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IMAGE DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a hold-type image
display apparatus having a video signal processor for per-
forming a predetermined video signal process.

BACKGROUND ART

[0002] As one of video signal processes for improving pic-
ture quality in a television receiver, a DVD player, and the like
there is frame rate conversion using motion compensation.
[0003] The principle of frame rate conversion will be
described using FIGS. 1 to 3 with respect to a video signal
captured by a camera for television broadcast (hereinbelow,
referred to as a camera signal) and a video signal obtained by
telecine converting a film to a television system (hereinbelow,
called film signal or cinema signal).

[0004] FIG. 1(e) shows original frames A, B, C, and D of a
camera signal of an NTSC system. In the case of converting
the frame rate of the camera signal to 120 Hz, as shown in
FIG. 1(4), aninterpolation frame is added at a timing of every
Y120 sec between neighboring original frames (between the
frames A and B, between the frames B and C, and between the
frames C and D).

[0005] FIG. 2(e) shows original frames A, B, C, and D of a
film signal which is telecine converted (2:2 pulldown) to the
PAL system. Fach of the original frames is repeated twice. In
the case of converting the frame rate of the 2:2 pulldown film
signal to 100 Hz, as shown in FIG. 2(b), three interpolation
frames are added at V/ioo sec intervals between original frames
neighboring at 25 Hz cycles (between the frames A and B,
between frames B and C, and between frames C and D).
[0006] FIG.3(a) shows original frames A, B, and C of a film
signal which is telecine converted (3:2 pulldown) to the
NTSC system. The odd-numbered original frames A and C
are repeated three times, and the even-numbered original
frame B is repeated twice. In the case of converting the frame
rate of the 3:2 pulldown film signal to 120 Hz, as shown in
FIG. 3(b), four interpolation frames are added at Vizo sec
intervals between original frames neighboring at 24 Hz cycles
(between the frames A and B and between the frames B and
).

[0007] Each of the interpolation frames is generated by
interpolating video images of an earlier original frame and a
following original frame. The interpolation is performed by a
method of calculating addresses of pixels of the earlier origi-
nal frame and the following original frame used for calculat-
ing pixel values of an interpolation frame on the basis of
parameters of an interpolation position of a video image in
each interpolation frame and motion vectors between the
earlier original frame and the following original frame, and
then placing weights to the pixel values of the addresses in
accordance with interpolation positions.

[0008] The frame rate conversion produces an effect of
eliminating a motion blur in a camera signal and an effect of
reducing a judder (unsmoothness of motion in a video image)
in a film signal.

[0009] FIGS. 1 to 3 also show interpolation positions of
video images in the interpolation frames in the conventional
frame rate conversion. As shown in FIG. 1(), the interpola-
tion position of a video image in the interpolation frames, at
the time of converting the frame rate of the NTSC camera
signal to 120 Hz, is conventionally set to a position obtained
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by equally dividing the magnitude of the motion of a video
image between the earlier original frame and the following
original frame (the size determined by motion vector detec-
tion) to two portions, that is, a position of 50% of the magni-
tude of the motion.

[0010] As shown in FIG. 2(5), the interpolation positions of
video images in three interpolation frames at the time of
converting the frame rate of the 2:2 pulldown film signal to
100 Hz are conventionally set to positions obtained by
equally dividing the magnitude of video image motion
between the earlier original frame and the following original
frame to four portions, that is, positions of 25%, 50%, and
75% of the magnitude of the motion.

[0011] Asshownin FIG. 3(5), the interpolation positions of
video images in four interpolation frames at the time of con-
verting the frame rate of the 3:2 pulldown film signal to 120
Hz are conventionally set to positions obtained by equally
dividing the magnitude of the motion of a video image
between the earlier original frame and the following original
frame to five portions, that is, positions of 20%, 40%, 60%,
and 80% of the magnitude of the motion.

[0012] FIG. 4 is a diagram showing examples of video
images of the 3:2 pulldown film signal subjected to the frame
rate conversion in the interpolation positions in the related art.
The video image of an airplane moves between neighboring
original frames A and B. In four interpolation frames, video
images of the airplane are interpolated in positions obtained
by equally dividing the magnitude of the motion into five
portions.

[0013] Inaddition, forexample, a technique related to such
frame rate conversion is proposed in Patent document 1.
[0014] Patent document 1: Japanese Unexamined Patent
Application Publication No. 2003-189257

DISCLOSURE OF INVENTION

[0015] As described above, in the frame rate conversion
using motion compensation, conventionally, interpolation
positions of a video image in interpolation frames are set to
positions obtained by evenly dividing the magnitude of a
motion of the video image between the earlier original frame
and the following original frame.

[0016] However, in the case of a film signal, when interpo-
lation is performed in the interpolation positions obtained by
evenly dividing the magnitude of the motion of the video
image between original frames as exemplified in FIG. 4, a
judder is largely reduced, and the motion of the video image
becomes very smooth. As a result, a person accustomed to a
judder in a film signal gets an impression that the taste of the
film signal is lost.

[0017] Further, in the frame rate conversion using motion
compensation, in the case where the motion of a video image
between neighboring original frames becomes very fast, the
motion vector lies out of a motion vector search range (block
matching range), and a large judder occurs. In such a case,
there is a problem that since a large judder suddenly occurs
while the user is watching a video image in which motion is
very smooth, the user feels discomfort.

[0018] In addition, hitherto, to make motion of a video
image at the time of converting the frame rate of a film signal
(cinema signal) smoother, a technique of shifting a pixel
position of a field after the frame conversion in the direction
of a motion vector has been proposed (refer to Patent Docu-
ment 1). However, a technique of weakening the degree of
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reduction of a judder while reducing the judder at the time of
converting the frame rate of a film signal is not proposed.
[0019] By the way, in the case of performing a video signal
process for improving the picture quality such as the frame
rate conversion by using a motion vector, when the motion
vector lies out of the motion vector search range (block
matching range) as above, the motion vector may not be able
to be detected well. In such a case, if the motion vector is used
as it is, the video signal process is not performed well.
Another issue arises such that picture quality deteriorates.
[0020] Further, in the case of displaying the video signal
subjected to the video signal process on a fixed pixel (hold)
typedisplay apparatus such as a liquid crystal display, another
issue occurs such that a so-called hold blur occurs due to its
configuration. It is demanded to reduce the hold blur as much
as possible. Since viewability of such a hold blur varies
according to circumistances, an improvement method accord-
ing to circumstances is desired.

[0021] The present invention has been achieved in view of
such issues, and its first object is to provide an image display
apparatus, a video signal processor, and a video signal pro-
cessing method capable of weakening the degree of reduction
ofa judder while reducing the judder at the time of converting
frame rate of a film signal (cinema signal) using motion
compensation.

[0022] A second object of the present invention is to pro-
vide animage display apparatus, a video signal processor, and
a video signal processing method capable of suppressing
deterioration in picture quality due to detection precision of a
motion vector at the time of performing a predetermined
video signal process for improving picture quality.

[0023] Further, a third object of the present invention is to
provide an image display apparatus capable of reducing a
hold blur in accordance with circumstances.

[0024] Animage display apparatus of the present invention
has video signal processing means for performing a predeter-
mined video signal process on a plurality of original frames
along time base, and display means for displaying a video
image on the basis of a video signal subjected to the video
signal process. In this case, the display means is hold-type
display means. In addition, the image display apparatus is
configured to perform a black inserting process of inserting a
black display area into a display screen in the display means
according to at least one of the substance of the video signal
in the original frame and luminance of a user’s viewing envi-
ronment.

[0025] Inthe image display apparatus of the present inven-
tion, the predetermined video signal process is performed on
the plurality of original frames along the time base, and a
video image is displayed on the basis of the video signal
subjected to such a video signal process. In addition, the black
inserting process of inserting a black display area into a
display screen of the display means is performed according to
at least one of the substance of a video signal in the original
frame and the luminance of the user’s viewing environment.
[0026] Inthe image display apparatus of the invention, the
black inserting process of inserting a black display area into a
display screen of the display means is performed according to
at least one of the substance of a video signal in the original
frame and the luminance of the user’s viewing environment.
Thus, a hold blur is able to be reduced in accordance with
circumstances.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIG.1 Diagrams showing the principle of frame rate
conversion of a camera signal and interpolation positions in
related art.
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[0028] FIG.2Diagrams showing the principle of frame rate
conversion of a film signal and interpolation positions in
related art.

[0029] FIG. 3 Diagrams showing the principle of frame rate
conversion of a film signal and interpolation positions in
related art.

[0030] FIG. 4 A diagram exemplifying video images of the
film signal subjected to frame rate conversion in the interpo-
lation positions in related art.

[0031] FIG. 5 A block diagram showing an example of a
circuit configuration of a video signal processor according to
a first embodiment of the invention.

[0032] FIG. 6 A diagram showing the principle of address
calculation by interpolator.

[0033] FIG. 7 A diagram showing interpolation position
parameters supplied from a CPU.

[0034] FIG. 8 A diagram showing values of the interpola-
tion position parameters in the case of a 3:2 pulldown film
signal.

[0035] FIG. 9 A diagram showing values of the interpola-
tion position parameters in the case of a 2:2 pulldown film
signal.

[0036] FIG. 10 Diagrams showing video images of film
signals subjected to the frame rate conversion using the appa-
ratus of FIG. 5.

[0037] FIG. 11 A block diagram showing an example of the
circuit configuration of a video signal processor according to
a modified example of the first embodiment.

[0038] FIG. 12 Diagrams showing frame rate conversion to
240 Hz of a camera signal.

[0039] FIG. 13 A block diagram showing an example of the
configuration of a video signal processor according to a sec-
ond embodiment of the present invention.

[0040] FIG. 14 A diagram showing an example of a fre-
quency characteristic of a blur in an image formed on the
retina of a human.

[0041] FIG. 15 A flowchart explaining an example of image
process executed by the video signal processor of FIG. 13.
[0042] FIG. 16 A diagram showing an example of the fre-
quency characteristic of an imaging blur according to a travel
vector (travel speed, motion vector).

[0043] FIG. 17 A block diagram showing an example of a
functional configuration of an imaging blur suppression pro-
cessor in the video signal processor of FI1G. 13.

[0044] FIG. 18 A block diagram showing an example of the
functional configuration of a high frequency component
removing unit in the imaging blur suppression processor of
FIG.17.

[0045] FIG. 19 A diagram showing an example of the char-
acteristic of a high-frequency limiter in the high frequency
component removing unit of FIG. 18.

[0046] FIG. 20 A block diagram showing an example of the
functional configuration of a filter unit in the imaging blur
suppression processor of FIG. 17.

[0047] FIG. 21 A block diagram showing an example of the
functional configuration of a gain controller in the filter unitin
FIG. 20.

[0048] FIG. 22 A diagram showing an example of the char-
acteristic of an adjustment amount determining unit in the
gain controller in F1G. 21.

[0049] FIG. 23 A block diagram showing an example of the
functional configuration of an imaging blur compensating
unit in the imaging blur suppression processor of FIG. 17.
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[0050] FIG.24 A block diagram showing an example of the
functional configuration of an ALTT unit in the imaging blur
compensating unit in FIG. 23.

[0051] FIG. 25 A diagram illustrating an example of an
object to be processed of the ALTT unit of FIG. 24 to explain
amethod of correcting a pixel value in the case of computing
average of pixel values of a group of pixels arranged succes-
sively on the right side of a target pixel.

[0052] FIG. 26 A diagram for supplementarily explaining
the pixel value correcting method in the case of computing
average of pixel values of a group of pixels arranged succes-
sively on the right side of the target pixel.

[0053] FIG. 27 A flowchart explaining an example of pro-
cesses of the ALTT unit of FIG. 24.

[0054] FIG. 28 A diagram showing an example of the char-
acteristic of an adjustment amount value calculator in the
ALTI unit of FIG. 24.

[0055] FIG. 29 A block diagram showing another example
different from FIG. 12 of the functional configuration of the
ALTT unit in the imaging blur compensating unit of FIG. 23.
[0056] FIG.30 A block diagram showing an example of the
functional configuration of the gain controller in the imaging
blur compensating unit in FIG. 23.

[0057] FIG. 31 A diagram showing an example of the char-
acteristic of the adjustment amount determining unit in the
gain adjusting unit in FIG. 30.

[0058] FIG. 32 A block diagram showing an example dif-
ferent from FIG. 17 of the functional configuration of the
imaging blur suppression processor in the video signal pro-
cessor of FIG. 13.

[0059] FIG. 33 A block diagram showing an example dif-
ferent from FIGS. 17 and 32 of the functional configuration of
the imaging blur suppression processor in the video signal
processor of FIG. 13.

[0060] FIG. 34 A diagram illustrating shutter speed of a
camera and the characteristic of an imaging blur.

[0061] FIG. 35 A block diagram showing an example dif-
ferent from FIG. 13 of the configuration of a part of a video
signal processor according to the second embodiment.
[0062] FIG. 36 A block diagram showing an example dif-
ferent from FIGS. 13 and 35 of the configuration of a part of
the video signal processor of the second embodiment.
[0063] FIG. 37 A block diagram showing an example dif-
ferent from FIGS. 13, 35, and 36 of the configuration of a part
of the video signal processor of the second embodiment.
[0064] FIG. 38 A block diagram showing an example dif-
ferent from FIGS. 13, 35, 36, and 37 of the configuration of a
part of the video signal processor of the second embodiment.
[0065] FIG. 39 A block diagram showing an example dif-
ferent from FIGS. 17, 32, and 33, of the functional configu-
ration of the imaging blur suppression processor in the video
signal processor of FIG. 13.

[0066] FIG. 40 A block diagram showing an example dif-
ferent from FIGS. 17, 32, 33, and 39, of the functional con-
figuration of the imaging blur suppression processor in the
video signal processor of FIG. 13.

[0067] FIG. 41 A block diagram showing an example dif-
ferent from FIGS. 17, 32, 33, 39, and 40, of the functional
configuration of the imaging blur suppression processor in
the video signal processor of FIG. 13.

[0068] FIG. 42 A block diagram showing the configuration
of a video signal processor according to a modified example
of the second embodiment.
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[0069] FIG. 43 A block diagram showing an example of the
configurationofa video signal processor according to a modi-
fied example of a third embodiment of the invention.

[0070] FIG. 44 A diagram showing an example of the rela-
tion between the presence/absence of detection of a motion
vector and reliability.

[0071] FIG. 45 A timing waveform chart showing an
example of the relation between the presence/absence of
detection of a motion vector and reliability.

[0072] FIG. 46 A timing chart showing an example of a
change in a gain multiplied with a motion vector according to
reliability.

[0073] FIG. 47 A timing chart showing another example of
a change in a gain nultiplied with a motion vector according
to reliability.

[0074] FIG. 48 A block diagram showing an example of the
configuration of an image display apparatus according to a
fourth embodiment of the present invention.

[0075] FIG. 49 A timing chart showing an example of a
black inserting process (blinking process) on the frame unit
basis by a backlight driving unit illustrated in FIG. 48.
[0076] FIG. 50 A timing chart showing an example of the
black inserting process (blinking process) on the black inser-
tion line unit basis by the backlight driving unit illustrated in
FIG. 48.

[0077] FIG. 51 A timing chart showing an example of the
black inserting process (blinking process) in combination of
the black insertion line unit basis and the frame unit basis by
the backlight driving unit illustrated in FIG. 48.

[0078] FIG. 52 A timing chart showing an example of a
black insertion ratio in the black inserting process on the
frame unit basis.

[0079] FIG. 53 A timing chart showing another example of
the black insertion ratio in the black inserting process on the
frame unit basis.

[0080] FIG. 54 A timing chart showing an example of the
black insertion ratio in the black inserting process in combi-
nation of the black insertion line unit basis and the frame unit
basis.

[0081] FIG. 55 A timing chart showing another example of
the black insertion ratio in the black inserting process in
combination of the black insertion line unit basis and the
frame unit basis.

[0082] FIG. 56 A characteristic diagram showing an
example of a luminance histogram distribution of an entire
screen.

[0083] FIG.57 A block diagram showing an example of the
configuration of an image display apparatus according to a
modified example of the fourth embodiment.

[0084] FIG. 58 A block diagram showing an example of a
hardware configuration of all or part of a video signal proces-
sor to which the present invention is applied.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

[0085] Embodiments of the present invention will be
described in detail hereinbelow with reference to the draw-
ings.

First Embodiment

[0086] FIG.51sablock diagram showing an example of the
circuit configuration of a video signal processor (video signal
processor 4) according to a first embodiment of the present
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invention. The video signal processor 4 is built in a television
receiver. A digital component signal YUV subjected to pro-
cesses such as tuning and decoding by a tuner, a decoder, and
the like which are not shown is supplied to the video signal
processor 4.

[0087] The digital component signal YUV supplied to the
video signal processor 4 is input to a preprocessor 41 and
sequentially written to a memory 43 via a memory controller
42.

[0088] The preprocessor 41 performs a process of separat-
ing a luminance signal Y from the digital component signal
YUV. The luminance signal Y separated by the preprocessor
41 is also sequentially written in the memory 43 via the
memory controller 42.

[0089] Theluminance signal Y written in the memory 43 is
sequentially read by the memory controller 42 (as shown in
FIGS. 2 and 3, in the case of a film signal in which the same
original frame is repeated twice or three times, the same
original frame is read only once) and is sent to a motion vector
detector 44. The motion vector detector 44 performs a motion
vector detecting process by block matching using the lumi-
nance signal Y of the present frame and the luminance signals
Y of the immediately preceding and subsequent frames.
[0090] A motion vector mv of each of the frames detected
by the motion vector detector 44 is written in the memory 43
via the memory controller 42. After that, the motion vector
mv is read from the memory 43 and sent again to the motion
vector detector 44 50 as to be referred to in motion vector
detection of the following frame.

[0091] Further, the memory controller 42 reads the digital
component signals YUV written in the memory 43 at double
speed, in two series while deviating the signals from each
other by one frame (in the case of a film signal in which the
same original frame is repeated twice or three times as shown
in FIGS. 2 and 3, the same original frame is read only once).
Further, the memory controller 42 reads the motion vector mv
indicative of motion between the two frames at double speed.
The two series of digital component signals 2YUV and the
motion vector mv read in such a manner are transmitted to an
interpolation section 45.

[0092] The interpolation section 45 is provided with two
series of search range memories 451 and 452 and an interpo-
lator 453. One of the two series of digital component signals
2YUV from the memory controller 42 is written to the search
range memory 451 and the other is written to the search range
memory 452. The motion vector mv from the memory con-
troller 42 is input to the interpolator 453.

[0093] Further, from a CPU 46 in the television receiver, an
interpolation position parameter Relpos indicative of the
interpolation position of a video image in an interpolation
frame is supplied to the interpolation section 45 via an I°C bus
40 as a serial bus and a decoder 47 for parallel converting the
serial signal (the details of the interpolation position param-
eter Relpos will be described later). The interpolation posi-
tion parameter Relpos is also input to the interpolator 453.
[0094] On the basis of the motion vector mv and the inter-
polation position parameter Relpos, the interpolator 453 cal-
culates addresses of pixels in original frames in the search
range memories 451 and 452 used for calculating pixel values
of an interpolation frame.

[0095] FIG. 6 is a diagram conceptually showing the prin-
ciple of the address calculation. n-1 indicates, in the vertical
axis direction, an address (the position in the x direction and
the y direction on the screen) of each of pixels of an original
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frame which comes fast out of the two original frames devi-
ated by one frame which are written in the search range
memories 451 and 452. n indicates, in the vertical axis direc-
tion, an address ofeach of pixels of the later original frame out
of the two original frames.

[0096] i indicates the address of each of pixels in the inter-
polation frame in the vertical axis direction. The horizontal
axis indicates time and shows timing of the interpolation
frame i between the original frames n-1 and n (herein as an
example, the timing corresponding to the interpolation frame
in the center out of the three interpolation frames in FIG.
2(b)). Relpos indicates an interpolation position parameter
supplied for generation of the interpolation frame 1.

[0097] mv(x,y)int shows the motion vector mv between the
original frames n-1 and n with respect to the address (x, y) of
a pixel which is being generated at present (called reference
pixel) in each of pixels of the interpolation frame i. zeroPel-
Prev(x,y) indicates the value of a pixel in the reference
address (x, y) in the original frame n-1. zeroPelSucc(x, y)
indicates the value of a pixel in the reference address (x, y) in
the original frame n.

