between the Sriginal fields in the video image.

Scan rate conversion techniques may be used to convert twenty four Hertz (24
Hz) film to sixty Hertz (60 Hz) video images. Scan rate conversion techniques may also be
used to convert thirty Hertz (30 Hz) high definition (HD) camera images to sixty Hertz
(60 Hz) video images.

The additional fields needed for scan rate conversion may be acquired by
simply repeating the original fields. The preferred method, however, is to use a progressive to

interlace conversion using motion compensated interpolation.

JP 2004-513575 A 2004.4.30
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SUMMARY OF THE INVENTION

There is a need in the art for an improved method of motion compensation to
generate interpolated fields that will provide a sharp video image. In particular, there isa
need in the art for an improved method of selecting one of two possible choices of a motion
compensated pixel for inclusion in a generated field to be interpolated between a previous
frame and a next field. There is also a need in the art for an improved method of determining
whether the inclusion of the pixel from the previous frame or the inclusion of the pixel from
the next field will provide a sharper video image in the generated field.

It is a primary object of the present invention to provide an improved method
motion compensated upconversion in a video image upconversion unit of the type that uses
motion compensation to generate an interpolated video field using motion vectors.

It is an object of an embodiment of of the present invention to provide a
method for selecting one of two possible choices of a motion compensated pixel for inclusion
'in a generated field to be interpolated between a previous frame and a next field.

It is another object of an embodiment of the present invention to provide an
improved method for selecting a motion compensated pixel that will provide a sharp video
image by comparing a calculated correlation value of pixels with a threshold value.

It is also an object of an embodiment of the present invention fo provide an
improved method for calculating a correlation value of pixels to be used to select a motion
compensated pixe] that will provide a sharp video image in a generated field to be
interpolated between a previous frame and a next field.

1t is an additional object of an embodiment of the present invention to provide
an improved method for determining a threshold value to be used to select a motion
compensated pixel that will provide a sharp video imagé in a generated field to be
interpolated between a previous frame and a next field.

The present invention comprises an improved method of motion compensation
that selects one of two possible choices of a motion compensated pixel for inclusion in a
generated field to be interpolated between a previous frame and a next field.

The invention is defined by the independent Claims; the dependent Claims
define advantageous embodiments.

In accordance with a preferred embodiment, the improved method of the
present invention selects a motion compensated pixel that will provide a sharp video image

by comparing a calculated correlation value of pixels with a thresheld value.
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The improved method of the invention comprises the steps of (1) calculating a
fizst correlation value from the values of causal neighbor pixels of a generated field and from
the values of corresponding neighbor pixels of a previous frame, (2) comparing the first
correlation value with a first threshold value, and (3) setting the value of the pixel to be
created within the generated field to be equal to the value of a corresponding pixel of the
previous frame if the fixst cotrelation value is less than the first threshold value.

The improved method of the invention also comprises the steps of (1)
calculating 2 second correlation value from the values of causal neighbor pixels ofa
generated field and from the values of corresponding neighbor pixels of a next field, (2)
comparing the second correlation value with a second threshold value, and (3) setting the
value of the pixel to be created within the generated field to be equal to the value of a
corresponding pixel of the next field if the second correlation value is less than the second
threshold value, "

The foreéoing has outlined rather broadly the features and technical
advantages of the present invention so that those skilled in the art may better understand the
Detailed Description of the Invention that follows. Additional features and advantages of the
invention will be described hereinafter that form the subject of the Claims of the invention.
Those skilled in the art should appreciate that they may readily use the conception and the
specific embodiment disclosed as a basis for modifying or designing other structures for
carrying out the same purposes of the present invention. Those skilled in the art should also
realize that such equivalent constructions do not depart from the scope of the invention in its
broadest forna.

