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INTERPOLATION FRAME GENERATION
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Continuation of PCT Application No.
PCT/IP2018/010787, filed on Mar. 19, 2018, and claims the
priority of Japanese Patent Application No. 2017-182002,
filed on Sep. 22, 2017, the entire contents of both of which
are incorporated herein by reference.

BACKGROUND

The present disclosure relates to an interpolation frame
generation device that generates an interpolation frame
based on a motion vector of an image.

In order to covert a frame frequency of a video signal, an
interpolation frame generation device generates an interpo-
lation frame to be interpolated between two frames adjacent
to each other. Based on a motion vector of an image, the
interpolation frame generation device generates respective
interpolation pixels which configure the interpolation frame.

SUMMARY

When the motion vector is erroneously detected, inappro-
priate interpolation pixels are generated, and a viewer is
given a feeling of visual discomfort. Accordingly, in order to
reduce the feeling of visual discomfort, interpolation pixels
of dynamic interpolation, which are generated based on a
motion vector, and interpolation pixels of static interpolation
with zero motion are sometimes mixed with each other to
generate interpolation pixels.

If a ratio of the interpolation pixels of the dynamic
interpolation is increased when the interpolation pixels of
the dynamic interpolation and the interpolation pixels of the
static interpolation are mixed with each other, then, a motion
of'an image in the interpolation frame is smoothed; however,
the feeling of visual discomfort when the motion vector is
erroneously detected is likely to be increased. Meanwhile, if
a ratio of the interpolation pixels of the static interpolation
is increased, then, the feeling of visual discomfort can be
reduced even when the motion vector is erroneously
detected; however, smoothness of the motion of the image is
sometimes lost more than necessary.

An aspect of one or more embodiments provides an
interpolation frame generation device including: a motion
vector detector configured to detect a motion vector of an
image based on pixels in at least first and second frames in
an input video signal, and to generate reliability data indi-
cating reliability of the motion vector; a pixel selector
configured to select a pair of pixels for dynamic interpola-
tion based on the motion vector and a pair of pixels for static
interpolation from the pixels in the first and second frames
in order to generate respective interpolation pixels which
configure an interpolation frame to be interpolated between
the first and second frames; a first mixing ratio generator
configured, based on the reliability data, to generate a first
mixing ratio indicating a mixing ratio of the interpolation
pixels of the dynamic interpolation, the interpolation pixels
being generated based on the pair of pixels for the dynamic
interpolation, and the interpolation pixels of the static inter-
polation, the interpolation pixels being generated based on
the pair of pixels for the static interpolation; a second mixing
ratio generator configured to generate a second mixing ratio
indicating a mixing ratio of the interpolation pixels of the

10

15

20

25

30

35

40

45

50

55

60

65

2

dynamic interpolation and the interpolation pixels of the
static interpolation based on a difference value between the
pair of pixels for the dynamic interpolation, the pixels being
selected by the pixel selector; a mixing ratio adjuster con-
figured, when the first mixing ratio and the second mixing
ratio are different from each other, to generate a third mixing
ratio by adjusting the first mixing ratio and the second
mixing ratio so that the mixing ratio of the interpolation
pixels of the static interpolation becomes larger than when
a mixing ratio in which the mixing ratio of the interpolation
pixels of the static interpolation is smaller is selected from
between the first mixing ratio and the second mixing ratio;
and an interpolation data generator configured to generate
the interpolation pixels of the dynamic interpolation and the
interpolation pixels of the static interpolation, and to mix the
interpolation pixels of the dynamic interpolation and the
interpolation pixels of the static interpolation adaptively
with each other in response to the third mixing ratio to
generate interpolation pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a frame frequency
conversion apparatus including an interpolation frame gen-
eration device according to one or more embodiments.

FIG. 2 is a view conceptually illustrating an operation of
generating an interpolation pixel of dynamic interpolation
by the interpolation frame generation device according to
one or more embodiments.

FIG. 3 is a block diagram illustrating an example of an
internal configuration of an interpolation data generator 8 in
FIG. 1.

FIG. 4 is a view conceptually illustrating an operation of
generating the interpolation pixel by mixing the interpola-
tion pixel of the dynamic interpolation and an interpolation
pixel of static interpolation with each other by the interpo-
lation frame generation device according to one or more
embodiments.