[0098] The interpolator 453 obtains the addresses of the
pixels in the original frames n—1 and n used for calculating the
pixel value of the reference address (x, y) by the following
formula (1) on the basis of the reference address (x, y), a
component mvX in the x direction of the motion vector mv(x,
y)int, a component mvY in the y direction of the motion
vector mv(x,y)int, and the interpolation position parameter
Relpos.
[0099]

Address of pixel in original frame n—1=(x+
mvX-Relpos, y+mvY-Relpos)

[Mathematical Formula 1]

Address of pixel in original frame »=(x-muX"(1-Rel-

pos), y-mvY-(1-Relpos)) n
[0100] Theinterpolator 453 sends the addresses obtained as
described above to the search range memories 451 and 452
and reads pixel values prev and succ of the addresses. Then
using the pixel values prev and succ and the interpolation
position parameter Relpos, a pixel value Out of the reference
address (x, y) of the interpolation frame i is calculated by the
following formula (2).
[0101] [Mathematical Formula 2]

Out=prev-(1-Relpos)+succ-Relpos 2)

[0102] By executing such calculation sequentially on each
of pixels of the interpolation frame i (sequentially updating
the value (%, y) of the reference address), the interpolation
frame i is generated.

[0103] Next, the interpolation position parameter Relpos
supplied from the CPU 46 to the interpolation section 45 will
now be described. FIG. 7 is a diagram showing the interpo-
lation position parameter Relpos supplied from the CPU 46.
In the case where a 2:2 pulldown film signal (refer to FIG.
2(a)) is supplied as the digital component signal YUV to the
video signal processor 4 of FIG. 5, the CPU 46 supplies
parameters of four phases Relpos_22_0, Relpos_22_1, Rel-
pos_22_2, and Relpos_22_3 every Yioo sec (that is, at /25 sec
cycles). Each of the parameters of the phases is made of six
bits ([5:0] in the diagram expresses six bits).

[0104] Relpos_22_0 is a parameter for outputting the pre-
ceding one of the two original frames deviated from each
other by one frame in the search range memories 451 and 452
from the interpolator 453. Relpos_22_1 to Relpos_22_3 are
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parameters for generating three interpolation frames at %100
sec intervals as shown in FI1G. 2(b) between the two original
frames.

[0105] In the case where the 2:2 pulldown film signal is
supplied, the same original frame is held for Y45 sec in the
search range memories 451 and 452 (FIG. 5). Then, during
145 sec, the interpolator 453 calculates an interpolation frame
by the formulae (1) and (2) on each of the parameters of
respective phases Relpos_22_0, Relpos_22_1, Relpose_22_
2, and Relpos_22_3. By repeating the process at Y25 sec
cycles, the 2:2 pulldown film signal is frame-rate-converted.
[0106] On the other hand, in the case where a 3:2 pulldown
film signal (refer to FIG. 3(a)) is supplied as the digital
component signal YUV to the video signal processor 4 of
FIG. 5, the CPU 46 supplies interpolation position parameters
of five phases Relpos_32_0, Relpos_32_1. Relpos_32_2,
Relpos_32_3, and Relpos_32_4 every Yi20 sec (thatis, at Y24
sec cycles).

[0107] Relpos_32_0 is a parameter for outputting the pre-
ceding one of the two original frames deviated from each
other by one frame in the search range memories 451 and 452
from the interpolator 453. Relpos_32_1 to Relpos_32_4 are
parameters for generating four interpolation frames at Y120
sec intervals as shown in FIG. 3(b) between the two original
frames.

[0108] In the case where the 3:2 pulldown film signal is
supplied, the same original frame is held for Y4 sec in the
search range memories 451 and 452. Then, during %24 sec, the
interpolator 453 calculates an interpolation frame by the for-
mulae (1) and (2) on each of the parameters of respective
phases Relpos_32_0, Relpos_32_1, Relpose_32_2, Relpos_
32_3, and Relpos_32_4. By repeating the process at 24 sec
cycles, the 3:2 pulldown film signal is frame-rate-converted.
[0109] The value of the interpolation position parameter
Relpos is selected by the user. Specifically, as shown in FIG.
5, aremote controller 400 attached to the television receiver is
provided with an interpolation position adjustment button
401 for switching and selecting the value of the interpolation
position parameter Relpos in three levels of “strong, medium,
and weak”.

[0110] A signal indicative of the selection result by the
interpolation position adjustment button 401 is received from
the remote controller 400 by an infrared light receiving unit
48 in the television receiver. When the signal is transmitted to
the CPU 46 via the I°C bus 40, the CPU 46 sets the value of the
interpolation position parameter Relpos according to the
selection result.

[0111] FIG. 8 is a diagram showing the values of the inter-
polation position parameters Relpos set by the CPU 46 in
accordance with the selection result of the interpolation posi-
tion adjustment button 401 in the case where the 3:2 pulldown
film signal is supplied. In the case where “strong” is selected
by the interpolation position adjustment button 401, the val-
ues of Relpos_32_0, Relpos_32_1, Relpos_32_2, Relpos_
32 3, and Relpos_32_4 are set to 0, 0.2, 0.4, 0.6, and 0.8,
respectively.

[0112] Since the value of the parameter Relpos_32_0 of the
first phase is 0, the preceding one of the two original frames in
the search range memories 451 and 452 is output as it is from
the interpolator 453 by the formulae (1) and (2).

[0113] Further, since the values of the parameters Relpos_
32_1, Relpos_32_2, Relpos_32_3, and Relpos_32_4 of the
second, third, fourth, and fifth phases change uniformly by
0.21ike 0.2,0.4,0.6 and 0.8, from the formulae (1) and (2), the
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interpolation positions of video images in the four interpola-
tion frames generated between the two original frames in the
search range memories 451 and 452 are the same as the
interpolation positions in related art shown in FIG. 3(5). The
positions are obtained by uniformly dividing the magnitude
of a motion of a video image between the two original frames
into five portions, that is, positions of 20%, 40%, 60%, and
80% according to the magnitude of the motion.

[0114] Inthe case where “medium” is selected by the inter-
polation position adjustment button 401, the values of Rel-
pos_32_0, Relpos_32_1, Relpos_32_2, Relpos_32_3, and
Relpos_32_4 are set to 0, 0.15, 0.3, 0.7, and 0.85, respec-
tively. Since the value of the parameter Relpos_32_0 of the
first phase is 0, like in the case of “strong”, the preceding one
of the two original frames in the search range memories 451
and 452 is output as it is from the interpolator 453.

[0115] On the other hand, the values 0.15 and 0.3 of the
parameters Relpos_32_1 and Relpos_32_2 of the second and
third phases as shown in FIG. 3(5), these are parameters for
generating an interpolation frame closer to the preceding
original frame of the four interpolation frames between the
neighboring original frames smaller than the values 0.2 and
0.4 in the case of “strong”.

[0116] The values 0.7 and 0.85 of the parameters Relpos_
32_3 and Relpos_32_4 of the fourth and fifth phases as shown
in FIG. 3(b), these are parameters for generating an interpo-
lation frame closer to the subsequent one of the four interpo-
lation frames between the neighboring original frames larger
than the values 0.6 and 0.8 in the case of “strong”.

[0117] By the values of the parameters Relpos_32_1 to
Relpos_32_4, in the case of “medium”, the interpolation
positions of the video image in the four interpolation frames
generated between the two original frames in the search range
memories 451 and 452 are positions of 15%, 30%, 70%, and
85% according to the magnitude of the motion of the video
image between the two original frames. That is, the interpo-
lation positions of the video images in the four interpolation
frames are not positions (the same interpolation positions as
those in related art) obtained by evenly dividing the magni-
tude of the motion of the video image between the two origi-
nal frames like in the case of “strong” but are positions closer
to the video images in the original frames close to the inter-
polation frames than the evenly divided positions.

[0118] Inthe case where “weak” is selected by the interpo-
lation position adjustment button 401, the values of Relpos_
32 0, Relpos_32_1, Relpos_32_2, Relpos_32_3, and Rel-
pos_32_daresetto0,0.1,0.2,0.8, and 0.9, respectively. The
values 0.1 and 0.2 of the parameters of the second and third
phases (parameters for generating interpolation frames closer
to the front original frame, in the four interpolation frames
between the neighboring original frames) are further smaller
than the values 0.15 and 0.3 in the case of “medium”.
[0119] Further, the values 0.8 and 0.9 of the parameters of
the fourth and fifth phases (parameters for generating inter-
polation frames closer to the rear original frame, in the four
interpolation frames between the neighboring original
frames) are larger than the values 0.7 and 0.85 in the case of
“medium”.

[0120] By the values of the parameters Relpos_32_1 to
Relpos_32_4, in the case of “weak”, the interpolation posi-
tions of the video image in the four interpolation frames
generated between the two original frames in the search range
memories 451 and 452 are positions of 10%, 20%, 80%, and
90% according to the magnitude of the motion of the video
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image between the two original frames. That is, the interpo-
lation positions of the video images in the four interpolation
frames are positions nearer to the video image in the original
frame closer to the interpolation frames as compared with the
case of “medium”.

[0121] FIG. 9 is a diagram showing the values of the inter-
polation position parameters Relpos set by the CPU 46 in
accordance with the selection result of the interpolation posi-
tion adjustment button 401 in the case where the 2:2 pulldown
film signal is supplied. In the case where “strong” is selected
by the interpolation position adjustment button 401, the val-
ues of Relpos_22_0, Relpos_22_1, Relpos_22_2, and Rel-
pos_22_3aresetto 0, 0.25, 0.5, and 0.75, respectively.
[0122] Sincethe value of the parameter Relpos_22_0 of the
first phase is 0, the preceding original frame of the two origi-
nal frames in the search range memories 451 and 452 is output
as it is from the interpolator 453.

[0123] Further, since the values of the parameters Relpos_
22 1, Relpos_22_2, and Relpos_22_3 of the second, third,
and fourth phases change uniformly by 0.25 like 0.25, 0.5,
and 0.75, from the formulae (1) and (2), the interpolation
positions of video images in the three interpolation frames
generated between the two original frames in the search range
memories 451 and 452 are the same as the interpolation
positions in related art shown in FIG. 2(5). The positions are
obtained by uniformly dividing the magnitude of a motion of
a video image between the two original frames into four
portions, that is, positions of 25%, 50%, and 75% according
1o the magnitude of the motion.

[0124] Inthecase where “medium” is selected by the inter-
polation position adjustment button 401, the values of Rel-
pos_22_0,Relpos_22_1,Relpos_22_2, and Relpos_22_3 are
setto0,0.15,0.3,and 0.85, respectively. Since the value of the
parameter Relpos_22_0 of the first phase is 0, like in the case
of “strong”, the preceding one of the two original frames in
the search range memories 451 and 452 is output as it is from
the interpolator 453.

[0125] On the other hand, the value 0.15 of the parameter
Relpos_22_1 of the second phase (as shown in FIG. 2(b), this
is a parameter for generating an interpolation frame closer to
the preceding original frame in the three interpolation frames
between the neighboring original frames) smaller than the
value 0.25 in the case of “strong”.

[0126] Further, as shown in FIG. 2(b), the parameter Rel-
pos_22_2 of the third phase is a parameter for generating an
interpolation frame right in the middle of the front original
frame and the rear original frame in the three interpolation
frames between the neighboring original frames. Herein, by
classifying the middle interpolation frame as an interpolation
frame nearer to the front original frame, the value of the
parameter Relpos_22_2 becomes the value 0.3 smaller than
the value 0.5 in the case of “strong”.

[0127] Thevalue 0.85 of the parameter Relpos_22_3 of the
fourth phase (as shown in FIG. 2(5), this is a parameter for
generating an interpolation frame nearer to the rear original
frame in the three interpolation frames between the neighbor-
ing original frames) is larger than the value 0.75 in the case of
“strong”.

[0128] By the values of the parameters Relpos_22_1 to
Relpos_22_3, in the case of “medium”, the interpolation
positions of the video image in the three interpolation frames
generated between the two original frames in the search range
memories 451 and 452 are positions of 15%, 30%, and 85%
according to the magnitude of the motion of the video image
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between the two original frames. That is, the interpolation
positions of the video images in the three interpolation frames
are not positions (the same interpolation positions as those in
related art) obtained by evenly dividing the magnitude of the
motion of the video image between the two original frames
like in the case of “strong” but are positions closer to the video
images in the original frame nearer to the interpolation frames
than the evenly divided positions.

[0129] Inthe case where “weak” is selected by the interpo-
lation position adjustment button 401, the values of Relpos_
22_0, Relpos_22_1. Relpos_22_2, and Relpos_22_3 are set
10 0, 0.1, 0.2, and 0.9, respectively. The values 0.1 and 0.2 of
the parameters of the second and third phases (parameters for
generating interpolation frames nearer to the front original
frame, in the three interpolation frames between the neigh-
boring original frames) are further smaller than the values
0.15 and 0.3 in the case of “medium”.

[0130] Further, the value 0.9 of the parameter of the fourth
phase (parameter for generating an interpolation frame nearer
to the rear original frame, in the three interpolation frames
between the neighboring original frames) is larger than the
value 0.85 in the case of “medium”.

[0131] By the values of the parameters Relpos_22_1 to
Relpos_22_3. in the case of “weak”, the interpolation posi-
tions of the video image in the three interpolation frames
generated between the two original frames in the search range
memories 451 and 452 are positions of 10%, 20%, and 90%
according to the magnitude of the motion of the video image
between the two original frames. That is, the interpolation
positions of the video images in the three interpolation frames
are positions nearer to the video image in the original frame
closer to the interpolation frames as compared with the case
of “medium”.

[0132] FIG. 10 are diagrams showing, using the video
images of the same original frame as that of FIG. 4 as an
example, video images (FIG. 10()) subjected to the frame
rate conversion in the case where the 3:2 pulldown film signal
is supplied to the video signal processor 4 of FIG. 5 and
“weak™ is selected by the interpolation position adjustment
button 401 in comparison with video images (FI1G. 10(a)) in
interpolation positions in related art.

[0133] As shownin FIG.10(b), in two interpolation frames
closer to the front original frame A, the image of an airplane
is positioned nearer to the original frame A as compared with
that in the case of the related art. On the other hand, in two
interpolation frames closer to the rear original frame B, the
image of the airplane is positioned nearer to the original frame
B as compare with that in the case of the related art. Therefore,
the interval between the positions of the images of the air-
plane of the second and third interpolation frames is larger
than that of the related art.

[0134] As described above, in the video signal processor 4,
when “weak” or “medium” is selected by the interpolation
position adjustment button 401, the interpolation position in
an interpolation frame nearer to the eatlier original frame in
the earlier original frame and the following original frame is
shifted toward the video image of the front original frame.
The interpolation position in an interpolation frame nearer to
therear original frame is shifted toward the video image of the
rear original frame.

[0135] Consequently, as also shown in FIG. 10, between
the interpolation frames nearer to the front original frame and
the interpolation frames nearer to the rear original frame, the
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interval of positions of vide images interpolated is larger than
that in the case of the related art.

[0136] As described above, the interpolation frames whose
interpolation positions of the video images are apart from
each other more than the case of the related art. Consequently,
unsmoothness of the motion of the video image between the
interpolation frames is more conspicuous than the case of the
related art. Therefore, at the time of performing the frame rate
conversion of the film signal, while reducing a judder by the
{frame rate conversion, the degree of reduction is able to be
lowered more than the case of the related art.

[0137] In addition, in the case where the user watches a
video image of a film signal by the television receiver, some
users prefer the case where the judder is reduced largely to
make the motion of the video image smoother, and some users
prefer the case where judder remains to some extent for the
reason that they like an image of a film signal. Consequently,
a user who prefers smoother motion of a video image selects
“strong” with the interpolation position adjustment button
401. A user who prefers an image where judder remains to
some extent selects “weak” or “medium” with the interpola-
tion position adjustment button 401. Thus, the degree of
reduction of judder can be selected according to the prefer-
ence of each user.

[0138] As described above in “Background Art”, in the
frame rate conversion using motion compensation, in the case
where motion of a video image between neighboring original
frames becomes very quick, the motion vector lies out of the
motion vector search range, so that a large judder occurs. In
such a case as well, by decreasing the degree of reducing a
judder by selecting “weak” or “medium” with the interpola-
tion position adjustment button 401, even when a large judder
occurs while the user watches a video image including some
judders, the user feels less strange than the conventional case
where a large judder suddenly occurs in a video image in
which the motion is very smooth.

[0139] In addition, in the frame rate conversion using
motion compensation, it is known that, as a side effect, a
phenomenon (called Halo) occurs such that noise like shim-
mer is seen in the contour of a video image of a moving human
or the like. The Halo becomes more conspicuous as the posi-
tion of the video image to be interpolated is apart from the
position of the video image in the original frame. On the
contrary, when “weak” or “medium” is selected with the
interpolation position adjustment button 401, the position of
a video image to be interpolated becomes nearer to the video
image in the original frame, so that the Halo is able to be
suppressed.

[0140] In the example of FIG. 5, the remote controller 400
is provided with the interpolation position adjustment button
401 for switching and selecting the value of the interpolation
position parameter Relpos in three levels of “strong, medium,
and weak”. However, as another example, operating means
such as a volume switch for selecting the value of the inter-
polation position parameter Relpos while continuously (step-
lessly) changing the value within the range of “strong” to
“weak” in FIGS. 8 and 9 may be provided for the remote
controller 400 or the television receiver body. In this case, to
further decrease the minimum change amount of the value of
the interpolation position parameter Relpos, the number of
bits of the interpolation position parameter Relpos supplied
from the CPU 46 may be set to be larger than six bits (for
example, about eight bits).
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[0141] Next, FIG. 11 is a block diagram showing an
example of'the circuit configuration of a video signal proces-
sor (video signal processor 4A) according to a modified
example of the embodiment. The same reference numerals
are designated to the same components as those of the video
signal processor 4 shown in FIG. 5, and their description will
not be repeated.

[0142] Inthevideo signal processor4A, the S/N level of the
digital component signal YUV supplied to the video signal
processor 4A is detected by an S/N level detector 49. Then, a
signal indicative of the detection result is sent to the CPU 46
via the I°C bus 40.

[0143] Inthe frame rate conversion using the motion com-
pensation, as described above, the phenomenon (Halo)
occurs such that noise like shimmer appears in the contour of
a video image of a moving human or the like. The Halo
becomes more conspicuous as an interpolation position of a
video image is apart from the position of the video image in
the original frame. In addition, the Halo occurs more as the
S/N level of a video signal decreases (the noise level
increases).

[0144] Inamemory inthe CPU 46, information indicative
of an S/N level of a predetermined value which is preset as a
border of whether a Halo occurs easily or not is pre-stored. In
the case where the detection result of the S/N level detector 49
is higher than the predetermined level, the CPU 46 sets the
interpolation position parameter Relpos supplied to the inter-
polation section 45 to the value of “strong” in FIGS. 8 and 9.
On the other hand, when the detection result of the S/N level
detector 49 is equal to or less than the predetermined level, the
CPU 46 sets the interpolation position parameter Relpos sup-
plied to the interpolation section 45 to the value of “weak” (or
“medium”) in FIGS. 8 and 9.

[0145] Thereby, in the case where the S/N level of the
digital component signal YUV to be supplied is high (in the
case where Halo does not easily occur), the motion of a video
image is able to be made smooth. In the case where the S/N
level is low (in the case where Halo easily occurs), by setting
the interpolation position of the video image nearer to the
video image of the original frame, the Halo is able to be
suppressed.

[0146] In addition, the case of frame-rate converting the
film signal is exemplified in the embodiment. However, for
example, in the case of converting the frame rate of a camera
signal of the NTSC system to 240 Hz as shown in FIG. 12,
three interpolation frames are added at Y240 sec intervals
between neighboring original frames (between the frames A
and B, between the frames B and C, and between the frames
C and D). Although not shown, in the case of converting the
frame rate of a camera signal in the PAL system to 200 Hz,
three interpolation frames are added at Y200 sec intervals
between neighboring original frames. The present invention
may be applied also to the case of converting a camera signal
to a high frame rate as described above.

[0147] Inthe embodiment, the example of setting the value
of the interpolation position parameter Relpos by selecting
operation of the user and the example of setting the value of
the interpolation position parameter Relpos in accordance
with the S/N level of a video signal have been described.
However, as further another method of setting the value of the
interpolation position parameter Relpos, for example, infor-
mation of genres of television broadcast programs received at
presentis obtained from an EPG (Electronic Program Guide)
and the value of the interpolation position parameter Relpos
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may be set according to the genre (for example, the value of
“strong” in FIGS. 8 and 9 is set in a genre in which motion of
a video image is slow, and the value of “weak’ or “medium”
in FIGS. 8 and 9 is set in a genre in which motion of a video
image is fast).

[0148] Alternatively, the vale of the interpolation position
parameter Relpos may be set to the value of “weak” or
“medium” in FIGS. 8 and 9 by fact reset.

