US 20100214330A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0214330 A1

Shishido et al.

43) Pub. Date: Aug. 26, 2010

(54)

(75)

(73)

1)
(22)

(30)

IMAGE DISPLAY DEVICE

Inventors: Tomoyuki Shishido,
Kanagawa-ken (JP); Hideki Aiba,
Ibaraki-ken (JP)

Correspondence Address:
THE NATH LAW GROUP
112 South West Street
Alexandria, VA 22314 (US)

Assignee: VICTOR COMPANY OF
JAPAN, LIMITED, Yokohama (JP)

Appl. No.: 12/654,887
Filed: Jan. 7, 2010

Foreign Application Priority Data

Feb. 24,2009  (JP) .ecoevviiiiiciiicieninns P2009-040334

Publication Classification

(51) Int.ClL
GO9G 3/36 (2006.01)
G09G 5/10 (2006.01)

(52) US.CL oo 345/691; 345/102
(57) ABSTRACT

An image display device includes a gain calculator, a multi-
plier and an overdrive unit. The gain calculator calculates a
ratio “Gmax0/Gmax1” as gain, with respect to each seg-
mented region of liquid crystal panel. The symbol “Gmax1”
represents a maximum gradation in one frame period of an
image signal to be supplied to each segmented region. The
symbol “Gmax0” represents a maximum gradation to be
determined depending on the number of bits in the image
signal. The multiplier multiplies an image signal subjected to
frame frequency conversion in a frame frequency conversion
unit by the gain to generate an image signal subjected to the
area control processing, with respect to each segmented
region. The overdrive unit emphasizes the image signal sub-
jected to the area control processing, using an image signal
generated by delaying the image signal subjected to the area
control processing for one frame period.
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IMAGE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an image display
device, and more specifically animage display device that has
both of a function of area control for controlling a degree of
light emitting luminance of a backlight according to lumi-
nance information in an image signal and a function of over-
drive for reducing a blur of moving image, and displays an
image using a liquid crystal display element.

[0003] 2. Description of the Related Art

[0004] It has been proposed that an image display device
displays an image using a liquid crystal display element at a
frame frequency higher than a frame frequency of an input
image signal to be converted into the high frame frequency, in
order to improve moving image characteristics. In addition to
the frame frequency conversion method, if an image signal is
multiplied by an emphasis coefficient which is determined by
a level difference between image signals of pixels in two
adjacent frames on time axis, the moving image characteris-
tics are further improved. The method for multiplying an
image signal by the emphasis coefficient is generally called
“overdrive”.

[0005] However, when the image display device combines
use of the frame frequency conversion method and the over-
drive, the overdrive processing overloads the image display
device as the frame frequency becomes higher. Further, the
frame frequency becomes higher, which increases a speed of
accessing a memory where the image display device writes or
reads frame images to be used for comparing at least two
adjacent frames in the overdrive processing.

[0006] In order to resolve the above-described problems,
there has been known an image display device in which a
speed of accessing a memory or processing a signal is the
same as one in a device in which a frame frequency is not
converted into a higher frame frequency, by building an over-
drive unit into an image signal processing unit into which an
image signal is input before a frame frequency of the input
image signal is converted into a high frame frequency. For
example, this image display device is disclosed in Patent
document 1 (Japanese Published Unexamined Application
NO. 2006-337448). According to the conventional image
display device, a memory, which is prepared for carrying out
the overdrive processing after a frame frequency of the input
image signal is converted into a high frame frequency, can be
eliminated from the image display device by using frame data
for detecting motion information and generating increment
frames in the overdrive unit to carry out the overdrive pro-
cessing.