DETAILED DESCRIPTION

A description will be given below of an interpolation
frame generation device according to one or more embodi-
ments with reference to the accompanying drawings. A
frame frequency conversion apparatus illustrated in FIG. 1
is composed by including the interpolation frame generation
device according to one or more embodiments. Operations
of the interpolation frame generation device will be
described while describing operations of the frame fre-
quency conversion apparatus.

In FIG. 1, pixels at respective pixel positions, which
configure respective frames of a video signal Sin serving as
a target of frame frequency conversion, are input to a frame
memory 1, a motion vector detector 2, a pixel selector 3, and
a frame frequency conversion memory 9 sequentially in
units of one pixel. It is assumed that a frame of the input
video signal Sin is a frame F1 that is a current frame. The
frame F1 is an actual frame as a first frame. It is assumed that
a frame frequency of the video signal Sin is 60 Hz.

The frame memory 1 delays the frame F1 by one frame
period, and generates a frame F2 one frame before. The
frame F2 is an actual frame as a second frame. Pixels at
respective pixel positions, which configure the frame F2, are
input to the motion vector detector 2 and the pixel selector
4 sequentially in units of one pixel.

From a predetermined range in the horizontal and vertical
directions in the frame F1 and a predetermined range in the
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horizontal and vertical directions in the frame F2, the motion
vector detector 2 extracts sets of pixels, which correspond to
a variety of motions, and calculates difference values ther-
ebetween, and based on a direction in which the difference
value is small, detects a motion vector MV. Note that, in
respective block-interior pixels in a block composed of a
plurality of pixels in the frame F1 and in a block composed
of a plurality of pixels in the frame F2, the motion vector
detector 2 can also calculate such difference values corre-
sponding to a variety of motions, and can detect the motion
vector MV based on a total sum of absolute values of the
difference values.

The motion vector detector 2 may detect the motion
vector MV with reference to pixels in frames other than the
frames F1 and F2, for example, both of a future frame from
the frame F1 and a past frame one frame before the frame
F2, or either one thereof. In such a way, detection accuracy
of the motion vector MV is improved. The frames to be
mutually compared when the motion vector detector 2
detects the motion vector MV are not limited to two frames,
and may be three frames or more. The motion vector
detector 2 is not limited to the comparison between two
frames adjacent to each other, and may compare frames
separate from each other through interpolation of one or
more frames.

In order to detect the motion vector MV in the blocks in
the predetermined ranges in the horizontal and vertical
directions between the frame F1 and the frame F2, the
motion vector detector 2 includes pixel delayers (flip-flops)
that delay input pixels in the horizontal direction and line
memories that delay the input pixels in the vertical direction.
The pixel delayers and the line memories may be provided
outside the motion vector detector 2.

The motion vector detector 2 generates reliability data Re
of the motion vector MV in addition to the detection of the
motion vector MV. The motion vector detector 2 may treat,
as the reliability data Re, the difference values between the
pixels at the time of having detected the motion vector MV.
The motion vector detector 2 generates such reliability data
Re with higher reliability as the difference values are smaller
and with lower reliability as the difference values are larger.

At the time of having detected the motion vector MV, the
motion vector detector 2 may generate the reliability data Re
based on a criterion as to how much difference a difference
value of another candidate vector has from the difference
value of the motion vector MV. In this case, the motion
vector detector 2 generates the reliability data Re with
higher reliability as the difference value of such another
candidate vector is larger than the difference value of the
motion vector MV.

The motion vector detector 2 only needs to generate the
reliability data Re of the motion vector MV in a process of
detecting the motion vector MV, and a specific generation
method of the reliability data Re is not limited.

The motion vector MV is supplied to the pixel selectors
3 and 4, and the reliability data Re is supplied to a mixing
ratio generator 5. Based on the reliability data Re, the mixing
ratio generator 5 generates a first mixing ratio Mr1 in which
interpolation pixels of dynamic interpolation and interpola-
tion pixels of static interpolation are mixed with each other,
which will be described later, and supplies the generated first
mixing ratio Mrl to a mixing ratio adjuster 7. The first
mixing ratio Mrl indicates a mixing ratio of both of the
interpolation pixels of the dynamic interpolation and the
interpolation pixels of the static interpolation when a sum of
both thereof is defined as 1.
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The pixel selector 3 selects a pixel P1 in the frame F1
based on the motion vector MV, and in addition, selects a
pixel P10 located at the same pixel position as that of an
interpolation pixel to be generated, and supplies the selected
pixels P1 and P10 to the interpolation data generator 8. The
pixel selector 4 selects a pixel P2 in the frame F2 based on
the motion vector MV, and in addition, selects a pixel P20
located at the same pixel position as that of the interpolation
pixel to be generated, and supplies the selected pixels P2 and
P20 to the interpolation data generator 8.