[0149] Further, the values of “weak” and “medium” shown
in FIGS. 8 and 9 are just an example. Obviously, by another
value, the interpolation position of a video image in each
interpolation frame may be set to a position nearer to the
video image of the original frame closer to the interpolation
frame.

[0150] Furthermore, in the embodiment, the example of
applying the present invention to the video signal processor in
the television receiver has been described. However, the
invention is also applicable to any video signal processor for
converting the frame rate of a video signal by using motion
compensation such as a video signal processor in a DVD
player.

Second Embodiment

[0151] A second embodiment of the present invention will
now be described.

[0152] FIG. 13 shows an example of the configuration of a
video signal processor (video signal processor 4B) of the
second embodiment. The same reference numerals are des-
ignated to the same components as those of the foregoing
embodiment, and their description will not be repeated.
[0153] The video signal processor 4B executes various
image processes on moving image data on an access unit
basis. The access unit is a unit of a moving image such as a
frame or a field and, concretely, refers to, for example, an
entire frame or a part of a frame constituting a moving image.
Inthis case, the frame denotes here a single stationary image.
Therefore, the entire frame corresponds to a frame. However,
hereinafter, for simplicity of explanation, it is assumed that
the video signal processor 4B executes various image pro-
cesses on moving image data on the frame unit basis.

[0154] As shown in FIG. 13, the video signal processor 4B
is obtained by further providing the video signal processor 4A
(including the interpolation section 45 (high frame rate con-
verting unit)) described in the first embodiment with an imag-
ing blur characteristic detector 12 and an imaging blur sup-
pression processor 13.

[0155] To the interpolation section 45, as described in the
first embodiment, for example, amoving image signal such as
a television broad signal is input as moving image data in the
frame unit.

[0156] In the following, in the case where the moving
image and moving image data corresponding to the moving
image do not have to be discriminated from each other, the
moving image and moving image data corresponding to the
moving image will be simply called a moving image collec-
tively. Similarly, in the case where a frame and frame data
corresponding to the frame do not have to be discriminated
from each other, they will be simply called a frame.

[0157] In the case where a moving image at a first frame
rate is input, the interpolation section 45 performs high frame
rate converting process on the moving image and supplies a
moving image of a second frame rate higher than the first
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frame rate, obtained as a result of the process, to the imaging
blur characteristic detector 12 and the imaging blur suppres-
sion processor 13.

[0158] Thehigh frame rate converting process is a process
executed in the case where the first frame rate at the time of
input is lower than the second frame rate at the time of output
(display). Itis a process of converting the first frame rate to the
second frame rate higher than the first frame rate by creating
a new frame and inserting it between each of frames con-
structing a moving image at the time of input.

[0159] Inthis case, the first frame rate refers to a frame rate
of a moving image at the time point when the moving image
is input to the interpolation section 45. Therefore, the first
frame rate can be an arbitrary frame rate. In this case, for
example, it is a frame rate when a moving image is captured
by a not-shown imaging apparatus, that is, an imaging frame
rate.

[0160] Further, in the embodiment, as an example of the
high frame rate converter for performing such high frame rate
converting process, the interpolation section 45 described in
the first embodiment will be described (in the case of adding
N pieces of interpolation frames between neighboring origi-
nal frames, as the interpolation positions of the video imagein
the interpolation frames, not positions obtained by equally
dividing the magnitude of the motion of the video image
between the earlier original frame and the following original
frame, positions closer to the video images of original frames
nearer to the interpolation frames than the evenly divided
positions are set). In place of the interpolation section 45, a
normal high frame rate converter (which sets, as video image
interpolation positions in interpolation frames, positions
obtained by evenly dividing the magnitude of the motion of
the video image between the earlier original frame and the
following original frame) may be provided.

[0161] The imaging blur characteristic detector 12 detects
the value of a parameter indicative of the characteristic of an
imaging blur with respect to each of the frames constructing
a moving image supplied from the interpolation section 45.
The detection result of the imaging blur characteristic detec-
tor 12, that is, the value of the parameter indicative of the
characteristic of the imaging blur is supplied to the imaging
blur suppression processor 13.

[0162] In addition, the parameter indicative of the charac-
teristic of the imaging blur is not limited but various param-
eters are able to be emploved. Concrete examples of the
parameter indicative of the characteristic of such an imaging
blur will be described later. For example, in the case of using
the absolute value of a travel vector (motion vector) as the
parameter indicative of the characteristic of the imaging blur,
the imaging blur characteristic detector 12 may include the
motion vector detector 44 described in the first embodiment.
[0163] The number of detected values of the parameter
indicative of the characteristic of the imaging blur in one
frame is not particularly limited. For example, only one value
of the parameter indicative of the characteristic of an imaging
blur may be detected per frame. The value of the parameter
indicative of the characteristic of the imaging blur may be
detected for each of the pixels constructing the frame. It is
also possible to divide the one frame into some blocks and
detect the value of the parameter indicative of the character-
istic of the imaging blur for each of the divided blocks.
[0164] Theimaging blur suppression processor 13 corrects
the value of each of pixels constructing a frame to be pro-
cessed on the basis of a value corresponding to the frame to be



US 2009/0184916 Al

processed in the values of the parameter detected by the
imaging blur characteristic detector 12 with respect to each of
the frames constructing a moving image supplied from the
interpolation section 45. Namely, according to the character-
istic (the value of the parameter) of the imaging blur in the
frame to be processed, the imaging blur suppression proces-
sor 13 corrects each of the pixel values of the frame to be
processed so as to suppress the imaging blur. That is, using the
detected value of the parameter, the imaging blur suppressing
process of suppressing deterioration in picture quality caused
by the imaging blur included in each of the frames supplied
from the interpolation section 45 is performed.

[0165] Thereby, a moving image in which the imaging blur
1s suppressed by correcting each of the pixel values of each of
the frames and which is converted to the second frame rate
higher than the first frame rate at the time of input is output
from the imaging blur suppression processor 13 to the outside
of the video signal processor 4B.

[0166] Intheexampleof FIG. 13, the set of the imaging blur
characteristic detector 12 and the imaging blur suppression
processor 13 is used in combination with the interpolation
section 45. However, naturally, the set may be used by itself,
or can be used in combination with a not-shown another
function block (another video image signal processor for
performing a predetermined image process).

[0167] That is, only by the set of the imaging blur charac-
teristic detector 12 and the imaging blur suppression proces-
sor 13, the effect of suppressing the imaging blur can be
produced. However, to make the effect more conspicuous, it
is preferable to combine the set of the imaging blur charac-
teristic detector 12 and the imaging blur suppression proces-
sor 13 with the interpolation section 45 as described above.
The reason will be described below.

[0168] Ablurrecognized by ahuman when a moving image
displayed on a not-shown display apparatus is formed as an
image on the retina of the human is a combination of a hold
blur which occurs when the human follows and sees a moving
object included in the moving image and an imaging blur
added at the time of capture of the moving image.

[0169] The characteristic of the imaging blur is expressed
as a low-pass filter as will be described later with reference to
FIG. 16 and the like. Specifically, an image signal after the
imaging blur is a signal equivalent to a signal obtained by
passing an image signal before an imaging blur (ideal image
signal) through the low-pass filter. Therefore, the frequency
characteristic of the image signal with the imaging blur is
worse than that of the image signal without the imaging blur.
That is, generally, the higher the frequency is, the lower the
gain of the image signal with the imaging blur is as compared
with that of the image signal without the imaging blur.

[0170] The characteristic of the hold blur is also expressed
as the low-pass filter like the characteristic of the imaging
blur. That is, an image signal with the hold blur is a signal
equivalent to a signal obtained by passing an image signal
without a hold blur (the image signal with the imaging blur)
through the low-pass filter. Therefore, the frequency charac-
teristic of the image signal with the hold blur is worse than
that of the image signal without the hold blur. That is, gener-
ally, the higher the frequency is, the lower the gain of the
image signal with the hold blur is as compared with that of the
image signal without the hold blur. However, the hold blur
occurs only in the case where the display apparatus is a
fixed-pixel (hold) display apparatus.
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[0171] Therefore, by performing the high frame rate con-
verting process on the image signal with the imaging blur
whose frequency characteristic has already deteriorated due
to the imaging blur, the hold blur is able to be suppressed.
However, even if the high frame rate converting process is
performed, the deterioration of the imaging blur is unchanged
and, finally, the effect of suppressing the blur on the retina of
a human is halved. This will be described with reference to
FIG. 14.

[0172] FIG. 14 shows a frequency characteristic of a blurin
animage formed on the retina of a human in the case where an
image of a real object moving at a travel speed 4 [pixel/frame]
is captured in an image capture range of an image capturing
apparatus (hereinbelow, called a camera). In FIG. 14, the
horizontal axis denotes frequency, and the vertical axis indi-
cates gain. However, each value on the horizontal axis
denotes relative values in the case where the Nyquist fre-
quency is 1.

[0173] InFIG. 14, a curve h0 indicated by an alternate long
and short dash line shows the frequency characteristic of a
blur in an image formed on the retina of a human, in the case
where a process for reducing blurs (including the imaging
blur and the hold blur) is not performed. Specifically, in the
case where a moving image, which is input to the video signal
processor 4B in the example of FIG. 13, is directly supplied to
the display apparatus and displayed without being input to the
video signal processor 4B (without being processed), the
frequency characteristic of a blur in an image formed on the
retina of a human who sees the moving image is the curve h0.

[0174] In contrast, for example, when the display speed is
doubled by the high frame rate converting process, only the
hold blur is reduced. As a result, the frequency characteristic
ofablur in an image formed on the retina of a human becomes
acurvehl shown by a dotted line in the diagram. Specifically,
in the case where a moving image which is input to the video
signal processor 4B in FIG. 13 is subjected to the high frame
rate converting process in the interpolation section 45 and
then is supplied to the display apparatus and displayed with-
out being input to the imaging blur suppression processor 13
(without reducing the imaging blur), the frequency character-
istic ofa blur in an image formed on the retina of a human who
sees the moving image is the curve hl.

[0175] For example, when the display speed is doubled by
the high frame rate converting process (the hold blur is
reduced), and the degree of the imaging blur is improved by
applying the present invention, the frequency characteristic of
a blur in an image formed on the retina of a human becomes
a curve h2 indicated by the solid line in the diagram. Specifi-
cally, in the case where a moving image which is input to the
video signal processor 4B in FIG. 13 is subjected to the high
frame rate converting process in the interpolation section 45,
subject to imaging blur suppression by the imaging blur sup-
pression processor 13, and then is supplied to the display
apparatus and displayed, the frequency characteristic of ablur
in an image formed on the retina of a human who sees the
moving image is the curve h2.

[0176] It is understood from comparison between the
curves hl and h2 that reduction only in the hold blur by the
high frame rate converting process is insufficient for reduc-
tion in the characteristic of the blur on the retina of a human,
and further reduction in the imaging blur is necessary. How-
ever, as described above, in the technique of the related art, the
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high frame rate converting process is simply performed with-
out particularly considering necessity of reduction in the
imaging blur.

[0177] Therefore, the video signal processors ofthe present
mvention, in the embodiment of FIG. 13 and embodiments of
FIGS. 35 and 36 and the like which will be described later is
provided with not only the interpolation section 45 but also
the imaging blur characteristic detector 12 and the imaging
blur suppression processor 13 in order to reduce the imaging
blur, that is, to improve the characteristic of the blur on the
retina of a human from the curve h0 to curve h2 in FIG. 14.
However, as described in the embodiment of FIGS. 37 and 38,
the imaging blur characteristic detector 12 is not an essential
component for the video signal processor of the present
invention.

[0178] That is, the imaging blur suppression processor 13
corrects each of the pixel values of each of frames to be
processed on the basis of the value corresponding to the
frames to be processed in the values of parameters indicative
of characteristics of the imaging blur detected by the imaging
blur characteristic detector 12, thereby suppressing deterio-
ration in the image caused by the imaging blur in the frames
subjected to the high frame rate conversion. In other words,
by supplying an image signal output from the video signal
processor of the present invention such as the video signal
processor 4B to the not-shown display apparatus, the display
apparatus is able to display a clear image in which the image
deterioration (blur image) is suppressed as an image corre-
sponding to the image signal.

[0179] As described above, it is preferable to combine the
set of the imaging blur characteristic detector 12 and the
imaging blur suppression processor 13 with the interpolation
section 45.

[0180] Next, with reference to the flowchart of FIG. 15, the
image process of the video signal processor 4B having the
functional configuration of FIG. 13 will be described.

[0181] In step S1, the interpolation section 45 inputs a
moving image of the first frame rate.

[0182] Instep S2, the interpolation section 45 converts the
frame rate of the moving image to the second frame rate
higher than the first frame rate.

[0183] When the moving image converted from the first
frame rate to the second frame rate is supplied from the
interpolation section 45 to the imaging blur detector 12 and
the imaging blur suppression processor 13, the process
advances to step S3.

[0184] In step S3, the imaging blur characteristic detector
12 detects one or more values of parameters indicative of the
characteristics of the imaging blur in each of the frames
constructing the moving image.

[0185] When the one or more values of parameters indica-
tive of the characteristics of the imaging blur in each of the
frames constructing the moving image are supplied from the
imaging blur characteristic detector 12 to the imaging blur
suppression processor 13, the process advances to step S4.

[0186] In step S4, with respect to each of the frames con-
structing the moving image supplied from the interpolation
section 45, the imaging blur suppression processor 13 cor-
rects each of the pixel values of the frame to be processed on
the basis of one or more values corresponding to the frame to
be processed among the values of the parameter detected by
the imaging blur detector 12.
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[0187] Instep S5, the imaging blur suppression processor
13 outputs the moving image obtained by correcting the pixel
values of each of the frames and changing the first frame rate
to the second frame rate.

[0188] After that, the image process of FIG. 15 is finished.
[0189] Inthe above description, for simplicity of the expla-
nation, the processes in each of steps S1 to S5 are performed
on the moving image unit basis. In reality, however, the frame
is often the process unit.

[0190] In the image process of FIG. 15, the fact that the
process unit of each step is a moving image is equivalent to
the fact that the condition of moving the step to be processed
in the steps S1 to S5 to the next step is a condition that the
process of the step to be processed is performed on an entire
moving image.

[0191] On the other hand, in the image process of FIG. 15,
the fact that the process unit in each of the steps is a frame is
equivalent to the fact that the condition of moving the step to
be processed in the steps S1 to S5 to the next step is a
condition of performing the process of the step to be pro-
cessed on an entire frame. In other words, the state where the
process unit in each of the steps is a frame is equivalent to the
state where the continuous processes in the steps S1 to S5 on
each of the frames are executed independently from (in par-
allel with) another frame. In this case, for example, when the
process in the step S3 is executed on the first frame, the
process in the step S2 on the second frame different from the
above may be executed in parallel.

[0192] Further, in reality, it often happens that each of pix-
els constructing a frame to be processed is sequentially set as
a pixel to be noted as an object of the process (hereinbelow,
called a target pixel) and, at least, the processes in the steps S3
and S4 are sequentially and individually performed on the
target pixel. That is, the process unit in the steps S3 and S4 is
often a pixel.

[0193] Inthe following description, therefore, it will be also
assumed that the processes in the steps S3 and S4 are per-
formed on the pixel unit basis. Specifically, the process in the
step S3 is a process of the imaging blur characteristic detector
12. The process in the step S4 is a process of the imaging blur
suppression processor 13. Therefore, the following descrip-
tion will be given on assumption that the process unit of the
imaging blur characteristic detector 12 and the imaging blur
suppression processor 13 is a pixel.

[0194] Next, the details of the imaging blur suppression
processor 13 in the video signal processor 4B in FIG. 13 will
now be described. Concretely, for example, an embodiment
of the imaging blur suppression processor 13 in the case of
using the absolute value of a travel vector (motion vector) as
a parameter indicative of the characteristic of the imaging
blur will be described.

[0195] In the following, the absolute value of the travel
vector (motion vector) will be called travel speed, and the
direction of the travel vector (motion vector) will be called a
travel direction. The travel direction can be any directionon a
two-dimensional plane. Naturally, in the case where any
direction on a two-dimensional plane becomes the travel
direction, the video signal processor 4B of FIG. 13 can simi-
larly execute various processes which will be described later.
However, in the following, for simplicity of explanation, it is
assumed that the travel direction is the lateral direction.
[0196] Inthe case where the travel speed is used as a param-
eter indicative of the characteristic of the imaging blur, for
example, for each of the frames constructing amoving image,
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the imaging blur characteristic detector 12 sequentially sets
each of the pixels constructing the frame to be processed as a
target pixel, sequentially detects a travel vector in the target
pixel, and sequentially supplies the travel vector as a value of
the parameter indicative of the characteristic of the imaging
blur in the target pixel to the imaging blur suppression pro-
cessor 13.

[0197] Therefore, for example, for each of the frames con-
structing a moving image, the imaging blur suppression pro-
cessor 13 sequentially sets each of the pixels constructing the
frame to be processed as a target pixel, and sequentially
corrects the pixel value of the target pixel on the basis of the
travel speed in the target pixel supplied from the imaging blur
characteristic detector 12.

[0198] Here, the reason why the travel speed can be
employed as a parameter indicative of the characteristic of the
imaging blur will be described.

[0199] The characteristic of the imaging blur can be gener-
ally expressed in the form that it depends on the travel speed
of a subject.

[0200] In addition, in the case where a subject itself moves
in a real space and a camera is fixed, the travel speed of the
subject naturally includes the travel speed of a subject (im-
age) in a frame when the subject is captured by the camera.
Further, the travel speed of the subject here includes travel
speed relative to the subject (image) in the frame when the
subject is captured by the camera in the case where the subject
is fixed in the real space and the camera is moved by a hand
shake or the like or in the case where both the subject and the
camera move in the real space.

[0201] Therefore, the characteristic of the imaging blur can
be expressed in the form that it depends on the travel speed in
each of pixels constructing an image of a subject.

[0202] Thetravel speedina pixel refers to a spatial distance
between a pixel in a frame to be processed and a correspond-
ing pixel (correspondence point) in the preceding frame. For
example, in the case where a spatial distance between a pixel
in a frame to be processed and a corresponding pixel (corre-
spondence point) in the immediately preceding frame (tem-
porally one before) is v pixels (v denotes an arbitrary integer
value equal to or larger than 0), the travel speed in the pixel is
v [pixels/frame].

[0203] Inthis case, if predetermined one of each pixel con-
structing an image of a subject is set as a target pixel, the
characteristic of the imaging blur in the target pixel can be
expressed in the form that it depends on the travel speed v
[pixels/frame] in the target pixel.

[0204] More concretely, for example, in the case where the
travel speed of the target pixel is 2, 3, and 4 [pixels/frame], the
frequency characteristics of the imaging blur in the target
pixel can be expressed by curves H2, H3, and H4, respec-
tively, in FIG. 16.

[0205] That is, FIG. 16 shows the frequency characteristics
of the imaging blur in the target pixel in the case where the
travel speed in the target pixel is 2, 3, and 4 [pixels/frame]. In
FIG. 16, the horizontal axis shows frequency, and the vertical
axis shows gain. However, each value on the horizontal axis
show relative values in the case where the Nyquist frequency
is 1.

[0206] Thereason why the travel speed can be employed as
a parameter indicative of the characteristic of the imaging
blur has been described above.

[0207] By the way, as understood from the frequency char-
acteristics H2 to H4 in FIG. 16, when the characteristic of an
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imaging blur in a target pixel is expressed in a space region, it
can be expressed by a moving average filter (low-pass filter).
[0208] Specifically, when a transfer function indicative of
the moving average filter (low-pass filter) (hereinbelow,
called transfer function of the imaging blur) is written as H, an
ideal image signal in the case where no imaging blur suppos-
edly occurs (hereinbelow, called a signal without an imaging
blur) is expressed as F in a frequency area, and an actual
image signal output from a camera, that is, an image signal in
which an imaging blur occurs (hereinbelow, called a signal
with animaging blur) is expressed as H in the frequency area,
a signal G with the imaging blur is expressed as the following
equation (3).

G=HxF 3)

[0209] An object of the invention is to remove (suppress)
the imaging blur. To achieve the object, it is sufficient to
forecasting calculation the signal F without the imaging blur
from the signal G with the imaging blur which is known and
the transfer function H of the imaging blur which is known.
That s, it is sufficient to execute the following equation (4) of
forecasting calculation.

F=inv(H)xG 4)

[0210] Inthe equation (4),inv(H)indicates inverse function
of the transfer function H of the imaging blur. Since the
transfer function H of the imaging blur has the characteristic
of a low-pass filter as described above, the inverse function
inv(H) of the transfer function H naturally has the character-
istic of a high-pass filter.