[0007] In addition to the improvement in moving image
characteristics, as a method for improving power consump-
tion and contrast in an image display device provided with a
backlight such as a liquid crystal display device, there has
been known an image display device that divides each frame
of a still image or moving image into a certain area, individu-
ally controls a backlight and an image signal level based on
characteristics by area, and displays the still image or moving
image thereon. For example, this image display device is
disclosed in Patent document 2 (Japanese Published Unex-
amined Application No. 2007-133051). The improvement
method in the conventional image display device provided
with the backlight is called “area control”.
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[0008] However, in the image display device disclosed in
Patent document 1, since a frame frequency conversion unit
(time series conversion memory) is arranged on the stage
subsequent to the overdrive unit (time axis emphasis circuit),
if circuits for greatly changing an image signal level, such as
an image signal processing unit for adjusting a gain of image
signal and a backlight luminance control unit for adjusting an
amount of light to be emitted from a backlight device which
are disclosed in Patent document 2, are arranged on the stage
subsequent to the frame frequency conversion unit, the
emphasis by overdrive to be suitable for the level difference
between image signals of original image is weakened by area
control. This causes the emphasis by overdrive to be exces-
sive or deficient, which affects a moving image response
and/or a moving image quality. Hereinafter, a gain adjustment
of an image signal in the image signal processing unit and a
light amount adjustment of the backlight device in the back-
light luminance control unit are called “area control”.
[0009] For the overdrive processing, a response speed of a
liquid crystal display element differs according to the degree
of gradation change in a liquid crystal display device, which
brings a difference of emphasis coefficient. Therefore, if an
image signal which has been multiplied by an optimal empha-
sis coefficient in the overdrive unit is processed in an area
control unit, there is a possibility that an emphasis by over-
drive will be excessive or deficient. As aresult, when an image
of a captured object such as a car that moves at high speed is
displayed, a fake contour occurs around a real contour of the
captured object on the displayed image by excessive empha-
sis, or a blur of the captured object occurs by deficient empha-
sis.

SUMMARY OF THE INVENTION

[0010] The present invention is invented in order to resolve
the above-described problems, and has an object to provide an
image display device that improves moving image character-
istics, contrast, and power consumption, and prevents a fake
contour of object and a blur of moving image from occurring,
by arranging an overdrive unit on the stage subsequent to an
area control unit.

[0011] In order to achieve the above-described object, the
first invention provides an image display device comprising:
a liquid crystal panel that displays an image thereon based on
an image signal; a backlight device that is mounted on a back
side of the liquid crystal panel and segmented into plural
regions, and has light sources for emitting light to the liquid
crystal panel which are arranged on each region; a delay unit
that delays a first image signal with a first frame frequency for
one frame period to generate a second image signal; an inter-
polation image signal generating unit that generates one or
plural interpolation image signals to be inserted between
adjacent frames in the first image signal, using the first image
signal and the second image signal; a frame frequency con-
version unit that inserts the one or plural interpolation image
signals between the adjacent frames in the first image signal
to generate a third image signal with a second frame fre-
quency higher than the first frame frequency; a gain calculator
that calculates a gain based on a ratio of a maximum gradation
in one frame period of the third image signal and a maximum
gradation to be determined depending on the number of bits in
an image signal, with respect to each region of the liquid
crystal panel corresponding to the each region of the back-
light device; a multiplier that multiplies the third image signal
by the gain to generate the multiplied third image signal; and
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an overdrive unit that carries out processing for emphasizing
the multiplied third image signal in a time axis direction,
using a delay image signal generated by delaying the multi-
plied image signal for one frame period.

[0012] In order to achieve the above-described object, the
second invention provides an image display device compris-
ing: a liquid crystal panel that displays an image thereon
based on an image signal; a backlight device that is mounted
on a back side of the liquid crystal panel and segmented into
plural regions, and has light sources for emitting light to the
liquid crystal panel which are arranged on each region; a
delay unit that delays a first image signal with a first frame
frequency for one frame period to generate a second image
signal; an interpolation image signal generating unit that gen-
erates one or plural interpolation image signals to be inserted
between adjacent frames in the first image signal, using the
first image signal and the second image signal; a gain calcu-
lator that calculates a gain based on a ratio of a maximum
gradation in one frame period of the first image signal and a
maximum gradation to be determined depending on the num-
ber of bits in an image signal, with respect to each region of
the liquid crystal panel corresponding to the each region of
the backlight device; a multiplier that multiplies the first
image signal, the one or plural interpolation image signals
and the second image signal by the gain to generate the
multiplied first image signal, the multiplied one or plural
interpolation image signals and the multiplied second image
signal; an overdrive unit that carries out processing for
emphasizing the multiplied first image signal and the multi-
plied one or plural interpolation image signals in a time axis
direction, using the multiplied one or plural interpolation
image signals and the multiplied second image signal adja-
centto the multiplied first image signal and the multiplied one
or plural interpolation image signals on time series, to gener-
ate a first image signal and one or plural interpolation image
signal subjected to the emphasis processing; and a frame
frequency conversion unit that inserts the one or plural inter-
polation image signals having been subjected to the emphasis
processing between the adjacent frames in the first image
signal having been subjected to the emphasis processing to
generate an image signal with a second frame frequency
higher than the first frame frequency.