The pixels P1 and P2 are a pair of pixels for the dynamic
interpolation, and the pixels P10 and P20 are a pair of pixels
for the static interpolation.

In order to select the pixels P1 and P2 in the frames F1 and
F2 based on the motion vector MV, respectively and the
pixels P10 and P20 located at the same pixel positions as
those of the interpolation pixels to be generated, respec-
tively, the pixel selectors 3 and 4 include pixel delayers
which delay the input pixels in the horizontal direction and
line memories which delay the input pixels in the vertical
direction. Among the motion vector detector 2 and the pixel
selectors 3 and 4, at least a part of the pixel delayers and the
line memories may be shared. The pixel delayers and the line
memories may be provided outside the pixel selectors 3 and
4.

FIG. 2 conceptually illustrates an operation in which the
pixel selectors 3 and 4 select the pixels P1 and P2 based on
the motion vector MV and generate an interpolation pixel
P21 of an interpolation frame F21 interpolated between the
frame F1 and the frame F2. Here, for simplification, only
pixels in the horizontal direction are illustrated.

The motion vector MV indicates that an image has moved
leftward in the horizontal direction by the amount of four
pixels. At this time, if it is assumed to generate the inter-
polation pixel P21 by dynamic interpolation that is based on
only the motion vector MV, then, the interpolation pixel P21
is generated in such a manner that the pixel P1 located at a
position shifted leftward from the interpolation pixel P21 by
two pixels and the pixel P2 located at a position shifted
rightward by two pixels are added to each other and divided
by two.

However, it is extremely difficult to detect a motion of an
image without any erroneous detection, and the motion
vector MV is not always completely correct. Accordingly,
the pixel selectors 3 and 4 select the pixels P10 and P20
located at the same pixel position as that of the interpolation
pixel P21 illustrated in FIG. 2, respectively, in addition to
the pixels P1 and P2. As will be described later, the inter-
polation pixel P21 is sometimes generated based on the
pixels P1 and P2 and the pixels P10 and P20.

Returning to FIG. 1, the pixel P1 selected by the pixel
selector 3 and the pixel P2 selected by the pixel selector 4
are also supplied to a mixing ratio generator 6. Based on a
difference value between the pixel P1 and the pixel P2,
which are selected based on the motion vector MV, the
mixing ratio generator 6 generates a second mixing ratio
Mr2 in which the interpolation pixels of the dynamic inter-
polation and the interpolation pixels of the static interpola-
tion are mixed with each other, and supplies the generated
second mixing ratio Mr2 to the mixing ratio adjuster 7. The
second mixing ratio Mr2 also indicates a mixing ratio of
both of the interpolation pixels of the dynamic interpolation
and the interpolation pixels of the static interpolation when
the sum of both thereof is defined as 1.

The mixing ratio adjuster 7 generates a third mixing ratio
Mr3, which is final, based on the first mixing ratio Mrl and
the second mixing ratio Mr2. As a first example, from
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between the first mixing ratio Mrl and the second mixing
ratio Mr2, the mixing ratio adjuster 7 selects a mixing ratio
in which a ratio of the interpolation pixels of the static
interpolation is larger, and defines the selected mixing ratio
as the third mixing ratio Mr3.

For example, it is assumed that the first mixing ratio Mrl
indicates that the mixing ratio of the interpolation pixels of
the dynamic interpolation and the interpolation pixels of the
static interpolation is 0.7:0.3, and that the second mixing
ratio MR2 indicates that the mixing ratio of the interpolation
pixels of the dynamic interpolation and the interpolation
pixels of the static interpolation is 0.6:0.4. At this time, the
mixing ratio adjuster 7 adopts the second mixing ratio Mr2
as the third mixing ratio Mr3.