[0211] As described above, the characteristic of the transfer
function H of the imaging blur varies according to the travel
speed. Concretely, for example, when the travel speed in the
target pixel is 2, 3, and 4 [pixels/frame], the frequency char-
acteristic of the transfer function H of the imaging blur in the

target pixel becomes different characteristics as shown by
curves H2, H3, and H4, respectively, in FIG. 16.

[0212] Thereby, the imaging blur suppression processor 13
can achieve the object of the present invention, that is, the
object of removing (suppressing) the imaging blur by chang-
ing the characteristic of the transfer function H of the imaging
blur in accordance with the travel speed, obtains the inverse
function inv(H) of the transfer function H whose character-
istic was changed, and executes the computing process of the
equation (4) using the inverse function inv(H).

[0213] Alternately, since the computation of the equation
(4) is computation of a frequency region, to achieve the object
of the present invention, the imaging blur suppression pro-
cessor 13 may execute a process in a space region equivalent
to the computing process of the equation (4). Concretely, for
example, the imaging blur suppression processor 13 may
execute the following first to third processes.

[0214] In the first process, according to the travel speed in
a target pixel supplied from the imaging blur characteristic
detector 12, the characteristic of the moving average filter
(low-pass filer) expressing the imaging blur in the target pixel
is converted. Concretely, for example, moving average filters
are prepared for plural travel speeds in a one-to-one corre-
sponding manner. A process of selecting one filter corre-
sponding to the travel speed in the target pixel among a
plurality of moving average filters is an example of the first
process.
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[0215] The second process is a process made of the follow-
ing processes 2-1 to 2-3.

[0216] The process 2-1is a process of displaying the mov-
ing average filter in frequency by performing Fourier trans-
form on the moving average filter whose characteristic is
converted by the first process. Concretely, for example, in the
case where the transfer speed in the target pixel is 2, 3, and 4
[pixels/frame], the process of obtaining the curves H2, H3,
and H4 in FIG. 16 is the process 2-1. Namely, from the
viewpoint of the frequency region, the process of obtaining
the transfer function H of the imaging blur in the target pixel
is the process 2-1.

[0217] The process 2-2 is a process of calculating the
inverse of the moving average filter which is frequency indi-
cated by the process 2-1. That is, from the viewpoint of the
frequency region, the process of generating the inverse func-
tion inv(H) of the transfer function H of the imaging blur
expressed by the above-mentioned equation (4) is the process
22,

[0218] The process 2-3 is a process of performing the
inverse Fourier transform on the inverse of the moving aver-
age filter which is calculated by the process 2-2 and is fre-
quency indicated. That is, a process of generating a high-pass
filter (Wiener filter or the like) corresponding to the inverse
function inv(H) is the process 2-3. In other words, the process
of generating an inverse filter of the moving average filter is
the process 2-3. In the following, the high-pass filter gener-
ated by the process 2-3 will be called an inverse moving
average filter.

[0219] The third process is a process of inputting, as an
input image, an image signal g in the space region corre-
sponding to the signal G in the equation (4) in the frequency
range with the imaging blur, and applying the inverse moving
average filter generated by the process 2-3 on the image signal
g. By the third process, an image signal f in the space region
corresponding to the signal F in the equation (4) in the fre-
quency region without the imaging blur is reconstructed
(forecasting-calculated). Concretely, for example, a process
of correcting the pixel value ofthe target pixel by applying the
inverse moving average filter on a predetermined block
including the target pixel in the frame to be processed is the
third process.

[0220] An embodiment of the functional configuration of
the imaging blur suppression processor 13 capable of execut-
ing the firstto third processes has been already invented by the
inventors of the present invention and is disclosed in FIG. 17
submitted together with the application of Japanese Patent
Application No. 2004-234051.

[0221] However, in the case where the imaging blur sup-
pression processor 13 has the configuration of FIG. 17 pre-
sented together with the application of Japanese Patent Appli-
cation No. 2004-234051, a first issue as described below
newly occurs. That is, as also shown by the frequency char-
acteristics H2 to H4 in FIG. 16, the moving average filter (its
frequency characteristic) indicative of the imaging blur
includes the frequency at which the gain becomes zero. Con-
sequently, it is difficult for the imaging blur suppression pro-
cessor 13 to generate a complete inverse filter of the moving
average filter (complete inverse moving average filter). As a
result, the first issue that noise increases newly occurs.
[0222] Further, the process of applying the high-pass filter
(inverse moving average filter) on the image signal like the
third process can be also said a process of making an edge
sharp. As an image forming technique in the meaning of
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“making an edge sharp”, in the past, techniques such as LTI
and sharpness exist. Obviously, such a conventional tech-
nique can be applied to the imaging blur suppression proces-
sor 13.

[0223] However, in the case of applying such a conven-
tional technique to the imaging blur suppression processor
13, the following second to fifth issues newly occur.

[0224] That is, the LTI is a technique of the related art
disclosed in Japanese Unexamined Patent Application Publi-
cation No. 2000-324364 and the like. In the Japanese Unex-
amined Patent Application Publication No. 2000-324364, a
technique of replacing the luminance (pixel value) of the
target pixel with the luminance (pixel value) of a pixel neigh-
boring the target pixel by a hard switch to correct the lumi-
nance of the target pixel, thereby sharpening an edge is the
LTI. Therefore, due to the characteristic, the LTThas a second
issue such that durability against noise is low, and a process
image may be damaged by noise. There is also a third issue
that all of edges are sharpened regardless of image data prior
to the LTI

[0225] In addition, since the techniques of the related art
(LTT and sharpness) are used for image formation, the tech-
niques have a fourth issue that the process is similarly per-
formed also on a still picture in which no imaging blur occurs
and a fifth issue that the process is uniformly performed
irrespective of the amount of an imaging blur.

[0226] Accordingly, the inventors of the present invention
have invented the imaging blur suppression processor 13
having, for example, the functional configuration shown in
FIG. 17 of the present invention to solve the issues described
above in “Problems to be solved by the Invention” along with
the first to fifth issues. That is, FIG. 17 shows an example of
the functional configuration of the imaging blur suppression
processor 13 to which the preset invention is applied.

[0227] Intheexample of FIG. 17, the imaging blur suppres-
sion processor 13 is configured to have a high frequency
component removing unit 21, a filter unit 22, and an imaging
blur compensating unit 23.

[0228] At least in the description of the imaging blur sup-
pression processor 13, signals input to each functional block
(including computing units such as an adder) constructing the
imaging blur suppression processor 13 is hereinafter referred
to as input signals collectively irrespective of an input unit
such as a moving image, each of frames constructing a mov-
ing image, and a pixel value of each of pixels constructing
each frame. Similarly, signals output from each functional
block is hereinafter referred to as output signals collectively
regardless of an output unit. In other words, in the case where
an input unit and an output unit have to be discriminated from
each other, description will be given using the unit (mainly,
the pixel value). In the other case, description will be given
simply using an input signal or an output signal.

[0229] As shown in FIG. 17, an output signal of the inter-
polation section 45 is supplied to the high frequency compo-
nent removing unit 21 as an input signal to the imaging blur
suppression processor 13. An output signal of the imaging
blur characteristic detector 12 is supplied to the filter unit 22
and the imaging blur compensating unit 23. An output signal
of the high frequency component removing unit 21 is sup-
plied to the filter unit 22. An output signal of the filter unit 22
is supplied to the imaging blur compensating unit 23. An
output signal of the imaging blur compensating unit 23 is
output to the outside as an output signal indicative of the final
process result of the imaging blur suppression processor 13.
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[0230] In the following, the details of the high frequency
component removing unit 21, the filter unit 22, and the imag-
ing blur compensating unit 23 will be described in that order.
[0231] First, with reference to FIGS. 18 and 19, the details
of the high frequency component removing unit 21 will be
described.

[0232] FIG. 18 shows an example of a detailed functional
configuration of the high frequency component removing
unit 21. FIG. 19 shows the characteristic of after-mentioned
high-frequency limiter 32 in the high frequency component
removing unit 21 in FIG. 18.

[0233] Intheexample of FIG. 18, the high frequency com-
ponent removing unit 21 is configured to have a high-pass
filter 31, the high-frequency limiter 32, and a subtractor 33.
[0234] As shown in FIG. 18, an output signal of the inter-
polation section 45 is supplied as an input signal to the high
frequency component removing unit 21 to the high-pass filter
31 and the subtractor 33.

[0235] The high-pass filter 31 has the function of an HPF
(High-Pass Filter). Therefore, the high-pass filter 31 extracts
a high frequency component from an input signal of the high
frequency component removing unit 21 and supplies it to the
high-frequency limiter 32.

[0236] Thehigh-frequency limiter 32 has a function shown
by a curve P1in FIG. 19, assigns the high frequency compo-
nent supplied from the high-pass filter 31 as an input param-
eter to the function, and supplies an output of the function
(output of FIG. 19) to the subtractor 33. That is, as easily
understood from the shape of the curve P1 in FIG. 19, the
high-frequency limiter 32 limits the value of the high fre-
quency component (input) supplied from the high-pass filter
31 in the case where the value is a predetermined value or
larger, or a predetermined value or less. In other words, the
high-frequency limiter 32 has a characteristic shown by the
curve P1in FIG. 19.

[0237] Referring again to FIG. 18, the subtractor 33 calcu-
lates the difference between the input signal of the high fre-
quency component removing unit 21 and the high frequency
component limited by the high-frequency limiter 32, and
supplies a derived differential signal as an output signal of the
high frequency component removing unit 21 to the filter unit
22.

[0238] In such a manner, high frequency components such
as noise are removed from the input signal in the high-fre-
quency component removing unit 21, and a signal obtained as
a result is supplied as an output signal to the filter unit 22.
[0239] Next, referring to FIGS. 20 to 22, the details of the
filter unit 22 will be described.

[0240] FIG. 20 shows an example of a detailed functional
configuration of the filter unit 22. FIG. 21 shows an example
of a detailed functional configuration of a gain controller 53
which will be described later, in the filter unit 22 in FIG. 20.
FIG. 22 shows the characteristic of an adjustment amount
determining unit 64 which will be described later, in the gain
controller 53 in FIG. 21.

[0241] In the example of FIG. 20, the filter unit 52 includes
a moving average filter 51 to an adder 54.

[0242] As shown in FIG. 20, an output signal of the high
frequency component removing unit 21 is supplied as an
input signal of the filter unit 22 to each of the moving average
filter 51, a subtractor 52, and the adder 54. Further, an output
signal of the imaging blur characteristic detector 12 is sup-
plied to each of the moving average filter 51 and the gain
controller 53.
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[0243] The moving average filter 51 applies moving aver-
age filtering to the input signal of the filter unit 22. More
specifically, the moving average filter 51 applies the moving
average filter on each of pixel values of a predetermined block
including the target pixel in a frame to be processed in an
input signal of the filter unit 22, thereby correcting the pixel
value of a target pixel. At this time, the moving average filter
51 converts the characteristic of the moving average filter in
accordance with the travel speed in the target pixel in the
output signal of the imaging blur characteristic detector 12.
Concretely, for example, in the case where the travel speed in
the target pixel is 2, 3, and 4 [pixels/frame], in view of the
frequency region, the moving average filter 51 converts the
characteristic of the moving average filter to those shown by
the curves H2, H3, and H4, respectively, in FIG. 16. The pixel
value of the target pixel corrected by the moving average filter
51 is supplied to the subtractor 52.

[0244] At this time, the moving average filter 51 can also
change the number of taps (the target pixel and predetermined
pixels neighboring the target pixel) used in the case of apply-
ing the moving average filter on the target pixel in accordance
with the travel speed in the target pixel in the output signal of
the imaging blur characteristic detector 12. Concretely, for
example, the moving average filter 51 should vary the number
of taps so as to be increased (that is, so as to increase width to
be averaged) as the travel speed increases. The imaging blur
compensating unit 23 uses the result of the moving average
filter using taps of the number according to the travel speed,
thereby enabling correction of higher precision, that is, cor-
rection capable of suppressing the imaging blur more to be
performed.

[0245] The subtractor 52 obtains the difference between a
pixel value before correction of the target pixel in the input
signal of the filter unit 22 and the pixel value of the target pixel
corrected by the moving average filter 51, and supplies the
difference value to the gain controller 53. Hereinafter, the
output signal of the subtractor 52 is called the difference
between signals before and after the moving average filter.
[0246] The gain controller 53 adjusts the value of the dif-
ference between signals before and after the moving average
filter, and supplies, as an output signal, the adjusted difference
between signals before and after the moving average filter to
the adder 54. The details of the gain controller 53 will be
described later with reference to F1G. 21.

[0247] The adder 54 adds the input signal of the filter unit
22 and the output signal of the gain controller 53, and supplies
the addition signal as an output signal to the imaging blur
compensating unit 23. Specifically, when attention is paid to
the target pixel, the adder 54 adds, as a correction amount, the
adjusted value of the difference between the signals before
and after the moving average filter of the target pixel to the
pixel value of the target pixel prior to the correction, and
supplies the addition value as the pixel value of the corrected
target pixel to the imaging blur compensating unit 23 on the
outside.

[0248] Theprocess in the space region in the filter unit 22 as
described above will be performed as follows in view of the
frequency region.

[0249] That is, in the case where the difference between the
signals before and after the moving average filter as the output
signal of the subtractor 52 is considered in the frequency
region, when attention is paid to a predetermined frequency,
the gain of the output signal of the subtractor 52 becomes as
follows. Specifically, at the noted frequency, the differential
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gain between the gain of the input signal of the filter unit 22
and the gain of the input signal passed through the moving
average filter becomes the gain of the output signal of the
subtractor 52. The gain of the output signal of the subtractor
52 is hereinafter referred to as the differential gain between
gains before and after the moving average filter.

[0250] Further, the differential gain between gains before
and after the moving average filter is adjusted by the gain
controller 53. The gain adjustment will be described later.
[0251] Therefore, in the case where the output signal of the
filter unit 22 (adder 54) in the example of FIG. 20 is consid-
ered in the frequency region, when attention is paid to a
predetermined frequency, the gain of the output signal is an
addition gain obtained by adding the gain of the input signal
and the differential gain between gains before and after the
moving average filter after the gain adjustment. That is, at
each of the frequencies, the gain of the output signal is higher
than that of the input signal only by the amount of the differ-
ential gain of signals before and after the moving average
filter after the gain adjustment.

[0252] Inother words, the filter unit 22 as a whole executes
a process basically equivalent to a process of applying a
high-pass filter.

[0253] Referring to FIG. 21, the details of the gain adjuster
53 will be described.

[0254] Inanexample of FIG. 21, the gain controller 53 has
delay units 61-1 to 61- (hereinbelow, called DL units 61-1 to
61-n corresponding to FIG. 21), a MAX/MIN calculator 62, a
subtractor 63, the adjustment amount determining unit 64,
and a multiplier 65.

[0255]  As shown in FIG. 21, the difference between signals
before and after the moving average filter as an output signal
of the subtractor 52 is supplied as an input signal to the gain
controller 53 to the DL unit 61-1. The output signal of the
imaging blur characteristic detector 12 is supplied to the
MAX/MIN calculator 62.

[0256] With such a configuration, the gain adjuster 53 can
suppress ringing which occurs in a place where the level of a
signal is high.

[0257] The detailed functional configuration (connection
mode of each functional block) of the gain controller 53 and
its operation will be described below.

[0258] The DL units 61-1 to 61-z are connected in order.
When an output signal of a preceding DL unit is supplied as
an input signal to a DL unit, the DL unit delays the input
signal by predetermined delay time, and supplies the resultant
signal as an output signal to a subsequent DL unit. Each of
output signals of the DL units 61-1 to 61-# is supplied also to
the MAX/MIN calculator 62. Further. an output of the DL
unit 61-(»/2) is also supplied to the multiplexer 65.

[0259] Values corresponding to n pixels arranged succes-
sively in the travel direction (in this case, the lateral direction)
using the target pixel as a center in the difference between
signals before and after the moving average filter as an input
signal of the gain controller 53 (hereinafter referred to as the
differential values of neighboring pixels) are sequentially
input to the DL unit 61-1 in the arrangement order of the
pixels from right to left. Therefore, after time n times as long
as delay time elapses since then, one differential value
between neighboring pixels in the n pixels arranged succes-
sively in the lateral direction using the target pixel as a center
is output one by one from each of the DL units 61-1 to 61-»
and supplied to the MAX/MIN calculator 62. Further, the
differential value between neighboring pixels of the target
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value is output from the DL unit 61-(#/2) and is supplied to the
MAX/MIN calculator 62 as described above and is also sup-
plied to the multiplier 65.

[0260] Inaddition, the numbernof DL units 61-1t0 61-n s,
though not particularly limited, the highest value [pixels/
frame] of the travel speed in this case. It is also assumed that
the travel speed in the target pixel supplied from the imaging
blur characteristic detector 12 is v [pixels/frame]. However, v
is an arbitrary integer value of 0 or larger.

[0261] The MAX/MIN calculator 62 determines, as a cal-
culation range, a range including the target pixel as a center
and including differential values of neighboring pixels in the
v pixels of the amount corresponding to the travel speed. The
MAX/MIN calculator 62 obtains a maximum value MAX and
a minimum value MIN from v differential values of neigh-
boring pixels included in the calculation range from the n
differential values of neighboring supplied from the DL units
61-1 to 61-n, and supplies them to the subtractor 63.

[0262] Inaddition, the range including the target pixel as a
center and including differential values of neighboring pixel
in the v pixels of the amount corresponding to the travel speed
is setas the calculation range for the following reason. That is,
ringing exerts an influence only by the number of taps of the
high-pass filter, in other words, only by the amount corre-
sponding to the travel speed.

[0263] The subtractor 63 obtains the difference between a
maximum value MAX and a minimum value MIN supplied
from the MAX/MIN calculator 62 and supplies the differen-
tial value (=MAX-MIN) to the adjustment amount determin-
ing unit 64.

[0264] It is known that the larger the differential value
(=MAX-MIN) becomes, the larger ringing around the target
pixel becomes. That is, the difference (=MAX-MIN) is a
value as the index of magnitude of the ringing around the
target pixel.

[0265] Then, the adjustment amount determining unit 64
determines the adjustment amount on the differential values
of the pixels neighboring the target pixel on the basis of the
differential value (=MAX-MIN) supplied from the subtrac-
tor 63, and supplies it to the multiplier 65.

[0266] Specifically, for example, the adjustment amount
determining unit 64 holds a function indicated by the curve P2
in FIG. 22, assigns the differential value (=MAX-MIN) sup-
plied from the subtractor 63 as an input parameter to the
function, and supplies an output of the function (the output of
FIG. 22) as the adjustment amount on the differential values
of pixels neighboring the target pixel to the multiplier 65.
That is, as easily understood from the shape of the curve P2 in
FIG. 22, after the differential value (=MAX-MIN) supplied
from the subtractor 63 exceeds a predetermined value, the
adjustment amount (output) decreases in order to suppress
occurrence of ringing. In other words, the adjustment amount
determining unit 64 has the characteristic shown by the curve
P2 in FIG. 22.

[0267] Referring again to FIG. 21, the multiplier 65 multi-
plies the differential value of pixels neighboring the target
pixel supplied from the DL unit 61-(/2) with the adjustment
amount supplied from the adjustment amount determining
unit 64 (in the example of FIG. 22, the value in the range of 0
to 1), and supplies the resultant value as the differential value
between the adjusted signals neighboring the target pixel.
That is, the difference values between the neighboring pixels
adjusted are sequentially supplied as output signals of the
gain controller 53 to the adder 54.
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[0268] As described above, when the differential value
(=MAX-MIN) as an output signal of the subtractor 63
exceeds a predetermined value, as the differential value
(=MAX-MIN) increases, the adjustment amount (output)
also gradually decreases toward 1 to 0. Therefore, in the case
where the differential value (=MAX-MIN) as an output sig-
nal of the subtractor 63 is equal to or larger than a predeter-
mined value, an adjustment value which is less than 1 is
multiplied to the differential amount of pixels neighboring the
target pixel. Thus, the difference of the pixels neighboring the
target pixel is adjusted so as to be decreased. As a result,
ringing around the target pixel is suppressed.

[0269] In view of the frequency region, it can be said, as a
result, that the process in the space region in the gain control-
ler 53 as described above is a process of adjusting the differ-
ential gain between gains before and after the moving average
filter in order to suppress ringing.

[0270] Next, referring to FIGS. 23 to 31, the details of the
imaging blur compensating unit 23 will be described.
[0271] FIG. 23 shows an example of a detailed functional
configuration of the imaging blur compensating unit 23.
[0272] In the example of FIG. 23, the imaging blur com-
pensating unit 23 is configured to have an ALTI unit 81, a
subtractor 82, a gain controller 83, and an adder 84.