Before undertaking the Detailed Description of the Invention, it may be
advantageous to set forth definitions of certain words afd phrases used throughout this patent
document: the terms “include” and “comprise” and derivatives thereof, mean inclusion
without limitation; the term “or,” is inclusive, meaning and/or; the phrases “associated with”
and “associated therewith,” as well as derivatives thereof, may mean fo include, be included
within, interconnect with, contain, be contained within, connect to or with, couple to or with,
be communicable with, cooperate with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, or the like; and the term “controller,” “processor,” or
“apparatus” means any device, system or part thereof that controls at least one operation,
such a device may be implemented in hardware, firmware or software, or some combination
of at least two of the same. The term “image” means frame or field It should be noted that
the functionality associated with any particular controller may be centralized or distributed,

JP 2004-513575 A 2004.4.30
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whether locally or remotely. Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill in the art should understand that in
many, if not most instances, such definitions apply to prior, as well as future uses of such
defined words and phrases.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, wherein like numbers designate like objects, and in which:

FIGURE 1 is a block diagram of an exemplary high definition (HD)
progressive to interlace converter that utilizes the improved method of the present invention;

FIGURE 2 illustrates a series of input progressive frames of a video signal;

FIGURE 3 illustrates a series of output interlace fields of a video signal;

FIGURE 4 illustrates a previous frame A of a video signal showing five pixels
for display at time T_; g ‘

FIGURE 5 illustrates a next field B of a video signal showing a corresponding
set of five pixels for display at time T + 1; and

FIGURE 6 illustrates a generated field C of a video signal showing a
corresponding set of five pixels generated by motion compensation for display at

intermediate time T + ¥4,

DETAILED DESCRIPTION OF THE INVENTION

FIGURES 1 through 7, discussed below, and the various embodiments set
forth in this patent document to describe the principles of the present invention are by way of
illustration only and should not be construed in any way} to limit the scope of the invention. In
the descriptions of the advantageous embodiments that follow, the improved method of the
present invention is used in connection with a high definition (HD) progressive to interlace
converter.

The present invention comprises an improved method of motion compensation
that selects an appropriate motion compensated pixel based upon the comparison of
calcutated correlation values of neighboring pixels with predetermined threshold values. It is
important to realize that the metbod of the present invention is not limited to use in an HD
progressive to interlace converter. Those skilled in the art will readily understand that the
principles of the present invention may also be successfully applied in any type of electronic
equipment that applies motion compensation techniques to video signals. In the descriptions

JP 2004-513575 A 2004.4.30
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that follow, the B progressive to interlace converter is described as an example of an item
of equipment in which the improved method of the present invention may be exployed.

FIGURE 1 illustrates high definition (HD) progressive fo interlace converter
100. HID progressive to interlace converter 100 receives standard definition (SD) video
signals from SD input 110 and receives HD video signals from HD input 120. As will be
explained below in greater detail, HD progressive to interlace converter 100 converts
progressive HD material to interlaced format using motion compensation techniques.

HD progressive to interlace converter 100 comprises field and line rate
converter 130. Field and line rate converter 130 comprises an SAA4992 integrated circuit
(sometimes referred to as FALCONIC for “field and line rate converter integrated circuit”).
The SAA49942 integrated circuit is sold commercially by Philips Semicondcutors. Field and
line rate converter 130 is capable of performing scan rate conversions for SD size video
images. o I

As shown in FIGURE 1, field and line rate converter 130 receives SD video
signals from SD input 110 via multiplexer 140. If the input to HD progressive to interlace
converter 100 is an SD input, the SD video images simply pass through multiplexer 140
directly to field and line rate converter 130. The SD video images are then output to SD
output 160. :

HD progressive to interlace converter 100 reéeives HD video sigoals from HD
input 120. If the input to HD progressive to interlace converter 100 is an HD input, the HD
video images must be pre-filtered and downsampled to SD size. This is accomplished in
pre-filter and downsampler unit 150. The SD video images from pre-filter and downsampler
unit 150 are then sent to multiplexer 140 and passed on to field and line rate converter 130.

The filter (not shown) in pre-filter and dlovx‘msampler unit 150 is a conventional
low pass filter used to satisfy the Nyquist criteria. The filter may comprise an eleven tap filter
that uses the following filter taps: (1) 0.015625 (2) 0 (3) -0.0703125 (4) 0 (5) 0.3046875 (6)
0.5 (7) 03046875 (8) 0 (9) -0.0703125 (10) 0 and (11)0.015625.

After the HD video images are filtered, they are downsampled by a factor of
one or two or three based on the following conditions. The downsample factor is set equal to
three (1) if the number of pixels per line is greater than 1440 and less than or equal to 2160,
or (2) if the number of lines per frame is greater than 1152 and less or equal to 1728, The
downsample factor is set equal to two (1) if the number of pixels per line is greater than 720,
or (2) if the number of lines per frame is greater than 576. If the above desctibed conditions

are not roet, then the video image is an SD video image and no downsampling is required. In
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that case the downsample factor is set equal to one. It is anticipated that a video image that is
larger than 2160 pixels by 1728 pixels will require a downsampling factor of four. At the
present time the largest size video image known to be in use is 1920 pixels by 1080 pixels.