As a second example, the mixing ratio adjuster 7 averages
the first mixing ratio and the second mixing ratio Mr2 to
generate the third mixing ratio Mr3. For example, when the
first mixing ratio indicates to be 0.7:0.3, and the second
mixing ratio Mr2 indicates to be 0.6:0.4, the mixing ratio
adjuster 7 averages both thereof to set the third mixing ratio
Mr3 to 0.65:0.35.

If the first mixing ratio Mrl and the second mixing ratio
Mr2 are the same, the mixing ratio adjuster 7 adopts the
mixing ratio of the interpolation pixels of the dynamic
interpolation and the interpolation pixels of the static inter-
polation, the mixing ratio being indicated by the first mixing
ratio Mr1 and the second mixing ratio Mr2, directly as the
third mixing ratio Mr3.

If the first mixing ratio Mrl and the second mixing ratio
Mr2 are different from each other, the mixing ratio adjuster
7 only needs to generate such a third mixing ratio Mr3 in
which the first mixing ratio Mr1 and the second mixing ratio
Mr2 are adjusted so that the mixing ratio of the interpolation
pixels of the static interpolation becomes larger than when
the mixing ratio in which the mixing ratio of the interpola-
tion pixels of the static interpolation is smaller is selected.

In the first example mentioned above, from between the
first mixing ratio Mr1 and the second mixing ratio Mr2, the
mixing ratio adjuster 7 only needs to select a mixing ratio in
which the ratio of the interpolation pixels of the static
interpolation is larger, and defines the selected mixing ratio
as the third mixing ratio Mr3. Accordingly, a configuration
in the first example is simplified more than in the second
example, and therefore, the first example is preferable.

The mixing ratio adjuster 7 may generate the third mixing
ratio Mr3 as follows as a third example. The mixing ratio
generator 5 generates reliability of the first mixing ratio Mrl
based on the reliability data Re. A way of generating the
reliability is not particularly limited; however, the mixing
ratio generator 5 only needs to generate reliability that is
higher as the reliability indicated by the reliability data Re
is higher and lower as the reliability is lower. The mixing
ratio generator 5 may directly adopt the reliability, which is
indicated by the reliability data Re, as the reliability of the
first mixing ratio Mrl.

The mixing ratio generator 6 generates reliability of the
second mixing ratio Mr2 based on the difference value
between the pixel P1 and the pixel P2. The mixing ratio
generator 6 only needs to generate reliability that is higher
as the difference value is smaller and lower as the difference
value is larger.

From between the reliability of the first mixing ratio Mrl
generated by the mixing ratio generator 5 and the second
mixing ratio Mr2 generated by the mixing ratio generator 6,
the mixing ratio adjuster 7 adopts such a mixing ratio with
higher reliability as the third mixing ratio Mr3.
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The interpolation data generator 8 mixes such an inter-
polation pixel of the dynamic interpolation, which is gen-
erated based on the pixels P1 and P2, and such an interpo-
lation pixel of the static interpolation, which is generated
based on the pixels P10 and P20, adaptively with each other
in response to the mixing ratio indicated by the third mixing
ratio Mr3.

As illustrated in FIG. 3, the interpolation data generator 8
includes a dynamic interpolator 81, a static interpolator 82,
and a mixer 83. The dynamic interpolator 81 adds the pixel
P1 and the pixel P2 to each other, divides an obtained sum
by 2, and generates an interpolation pixel P12 of the
dynamic interpolation. The static interpolator 82 adds the
pixel P10 and the pixel P20 to each other, divides an
obtained sum by 2, and generates an interpolation pixel P120
of the static interpolation. In response to the mixing ratio
indicated by the third mixing ratio Mr3, the mixer 83 mixes
the interpolation pixel P12 of the dynamic interpolation and
the interpolation pixel P120 of the static interpolation adap-
tively with each other, and generates a final interpolation
pixel P21.

FIG. 4 illustrates a state of mixing the interpolation pixel
P12 of the dynamic interpolation and the interpolation pixel
P120 of the static interpolation adaptively with each other to
generate the interpolation pixel P21. FIG. 2 corresponds to
an operation of the interpolation data generator 8 when the
third mixing ratio Mr3 indicates that the mixing ratio of the
interpolation pixel of the dynamic interpolation and the
interpolation pixel of the static interpolation is 1:0. The third
mixing ratio Mr3 only needs to determine the mixing ratio
of the interpolation pixel of the dynamic interpolation and
the interpolation pixel of the static interpolation within a
range of 1:0 to 0:1.