[0273] As shown in FIG. 23, an output signal of the filter
unit 22 is input, as an input signal of the imaging blur com-
pensating unit 23, to the ALTT unit 81, the subtractor 82, and
the adder 84. An output signal of the imaging blur character-
istic detector 12 is supplied to the ALTI unit 81 and the gain
controller §3.

[0274] Paying attention to the pixel value ofa target pixelin
an input signal of the imaging blur compensating unit 23,
each of the ALTI 81 to the adder 84 will be hereinafter
described.

[0275] As described above, the pixel value of a target pixel
at the stage when it is supplied to the imaging blur compen-
sating unit 23 is often different from that at the stage when it
1s input to the imaging blur suppression processor 13 in FIG.
17 since it is already corrected by the high frequency compo-
nent removing unit 21 and the filterunit 22. Further, as will be
described later, the pixel value of the target pixel is properly
corrected also in the imaging blur compensating unit 23.
Then, to avoid confusion, during explanation of the imaging
blur compensating unit 23, each pixel value at the stage when
it is input to each functional block will be called an input pixel
value, and a pixel value at the stage when it is output from
each functional block will be called an output pixel value.
Further, there is a case that, with respect to the same pixel, a
plurality of different pixel values are input from a plurality of
preceding functional blocks to a certain function block. In
such a case, the pixel value closer to an original (mainly, a
pixel value before correction) will be called an input pixel
value, and the other pixel values will be called output pixel
values of a subsequent functional block. For example,
although the details will be described later, different values
are supplied as pixel values of the target pixel from the ALTT
unit 81 and the external filter unit 22 to the subtractor 82.
Therefore, the pixel value supplied from the external filter
unit 22 will be called an input pixel value, and the pixel value
supplied from the ALTT unit 81 will be called an output pixel
value of the ALTT unit 81.

[0276] The ALTI unit 81 determines a correction amount
according to the travel speed in the target pixel supplied from
the imaging blur characteristic detector 12, adds the correc-
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tion amount to the input pixel value of the target pixel, and
supplies the added value as an output pixel value of the target
pixel to the subtractor 82. The more details of the ALTI unit 81
will be described later with reference to FIG. 24.

[0277] The subtractor 82 calculates the difference between
the output pixel value of the target pixel of the ALTT unit 81
and the input pixel value of the target pixel, and supplies the
differential value (hereinbelow, called a target pixel differen-
tial value) to the gain controller 83.

[0278] The gain controller 83 adjusts the target pixel dif-
ferential value supplied from the subtractor 82 in accordance
with the travel speed in the target pixel supplied from the
imaging blur characteristic detector 12, and supplies the
adjusted target pixel differential value as a final correction
amount for the target pixel to the adder 84.

[0279] The adder 84 adds the final correction amount from
the gain controller 83 to the input pixel value of the target
pixel, and outputs the added value as an output pixel value of
the target pixel to the outside. That is, the output pixel value of
the target pixel of the adder 84 is output as the pixel addition
value of the target pixel finally corrected by the imaging blur
suppression compensating unit 23 to the outside.

[0280] The details of each of the ALTI unit 81 and the gain
controller 83 in the imaging blur compensating unit 23 will be
described in order below.

[0281] First, referring to FIGS. 24 to 29, the details of the
ALTT unit 81 will be described.

[0282] FIG. 24 shows an example of a detailed functional
configuration of the ALTT unit 81.

[0283] In an example of FIG. 24, the ALTT unit 81 is con-
figured to have delay units 91-1 to 91-» (hereinbelow, called
DL units 91-1 to 91-» as shown in FIG. 24), average value
calculators 92 to 94, a correction amount determining unit 95,
and an adder 96.

[0284] The detailed functional configuration (connection
mode of each functional block) of the ALTT unit 81 and its
operation will be described below.

[0285] The DL units 91-1 to 91-z are connected in order.
Each of the DL units 91-1 to 91-» delays each of the pixel
values output from a preceding DL unit only by predeter-
mined delay time, and outputs the resultant signal to a sub-
sequent DL unit. Each of the pixel values output from the DL,
units 91-1 to 91-(/2-1) is supplied to an average value cal-
culator 93. The pixel values output from the DL units 91-(n/
2-1), 91-(w/2), and 91-(r/2+1) are supplied to the average
value calculator 92. The pixel values output from the DL units
91-(n/2+1) to 91-n are supplied to the average value calcula-
tor94. The pixel value output from the DL unit 91-(»/2) is also
supplied to the correction amount determining unit 95 and the
adder 96.

[0286] Each pixel value ofn pixels arranged successively in
the travel direction (in this case, the lateral direction) using
the target pixel as a center are sequentially input to the DL unit
91-1 in the arrangement order of the pixels from right to left.
Therefore, after time n times as long as delay time nearly
elapses since then, the pixel value of each of the n pixels
arranged successively in the lateral direction using the target
pixel as a center is output one by one from each of the DL
units 91-1 to 91-n.

[0287] Inaddition, description will be given on assumption
that each of pixel values at the stage when they are output
from each of DL units 91-1 to 91-z s input pixel values to the
ALTT unit 81.
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[0288] Concretely, an input pixel value N of the target pixel
1s output from the DL unit 91-(»/2). The input pixel value of
each of the n/2-1 pixels arranged successively on the left side
of the target pixel is output from each of the DL units 91-1 to
91-(r/2-1). On the other hand, the input pixel value of each of
the n/2-1 pixels arranged successively on the right side of the
target pixel is output from each of the DL units 91-(z/2+1) to
91-n.

[0289] Inaddition, the numbern of DL units 91-1 to 91-n1s,
though not particularly limited, the highest value [pixels/
frame] of the travel speed in this case. [t is also assumed that
the travel speed in the target pixel supplied from the imaging
blur characteristic detector 12 is v [pixels/frame] in a manner
similar to the above example.

[0290] Therefore, to the average value calculator 92, the
input pixel value N of the target pixel, the input pixel value of
the pixel on the left side of the target pixel, and the input pixel
value of the pixel on the right side of the target pixel are input.
Then, the average value calculator 92 calculates an average
value Na of the input pixel value N of the target pixel, the
input pixel value of the pixel on the left side of the target pixel,
and the input pixel value of the pixel on the right side of the
target pixel (hereinbelow, called an average pixel value Na of
the target pixel), and supplies the average value Na to the
correction amount determining unit 95.

[0291] As the details will be described later, a correction
amount ADD of the target pixel determined by the correction
amount determining unit 95 is adjusted by a predetermined
adjustment amount c. The adjustment value c is not a fixed
value but a variable value determined by a predetermined
process (hereinbelow, called an adjustment amount determin-
ing process). In the embodiment, in the adjustment amount
determining process, the average pixel value Na of the target
pixel is used for the following reason. Although the input
pixel value N of the target pixel can be used as it is in the
adjustment amount determining process, in this case, if noise
is included in the target pixel, an image to be processed may
be broken. That is, the reason is to prevent breakage of an
image to be processed.

[0292] To the average value calculator 93, the input pixel
values of n/2-1 pixels successively arranged on the left side
of the target pixel are supplied. Then, the average value cal-
culator 93 selects k pixels (where k is about v/2) which is
about the half of the travel speed in order in the left direction
of the pixel on the left side of the target pixel, and determines
a range including the input pixel values of the selected k
pixels as a calculation range. Then, the average value calcu-
lator 93 calculates an average value La of the k input pixel
values included in the calculation range (hereinbelow, called
the average pixel value La of the left pixels) in the supplied
n/2-1 input pixel values, and supplies it to the correction
amount determining unit 95.

[0293] On the other hand, to the average value calculator
94, the input pixel values of the n/2-1 pixels arranged suc-
cessively on the right side of the target pixel are supplied.
Then, the average value calculator 94 selects k pixels in order
in the right direction of the pixel on the right side of the target
pixel, and determines a range including the input pixel values
of the selected k pixels as a calculation range. Then, the
average value calculator 94 calculates an average value Ra of
the k input pixel values included in the calculation range
(hereinbelow, called the average pixel value Ra of the right
pixels) in the supplied n/2-1 input pixel values, and supplies
it to the correction amount determining unit 95.
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[0294] As the details will be described later, the average
pixel value La of the left pixels and the average pixel value Ra
of the right pixels are used for the adjustment amount deter-
mining process and a process for determining a candidate of
the correction amount (hereinbelow, called candidate deter-
mining process).

[0295] That is, in the LTI of the related art disclosed in
Japanese Unexamined Patent Application Publication No.
2000-324364, the differential value between the input pixel
value of one pixel (hereinbelow, called left pixel) apart from
the target pixel only by a predetermined distance in the left
direction and the input pixel value of the target pixel is deter-
mined as a first candidate of the correction amount. Further,
the differential value between the input pixel value of one
pixel (hereinbelow, called right pixel) apart from the target
pixel only by a predetermined distance in the right direction
and the input pixel value of the target pixel is determined as a
second candidate of the correction amount. Then, one of the
first and second candidates is determined as a correction
amount as it is without being adjusted. Consequently, the LT1
of the related art has an issue such that if noise is included in
the input pixel value of the left pixel or the right pixel. the
correction amount (two candidates) may not be properly
determined.

[0296] Therefore, to solve the issue, that is, to properly
determine candidates of the correction amount, in the candi-
date determining process of the embodiment, the input pixel
value of one pixel such as a left pixel or right pixel is not
simply used, but the average pixel value La of the left pixels
and the average pixel value Ra of the right pixels are used.
[0297] However, there is the case that the change direction
of each input pixel value included in the calculation range is
not constant, that is, increases and then decreases, or
decreases and then increases. In other words, there is the case
that the polarity of the gradient of a line connecting points
indicative of input each pixel value included in the calculation
range (points 131 to 134 and the like of FIG. 25 which will be
described later) is inverted on a plane using the pixel positions
in the horizontal direction as the horizontal axis and using the
pixel values as the vertical axis (for example, the plane of
FIG. 25 which will be described later). In such a case, a new
issue occurs such that even if a simple average value of input
pixel values included in the calculation range is employed as
the average pixel value La of the left pixels or the average
pixel value Ra of the right pixels, a correction amount (can-
didate) may not be properly determined.

[0298] Therefore, to solve the new issue, in the embodi-
ment, each of the average value calculators 93 and 94 updates
an input pixel value f§ indicated by a first point after polarity
inversion in the input pixel values included in the calculation
range to a pixel value y by computing the right side of the
following equation (5) using an input pixel value . indicated
by a second point before polarity inversion. Each of the aver-
age value calculators 93 and 94 regards the input pixel value
of the pixel indicated by the first point as the updated pixel
value y, and calculates the average pixel value La of left pixels
or the average pixel value Ra of right pixels.

Y-a-HxfH) )

[0299] Inthe equation (5), as shown in FIG. 25, H denotes
the differential value (=a.—f§) between the pixel value ot of the
second point (point 133 in the diagram) before polarity inver-
sion and the pixel value p of the first point (point 134 in the
diagram) after polarity inversion.
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[0300] Thatis, FIG.25 shows an example of pixel values of
12 pixels arranged successively in the horizontal direction
including the target pixel 131. In FIG. 25, the horizontal axis
indicates “pixel position in the horizontal direction”, and the
vertical axis indicates “pixel values”. In the example of FIG.
25, the calculation range of the average value calculator 94,
that is, the calculation range of the average pixel value Ra of
right pixels is a range D including the pixel values @, o, and
B indicated by the three points 132 to 133 on the right side of
point 131 indicative of the target pixel.

[0301] From the example of FIG. 25, it is understood that
the polarity of the gradient from point 133 to point 134 is
determined. To be specific, the point 134 is the first point after
the polarity inversion, and the point 133 is the second point
before the polarity determination. Therefore, in the example
of FIG. 25, the average value calculator 94 varies the input
pixel value indicated by the point 134 from the pixel value [
to the pixel value y by assigning and calculating the difference
value H(=0~f) between the input pixel value a indicated by
the point 133 and the input pixel value f} indicated by the input
pixel value o and the point 134 to the right side of the equation
(5). Then, the average value calculator 94 calculates the aver-
age pixel value Ra of right pixels using the updated pixel
value y as the input pixel value of the pixel indicated by the
point 134 in the calculation range D and using the original
pixel value a as it is as each of input pixel values of the other
points 132 and 133. That is, Ra=(a+o+y)/3 is computed.

[0302] Intheembodiment, in computation of the right side
of the equation (5), a function having the characteristic like
line 141 of FIG. 26 is used as the function f(H).

[0303] As shown in FIG. 26, in the case where the differ-
ential value H between the pixel value o before polarity
inversion and the pixel value f§ after polarity inversion is equal
to a value H2 or larger, an output of the function f(H) is zero.
In addition, when the differential value H is large, it means
that the gradient after polarity inversion is sharp. Therefore. in
the case where the gradient after polarity inversion is sharp to
certain extent or more, that is, in the case where the differen-
tial value H is the value H2 or larger, the pixel value y updated
by the equation (5) becomes the pixel value a. That is, as
shown in FIG. 25, in the case where the gradient after polarity
inversion is sharp to certain extent or more, the average pixel
value Ra of right pixels in the calculation range D is calcu-
lated using the pixel value o in place of the pixel value f} as the
input pixel value of the pixel indicated by the point 134 after
polarity inversion. That is, Ra=(a+a+a)/3=a is computed
and the average pixel value Ra of right pixels is determined as
the pixel value a.

[0304] On the other hand, as shown in FIG. 26, in the case
where the differential value H between the pixel value o
before polarity inversion and the pixel value f§ after polarity
inversion is equal to the value H1 or less, an output of the
function f(H) becomes 1. In addition, when the differential
value H is small, it means that the gradient after polarity
inversion is gentle. Therefore, in the case where the gradient
after polarity inversion is gentle to certain extent or more, that
is, in the case where the differential value H is the value H1 or
less, the pixel value y updated by the equation (5) remains the
pixel value . That is, in the case where the gradient after
polarity inversion is gentle to certain extent or more, although
not shown, the average pixel value Ra of right pixels in the
calculation range D is calculated using the pixel value { as it
is as the input pixel value indicated by the point 134 after
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polarity inversion. That is, Ra=(c+o+f)/3 is computed and
the average pixel value Ra of right pixels is determined as the
pixel value {(o+o+f)/3}.

[0305] In addition, when the gradient after polarity inver-
sion is gentle to certain extent or more, the original pixel value
[ is used as it is without updating the pixel value indicated by
the point 134 after polarity inversion for the following reason.
That is, in the case where the gradient after polarity inversion
is gentle to certain extent or more, the possibility that polarity
inversion occurs due to noise is high for the following reason.
By obtaining an average without updating the input pixel
values, the appropriate average pixel value Ra of right pixels
without noise can be obtained.

[0306] Thecaseofcalculating the average pixel value Ra of
right pixels has been described above using the concrete
example of FIG. 25. Also in the other cases, for example, in
the case of calculating the average pixel value La of left
pixels, the input pixel value of the pixel indicated by the point
after polarity inversion is updated from the pixel value f to the
pixel value y similarly by the equation (5).

[0307] Referring again to FIG. 24, the number of taps (the
number of pixel values) used in the case of calculating the
average value in each of the above-described average value
calculators 92 to 94 is fixed in the above example. However,
it may be varied, for example, according to the travel speed in
the target pixel in the output signal of the imaging blur char-
acteristic detector 12. Concretely, for example, it may be
varied so as to increase the number oftaps (that is, to increase
the width ofaverage) as the travel speed increases. The results
of the average value calculators 92 to 94 using taps of the
number according to the travel speed as described above are
used by the correction amount determining unit 95 which will
be described later, thereby enabling a correction amount for
performing higher-precision correction, that is, correction
capable of further suppressing the imaging blur to be deter-
mined.

[0308] The correction amount determining unit 95 deter-
mines the correction amount ADD by using the input pixel
value N of the target pixel from the DL unit 91-(»/2), the
average pixel value Na of the target pixel from the average
value calculator 92, the average pixel value La of left pixels
from the average value calculator 93, and the average pixel
value Ra of right pixels from the average value calculator 94,
and supplies it to the adder 96.

[0309] Here, the adder 96 adds the correction amount ADD
from the correction amount determining unit 95 to the input
pixel value N of the target pixel from the DL unit 91-(r/2), and
supplies the addition result as an output pixel value of the
target pixel, that is, a corrected pixel value of the target pixel
to the adder 82 on the outside of the ALTI unit 82.

[0310] Before explaining an example of a detailed func-
tional configuration of the correction amount determining
unit 95, the process of the ALTT unit 81 will be described with
reference to the flowchart of FIG. 27.

[0311] Instep S21, the ALTT unit 81 sets a target pixel.

[0312] Instep S22, the DL units 91-1 to 91- of the ALTI
unit 81 obtain n pieces of neighboring input pixel values
around the input pixel value N of the target pixel as a center.
[0313] Instep S23, the average value calculator 92 of the
ALTT unit 81 calculates the average pixel value Na of the
target pixel and supplies it to the correction amount determin-
ing unit 95 as described above.
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[0314] In step S24, the average value calculator 93 in the
ALTI unit 82 calculates the average pixel value La of left
pixels and supplies it to the correction amount determining
unit 95 as described above.

[0315] In step S25, the average value calculator 94 in the
ALTT unit 82 calculates the average pixel value Ra of right
pixels and supplies it to the correction amount determining
unit 95 as described above.

[0316] In addition, as obvious from FIG. 24, each of the
average value calculators 92 to 94 executes the process inde-
pendently of others. Therefore, the order of processes in the
steps S23 to S25 is not limited to the example of FIG. 27 but
may be arbitrary order. That is, in reality, the processes in the
steps S23 to S25 are executed in parallel and independently of
others.

[0317] Instep S26, the correction amount determining unit
95 in the ALTI 82 determines two candidates ADDL and
ADDR of the correction amount by using the input pixel
value N of the target pixel from the DL unit 91-(/2), the
average pixel value La of left pixels from the average value
calculator 93, and the average pixel value Ra of right pixels
from the average value calculator 94. That is, the process of
step S26 is the above-described candidate determining pro-
cess. The candidates ADDL and ADDR of the correction
amount are respective output signals from subtractors 101
and 102 which will be described later. In addition, the details
of the candidate determining process in step S26 and the
candidates ADDL and ADDR of the correction amount will
be described later.

[0318] Instep S27, the correction amount determining unit
95 determines the adjustment amount ¢ by using the average
pixel value Na of the target pixel from the average value
calculator 92, the average pixel value La of the left pixels
from the average value calculator 93, and the average pixel
value Ra of the right pixels from the average value calculator
94. That is, the process in step S27 is the above-described
adjustment amount determining process. The adjustment
amount ¢ denotes an output signal of the adjustment amount
value calculator 109 which will be described later. The details
of the adjustment amount determining process in step S27
and the adjustment amount ¢ will be described later.

[0319] In addition, as the details will be described later, in
reality, the processes in the steps S26 and S27 are executed in
parallel and independently of each other. That is, the order of
the processes in the steps S26 and S27 is not limited to the
example of FIG. 27 but may be arbitrary order.

[0320] Instep S28, the correction amount determining unit
95 adjusts each of the values of the candidates ADDL and
ADDR by using the adjustment amount c. In the following,
the process in the step S28 will be called the adjusting pro-
cess. The details of the adjusting process will be described
later.

[0321] Instep S29, the correction amount determining unit
95 determines (selects), as the correction amount ADD, pre-
determined one of the candidates ADDL and ADDR whose
values are adjusted by the adjustment amount ¢ in accordance
with a predetermined discrimination condition, and supplies
it to the adder 96. In the following, the process in the step S29
will be called a correction amount selecting process. The
details (including the discrimination condition) of the correc-
tion amount selecting process will be described later.

[0322] Instep S30, the adder 96 in the ALTTunit 81 adds the
correction amount ADD to the input pixel value N of the
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target pixel and outputs the resultant addition value as the
output pixel value of the target pixel to the adder 82 on the
outside.

[0323] Instep S31,the ALTTunit 81 determines whether the
process has been finished on all of the pixels or not.

[0324] Inthe case whereitis determined in the step S31 that
the process has not been finished yet on all of the pixels, the
process is returns to the step S21, and the following processes
are repeated. Specifically, another pixel is set as the target
pixel, the correction amount ADD is added to the input pixel
value N of the target pixel, and the resultant addition value is
output as the output pixel value of the target pixel to the adder
82 on the outside. Naturally, each of the pixel value N and the
correction amount ADD often varies among the pixels.
[0325] After all of the pixels are set as the target pixels and
the loop process in the steps S21 to S31 is repeatedly executed
for each of the set target pixels as above, it is determined in
step S31 that the process on all of the pixels is finished and the
process of the ALTT unit 81 is finished.