[0013] In order to achieve the above-described object, the
third invention provides the image display device according
to the first or second invention, further comprising: a control
unit that controls the light sources arranged on each region of
the backlight device such that the light sources emit light at a
light amount depending on an inverse of the gain calculated
by the gain calculator with respect to each region of the liquid
crystal panel corresponding to the each region of the back
light device.

[0014] According to the present inventions, a circuit unit,
which carries out the overdrive processing in which a rising
edge of input image signal is emphasized in a time axis
direction, is arranged on the stage subsequent to the gain and
the multiplier which carry out the area control processing.
This realizes to improve moving image characteristics, con-
trast, and power consumption, and prevent an unintended fake
contour of object and a blur of moving image from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isablock diagram of an image display device
according to a first exemplary embodiment of the present
invention.
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[0016] FIGS.2A to 2G are timing charts to be employed to
describe an action of the image display device shown in FIG.
1.

[0017] FIGS. 3A and 3B are explanatory diagrams to be
employed to describe motion compensation interpolation
processing in an interpolation image signal generating unit
shown in FIG. 1.

[0018] FIGS. 4A and 4B are explanatory diagrams to be
employed to describe an effect of doubling a frame frequency.
[0019] FIGS. 5A to 5C are configuration diagrams of a
backlight device according to the first exemplary embodi-
ment of the present invention.

[0020] FIGS. 6A to 6C are explanatory diagrams to be
employed to describe effects of area control and overdrive of
the image display device shown in FIG. 1.

[0021] FIG.7is ablock diagram of an image display device
according to a second exemplary embodiment of the present
invention.

[0022] FIGS. 8A to 81 are timing charts to be employed to
describe an action of the image display device shown in FIG.
7.

[0023] FIGS. 9A to 9C are explanatory diagrams to be
employed to describe effects of area control and overdrive of
the image display device shown in FIG. 7.

DESCRIPTION OF THE EMBODIMENTS

[0024] Exemplary embodiments of the present invention
will be described below, with reference to FIGS. 1 to 9C.

First Exemplary Embodiment

[0025] FIG. 1 illustrates a block diagram of an image dis-
play device 10 according to the first exemplary embodiment.
The image display device 10 includes a frame memory (delay
unit) 11, a motion vector detecting unit 12, an interpolation
image signal generating unit 13, a frame frequency conver-
sion unit 14, an area control unit 15, a frame memory (delay
unit) 16 and an overdrive unit 17. The frame memory 11
delays an input image signal f0 for one frame period. The
motion vector detecting unit 12 detects a motion vector V of
the input image signal f0. The interpolation image signal
generating unit 13 generates an interpolation image signal
f0.5. The frame frequency conversion unit 14 converts a
frame frequency of the input image signal f0. The area control
unit 15 carries out an area control with respect to an output
signal from the frame frequency conversion unit 14. The
frame memory 16 delays an output signal fa from the area
control unit 15 for one frame period. The overdrive unit 17
carries out overdrive processing with respect to the output
signal fa from the area control unit 15.

[0026] The image display device 10 is a liquid crystal dis-
play device provided with pixels arranged in matrix state and
configured to send an output image signal from the overdrive
unit 17 to an active matrix type liquid crystal panel (not
shown), which holds an electric signal for a predetermined
period by each pixel to carry out display, and then display an
image on the liquid crystal panel. The pixels include liquid
crystal display elements. A backlight device is mounted on a
back side of the liquid crystal panel and has light sources for
emitting light to the liquid crystal panel that are arranged on
each corresponding segmented region.

[0027] Next, an action of the image display device 10 will
be described with reference to FIGS. 2A to 2G. The frame
memory 11 stores the input image signal f0 illustrated in FIG.
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2A in frame, and then outputs to the motion vector detecting
unit 12 and the interpolation image signal generating unit 13
a delay image signal {1 illustrated in FIG. 2B delayed for one
frame period. Itis noted that each integer “0”, 17, “2”,“3” or
“4” assigned to each frame shown in FIGS. 2A and 2B rep-
resents a number (frame number) of corresponding frame.
[0028] The motion vector detecting unit 12 detects a
motion vector V between adjacent frames using the conven-
tional matching method based on the input image signal f0
and the delay image signal f1, and sends the detected motion
vector V to the interpolation image signal generating unit 13.
[0029] The interpolation image signal generating unit 13
carries out motion compensation interpolation processing
with reference to the motion vector V to generate an interpo-
lation image signal 0.5 illustrated in FIG. 2C based on the
input image signal {0 and the delay image signal {1, and sends
the generated interpolation image signal 0.5 to the frame
frequency conversion unit 14. The interpolation image signal
is an interpolation frame which, when the frame frequency
conversion unit 14 on a stage subsequent to the interpolation
image signal generating unit 13 doubles a frame frequency, is
to be inserted into the intermediate on time axis between
adjacent frames with the frame frequency prior to doubling.
For example, an interpolation image signal 0.5 of a frame
number “0.5” illustrated in FIG. 2C is an interpolation frame
to be inserted between an input image signal {0 of a frame
number “1” illustrated in FIG. 2A and a delay image signal f1
of a frame number “0” illustrated in FIG. 2B.