After the downsizing process is completed, an SD size video image is
generated and sent to field and line rate converter 130 for motion estimation. Field and line
rate converter 130 generates motion vectors for the downsampled SD size video images. The
SAA4992 integrated circuit of field and line rate converter 130 supports a motion vector
overlay mode. That is, the motion vectors generated by field and line rate converter 130 are
overlayed on the video images as color data. This feature permits the motion vectors to be
read directly from field and line rate converter 130. That is, no additional hardware or
software functionality is needed to obtain the motion vectors.

After the SD motion vectors are obtained, they are sent to motion vector post
processing unit 170. The SD motion vectors are scaled to HID velocity (i.e., magnitude) in
motion vector post prgdéssing unit 170. As will be explained more fully, the scaled HD
motion vectors are then used to generate motion compensated interlaced HD fields from HD
progressive frames by HD upconversion unit 180 and then output to HD output 190.

The SAA4992 integrated circuit of field and line rate converter 130 functions
as a high quality motion estimator. Because the SAA4992 integrated circuit of field and line
rate converter 130 uses one frame and one field to perform motion estimation, the same
technique of using one frame and one field must be used for motion compensation.

» As shown in FIGURE 2, the input consists of the progressive frames A, B, C,
D, E and F. As previously mentioned, each frame consists of an odd field and an even field.
For example, frame “A” consists of an odd field “Ao” and an even field “Ae.” Similarly,
frame “B” consists of an odd ﬁéld “Bo” and an even fiéld “Be.” Similar odd and even fields
exist for the other input frames. The term “progressive” as applied to the input frames (A, B,
C, D, E and F) means that the odd field and the even field of each frame are taken at the same
time and combined together to form their respective frame.

As shown in FIGURE 3, the output video signals are interlaced in format. The
output odd field “Ao” is taken from input frame “A.” The output even field “ABe” is
obtained by performing motion compensation on frame “A” and on odd field “Bo” of the
input sequence. In a similar manner, the output odd field “Bo™ is taken from input frame “B.”

The output even field “BCe” is obtained by performing motion compensation on frame “B”
and on odd field “Co” of the input sequence. The remaining interlaced output video signals

JP 2004-513575 A 2004.4.30
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shown in FIGURE 3 are similarly obtained. In this manner the temporally missing fields are
generated by using (1) the previous frame, and (2) the next frame, and (3) the motion vectors.

The motion vectors from field and line rate converier 130 are scaled in
accordance with the downsample factor (DSF) that was applied to the HD input in pre-filter
and downsampler unit 150. For example, assume that mvx(i,j) and mvy(i,j) are the motion
vectors in the x and y directions, respectively, that are obtained from field and line rate
converter 130. Then the HD motion vectors generated in motion vector post processing unit
170 will be:

mvxHD [(DSF)i, (DSF)j] = (DSF) mvx(ij) m

mvyHD [@SF)i, (DSE)j] = (DSF) mvy(i,j) @
o

Tt is seen that not only is the velocity (i.e., magnitude) of the motion vectors
scaled, but also the position of the motion vectors. This means that, if in an SD video image,
the motion vector was applicable to a block of two by two (2 x 2), in HD it will be applicable
to a block of (DSF times 2) by (DSF times 2). In other words, it will be applicable to a block
of (2 DSF) by (2 DSF). Therefore, if the downsample factor is two (DSF =2), then the
motion vector for a two by two block (2 x 2) in SD is applicable to a four by four block (4 x
4) in HD. This scaling causes a loss in the accuracy of the motion vector.

The motion vectors that are obtained from field and line rate converter 130 are
accurate to one fourth (0.25) of 2 pixel. If the motion vectors are scaled by a factor of twe (2),
then it is to be expected that the motion vectors will only be accurate to one half (0.50) of a
pixel. This is because two times one fourth is equal to one half (2 % 0.25 =0.50).
Unfortunately, this expectation is not met because it turns out that the motion vectors are not
accurate to one half (0.50) of a pixel. This is due to the fact that the filtering and
downsampling of the HD input performed in pre-filter and downsampler unit 150 causes
smoothing of the picture and smoothing of the object motion. The half pixel accuracy can not
be reliably achieved due to the smoothing introduced during the filtering and downsampling
process.