[0326] Inaddition, sincethe ALTT unit 81 is a component of
the imaging blur suppression processor 13 in FIG. 13, the
process of the ALTT unit 81 in FIG. 27 is executed as a part of
the process of the step S4 in FIG. 15.

[0327] As described above, the correction amount deter-
mining unit 95 executes the processes in the steps S26 to S29.
In the following, referring again to FIG. 24, while describing
an example of the detailed functional configuration of the
correction amount determining unit 95, the details of the
processes in the steps S26 to S29 will be also described.
[0328] As shown in FIG. 24, the correction amount deter-
mining unit 95 is provided with the adders 101 and 102 in
order to execute the above-described candidate determining
process in the step S26 in FIG. 27. In other words, a candidate
determining unit 121 constructed by the subtractors 101 and
102 executes the candidate determining process in the step
S26.

[0329] The subtractor 101 calculates the differential value
(=La-N) between the average pixel value La of left pixels
from the average value calculator 93 and the input pixel value
N of the target pixel from the DL unit 91-(»/2) and supplies
the differential value as the candidate ADDL of the correction
amount to a multiplier 110.

[0330] In addition, as will be described later, in the case
where the candidate ADDL of the correction amount is deter-
mined as the correction amount ADD without being adjusted
(multiplied with the adjustment amount c=1), the adder 96
adds the correction amount ADD(=L.a-N) to the input pixel
value N of the target pixel and the resultant addition value
(=La) is output to the outside. That is, in the case where the
candidate ADDL (=La-N) of the correction amount is used as
it is as the correction amount ADD, the pixel value of the
target pixel is corrected (replaced) from the original pixel
value N to the average pixel value La of left pixels.

[0331] The subtractor 102 calculates the differential value
(=Ra-N) between the average pixel value Ra of right pixels
from the average value calculator 94 and the input pixel value
N of the target pixel from the DL unit 91-(»/2) and supplies
the differential value as the candidate ADDR of the correction
amount to a multiplier 111.

[0332] In addition, as will be described later, in the case
where the candidate ADDR of the correction amount is deter-
mined as the correction amount ADD without being adjusted
(multiplied with the adjustment amount c=1), the adder 96
adds the correction amount ADD(=Ra-N) to the input pixel
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value N of the target pixel and the resultant addition value
(=Ra) is output to the outside. That is, in the case where the
candidate ADDR (=Ra-N) of the correction amount is used
as it is as the correction amount ADD, the pixel value of the
target pixel is corrected (replaced) from the original pixel
value N to the average pixel value Ra of right pixels.

[0333] In addition, as shown in FIG. 24, the correction
amount determining unit 95 is provided with components
from a subtractor 103 to an adjustment amount value calcu-
lator 109 in order to execute the adjustment amount determin-
ing process in the step S27 in FIG. 27. In other words, an
adjustment amount determining unit 122 constructed by the
subtractor 103 to the adjustment amount determining unit 109
executes the adjustment amount determining process in the
step S27.

[0334] The subtractor 103 calculates the differential value
(=Na-La) between the average pixel value Na of the target
pixel from the average value calculator 92 and the average
pixel value La of left pixels from the average value calculator
93 and supplies the differential value to an adder 105.
[0335] A subtractor 104 calculates the differential value
(=Na-Ra) between the average pixel value Na of the target
pixel from the average value calculator 92 and the average
pixel value Ra of right pixels from the average value calcu-
lator 94 and supplies the differential value to the adder 105.
[0336] The adder 105 calculates the sum of output signals
of the subtractors 103 and 104 and outputs the calculation
result to an ABS unit 106.

[0337] The ABS unit 106 calculates an absolute value b of
the output signal of the adder 105 and supplies the absolute
value b to a divider 108.

[0338] In other words, in a plane using the pixel values as
the vertical axis and using pixel positions in the horizontal
direction as the horizontal axis, a quadratic differential value
ata second point ona line sequentially connectinga first point
indicative of the average pixel value La of left pixels, the
second point indicative of the average pixel value Na of the
target pixel, and a third point indicative of the average pixel
value Ra of right pixels is computed by the subtractors 103
and 104 and the adder 105. The absolute value b of the
quadratic differential value is computed by the ABS unit 106,
and supplied to the divider 108. Therefore, the absolute value
b output from the ABS unit 106 will be called the quadratic
differential absolute value b below.

[0339] In the plane, in the case where a straight line con-
necting the first point indicative of the average pixel value La
ofleft pixels and the third point indicative of the average pixel
value Ra of right pixels is used as a boundary line, the qua-
dratic differential absolute value b is a value indicative of the
distance of the second point indicative of the average pixel
value Na of the target pixel from the boundary line in the
vertical axis direction.

[0340] Consequently, the correction amount determining
unit 95 adjusts each of the values of the candidates ADDL and
ADDR of the correction amount in accordance with the mag-
nitude of the quadratic difference absolute value b, and deter-
mines one of the adjusted candidates ADDL and ADDR as the
correction amount ADD. That is, the adder 96 outputs, as the
output pixel value of the target pixel, the addition value
between the input pixel value N of the target pixel and the
correction amount ADD adjusted according to the magnitude
of the quadratic differential absolute value b. As a result, an
edge portion in the output signal (the frame to be processed)
of the adder 96 can be made gentle.
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[0341] However, even if the quadratic differential absolute
values b are the same, when the absolute value h of the
difference between the average pixel value La of left pixels
and the average pixel value Ra of right pixels, that is, the
distance h between the first and third points in the vertical axis
direction in the above-described plane (hereinbelow, called
height h) varies, the meaning of the magnitude of the qua-
dratic differential absolute value b varies. Specifically, even if
the quadratic differential absolute value b is the same, in the
case where the magnitude is much smaller than the height h,
in other words, in the case where a division value (=b/h)
obtained by dividing the quadratic differential value b by the
height h is small, it can be determined that the possibility of
occurrence of noise around the target pixel is high. On the
other hand, even if the quadratic differential absolute values b
are the same, in the case where the magnitude is not so small
as compared with the height h, in other words, in the case
where the division value (=b/h) has certain magnitude or
more, it can be determined that the possibility of occurrence
of noise around the target pixel is low.

[0342] Therefore, ifthe values of the candidates ADDL and
ADDR are adjusted simply according to the magnitude of the
quadratic differential absolute value b, the correction amount
ADD of the input pixel value N of the target pixel becomes the
same value irrespective of whether noise occurs or not. A new
issue occurs such that the input pixel value N of the target
pixel may not be properly corrected.

[0343] Then, to solve the new issue, the adjustment amount
determining unit 122 of the correction amount determining
unit 95 of the embodiment is provided with the components
from the subtractor 103 to the ABS unit 106 and, in addition,
a difference absolute value calculator 107, the divider (b/h
calculator) 108, and the adjustment amount value calculator
109.

[0344] The differential absolute value calculator 107 cal-
culates the difference value between the average pixel value
La of left pixels from the average value calculator 93 and the
average pixel value Ra of right pixels from the average value
calculator 94, further calculates the absolute value h (h=ILa-
Nal) of the difference value, that is, the height h, and supplies
the height h to the divider 108.

[0345] The divider 108 divides the quadratic differential
absolute value b from the ABS unit 106 by the height h from
the difference absolute value calculator 107 and provides the
division value (=b/h) to the adjustment amount value calcu-
lator 109. That is, the division value (=b/h) can be said as a
value obtained by normalizing the quadratic differential abso-
lute value b by the height h. Therefore, the division value
(=b/h) will be called a normalized quadratic differential value
(=b/h).

[0346] The adjustment amount value calculator 109 calcu-
lates the adjustment amount ¢ for the candidates ADDL and
ADDR on the basis of the normalized quadratic differential
value (=b/h) from the divider 108, and supplies it to the
multipliers 110 and 111.

[0347] Specifically, for example, the adjustment amount
value calculator 109 holds a function of the characteristic
expressed by a curve 151 in FIG. 28, assigns the normalized
quadratic differential value (=b/h) from the divider 108 as an
input parameter to the function, and supplies an output of the
function (output of FIG. 28) as the adjustment amount ¢ to the
multipliers 110 and 111.

[0348] That is, as easily understood from the shape of the
curve 151 of FIG. 28, when the normalized quadratic differ-
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ential value (=b/h) is smaller than a predetermined value b1,
the possibility of noise is high, and the adjustment amount ¢
(output) becomes zero. In this case, as will be described later,
the candidates ADDL and ADDR are adjusted by being mul-
tiplied with zero as the adjustment amount c, so that each of
the adjusted candidates ADDL and ADDR becomes zero.
Therefore, the correction amount ADD also becomes zero,
and the input pixel value N of the target pixel is not corrected.

[0349] Further, when the normalized quadratic differential
value (=b/h) exceeds the predetermined value bl and
increases, the adjustment amount ¢ (output) also increases
gradually. In this case, as will be described later, each of the
candidates ADDL and ADDR is adjusted by being multiplied
with the adjustment amount ¢ which is less than 1, so thateach
of the adjusted candidates ADDL and ADDR becomes
smaller than the original value. Therefore, the correction
amount ADD becomes one of the candidates ADDL and
ADDR which became smaller than the original values. The
corrected pixel value of the target pixel becomes larger than
the average pixel value La of left pixels or smaller than the
average pixel value Ra of right pixels.

[0350] Further, when the normalized quadratic differential
value (=b/h) becomes a predetermined value b2 or larger after
that, the adjustment amount ¢ (output) becomes 1. In this
case, as will be described later, each of the candidates ADDL
and ADDR is adjusted by being multiplied with 1 as the
adjustment amount ¢, so that each of the adjusted candidates
ADDL and ADDR remains the original value (that is, not
adjusted). Therefore, the correction amount ADD becomes
one of the candidates ADDL and ADDR remaining as the
original values. As described above, the corrected pixel value
of the target pixel becomes the average pixel value La of left
pixels or the average pixel value Ra of right pixels.

[0351] As described above, in the present embodiment, the
adjustment amount ¢ is determined using the function of the
characteristic expressed by the line 151 of FIG. 28, to which
the normalized quadratic differential value (=b/h) is input as
a parameter. Consequently, by adjusting the correction
amount ADD with the adjustment amount ¢ (to be accurate,
by adjusting the candidates ADDL and ADDR of the correc-
tion amount), the edge portion in the output signal (the frame
to be processed) of the adder 96 can be made gentle. Specifi-
cally, in the LTT of the related art, the pixel value of the target
pixel is corrected by switching (simple replacement of the
pixel value) of a hard switch. There is consequently an issue
that the edge portion in the output signal may not be made
gentle. However, by employing the ALTI unit 81 of the
embodiment, the issue can be solved.

[0352] Referring again to FIG. 24, the detailed description
of the correction amount determining unit 95 will be contin-
ued. Specifically, the correction amount determining unit 95
is provided with the multipliers 110 and 111 in order to
execute the adjusting process in the step S28 in FIG. 27. In
other words, an adjusting unit 123 constructed by the multi-
pliers 101 and 111 executes the adjusting process in the step
S28.

[0353] The multiplier 110 multiplies the candidate ADDL
from the subtractor 101 with the correction amount ¢ from the
adjustment amount value calculator 109, and supplies the
resultant multiplied value as the adjusted candidate ADDL to
a discriminator 113.

[0354] The multiplier 111 multiplies the candidate ADDR
from the subtractor 102 with the correction amount ¢ from the
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adjustment amount value calculator 109, and supplies the
resultant multiplied value as the adjusted candidate ADDR to
the discriminator 113.

[0355] Inaddition, the correction amount determining unit
95 is also provided with a fixed value generator 112 and the
discriminator 113 in order to execute the correction amount
selecting process in the step S29 in FIG. 27. In other words, a
correction amount selecting unit 124 constructed by the fixed
value generator 112 and the discriminator 113 executes the
correction amount selecting process in the step S29.

[0356] In the embodiment, the fixed value generator 112
usually generates “0” as shown in FIG. 24 and supplies it to
the discriminator 113.

[0357] To the discriminator 113, output signals of the sub-
tractors 103 and 104, the adder 105, the multipliers 110 and
111, and the fixed value generator 112 are supplied. The
discriminator 113 selects (determines), as the correction
amount ADD, predetermined one of “0” from the fixed value
generator 112, the corrected candidate ADDL from the mul-
tiplier 110, and the corrected candidate ADDR from the mul-
tiplier 111 on the basis of a predetermined selecting condition
using output signals of the subtractors 103 and 104 and the
adder 105, and supplies it to the adder 96.

[0358] Concretely, for example, in the above-mentioned
plane using the pixel values as the vertical axis and using pixel
positions in the horizontal direction as the horizontal axis, a
straight line connecting a first point indicative of the average
pixel value La of left pixels and a third point indicative of the
average pixel value Ra of right pixels is set as a boundary line.
The selecting condition of the embodiment is specified that
the corrected candidate ADDR is selected as the correction
amount ADD in the case where the change direction of the
boundary line is an upward direction and a second point
indicative of the average pixel value Na of the target pixel is
disposed on the upper side of the boundary line. On the
contrary, the selecting condition of the embodiment is speci-
fied that the corrected candidate ADDL is selected as the
correction amount ADD in the case where the change direc-
tion of the boundary line is an upward direction and the
second point is disposed on the lower side of the boundary
line.

[0359] Inthis case, the discriminator 113 can recognize the
change direction of the boundary line and the positional rela-
tion between the boundary line and the second point on the
basis of the output signals of the subtractors 103 and 104 and
the adder 105.

[0360] Then, for example, in the case where the discrimi-
nator 113 recognizes that the change direction of the bound-
ary line is an upward direction and the second point is dis-
posed on the upper side of the boundary line on the basis of the
output signals of the subtractors 103 and 104 and the adder
105, the discriminator 113 selects (determines) the corrected
candidate ADDR from the multiplier 111 as the correction
amount ADD and supplies it to the adder 96.

[0361] On the other hand, for example, in the case where
the discriminator 113 recognizes that the change direction of
the boundary line is an upward direction and the second point
is disposed on the lower side of the boundary line on the basis
of the output signals of the subtractors 103 and 104 and the
adder 105, the discriminator 113 selects (determines) the
corrected candidate ADDL from the multiplier 110 as the
correction amount ADD and supplies it to the adder 96.
[0362] It is also assumed that, in the case where the target
pixel is positioned in a location other than an edge portion for
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example, selection of 0 as the correction amount ADD is
specified as a selecting condition of the embodiment. In this
case, forexample, when the discriminator 113 recognizes that
all of the output signals of the subtractors 103 and 104 and the
adder 105 are almost zero, that is, when the average pixel
value La of left pixels, the input pixel value N of the target
pixel, and the average pixel value Rc of right pixels are almost
the same or the like, the discriminator 113 recognizes that the
target pixel is positioned in a location other than the edge
portion, selects (determines) “0” from the fixed value genera-
tor 112 as the correction amount ADD, and supplies it to the
adder 96.

[0363] As an embodiment of the ALTT unit 81, the ALTI
unit 81 having the functional configuration of FIG. 24 has
been described above. As long as processes equivalent to the
above-described series of processes can be executed, any
functional configuration may be used as the functional con-
figuration of the ALTT unit 81. Concretely, for example, the
ALTI unit 81 may have a functional configuration shown in
FIG. 29. That is, FIG. 29 shows an example of a detailed
functional configuration different from FIG. 24 of the ALTI
unit 81.

[0364] In the example of FIG. 29, the ALTI unit 81 is
configured to have a masking signal generator 161, an LTI
processing unit 162, and an averaging unit 163.

[0365] The masking signal generator 161 receives the out-
put signal of the filter unit 22 as own input signal and sequen-
tially sets, as the target pixel, each of the pixels constructing
the frame to be processed in the input signal. The masking
signal generator 161 searches pixels on the left and right sides
of the target pixel by the number of pixels corresponding to
the half of the travel speed from the target pixel, and performs
masking process on each signal indicative of the pixel values
ofthe number of pixels corresponding to the travel speed. The
travel speed of the target pixel is supplied from the imaging
blur characteristic detector 12 as described above. The
masked signals are supplied from the masking signal genera-
tor 161 to the LTT processing unit 162.

[0366] The LTI processing unit 162 performs the LTI pro-
cess on each of the masked signals and supplies, as an output
signal, the resultant signal to the averaging unit 163.

[0367] Theaveraging unit 163 averages signals of the num-
ber corresponding to the number of search times in the mask-
ing signal generator 161, in the output signals of the LTI
processing unit 162 and supplies the resultant signal as an
output signal of the ALTI unit 81 to the adder 82 on the
outside.

[0368] Referring to FIGS. 24 to 29, the details of the ALT]I
unit 81 in the imaging blur compensating unit 23 in FIG. 23
have been described above.

[0369] Next, referring to FIGS. 30 and 31, the details of the
gaincontroller 83 in the imaging blur compensating unit 23 in
FIG. 23 will be described.

[0370] FIG. 30 shows an example of the detailed functional
configuration of the gain controller 83. FIG. 31 shows the
characteristic of an adjustment amount determining unit 171
which will be described later in the gain controller 83 in FIG.
30.

[0371] In the example of FIG. 30, the gain controller 83 is
configured to have the adjustment amount determining unit
171 and a multiplier 172.

[0372] The adjustment amount determining unit 171 holds
a function expressed by a curve 181 in FIG. 31, assigns travel
speed in the target pixel supplied from the imaging blur
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characteristic detector 12 as an input parameter to the func-
tion, and supplies an output of the function (output of F1G. 31)
as anadjustment amount to the multiplier 172. In other words,
the adjustment amount determining unit 171 has the charac-
teristic expressed by the curve 181 of FIG. 31.

[0373] To the multiplier 172, an adjustment amount from
the adjustment amount determining unit 171 and, in addition,
an output signal of the adder 82 are also supplied. As obvious
from the functional configuration of FIG. 23, an output signal
of the adder 82 is a candidate of a final correction amount
added to an input pixel value of a target pixel for the imaging
blur compensating unit 23, in the adder 84. Specifically, the
multiplier 172 multiplies the candidate of the final correction
amount with the adjustment amount from the adjustment
amount determining unit 171 and supplies the resultant mul-
tiplied value, as the final adjustment amount, to the adder 84.

[0374] That is, as easily understood from the shape of the
line 181 in FIG. 31 and the functional configuration of FIG.
23 of the imaging blur compensating unit 23, the gain con-
troller 83 controls so that the process result (hereinafter called
as ALTI) of the ALTT unit 81 does not exert much influence on
the final correction amount of the pixel value of the target
pixel when the travel speed is low. When the travel speed is
low, deterioration in the gain due to imaging blur is small, and
it is sufficient to increase the attenuated gain by the filter unit
22 in FIGS. 17 and 20. That is, it is sufficient to output the
output signal of the filter unit 22 as a final output signal of the
imaging blur compensating unit 23 without performing much
correction on the output signal.

[0375] Referring to FIGS. 17 to 31, an example of the
imaging blur suppression processor 13 in the video signal
processor 4B in FIG. 13 has been described above.

[0376] However, the functional configuration of the imag-
ing blur suppression processor 13 is not limited to the
example of FIG. 17, but may be variously modified. Con-
cretely, for example, FIGS. 32 and 33 show two examples of
the functional configuration of the imaging blur suppression
processor 13 to which the present invention is applied, and the
two examples are different from the example of FIG. 17.

[0377] Inthe example of FIG. 32, in a manner similar to the
example of F1G. 17, the imaging blur suppression processor
13 is configured to have the high frequency component
removing unit 21, the filter unit 22, and the imaging blur
compensating unit 23.

[0378] Also in the example of FIG. 32, in a manner similar
to the example of FIG. 17, an output signal of the interpola-
tion section 45 is supplied as an input signal to the imaging
blur suppression processor 13 to the high frequency compo-
nent removing unit 21. An output signal of the imaging blur
characteristic detector 12 is supplied to the filter unit 22 and
the imaging blur compensating unit 23.

[0379] However, in the example of FIG. 32, an output sig-
nal of the high frequency component removing unit 21 is
supplied to the imaging blur compensating unit 23. An output
signal of the imaging blur compensating unit 23 is supplied to
the filter unit 22. An output signal of the filter unit 22 is output
as an output signal indicative of the final process result of the
imaging blur suppression processor 13 to the outside.

[0380] Inother words, in the example of F1G. 32, the dis-
posing positions of the filter unit 22 and the imaging blur
compensating unit 23 are opposite to those in the example of
FIG. 17. That is, the order of disposing positions of the filter
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unit 22 and the imaging blur compensating unit 23 (the pro-
cess order) is not particularly limited. Any of the units may be
disposed first.

[0381] Further, in the example of FIG. 33, like in the
examples of FIGS. 17 and 32, the imaging blur suppression
processor 13 is provided with the high frequency component
removing unit 21, the filter unit 22, and the imaging blur
compensating unit 23 and further, in addition to the functional
blocks, is also provided with an adder 24.