[0030] Here, the motion compensation interpolation pro-
cessing carried out in the interpolation image signal generat-
ing unit 13 will be described in detail.

[0031] In a case where a conversion ratio of a frame fre-
quency is double, the interpolation image signal generating
unit 13 carries out vector transfer illustrated in FIGS. 3A and
3B as the motion compensation interpolation processing.
FIG. 3A illustrates the input image signal {0 sent to the
interpolation image signal generating unit 13 and numbers
(frame numbers) “FR1”, “FR2” and “FR3” of frames in the
input image signal f0. FIG. 3B illustrates the interpolation
image signal f0.5 generated in the interpolation image signal
generating unit 13 and numbers “fr12” and “fr23” of frames
in the interpolation image signal £0.5. It is noted that, in FIG.
3B, frames to which the frame numbers “FR1”, “FR2” and
“FR3” are assigned are drawn in dot-lines in positions where
these frames are present on time axis. The frame, to which the
frame number “fr12” is assigned and in which vector transfer
is carried out, is inserted between the adjacent frames to
which the frame numbers “FR1””and “FR2” are assigned. The
frame, to which the frame number “fr23” is assigned and in
which vector transfer is carried out, is inserted between the
adjacent frames to which the frame numbers “FR2” and
“FR3” are assigned.

[0032] A rightmost picture in FIG. 3A illustrates a trajec-
tory on which an object O moves on the frames of the frame
numbers “FR1”, “FR2” and “FR3” in this order. In FIG. 3A,
the object O moves from a position on the frame of the frame
number “FR1” to a position on the frame of the frame number
“FR2”, which brings a motion vector v1 to appear, and then
moves from the position on the frame of the frame number
“FR2” to a position on the frame of the frame number “FR3”,
which brings a motion vector v2 to appear. A rightmost pic-
ture in FIG. 3B illustrates a trajectory on which an object O
moves on the frames of the frame numbers “FR1”, “fr12”,
“FR2”, “fr23” and “FR3” in this order. Positions of the object
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O on the frames of the frame numbers “FR1”, “FR2” and
“FR3” in FIG. 3B are the same as the positions of the object
O on the frames of the frame numbers “FR1”, “FR2” and
“FR3” in FIG. 3A. The object O moves from the position on
the frame of the frame number “FR1” to a position on the
frame of the frame number “fr12” along the motion vector v1
so that the distance between these positions is equal to a half
magnitude of the motion vector v1. The object O moves from
the position on the frame of the frame number “FR2” to a
position on the frame of the frame number “fr23” along the
motion vector v2 so that the distance between these positions
is equal to a half magnitude of the motion vector v2.

[0033] InFIG. 3B, the position of the object O on the frame
of the frame number “fr12” is estimated so that the object O
moves from the position on the frame of the frame number
“FR1” along the motion vector v1 so as to proceed the half
magnitude of the motion vector V1. Similarly, the position of
the object O on the frame of the frame number “fr23” is
estimated so that the object O moves from the position on the
frame of the frame number “FR2” along the motion vector v2
so as to proceed the half magnitude of the motion vector V2.
It is noted that other estimations may be employed. For
example, a position of the object O on the frame of the frame
number “fr12” may be estimated so that the object O is
present on the intermediate position between the positions on
the frames of the frame numbers “FR1” and “FR2” by com-
bining the frames of the frame numbers “FR1” and “FR2”.
Further, a position of the object O on the frame of the frame
number “fr12” may be estimated so that the object O is
present on the fourth part position between the positions on
the frames of the frame numbers “FR1” and “FR3” by com-
bining the frames of the frame numbers “FR1” and “FR3”.
[0034] Thus, the interpolation is carried out using, not one
frame, but instead plural frames when an image signal for
output frame is generated, which reduces noise.