This means that it is not possible to achieve an accuracy of one fourth (0.25)
of a pixel by performing simple calculations on the neighboring pixels that surround the pixel
in question, It also means that the scaled motion vectors may not be very reliable, especially

at the edges of the video image.

JP 2004-513575 A 2004.4.30
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Given a frame, a field, and the associated motion vectors, the task is to
upconvert the information into an HDD signal while minimizing distortions and inaccuracies in
the video signal, One prior art approach is to average the motion compensated pixels from the
frame and the field. This method works reasonably well if the motion vectors are accurate. If
the motion vectors are not accurate, however, the averaging of the pixels fro;m the frame and
the field will produce blurring of the picture, which can be very noticeable in slow moving
areas of the video image.

The improved method of the present invention uses a different approach. The
HD motion vectors from motion vector post processing unit 170 are sent to HD upconversion
unit 180. As shown in FIGURE 1, HD upconversion unit 180 is also connected to HD input
120 and receives the input HD video signal from HD input 120. HD upconversion unit 180
than has the following data: (1) the motion vectors from the SD video image appropriately
scaled, and (2) the HD ﬁé}hc, and (3) the HD field, and (4) the causal region of the motion
compensated field. Th;, l;auSal region is a region of the motion compensated field that is
made up of pixels whose motion compensated values have already been calculated.

As previously indicated, the values of the motion vectors are good in the
global sense but they are not accurate to one half (0.50) of a pixel. The motion vectors may
only be accurate to one or two pixels. This means that when the prior art averaging method
is used, the edges will exhibit blurring. The improved method of the present invention avoids
blurring the video image by not averaging the frame motion compensated pixel with the field
motion compensated pixel. Instead, the improved method of the present invention selects and
uses either the frame motion compensated pixel or the field motion compensated pixel. The
improved method of the present invention for determining which pixel to select and use will
now be described. t

The method will be illustrated with an example using the three figures shown
in FIGURE 4, FIGURE 5 and FIGURE 6. FIGURE 4 shows a previous frame A of a video
signal showing five pixels (A1, A2, A3, A4 and A5) for display at time T. FIGURE § shows
anext field B of a video signal showing a corresponding set of five pixels (B1, B2, B3, B4
and B5) for display at time T + . The unit “1" in the expression “T + 1" represents one unit
of time between previous frame A and next field B. FIGURE 6 shows a generated field C of
a video signal showing a corresponding set of five pixels (C1, C2, C3, C4 and C5) generated
by motion compensation for display at intermediate time T + % between previous frame A
and next field B. The unit “%4" in the expression “T + %" represents one half unit of time

between previous frame A and generated field C.
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Consider pixel C4 in generated field C. The task is to find and generate the
appropriate value for this pixel. Pixel A4 in previous frame A is the motion compensated
pixel in previous frame A that corresponds to pixel C4. Pixel B4 in next field B is the motion
compensated pixel in next field B that corresponds to pixel C4.

The prior art averaging method adds the value of pixel A4 to the value of pixel
B4 and divides the sum of the values by two to obtain the value of pixel C4.

The improved method of the present invention, in contrast, selects either the
value of the frame motion compensated pixel (pixel A4) or the value of the field motion
coﬁpensated pixel (pixel B4) for the value of the generated field pixel (pixel C4). The
selection of pixel A4 or pixel B4 is made by considering the values of the causal neighbors of
pixel C4. Causal neighbors are neighboring pixels whose values have already been.
calculated. In the present example, the causal neighbors of pixel C4 are the pixels C1, C2, C3
and Cs. RN

If the causal neighbors of pixel C4 match the corresponding neighbors of pixel
Ad to within a certain threshold value, the value of pixel A4 is selected for the value of pixel
Ca4. If the causal neighbors of pixel C4 do not match the corresponding neighbors of pixel A4
to within the threshold value, then the corresponding neighbors of pixel B4 are considered. If
the causal neighbors of pixel C4 match the corresponding neighbors of pixel B4 to within a

certain threshold value, the value of pixel B4 is selected for the value of pixel C4.