[0382] Also in the example of F1G. 33, like in the examples
of FIGS. 17 and 32, an output signal of the interpolation
section 45 is supplied as an input signal for the imaging blur
suppression processor 13 to the high frequency component
removing unit 21. Further, an output signal of the imaging
blur characteristic detector 12 is supplied to each of the filter
unit 22 and the imaging blur compensating unit 23.

[0383] However, in the example of FIG. 33, an output sig-
nal of the high frequency component removing unit 21 is
supplied to each of the filter unit 22 and the imaging blur
compensating unit 23. Output signals of the filter unit 22 and
the imaging blur compensating unit 23 are supplied to the
adder 24. The adder 24 adds the output signal of the filter unit
22 and the output signal of the imaging blur compensating
unit 23, and outputs the resultant addition signal as an output
signal indicative of the final process result of the imaging blur
suppression processor 13 to the outside.

[0384] Inotherwords, the filter unit 22 and the imaging blur
compensating unit 23 are arranged in series in the examples of
FIGS. 17 and 32 but are arranged in parallel in the example of
FIG. 33. That is, the filter unit 22 and the imaging blur
compensating unit 23 may be arranged in series or in parallel.
However, if both of the filter unit 22 and the imaging blur
compensating unit 23 use a line memory, by arranging the
filter unit 22 and the imaging blur compensating unit 23 in
parallel as shown in the example of FIG. 33, the line memory
can be shared. As a result, an effect such that the circuit scale
(by the amount of the line memory) can be reduced is pro-
duced.

[0385] As described above, at the time of reducing a blur of
a moving body at the time of image capturing (imaging blur)
by image process, in the conventional technique, the process
is performed uniformly irrespective of the stationary state and
the degree of the blur amount. In contrast, in the present
invention, for example, by using the imaging blur suppression
processor 13, a travel vector (travel speed) is calculated, and
an enhancement amount is changed according to the state of
amoving image. Thus, without making ringing occur, the blur
can be reduced. Further, in the LTT of the related art, the signal
was switched by the hard switch, so that a processed image is
often broken. However, the imaging blur suppression proces-
sor 13 has the ALTT unit 81 as a component. Consequently, a
signal can be switched by software and, as a result, breakage
of the processed image can be suppressed.

[0386] In addition, in the above-described example, for
simplicity of explanation, the direction of the travel vector
(travel direction) is the horizontal direction. However, even
when the travel direction is another direction, the imaging
blur suppression processor 13 can basically perform similar
processes as the series of processes described above. Specifi-
cally, regardless of the travel direction, the imaging blur sup-
pression processor 13 can correct the pixel value of the target
pixel so as to suppress the imaging blur. Concretely, for
example, it is sufficient for the ALTT unit 81 in the functional
configuration of FIG. 24 to enter the pixel values of n pixels
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arranged successively in the travel direction (for example, the
vertical direction) using the target pixel as a center in the
arrangement order to the DL unit 91-1. In the other functional
blocks as well, operations are similarly performed.

[0387] Incidentally, in the above-described example, at the
time of correcting the pixel values, the imaging blur suppres-
sion processor 13 uses the travel speed (the absolute value of
the travel vector) as a parameter. However, other than the
travel speed, as long as the parameter shows the characteristic
of an imaging blur, an arbitrary parameter can be used.
[0388] Concretely, for example, the imaging blur suppres-
sion processor 13 can use, as a parameter showing the char-
acteristic of an imaging blur, shutter speed of a camera at the
time of capturing a moving image to be processed. The reason
is that, for example, as shown in FIG. 34, when the shutter
speed varies, the degree of animaging blur also varies only by
the amount of time Ts in the diagram.

[0389] Specifically, in FIG. 34, the upper diagram shows
the case where the shutter speed is %30 second which is the
same as the frame speed. The lower diagram shows the case
where the shutter speed is (Y50-Ts) second faster than the
frame speed. In both of the diagrams of FIG. 34, the horizon-
tal axis expresses the time base, and the vertical axis
expresses the ratio of shutter open time. For example, the ratio
of the shutter open time is expressed as (Ts/Vs)x100[%]
where the shutter speed is Va [seconds] (Va is an arbitrary
value of 0 or larger), the ratio of first time when the shutter is
open is set as 0%, the ratio of second time after lapse of V
[seconds] from the first time and the shutter is closed is set as
100%, and time from the first time to present time is expressed
as Ta [seconds]| (Ta is an arbitrary positive value from 0 or
more to V or less). In this case, in the vertical axis of the
diagrams in FIG. 23, the value which is in contact with the
time base is 100 [%], and the maximum value (the highest
value on each of straight lines) is 0 [%]. That s, the ratio of the
shutter open time increases toward the bottom in the vertical
axis of the diagrams in FIG. 34.

[0390] It is now assumed that one detecting element in a
camera corresponds to a pixel in a frame, for example. In this
case, as shown in the upper diagram of FIG. 34, when the
shutter speed is Y0 second, an integrated value of light inci-
dent in %30 second in which the shutter is open is output as a
pixel value of the corresponding pixel from one detecting
element in the camera. On the other hand, when the shutter
speed is (V30-T's) second, an integrated value of light incident
in (Y40-Ts) second in which the shutter is open is output as a
pixel value of the corresponding pixel from one detecting
element in the camera.

[0391] That is, the shutter speed corresponds to light accu-
mulation time (exposure time) in a detecting element. There-
fore, for example, when a moving object crossing a predeter-
mined detecting element exists in a real space, light different
from light corresponding to the object, for example, light of
the background incident on the detecting element at the shut-
ter speed of Y30 second is larger than that at the shutter speed
of (¥50-Ts) second only by the amount of time Ts [second)].
The ratio that the light accumulation value of the background
or the like different from the object mixed in the pixel value
output from one detecting element at the shutter speed of Y30
second is higher than that at the shutter speed of (Y40-Ts)
second. As a result, the degree of an imaging blur increases.
[0392] The above is summarized as follows. The lower the
shutter speed becomes, the higher the degree of image blur
becomes. That is, it can be therefore said that the shutter speed
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expresses a characteristic of an imaging blur. Therefore, the
shutter speed can be used as a parameter expressing a char-
acteristic of an imaging blur as well as the travel speed.

[0393] In addition, in the case where the shutter speed is
used as a parameter showing a characteristic of an imaging
blur, for example, the imaging blur characteristic detector 12
in FIG. 13 can detect the shutter speed of each frame by
analyzing header information added to a moving image (data)
supplied from the interpolation section 45 and the like, and
supply the shutter speed as a parameter expressing a charac-
teristic of the imaging blur to the imaging blur suppression
processor 13. The imaging blur suppression processor 13 can
properly correct each pixel value by executing, for example,
the series of processes using the shutter speed in place of the
travel speed. The functional configuration of the imaging blur
suppression processor 13 in the case of using the shutter speed
can be basically the same as that in the case of using the travel
speed. That is, the imaging blur suppression processor 13
described with reference to FIGS. 17 to 31 can properly
correct each pixel value by executing the series of processes
using the shutter speed as a parameter value.

[0394] The video signal processor 4B having the configu-
ration shown in FIG. 13 has been described above as an
example of the video signal processor of the embodiment.
The video signal processor of the embodiment is not limited
to the example of FIG. 13 but may have other various con-
figurations.

[0395] Specifically, for example, each of FIGS. 35 to 38 is
a block diagram of a part of a video signal processor accord-
ing to a modified example of the embodiment.

[0396] Forexample, a video signal processor of FIG. 35 is
configured to have, like the video signal processor 4B of FIG.
13, the interpolation section 45, the imaging blur character-
istic detector 12, and the imaging blur suppression processor
13.

[0397] However, in the video signal processor of FIG. 35,
an object of the correction process of the imaging blur sup-
pression processor 13 is a moving image which is input to the
video signal processor, that is, a moving image before it is
subject to the high frame rate converting process of the inter-
polation section 45. Consequently, the imaging blur charac-
teristic detector 12 detects the value of a parameter showing a
characteristic of the imaging blur in the moving image prior to
the high frame rate converting process of the interpolation
section 45 and supplies the detection result to the imaging
blur suppression processor 13.

[0398] Therefore, as the image process of the video signal
processor of FIG. 35, the processes in the steps S1, 53, S4, S2,
and S5 in the image processes in FIG. 15 are executed in
order.

[0399] Inaddition, for example, a video signal processor of
FIG. 36 is configured to have, like the video signal processor
4B of F1G. 13 and the video signal processor of F1G. 35, the
interpolation section 45, the imaging blur characteristic
detector 12, and the imaging blur suppression processor 13.

[0400] Inthe video signal processor of FIG. 36, an object of
the correction process of the imaging blur suppression pro-
cessor 13 is a moving image obtained by performing the high
frame rate converting process of the interpolation section 45
on the input moving image like in the video signal processor
4B of FIG. 13. Consequently, the imaging blur suppression
processor 13 performs a correcting process on the moving
image subjected to the high frame rate converting process.
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[0401] However, the imaging blur characteristic detector
12 in the video signal processor of FIG. 36 detects a parameter
showing a characteristic of the imaging blur in the input
moving image, that is, in the moving image prior to the high
frame rate converting process of the interpolation section 45
and supplies the detection result to the imaging blur suppres-
sion processor 13. That is, the imaging blur suppression pro-
cessor 13 of the video signal processor of FIG. 36 corrects
each pixel value using the value of the parameter detected in
the moving image prior to the high frame rate converting
process.

[0402] Therefore, as the image process of the video signal
processor of FIG. 36, the processes executed in a flow similar
to that of the imaging process of F1G. 15, that is, the processes
in the steps S1, S2, S3, S4, and S5 are executed in order.
However, the process in the step S3 is a process of “detecting
the value of a parameter showing a characteristic of the imag-
ing blur from a moving image prior to the high frame rate
converting process, that is, from each of frames constructing
a moving image entered by the process in the step S1”.
[0403] In contrast to the video signal processors of FIGS.
35and 36, cach of video signal processors of FIGS. 37 and 38
is configured to have the interpolation section 45 and the
imaging blur suppression processor 13 and does not include
the imaging blur characteristic detector 12 as a component.
[0404] Specifically, as shown in FIGS. 37 and 38, the imag-
ing blur characteristic detector 12 is provided together with a
superimposing unit 221 in another video signal processor 211
(hereinbelow, called an image signal generating apparatus
211 as described in the drawing). A moving image entered to
the image signal generating apparatus 211 is supplied to the
imaging blur characteristic detector 12 and the superimpos-
ing unit 221. The imaging blur characteristic detector 12
detects the value of a parameter expressing a characteristic of
an imaging blur from the moving image and supplies it to the
superimposing unit 221. The superimposing unit 221 super-
imposes the value of the parameter indicative of the charac-
teristic of the imaging blur on the moving image and outputs
a resultant signal.

[0405] Therefore, to the video signal processor of FIG. 37
and the video signal processor of FIG. 38, the moving image
(signal) on which the value of the parameter expressing the
characteristic of the imaging blur is superimposed is supplied
from the image signal generating apparatus 211.

[0406] Then, for example, in the video signal processor of
FIG. 37, the imaging blur suppression processor 13 separates
the value of the parameter expressing the characteristic of the
imaging blur and the moving image from each other, and
corrects each of the pixel values on the basis of the separated
value of the parameter expressing the characteristic of the
imaging blur with respect to each of the frames constructing
the separated moving image.

[0407] Next, the interpolation section 45 performs the high
frame rate converting process on the moving image corrected
by the imaging blur suppression processor 13 and outputs the
resultant moving image, that is, the moving image converted
to the high frame rate and corrected.

[0408] Therefore, as the image process of the video signal
processor of FIG. 37, the processes in the steps S1, S4, S2, and
S5 in the image processes in FIG. 15 are executed in order.
[0409] Incontrast, for example, in the video signal proces-
sor of FIG. 38, the interpolation section 45 separates the value
of the parameter expressing the characteristic of the imaging
blur and the moving image from each other, performs the high
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frame rate converting process on the separated moving image,
and supplies the resultant moving image, that is, the moving
image converted to high frame rate to the imaging blur sup-
pression processor 13. At this time, the value of the parameter
showing the characteristic of the imaging blur separated by
the interpolation section 45 is also supplied to the imaging
blur suppression processor 13.

[0410] Next, the imaging blur suppression processor 13
corrects each of the pixel values on the basis of the value of the
parameter expressing the characteristic of the imaging blur
with respect to each of the frames constructing the moving
image converting to high frame rate, and outputs the resultant
moving image, that is, the moving image corrected and con-
verted to high frame rate.

[0411] Incidentally, in the above description on the imaging
blur suppression processor 13, for simplicity of explanation,
the travel direction (the direction of the travel vector) is the
horizontal direction. Consequently, as a pixel used in the case
of performing the above-described various processes such as
the filtering and correction on the target pixel, pixels neigh-
boring the target pixel in the horizontal direction are used. In
addition, a process using pixels neighboring the target pixelin
a predetermined direction will be called a process in the
predetermined direction. That is, the above-described
example relates to the process in the horizontal direction.

[0412] However, as described above, any direction in a
wo-dimensional plane can be the travel direction. Naturally,
the imaging blur suppression processor 13 can execute the
various processes in the same manner in any direction in a
two-dimensional plane such as the vertical direction as the
travel direction. However, to perform the process in the case
where the travel direction is the vertical direction (or the
process in the case where the travel direction is an oblique
direction, which is a combination process of the process in the
vertical direction and the process in the horizontal direction),
the imaging blur suppression processor 13 has to employ, for
example, the configuration of FIG. 39 in place of the configu-
ration of FIG. 17, the configuration of FIG. 40 in place of the
configuration of FIG. 32, and the configuration of FIG. 41 in
place of the configuration of FIG. 33.

[0413] That is, FIGS. 39 to 41 show three examples of the
functional configuration of the imaging blur suppression pro-
cessor 13 to which the present invention is applied, which are
different from the above-described examples.

[0414] InFIGS. 39, 40, and 41, the same reference numer-
als as those in FIGS. 17, 32, and 33 are designated to corre-
sponding parts (blocks). Their description will be the same so
that it will not be repeated.

[0415] In the imaging blur suppression processor 13 of
FIG. 39, to enable a process in the vertical direction in the
configuration of the example of FIG. 17, aline memory 261-1
is further provided at the ante stage of the filter unit 22, and a
line memory 261-2 is provided at the ante stage of the imag-
ing blur compensating unit 23.

[0416] Similarly, in the imaging blur suppression processor
13 of FIG. 40, to enable a process in the vertical direction in
the configuration of the example of FIG. 32, the line memory
261-1 is further provided at the ante stage of the imaging blur
compensating unit 23, and the line memory 261-2 is provided
at the ante stage of the filter unit 22.

[0417] On the other hand, in the imaging blur suppression
processor 13 in the example of FIG. 41, to enable a process in
the vertical direction in the configuration of the example of
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FIG. 33, only one common line memory 261 is further pro-
vided at the ante stage of the imaging blur compensating unit
23 and the filter unit 22.

[0418] As described above, by employing the imaging blur
suppression processor 13 in the example of FIG. 41, as com-
pared with the case employing the configuration example of
FIG. 39 or 40, the number of line memories can be reduced
without deteriorating the effect of the image blur suppression.
That is, by employing the configuration of the example of
FIG. 41 as the configuration of the imaging blur suppression
processor 13, as compared with the case employing the con-
figuration of the example of FIG. 39 or 40, the circuit scale of
the imaging blur suppression processor 13 can be reduced
and, moreover, the circuit scale of the video signal processor
4B of FIG. 13 can be reduced.

[0419] Inaddition, in the embodiment, for example, like in
a video signal processor 4C shown in FIG. 42, an interpola-
tion position parameter Relpos output from the decoder 47
may be supplied not only to the interpolator 453 but also to the
imaging blur suppression processor 13. In such a configura-
tion, the imaging blur suppression processor 13 can change
the process amount in the imaging blur suppression process in
accordance with the distance of the interpolation position
closer to a video image of an original frame in each of inter-
polation frames, which is set by the interpolation section 45.
Therefore, the degree of reducing the imaging blur can be
changed according to nonuniformity of arrangement of inter-
polation frames (strength of a judder). By finely adjusting the
degree of suppression ofa hold blurina display image and the
degree of suppression of an imaging blur, the picture quality
at the time of watching a movie or the like can be improved.
[0420] In the high frame rate converting process executed
in the various embodiments, the combination of the first
frame rate (frame frequency) of an input video signal and the
second frame rate (frame frequency) of an output video signal
is not particularly limited but may be an arbitrary combina-
tion. Concretely, for example, 60 (or 30) [Hz] is employed as
the first frame rate of an input video signal, and 120[Hz] can
be employed as the second frame rate of an output video
signal. For example, 60 (or 30) [Hz] is employed as the first
frame rate of an input video signal and 240 [Hz] can be
employed as the second frame rate of an output video signal.
For example, 50 [Hz| corresponding to the PAL (Phase Alter-
nation by Line) system is employed as the first frame rate of
an input video signal, and 100 [Hz] or 200 [Hz] can be
employed as the second frame rate of an output video signal.
For example, 48 [Hz| corresponding to the telecine is
employed as the first frame rate of an input video signal, and
apredetermined frequency equal to or higher than 48 [Hz] can
be employed as the second frame rate of an output video
signal.

[0421] Inaddition, by performing the high frame rate con-
verting process in the various embodiments on the input video
signal resulted from an existing television system or the like,
existing contents can be displayed with high grade.

Third Embodiment

[0422] A third embodiment of the present invention will
now be described.

[0423] FIG. 43 shows an example of the configuration of a
video signal processor (video signal processor 4D) according
to the embodiment. In addition, the same reference numerals
are designated to the same components as those in the fore-
going embodiments and their description will not be repeated.
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[0424] Thevideo signal processor 4D is obtained by further
providing the video signal processor 4B described in the
second embodiment with an overdrive processor 10 and per-
forms video signal processes in the interpolation section 45,
the imaging blur suppression processor 13, and the overdrive
processor 10 in consideration of the reliability in detection of
a motion vector mv in the motion vector detector 44. In
addition, in the case of detecting a motion vector also in the
imaging blur characteristic detector 12, reliability in detec-
tion of the motion vector may be considered. In the embodi-
ment, the case where the imaging blur suppression processor
13 and the overdrive processor 10 perform a video signal
process using the motion vector mv detected by the motion
vector detector 44 will be described below.

[0425] The overdrive processor 10 performs an overdrive
process on a video signal supplied from the imaging blur
suppression processor 13 by using the motion vector mv
detected by the motion vector detector 44. Concretely, the
overdrive processor 10 makes the process amount of the
overdrive process increase as the motion vector mv increases,
and makes the process amount of the overdrive process
decrease as the motion vector mv decreases. By such an
overdrive process, a motion blur and a hold blur in a display
image can be suppressed.

[0426] Here, with reference to FIGS. 45 and 46, the reli-
ability in detection of the motion vector mv will be described
in detail. FIGS. 44 and 45 show an example of the relation
between the presence/absence (MC ON/OFF signal) in detec-
tion of the motion vector mv and the reliability.

[0427] 1In FIG. 44, in the case where the value of MC
ON/OFF signal is “0” (ON: the case where the motion vector
can be detected) and does not change and in the case where
the value changes from “1” (OFF: the case where no motion
vector can be detected such as the case where the value is out
of the search range (block matching range) of the motion
vector) to “0”, the value of reliability increases to “P (preced-
ing value)+Y (change amount)”. On the other hand, in the
case where the value of the MC ON/OFT signal changes from
“0” to “1” and in the case where the value is “1” and does not
change, the value of reliability decreases to “P-Y"".

[0428] With the configuration, for example, as shown in
FIG. 45, during a period in which the value of the MC
ON/OFF signalis “0”, the reliability gradually increases from
0% to 100%. On the other hand, during a period in which the
value of the MC ON/OFF signal is “17, the reliability gradu-
ally decreases from 100% to 0%.

[0429] By considering the reliability in detection of the
motion vector mv, in the interpolation section 45, the imaging
blur suppression processor 13, and the overdrive processor
10, it is set so that the process amount of the video signal
process increases as the reliability increases, and on the other
hand, the process amount of the video signal process
decreases as the reliability decreases.

[0430] Concretely, the overdrive processor 10 sets so that as
the reliability increases, the process amount of the overdrive
process increases and, on the other hand, as the reliability
decreases, the process amount of the overdrive process
decreases. Meanwhile, it is also possible to change the pro-
cess amount of the overdrive process in accordance with the
distance of the interpolation position toward the video image
of the closer original frame which is set in each of interpola-
tion frames by the interpolation section 45 (to vary the degree
of reduction in a motion blur and a hold blur in accordance
with nonuniformity of the positions of interpolation frames
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(strength ofa judder)), and to perform the overdrive process in
consideration of the reliability as well.