[0035] The frame frequency conversion unit 14 sequen-
tially writes the input image signal f0 and the interpolation
image signal f0.5 at a write frequency, and then alternately
reads out the input image signal f0 and the interpolation
image signal f0.5 at a double frequency of the write fre-
quency, that is for a half one frame period of the input image
signal 0. The frame frequency conversion unit 14 outputs an
image signal illustrated in FIG. 2D with a double frame
frequency of a frame frequency of the input image signal f0.
[0036] FIGS. 4A and 4B illustrate an effect of doubling a
frame frequency. FIG. 4A shows a display state of frame
images “FR1” and “FR2” under a condition where an image
in which black color and white color are alternately arranged
moves in a horizontal direction at a frame frequency 60 Hz.
FIG. 4B shows a display state of frame images “FR1”, “fr12”,
“FR2” and “fr23” under a condition where an image in which
black color and white color are alternately arranged moves in
a horizontal direction at a frame frequency 120 Hz.

[0037] In a region where white color (or black color) is
changed into black color (or white color) when one frame is
switched into another frame, which moves in a horizontal
direction an image in which black color and white color are
alternately arranged, a viewer looks the moving image of
which the color change gently occurs (see FIGS. 4A and 4B).
An integration function of human eye brings the gentle color
change to appear. Thereby, blur widths shown in FIGS. 4A
and 4B appears in the moving image. A blur width at the
frame frequency 120 Hz is smaller than one at the frame
frequency 60 Hz.
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[0038] The area control unit 15 receives an image signal
with a frame frequency doubled in the frame frequency con-
version unit 14. The area control unit 15 includes a gain
calculator 151 and a multiplier 152. The gain calculator 151
calculates a gain GV1 based on the image signal from the
frame frequency conversion unit 14. The multiplier 152 mul-
tiplies the image signal from the frame frequency conversion
unit 14 by the gain GV1 calculated in the gain calculator 151.
[0039] The area control in the present exemplary embodi-
ment is a method for segmenting a liquid crystal panel and a
backlight device into plural regions and then individually
controlling light emitting luminance of the backlight by the
respective segmented regions according to luminance infor-
mation in an image signal. The backlight device is mounted
on a back side of the liquid crystal panel. Under a condition
where voltage applied states for respective pixels (liquid crys-
tal display elements) mounted on the liquid crystal panel are
controlled, the liquid crystal panel displays an image through
pixels controlled such that light from the backlight device
passes through the pixels.

[0040] Here, one example configuration of the backlight
device in the present exemplary embodiment will be
described with reference to FIGS. SA to 5C. FIG. 5A illus-
trates a front view of the backlight device 20. FIG. 5B illus-
trates a cross-sectional view of the backlight device 20 in a
vertical direction of the backlight device 20. FIG. 5C illus-
trates a cross-sectional view of the backlight device 20 in a
horizontal direction of the backlight device 20.

[0041] AsshowninFIGS.5A to 5C, the backlight device 20
has 16 segmented regions formed by segmenting the back-
light device 20 in quarters in the vertical direction and in
quarters in the horizontal direction. The backlight device 20
includes a housing 21 and light sources 22. The housing 21 is
partitioned into 16 segmented regions via partition walls 23.
Plural light sources 22 are arranged on each segmented
region. A light-emitting diode (LED) is used as light source
22 in the present exemplary embodiment. It is noted that a
cold cathode fluorescent lamp (CCFL) or an external elec-
trode fluorescent lamp (EEFL) other than LED may be used
as light source 22.

[0042] Light emitted from each light source 22 is diffused
by a diffuser panel 24 mounted on an open front portion of the
housing 21. A part of diffused light is slightly leaked into
segmented regions, which are adjacent to a segmented region
where each light source 22 is arranged, through space
between the diffuser panel 24 and distal ends of the partition
walls 23 which define the segmented region. A light amount
control is carried out based on the leaked light. Three optical
sheet assemblies 25 are attached on a front side of the diffuser
panel 24. One optical sheet assembly 25 is formed by com-
bining plural sheets for diffusing light such as a diffuser sheet,
a prism sheet, and a brightness enhancement sheet called a
dual brightness enhancement film (DBEF).

[0043] The liquid crystal panel is segmented in quarters in
the vertical direction and in quarters in the horizontal direc-
tion, depending on 16 segmented regions formed on the back-
light device 20, which forms 16 segmented regions on the
liquid crystal panel. It is noted that the description “segment-
ing the liquid crystal panel into 16 segmented regions” means
not that the liquid crystal panel is physically separated, but
instead that 16 segmented regions are set on the liquid crystal
panel. Each image signal to be supplied to the liquid crystal
panel is processed as an image signal for a corresponding
segmented region to be employed to display an image on the
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corresponding segmented region. Backlight luminance by the
light sources 22 arranged on 16 segmented regions on the
backlight device 20 is individually controlled on each seg-
mented region.