An appropriaté threshold value may be chosen using the fact that a pixel value
difference of ten or less between adjacent pixels is not too noticeable a difference. The
threshold value may be chosen to have a value of ten times the number of causal neighbors
being considered at one time. In the present example, four causal neighbors (C1, C2, C3 and
C5) are being consideted at one time. Therefore, the tﬂfeéhold value may be chosen to have
the value forty.

The matching of the causal neighbors of pixel C4 with the corresponding
neighbors of pixel A4 is carried out by adding the absolute values of the differences of the
values of the causal neighbors in generated field C and the values of the corresponding
neighbors in previous frame A. A value called “ACOR” {representing the correlation of
causal neighbors in generated field C and corresponding neighbors in previous frame A) is

calculated as follows:

ACOR = ABS(A1-C1)+ ABS(A2-C2)+ ABS(A3-C3)+ ABS(A5-CS5) 3

JP 2004-513575 A 2004.4.30
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where the letiers ABS represent the mathematical function of taking the absolute value.
Similarly, a value called “BCOR” (representing the correlation of causal
neighbors in generated field C and corresponding neighbors in next field B) is calculated as

follows:
BCOR = ABS(B1-C1)+ ABS(B2-C2)+ ABS(B3-C3)+ ABS(B5-C5) 4

where the letters ABS again represent the mathematical function of taking the absolute value.

If the value of ACOR is less than the threshold value, then the value of pixel
C4 is chosen to be the value of pixel A4. If the value of ACOR is equal to or greater than the
threshold value, then the value of BCOR is considered. If the value of BCOR is less than the
threshold value, then the value of pixel C4 is chosen to be the value of pixel B4.

If the value of BCOR is equal to or greater than the threshold value, then
another motion compehéétion method may be used to obtain the value of pixel C4. For
example, motion compensation techniques using block-based motion vectors may be used.
As a last resort, if no other method can be found that can defermine whether pixel A4 or pixel
B4 is the appropriate pixel value for pixel C4, then the prior art averaging method may be
used to obtain a pixel value for pixel C4. :

The use of the causal neighbors from generated field C (i.e., pixels C1, C2,C3
and C5) that are already motion compensated helps to verify; that the pixels that are being
used are from the correct frame or field. The pixel values provided by the improved method
of the present invention eliminate much of the blurring of the video image that results from
the prior art averaging method. The pixel values proviclk*fd by the improved method of the
present invention give a sharply defined motion compensated video image. In cases where
the pixel to be selected is located in an area of the video image that is being covered (or that
is being uncovered) during video image motion, the pixel values provided by the improved
method of the present invention help select the better pixel of the two pixels choices. This
improves the video image quality of covered (and uncovered) regions of the video image.

HD upconversion unit 180 performs the improved method of the present
invention to select the appropriate pixels to make up generated field C. Generated field C is
then interpolated (at time T -+ %) between previous frame A (at time T) and next field B
(at time T + 1). The interpolation process is repeatedly applied to create appropriate output
interlace fields ABe, BCe, CDe, DEe and EFe shown in FIGURE 3. The output of HD

upconversion unit 180 is sent to HD output 190.
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The improved method of the present invention can be summarized as follows.
In a first step the ACOR value (representing the correlation of causal neighbors in generated
field C and corresponding neighbors of previous frame A) is calculated by adding the
absolute values of the differences of the values of the causal neighbors in generated field C
and the values of the corresponding neighbors in previous frame A. Then a determination is
made whether the ACOR value is less than the threshold value. If the ACOR value is less
than the threshold value, then the value of pixel C4 is set equal to the value of pixel A4. After
the value of pixel C4 is set, the method terminates its operation.

If the ACOR value is not less than the threshold value, then the BCOR value
(representing the correlation of causal neighbors in generated field C and corresponding
neighbors in next field B) is calculated by adding the absolute values of the differences of the
values of the causal neighbors in generated field C and the values of the corresponding
peighbors in next field B Then a determination is made whether the BCOR value is less than
the threshold value. Iffhé BCOR value is less than the threshold value, then the value of
pixel C4 is set equal to the value of pixel B4. After the value of pixel C4 is set, the method
terminates its operation (end step).

If the BCOR value is not less than the threshold value, then another method
may be used to determine the value of pixel C4. After the value of pixel C4 is set, the method
terminates its operation.

Although the present invention has been described in detail with respect to the
illustrative example of a high definition (HD) progressive to interlace converter, those skilled
in the art should understand that they can make various changes, substitutions and alterations
herein without departing from the of the invention defined by independent Claims.