Returning to FIG. 1, the interpolation pixel P21 located at
each position of the pixels which configure the interpolation
frame F21 is supplied to the frame frequency conversion
memory 9 sequentially in units of one pixel. The frame
frequency conversion memory 9 writes the frame F1 and the
interpolation frame F21. The frame frequency conversion
memory 9 alternately reads out the frame F1 and the
interpolation frame F21, which are thus written, at 120 Hz
that is twice the frame frequency of the video signal Sin,
thereby generating and outputting a video signal Sout at a
frame frequency 120 Hz.

As described above, in accordance with the interpolation
frame generation device according to one or more embodi-
ments, the interpolation frame F21 can be generated while
reducing the feeling of visual discomfort when the motion
vector MV is erroneously detected, and without losing the
smoothness of the motion of the image more than necessary.
In accordance with the frame frequency conversion appara-
tus including the interpolation frame generation device
according to one or more embodiments, there can be gen-
erated the video signal Sout in which the frequency is
converted, the video signal Sout having a reduced feeling of
visual discomfort when the motion vector MV is errone-
ously detected, and allowing the smoothness of the motion
of the image not to be lost more than necessary.

The interpolation frame generation device may be an
interpolation frame generation device that is used for a
frame frequency conversion apparatus that converts a frame
frequency to be four times and generates three interpolation
frames between two actual frames adjacent to each other.

The respective units of FIG. 1 may be composed of a
hardware circuit, or at least a part thereof may be composed
of software (a computer program). Choice of the hardware
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and the software is arbitrary. The computer program may be
stored and provided in a non-transitory storage medium.

It should be noted that, besides those already described,
varieties of modifications and alterations may be added to
the above-described one or more embodiments without
deviating from novel and advantageous features of the
present invention. Hence, the entire modifications and
alterations as described above are intended to be incorpo-
rated in the accompanying scope of claims.

What is claimed is:

1. An interpolation frame generation device comprising:

a motion vector detector configured to detect a motion
vector of an image based on pixels in at least first and
second frames in an input video signal, and to generate
reliability data indicating reliability of the motion vec-
tor;

a pixel selector configured to select a pair of pixels for
dynamic interpolation based on the motion vector and
a pair of pixels for static interpolation from the pixels
in the first and second frames in order to generate
respective interpolation pixels which configure an
interpolation frame to be interpolated between the first
and second frames;

a first mixing ratio generator configured, based on the
reliability data, to generate a first mixing ratio indicat-
ing a mixing ratio of the interpolation pixels of the
dynamic interpolation, the interpolation pixels being
generated based on the pair of pixels for the dynamic
interpolation, and the interpolation pixels of the static
interpolation, the interpolation pixels being generated
based on the pair of pixels for the static interpolation;

a second mixing ratio generator configured to generate a
second mixing ratio indicating a mixing ratio of the
interpolation pixels of the dynamic interpolation and
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the interpolation pixels of the static interpolation based
on a difference value between the pair of pixels for the
dynamic interpolation, the pixels being selected by the
pixel selector;

a mixing ratio adjuster configured, when the first mixing
ratio and the second mixing ratio are different from
each other, to generate a third mixing ratio by adjusting
the first mixing ratio and the second mixing ratio so that
the mixing ratio of the interpolation pixels of the static
interpolation becomes larger than when a mixing ratio
in which the mixing ratio of the interpolation pixels of
the static interpolation is smaller is selected from
between the first mixing ratio and the second mixing
ratio; and

an interpolation data generator configured to generate the
interpolation pixels of the dynamic interpolation and
the interpolation pixels of the static interpolation, and
to mix the interpolation pixels of the dynamic interpo-
lation and the interpolation pixels of the static interpo-
lation adaptively with each other in response to the
third mixing ratio to generate interpolation pixels.

2. The interpolation frame generation device according to
claim 1, wherein the mixing ratio adjuster adopts, as the
third mixing ratio, a mixing ratio in which a ratio of the
interpolation pixels of the static interpolation is larger
between the first mixing ratio and the second mixing ratio.

3. The interpolation frame generation device according to
claim 1, wherein the mixing ratio adjuster averages the first
mixing ratio and the second mixing ratio to generate the
third mixing ratio.