[0044] How to segment the liquid crystal panel and the
backlight device into plural regions is not limited to two-
dimensional segmentation shown in FIG. 5A to 5C. For
example, the liquid crystal panel and the backlight device
may be segmented into plural regions only in the horizontal
direction (one-dimensional segmentation).

[0045] The gain calculator 151 calculates a gain with
respect to each image signal to be supplied to a corresponding
segmented region of the liquid crystal panel because the
liquid crystal panel is segmented into 16 segmented regions.
It is assumed that a symbol “Gmax1” represents a maximum
gradation in one frame period of an image signal to be sup-
plied to each segmented region and a symbol “Gmax0” rep-
resents a maximum gradation to be determined depending on
the number of bits in the image signal, the gain calculator 151
calculates a ratio “Gmax0/Gmax1” as gain GV1 by which an
image signal to be supplied to each segmented region is
multiplied in the multiplier 152.

[0046] An inverse of gain “Gmax1/Gmax0” is employed to
control backlight luminance in a backlight luminance control
unit (not shown). For example, if a value which is calculated
by multiplying maximum luminance of light sources 22 on a
corresponding segmented region of the backlight device 20
by the inverse of gain “Gmax1/Gmax0” is assumed as first
light emitting luminance, and luminance of light to be emitted
by a single light source 22 on the corresponding segmented
region of the backlight device 22 in order to calculate the first
light emitting luminance is assumed as second light emitting
luminance, the second light emitting luminance is calculated
by using an arithmetic expression for multiplying the first
light emitting luminance by a coefficient set according to an
amount of light which is emitted from the light sources 22 on
the corresponding segmented region and then leaked into
segmented regions other than the corresponding segmented
region. Thereby, the backlight luminance control unit con-
trols an amount of light to be emitted from the light sources 22
on the corresponding segmented region to the liquid crystal
panel, to really emit light at a light amount calculated based
on the second light emitting luminance, with respect to each
segmented region on the backlight device 20.

[0047] The multiplier 152 multiplies an image signal after
the frame frequency conversion, which is output from the
frame frequency conversion unit 14, by the gain GV1 calcu-
lated in the gain calculator 151 on each segmented region, and
then sends the multiplied image signal to the frame memory
16 and the overdrive unit 17 as an image signal fa which has
been subjected to the area control processing. FIG. 2E illus-
trates an image signal subjected to the area control process-
ing. For example, an image signal of a frame number “0.5ac”
illustrated in F1G. 2E represents an image signal subjected to
the area control processing with respect to an image signal of
a frame number “0.5” illustrated in FIG. 2D from the frame
frequency conversion unit 14.

[0048] The frame memory 16 holds one frame of an image
signal subjected to the area control processing in the area
control unit 15 during one frame period, and outputs the held
one frame to the overdrive unit 17 as a delay image signal fb
after the elapse of the one frame period (see FIG. 2F).
[0049] The overdrive unit 17 is a filter that emphasizes a
rising edge of input image signal in a time axis direction. The
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overdrive unit 17 outputs an image signal fc defined by the
following equation fc=fa+k(fa—fb) . . . (1), where a variable
“fa” is an image signal from the area control unit 15, a vari-
able “fb” is a delay image signal from the frame memory 16,
a coefficient “k” is a gain coefficient. The gain coefficient K is
a coefficient for determining a degree of emphasis of image
signal and set according to a response characteristic of the
liquid crystal display element. The gain coefficient K is set to
be small when a response speed is high to reduce an image
lag. The gain coefficient K is set to be large when a response
speed is low to increase an image lag.

[0050] FIG. 2G illustrates an image signal fc from the over-
driveunit 17. For example, an image signal of a frame number
“0.5ac__od” illustrated in FIG. 2G represents an image signal
subjected to overdrive processing with respect to an image
signal “fa” of a frame number “0.5a¢” illustrated in FIG. 2E
from the area control unit 15. Even if the overdrive unit 17
carries out time axis emphasis processing, the overdrive unit
17 can output the image signal fc in which an unintended fake
contour of object and an unintended blur of moving image
rarely occurs, because the image signals fa and fb to be input
into the overdrive unit 17 are image signals subjected to the
area control processing. The image signal fc is supplied to
pixels (liquid crystal display elements) of the liquid crystal
panel (not shown).