In the Claims, any reference signs place&! between parentheses shall not be
construed as limiting the Claim. The word “a” or “an” preceding an element does not exclude
the presence of a plurality of such elements. The invention can be implemented by means of
hardware‘comprising several distinot elements, and by means of a suitably programmed
computer. In the device Claim enumerating several means, several of these means can be
embodied by one and the same item of hardware. The mere fact that certain measures are
recited in mutually different dependent Claims does not indicate that a combination of these

measures cannot be used to advantage.
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CLAIMS:

1. a method of motion compensation comprising the steps:

calculating a correlation value (ACOR, BCOR) from the values of causal
neighbor pixels (C1, C2, C3, C5) of a generated image (C) and from the values of
corresponding neighbor pixels (A1, A2, A3, A5; Bl, B2, B3, B5) of a previous image (A)
and/or a next image (B);

comparing said correlation value (ACOR, BCOR) with a threshold value; and

setting the value of a pixel (C4) to be created within said generated image (C)
to be equal to the value of "a cortesponding pixel (A4, B4) of said previous image (A) or said
next image (B) if said correlation value (ACOR, BCOR) is less than said threshold value.

2. The method as Claimed in Claim 1 wherein the step of calculating a
correlation value (ACOR) from the values of causal neighbor pixels (C1, C2, C3, C5) ofa
generated ih:age (C) and from the values of corresponding neighbor pixels (Al, A2, A3, AS)
of a previous image (A) comprises the step oft

adding the absolute values of the differences between the value of each causal
neighbor pixel (C1, C2, C3, C5) of said generated image (C) and the value of each
corresponding neighbor pixel (A1, A2, A3, A5) of said previous image (A).

3. The method as Claimed in Claim 1 whergin said threshold value has a value
equal to ten times the number of causal neighbor pixels (C1, C2, C3, C5) used to calculate
said correlation value (ACOR).

4, A method as Claimed in Claim 1, comprising the steps:
calculating a first correlation value (ACOR) from the values of causal
neighbor pixels (C1, C2, C3, C5) of the generated image (C) and from the values of
cotresponding neighbor pixels (Al, A2, A3, A5) of the previous image (A);
calculating a second correlation value (BCOR) from the values of causal
neighbor pixels (C1, C2, C3, C5) of said generated image (C) and from the values of
corresponding neighbor pixels (B1, B2, B3, BS) of the next image (B);

JP 2004-513575 A 2004.4.30
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comparing said first correlation value (ACOR) with a first threshold value;

setting the value of a pixel (C4) to be created within said generated image (C)
to be equal to the value of a corresponding pixel (A4) of said previous image (A) if said first
correlation value (ACOR) is less than said first threshold vaiue;

comparing said second correlation value (BCOR) with a second threshold
value; and

setting the value of said pixel (C4) io be created within said generated image
(C) to be equal to the value of a corresponding pixel (B4) of said next image (B) if said
second correlation value (BCOR) is less than said second threshold value.

S. The method as Claimed in Claim 4 wherein said first threshold value has a
value equal to ten times the number of causal neighbor pixels (C1, C2, C3, C5) used to
caloulate said first correlation value (ACOR).

i

6. The method as Claimed in Claim 4 wherein said second threshold value has a
value equal to ten times the number of causal neighbor pixels (C1, C2, C3, C5) used to
calculate said second correlation value (BCOR). '

7. A device for motion compensation, the device comprising:

means for calculating a correlation value (ACOR, BCOR), from the values of
causal neighbor pixels (C1, C2, C3, C5) of a genetated image (C) ad from the values of
corresponding neighbor pixels (Al, A2, A4, AS; B1, B2, B3, B5) of a previous image (A)
and/or a next image (B);

means for comparing said correlation vallie (ACOR, BCOR) with a threshold
value; and

means for setting the value of a pixel (C4) to be created within said generated
image (C) to be equal to the value of a corresponding pixel (A4, B4) of said previous image
(A) or said next image (B) if said correlation value (ACOR, BCOR) is less than said
threshold value.

8. A video upconversion unit (180) for generating an interpolated image using

motion vectors, comprising a motion compensation device as Claimed in Claim 7.

JP 2004-513575 A 2004.4.30
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9. A progressive to interlace converter (100) comprising a video upconversion

unit as Claimed in Claim 8.

JP
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