[0431] Further, the imaging blur suppression processor 13
sets so that the process amount of the imaging blur suppres-
sion process increases as the reliability increases and, on the
other hand, the process amount of the imaging blur suppres-
sion process decreases as the reliability decreases. For
example, like in the video signal processor 4C shown in FIG.
42 in the second embodiment, the process amount in the
imaging blur suppression process may be changed in accor-
dance with the distance of the interpolation position toward a
video image of the closer original frame in interpolation
frames, which is set by the interpolation section 45 (the
degree of reducing the imaging blur is changed according to
nonuniformity of positions of interpolation frames (strength
of a judder)) and, in addition, the imaging blur suppressing
process may be performed in consideration of such reliability.
[0432] Further, the interpolation section 45 changes the
distance of setting the interpolation position toward to a video
image of the closer original frame in each of interpolation
frames in consideration of reliability in detection of the
motion vector mv. Thereby, nonuniformity of positions of
interpolation frames (strength of a judder) can be changed in
consideration of reliability in detection of the motion vector
mv.

[0433] Meanwhile, in the case of converting the frame rate
of a video signal by adding M interpolation frames (where M
is an integer of 1 or larger) obtained by interpolating video
images of original frames between the original frames neigh-
boring along the time base using motion compensation in
place of the interpolation section 45, for example, a frame rate
converting process in consideration of reliability may be per-
formed as shown in FIG. 46 (in the case of a 3:2 pulldown
signal) and FIG. 47 (in the case of a 24 Hz film source signal).
[0434] Concretely, it may be set so that as the reliability
increases, the gain multiplied with motion vectors MV1 to
MV3 at the time of frame rate conversion increases, and, on
the other hand, as the reliability decreases, the gain multiplied
with the motion vectors MV1 to MV3 at the time of framerate
conversion decreases.

[0435] In such a manner, in the embodiment, the video
signal process in the interpolation section 45, the imaging
blur suppression processor 13, and the overdrive processor 10
is performed in consideration of the reliability in detection of
the motion vector mv by the motion vector detector 44. It is
set so that as the reliability increases, the process amount of
the video signal process increases and, on the other hand, as
the reliability decreases, the process amount of the video
signal process decreases. Consequently, in the case of per-
forming the video signal process using the motion vector,
even when the motion vector lies out of the motion vector
search range (block matching range), the video signal process
according to the detection precision of a motion vector can be
performed. Therefore, at the time of performing a predeter-
mined video signal process, deterioration in the picture qual-
ity due to the motion vector detection precision can be sup-
pressed.

Fourth Embodiment

[0436] A fourth embodiment of the present invention will
now be described.

[0437] FIG. 48 shows an example of the configuration of an
image display apparatus (a liquid crystal display 7) according
to the embodiment. In addition, the same reference numerals
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are designated to the same components as those in the fore-
going embodiments and their description will not be repeated.
[0438] The liquid crystal display 7 displays a video image
on the basis of a video signal subjected to the video signal
process in the video signal processor 4 (or any one of the vide
signal processing apparatuses 4A to 4D) described in the first
to third embodiments, and is a hold-type display apparatus.
Concretely, the liquid crystal display 7 has the video signal
processor 4 (4A to 4D), a liquid crystal display panel 70, a
backlight driving unit 71, a backlight 72, a timing controller
73, a gate driver 74, and a data driver 75.

[0439] Thebacklight 72 is a light source of emitting light to
the liquid crystal display panel 70 and includes, for example,
a CCFL (Cold Cathode Fluorescent Lamp) and an LED
(Light Emitting Diode).

[0440] The liquid crystal display panel 70 modulates irra-
diation light from the backlight 72 on the basis of a video
signal. The liquid crystal display panel 70 includes a trans-
mission-type liquid crystal layer (not shown), a pair of sub-
strates (a TFT substrate and an opposite electrode substrate
which are not shown) sandwiching the liquid crystal layer,
and polarizing plates (not shown) laminated on each of the
TFT substrate and the opposite electrode substrate on the side
opposite to the liquid crystal layer.

[0441] The data driver 75 supplies a drive voltage based on
the video signal to each of the pixel electrodes in a liquid
crystal display panel 2. The gate driver 74 line-sequentially
drives the pixel electrodes in the liquid crystal display panel 2
along not-shown horizontal scan lines. The timing controller
73 controls the data driver 75 and the gate driver 74 on the
basis of the video signal supplied from the video signal pro-
cessor 4 (4A to 4D). The backlight driving unit 71 controls the
turn/on and turn/off operation of the backlight 72 (performs
turn-on driving on the backlight 72) on the basis of the video
signal supplied to the video signal processor 4 (4A to 4D).
[0442] The liquid crystal display 7 of the embodiment is
constructed to perform a black inserting process of inserting
a black display area into a display screen of the liquid crystal
display panel 2 in accordance with at least one of the video
signal substance in an original frame and luminance of a
viewing environment for user. Concretely, for example, the
black inserting process is performed for inserting a black
display area into the display screen in the liquid crystal dis-
play panel 2 when the video signal in the original frame is a
cinema signal (film signal). More concretely, the backlight
driving unit 71 switches between turn-on and turn-off of the
backlight 72 so that the process of inserting the black display
on the display screen in the liquid crystal display panel 2 is
performed. In addition, the backlight driving unit 71 deter-
mines, for example, whether the video signal in an original
frame is a cinema signal or not by using contents information
ofthe original frame included in an EPG (Electronic Program
Guide) or on the basis of the frame rate of the original frame.
[0443] Theblack inserting method is performed as follows.
For example, the black inserting process is performed on the
frame unit basis as shown in FIGS. 49(A) and (B). The black
inserting process is performed by black insertion line unit
composed ofa predetermined number of horizontal scan lines
in the original frame as shown in FIGS. 50(A) and (B). For
example, as shown in FIGS. 51(A) and (B), the black insert-
ing process is performed by a combination of the black inser-
tion line unit basis and the frame unit basis. In FIGS. 49 to 51
(and FIGS. 52 to 55 described later), (A) shows the substance
of the video image (original frames A to C and interpolation
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frames A' to C'") in the liquid crystal display panel 2 (LCD),
and (B) shows the light-on state of the backlight 72. The
horizontal axis in the diagram shows time.

[0444] In the case of the black inserting process on the
frame unit basis shown in FIG. 49, an entire frame is lighted
onor off; so that the hold improvement effect increases. In the
case of the black inserting process on the black insertion line
unit basis shown in FIG. 50, display luminance can be
adjusted by setting a black insertion ratio which will be
described later, and the frame rate increases falsely. Conse-
quently, as compared with the case of the frame unit basis,
flicker is less-visible. In the case of the combination of the
frame unit and the black insertion line unit shown in F1G. 51,
moving image response becomes the highest.

[0445] Inaddition, in the case including the black inserting
process on the black insertion line unit basis as shown in
FIGS. 50 and 51, the black inserting process may be per-
formed by a plurality of black insertion lines away from each
other. In such a configuration, adjustment of the black inser-
tion ratio and display luminance which will be described
below is facilitated.

[0446] Further, for example, as shown in FIGS. 52 to 55,
when performing the black inserting process, the backlight
driving unit 71 may perform switching drive so that an areal
ratio ofa black display area in an entire display screen (=black
insertion ratio) can be varied by changing the thickness of a
black insertion line (the number of horizontal scan lines con-
structing a black insertion line). In such a configuration, the
effect of reducing a hold blur is produced and the display
luminance can be adjusted.

[0447] Further, the backlight driving unit 71 may perform
the switching drive so that the luminance of the black display
region is varied when performing the black inserting process.
In such a configuration, while reducing a hold blur, the dis-
play luminance can be adjusted. Moreover, both of the black
insertion ratio and luminance of the black display area may be
varied.

[0448] Inaddition, in the case of making at least one of the
black insertion ratio and the luminance of the black display
region variable, the black insertion ratio and the luminance of
the black display region may be changed in multiple stages or
changed continuously. In the case of making such changes,
reduction in the hold blur and adjustment of the display lumi-
nance is facilitated.

[0449] In such a manner, in the embodiment, the black
inserting process of inserting a black display area into a
display screen in the liquid crystal panel 2 is performed in
accordance with at least one of the substance of the video
signal in an original frame and luminance of the viewing
environment for user. Thus, a hold blur can be reduced
according to the circumstances.

[0450] In addition, for example, as shown in FIG. 56,
according to a luminance histogram distribution in an original
frame, whether the black inserting process is performed or not
may be determined and the black insertion ratio and the
luminance of the black display area may be changed. In such
a configuration, adjustments become possible. For example,
it is determined that the black inserting process is performed
in a case such that decrease in the display luminance is not
conspicuous in a dark image. By increasing the black inser-
tion ratio or decreasing the luminance of the black display
area, priority is given to the effect of reducing a hold blur.
[0451] Further, according to the magnitude of a motion
vector in an original frame detected by the motion vector
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detector 44 or the like, the black insertion ratio and the lumi-
nance of the black display area may be changed. In such a
configuration, for example, adjustment such as suppression
ofajudder can be performed by increasing the black insertion
ratio or decreasing luminance of the black display area in the
case such that motion of a video image is large.

[0452] Further, for example, like in the liquid crystal dis-
play 7A shown in FIG. 57, by providing a brightness detector
76 for detecting brightness of the user’s viewing environment
(constructed by, for example, an illuminance sensor) or the
like, whether the black inserting process is performed or not
may be determined as described above or the black insertion
ratio and the illuminance of the black display area may be
changed according to the detected brightness of the user’s
viewing environment. In such a configuration, there is a case
such that decrease in the display luminance is not conspicu-
ous depending on the brightness of the viewing environment
(for example, in the case where the viewing environment is a
dark state). In such a case, the adjustment of placing priority
on the effect of reducing a hold blur can be performed by
determining that the black inserting process is performed or
increasing the black insertion ratio or decreasing the lumi-
nance of the black display area.

[0453] In addition, in the case of providing the brightness
detector 76, according to the detected brightness of the user’s
viewing environment, for example, the process amount of the
imaging blur suppressing process by the imaging blur sup-
pression processor 13 and degree of setting the interpolation
position nearer to a video image of a closer original frame in
each of the interpolation frames by the interpolation section
45 may be changed. In the case of changing the process
amount of the imaging blur suppressing process by the imag-
ing blur suppression processor 13, there is a case that an
imaging blur is not conspicuous depending on the brightness
of the viewing environment (for example, in the case where
the viewing environment is a dark state). In such a case, the
adjustment of decreasing the process amount of the imaging
blur suppressing process can be performed. In the case of
changing the degree of setting the interpolation position
nearer to a video image of a closer original frame by the
interpolation section 45, when a judder is not conspicuous
depending on the brightness of the viewing environment (for
example, in the case where the viewing environment is a dark
state), by setting the interpolation position nearer to the origi-
nal frame, a judder is left. In such a manner, for example,
adjustment of creating realism peculiar to amovie is realized.
[0454] 1In addition, the embodiment has been described by
the case where the hold-type image display apparatus is a
liquid crystal display and the black inserting process (blink-
ing process) is performed by the switch driving of the back-
light driving unit 71. For example, in the case where a display
apparatus is a light-emitting display apparatus other than a
liquid crystal display (such as an organic EL display appara-
tus), the black inserting process may be performed by pro-
viding a black inserting processor (not shown) for performing
a black inserting process on a video signal of an original
frame in the video signal processor, and performing the video
signal process by the black inserting processor.

[0455] Meanwhile, in the embodiment, whether the black
inserting process can be executed or not, a change in the black
insertion ratio, a change in illuminance in the black display
area, and the like can be set by an operation of the user by
providing, for example, predetermined operation means (set-
ting means).
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[0456] Further, the video signal processor in the embodi-
ment is not limited to the video signal processor 4 (or any one
of the video signal processors 4A to 4D) described in the first
to third embodiments. Another video signal processor may be
employed as long as it performs a predetermined video signal
process on a plurality of original frames along the time base.
[0457] Further, the series of processes (or a part of the
processes) described in the first to fourth embodiments can be
executed by hardware or software.

[0458] Inthis case, all of the video signal processors 4 and
4A to 4D, the backlight driving unit 71, and the timing con-
troller 73 or a part of them (for example, the imaging blur
suppression processor 13 or the like) described in the above-
mentioned embodiments 1 to 4 can be constructed by, for
example, a computer as shown in FIG. 58.

[0459] In FIG. 58, a CPU (Central Processing Unit) 301
executes various processes in accordance with a program
recorded on a ROM (Read Only Memory) 302, or a program
loaded from a storage 308 to a RAM (Random Access
memory) 303. In the RAM 303, data or the like necessary for
the CPU 301 to execute various processes is also properly
stored.

[0460] The CPU 301, ROM 302, and RAM 303 are con-
nected to each other via a bus 304. To the bus 304, an input/
output interface 305 is also connected.

[0461] To the input/output interface 305, an input unit 306
including a keyboard, a mouse, and the like, an output unit
307 such as a display, a storage 308 constructed by a hard disk
or the like, and a communication unit 309 including a modem,
a terminal adapter, and the like are connected. The commu-
nication unit 309 performs communication process with other
devices via networks including the Internet.

[0462] As necessary, a drive 310 is also connected to the
input/output interface 305. A removable recording medium
311 such as a magnetic disk, an optical disk, a magneto-optic
disk, or a semiconductor memory is properly mounted on the
input/output interface 305. A computer program read from
the removable recording medium 311 is installed in the stor-
age 308 as necessary.

[0463] In the case of executing a series of processes by
software, a program constructing the software is installed
from a network or a recording medium to, for example, a
computer assembled in dedicated hardware or a general per-
sonal computer or the like capable of executing various func-
tions by installing various programs.

[0464] The recording medium including such a program is
not limited to the removable recording medium (package
medium) 211 such as a magnetic disk (including a floppy
disk), an optical disk (including a CD-ROM (Compact Disk-
Read Only memory) and a DVD (Digital Versatile Disk)), a
magneto-optic disk (including an MD (Mini-Disk)), or a
semiconductor memory. It may be the ROM 302 in which a
program is recorded, a hard disk included in the storage 308,
or the like which is provided to the user in a state where it is
pre-assembled in the apparatus body.

[0465] Meanwhile, in the specification, the steps describ-
ing a program to be recorded on a recording medium include,
obviously, not only processes performed in time series in the
order, but also processes which are not always performed in
time series but are executed in parallel or individually.
[0466] Further, as described above, in the specification, the
system refers to an entire apparatus constructed by a plurality
of processing apparatuses and processors.
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[0467] Further, the configurations and the like described in
the foregoing embodiments and modified examples are not
limited to the above-described combinations but can be arbi-
trarily combined.

1. An image display apparatus characterized by compris-
ing:

video signal processing means for performing a predeter-

mined video signal process to improve picture quality,

on a plurality of original frames along time base; and
display means for displaying a video image on the basis of

a video signal subjected to the video signal process,
wherein the display means is hold-type display means, and

a black inserting process for inserting a black display area

into a display screen in the display means is performed
according to at least one of substance of a video signal in
the original frame and brightness of viewing environ-
ment for user.

2. The image display apparatus according to claim 1, char-
acterized in that the display means has:

a light source; and

a liquid crystal display panel for modulating light from the

light source on the basis of the video signal in the origi-
nal frame.

3. The image display apparatus according to claim 2, char-
acterized by further comprising light source driving means
for performing switching drive between turn-on and turn-off
of the light source so that the black inserting process is per-
formed on the display screen in the liquid crystal display
panel.

4. The image display apparatus according to claim 3, char-
acterized in that the light source driving means performs the
switching drive so that an areal ratio of the black display area
to the entire display screen (=black insertion ratio) is variable
when performing the black inserting process on the original
frame.

5. The image display apparatus according to claim 4, char-
acterized in that the light source driving means performs the
switching drive so that the black insertion ratio varies in
multiple steps.

6. The image display apparatus according to claim 4, char-
acterized in that the light source driving means performs the
switching drive so that the black insertion ratio continuously
varies.

7. The image display apparatus according to any one of
claims 4 to 6, characterized by further comprising setting
means for allowing user to vary the black insertion ratio.

8. The image display apparatus according to any one of
claims 4 to 7, characterized in that the light source driving
means performs switching drive so that the black insertion
ratio varies according to a luminance histogram distribution
in the original frame.

9. The image display apparatus according to any one of
claims 4 to 8, characterized in that the light source driving
means performs switching drive so that the black insertion
ratio varies according to the brightness of viewing environ-
ment for user.

10. The image display apparatus according to any one of
claims 4 to 9, characterized in that the light source driving
means performs switching drive so that the black insertion
ratio varies according to magnitude of a motion vector in the
original frame.

11. The image display apparatus according to any one of
claims 4 to 10, characterized in that the light source driving
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means further performs switching drive so that luminance of
the black display area is variable as well.

12. The image display apparatus according to claim 3,
characterized in that the light source driving means performs
switching drive so that luminance of the black display area is
variable when performing the black inserting process on the
original frame.

13. The image display apparatus according to claim 12,
characterized in that the light source driving means performs
switching drive so that luminance of the black display area
varies in multiple steps.

14. The image display apparatus according to claim 12,
characterized in that the light source driving means performs
switching drive so that luminance of the black display area
continuously varies.

15. The image display apparatus according to any one of
claims 12 to 14, characterized by further comprising setting
means for allowing user to vary luminance of the black dis-
play area.

16. The image display apparatus according to any one of
claims 12 to 15, characterized in that the light source driving
means performs switching drive so that luminance of the
black display area varies according to a luminance histogram
distribution in the original frame.

17. The image display apparatus according to any one of
claims 12 to 16, characterized in that the light source driving
means performs switching drive so that luminance of the
black display area varies according to the brightness of the
viewing environment for user.

18. The image display apparatus according to any one of
claims 12 to 17, characterized in that the light source driving
means performs switching drive so that luminance of the
black display area varies according to magnitude of a motion
vector in the original frame.

19. The image display apparatus according to any one of
claims 3 to 18, characterized in that the light source driving
means performs switching drive so that the black inserting
process is performed by frame.

20. The image display apparatus according to any one of
claims 3 to 18, characterized in that the light source driving
means performs switching drive so that the black inserting
process is performed by black insertion line unit, the unit
being composed of a predetermined number of horizontal
scan line or lines in the original frame.

21. The image display apparatus according to claim 20,
characterized in that the display means or the video signal
processing means performs switching drive so that the black
inserting process is performed by black insertion line unit and
by frame.

22. The image display apparatus according to claim 20,
characterized in that the display means or the video signal
processing means performs switching drive so that the black
inserting process is performed by inserting a plurality of
black insertion lines away from each other.

23. The image display apparatus according to any one of
claims 2 to 22, characterized in that the light source includes
an LED.

24. The image display apparatus according to claim 1,
characterized in that the video signal processing means
includes black inserting processing means for performing a
black inserting process on a video signal of the original frame.

25. The image display apparatus according to any one of
claims 1 to 24, characterized in that the video signal process-
ing means includes frame rate converting means for convert-
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ing frame rate of a video signal by adding M (M: integer of 1
or larger) interpolation frames into between original frames
neighboring each other along time base, the interpolation
frames being obtained from the video images in the original
frames by using motion compensation.

26. The image display apparatus according to any one of
claims 1 to 24, characterized in that the video signal process-
ing means includes interpolation position setting means for
converting frame rate of a video signal by adding N (N:
integer of 2 or larger) interpolation frames into between origi-
nal frames neighboring each other along time base, the N
interpolation frames being obtained from video images in
original frames by using motion compensation, so that inter-
polation positions of the video images in the N interpolation
frames are set to deviated position which is closer to the
nearest video image in the original frames rather than equal-
ized positions, the equalized positions being obtained by
equally dividing, into (N+1) portions, magnitude of video
image motion between an earlier original frame and a follow-
ing original frame along the time base.
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27. The image display apparatus according to any one of
claims 1 to 26, characterized by further comprising setting
means for allowing user to execute the black inserting pro-
cess.

28. The image display apparatus according to any one of
claims 1 to 27, characterized in that the black inserting pro-
cess is executed when the video signal is a cinema signal.

29. The image display apparatus according to claim 28,
characterized in that whether a video signal in an original
frame is a cinema signal or not is determined by using con-
tents information of the original frame, the contents informa-
tion being included in an EPG (Electronic Program Guide).

30. The image display apparatus according to claim 28,
characterized in that whether a video signal in an original
frame is a cinema signal or not is determined on the basis of
frame rate of the original frame.

31. The image display apparatus according to any one of
claims 1 to 27, characterized in that the black inserting pro-
cess is performed according to a luminance histogram distri-
bution in the original frame.
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