[0051] Next, effects of the area control and the overdrive
according to the present exemplary embodiment will be
described with reference to FIGS. 6A to 6C.

[0052] FIG. 6A illustrates a change in voltage of an image
signal from the frame frequency conversion unit 14 and a
response characteristic (transmissivity-to-temporal charac-
teristic) of the liquid crystal display element corresponding to
the change in voltage of the image signal, when an image
signal having a change in frame from a black color image to
a white color image is input into the frame frequency conver-
sion unit 14. Even if a voltage of image signal from the frame
frequency conversion unit 14 sharply rises in stepwise man-
ner (see a dotted line I in FIG. 6A), a response characteristic
ofthe liquid crystal display element to which the image signal
is directly input smoothly rises (see a solid line I in FIG. 6 A).
[0053] FIG. 6B illustrates a change in voltage of an image
signal from the area control unit 15 and a response character-
istic (transmissivity-to-temporal characteristic) of the liquid
crystal display element corresponding to the change in volt-
age of the image signal, when the image signal having the
rising in stepwise manner illustrated in the dotted line I in
FIG. 6A is input into the area control unit 15. A voltage of
image signal from the area control unit 15 sharply rises in
stepwise manner (see a dotted line Il in FIG. 6B), depending
on the image signal from the frame frequency conversion unit
14. It is noted that a voltage of image signal corresponding to
frames in the black color image is raised as a whole (see an
ellipsoid IVa in FIG. 6B) because the image signal is multi-
plied by the gain GV1 in the area control processing.

[0054] Thus, the response characteristic of the liquid crys-
tal display element to which the image signal is directly input
represents a high transmissivity during a period for frames in
the back color image (see the ellipsoid IVa in FIG. 6B). It is
noted that, when the voltage of image signal corresponding to
frames in the black color image is raised as a whole in the area
control processing, the backlight device is controlled so as to
reduce luminance of backlight, which realizes a reduction of
power consumption by the image display device and an
improvement of image contrast. However, even ifa voltage of
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image signal from the area control unit 15 sharply rises in
stepwise manner (see the dotted line III in FIG. 6B), a
response characteristic of the liquid crystal display element to
which the image signal is directly input smoothly rises (see a
solid line IV in FIG. 6B).

[0055] FIG. 6C illustrates a change in voltage of an image
signal from the overdrive unit 17 and a response characteristic
(transmissivity-to-temporal characteristic) of the liquid crys-
tal display element corresponding to the change in voltage of
the image signal, when the image signal having the rising in
stepwise manner illustrated in the dotted line Il in FIG. 6B is
input into the overdrive unit 17. A voltage of image signal
from the overdrive unit 17 has a change range where a voltage
of'image signal from the overdrive unit 17 more sharply rises
in stepwise manner than a voltage of image signal from the
area control unit 15 in the rising edge, and the rising voltage
level is held for a predetermined period, by the emphasis
processing in the time axis direction in the overdrive unit (see
a dotted line V in FIG. 6C).

[0056] Thus, the response characteristic of the liquid crys-
tal display element to which the image signal is directly input
speeds up in rising (see a solid line VI in FIG. 6C), in com-
parison with the response characteristic at a time of carrying
out no emphasis processing in the time axis direction in the
overdrive unit 17 (see a long dotted line IV in FIG. 6C). It is
noted that the long dotted line IV in FIG. 6C is the same as a
solid line IV in FIG. 6B. This prevents an image lag from
occurring in a displayed image on the liquid crystal display
element.

[0057] Although the frame frequency of the input image
signal f0 is doubled by generating one interpolation image
signal f0.5 between the adjacent input image signals f0 in the
present exemplary embodiment, the frequency conversion
processing is not limited to it. For example, the frame fre-
quency of the input image signal f0 may be m-times by m-1
interpolation image signals 0.5 between the adjacent input
image signals f0.

Second Exemplary Embodiment

[0058] FIG. 7 illustrates a block diagram of an image dis-
play device 30 according to the second exemplary embodi-
ment. In FIG. 7, the same reference number as FIG. 1 is
assigned to the same unit as FIG. 1, and the description of the
same unit is omitted. The image display device 30 includes
the frame memory 11, the motion vector detecting unit 12, the
interpolation image signal generating unit 13, overdrive units
35 and 36, a frame frequency conversion unit 37 and an area
control unit 38. The area control unit 38 includes a gain
calculator 31 and multipliers 32, 33 and 34.

[0059] The image display device 30 is a liquid crystal dis-
play device provided with pixels arranged in matrix state and
configured to send an output image signal from the frame
frequency conversion unit 37 to an active matrix type liquid
crystal panel (not shown), which holds an electric signal for a
predetermined period by each pixel to carry out display, and
then display an image on the liquid crystal panel. The pixels
include liquid crystal display elements. A backlight device is
mounted on a back side of the liquid crystal panel and has
light sources for emitting light to the liquid crystal panel that
are arranged on each corresponding segmented region.
[0060] Since the image display device 10 according to the
first exemplary embodiment is needs two frame memories 11
and 16 each in which a matrix size is relatively large, the
whole size of image display device 10 is relatively large.
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Further, since the overdrive unit 17 according to the first
exemplary embodiment carries out the overdrive processing
with respect to an image signal with high frequency after the
frame frequency conversion in the frame frequency conver-
sion unit 14, a speed of access to the memory for writing and
reading a frame image to be employed to compare at least two
frames in the overdrive processing increases, which burdens
the image display device 10 with the overdrive processing. In
contrast, a circuit scale of the image display device 30 accord-
ing to the present exemplary embodiment is smaller than the
image display device 10, which reduces the burden for the
overdrive processing.

[0061] The gain calculator 31 calculates a gain GV1 by
each image signal to be supplied to a corresponding seg-
mented region on the liquid crystal panel based on an input
image signal f0. The multiplier 32 multiplies the input image
signal f0 by the gain GV1 calculated in the gain calculator 31
and outputs an image signal f0'. The multiplier 33 multiplies
an interpolation image signal f0.5 from the interpolation
image signal generating unit 13 by the gain GV1 calculated in
the gain calculator 31 and outputs an image signal 0.5". The
multiplier 34 multiplies a delay image signal fl from the
frame memory 11 generated by delaying the input image
signal f0 for one frame period by the gain GV1 calculated in
the gain calculator 31 and outputs an image signal f1'.

[0062] Each of the overdrive unit 35 and 36 generates a
signal represented by the equation (1) described in the first
exemplary embodiment using two input signal. More specifi-
cally, the overdrive unit 35 carries out overdrive processing
with respect to the image signal f0' from the multiplier 32
based on the image signal 0.5 from the multiplier 33, and
then outputs an image signal f0". The overdrive unit 36 also
carries out overdrive processing with respect to the image
signal 0.5' from the multiplier 33 based on the image signal
f1' from the multiplier 34, and then outputs an image signal
f0.5". The frame frequency conversion unit 37 receives the
image signal f0" and the image signal f0.5" and alternately
outputs the image signal f0.5" and the image signal f0" in this
order by half frame period, which generates a signal of which
a frame frequency is doubled. Then, the frame frequency
conversion unit 37 outputs the signal to the liquid crystal
panel.

[0063] Next, an action of the image display device 30 will
be described with reference to FIGS. 8A to 8I. The frame
memory 11 stores the input image signal f0 illustrated in FIG.
8A in frame, and then outputs to the motion vector detecting
unit 12 and the interpolation image signal generating unit 13
a delay image signal 1 illustrated in FIG. 8B delayed for one
frame period. Itis noted that each integer “0”, 17, “2”, “3” or
“4” assigned to each frame shown in FIGS. 8A and 8B rep-
resents a number (frame number) of corresponding frame.

[0064] The motion vector detecting unit 12 detects a
motion vector V between adjacent frames using the conven-
tional matching method based on the input image signal f0
and the delay image signal f1, and sends the detected motion
vector V to the interpolation image signal generating unit 13.

[0065] The interpolation image signal generating unit 13
carries out motion compensation interpolation processing
with reference to the motion vector V to generate an interpo-
lation image signal 0.5 illustrated in FIG. 8C based on the
input image signal f0 and the delay image signal f1 and sends
the generated interpolation image signal 0.5 to the multiplier
33.
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[0066] As well as the gain calculator 151 according to the
first exemplary embodiment, it is assumed that a symbol
“Gmax1” represents a maximum gradation in one frame
period of an image signal f0 to be supplied to each segmented
region and a symbol “Gmax0” represents a maximum grada-
tion to be determined depending on the number of bits in the
image signal {0, the gain calculator 151 calculates a ratio
“Gmax0/Gmax1” as gain GV1 by which an image signal to be
supplied to each segmented region is multiplied in each of the
multipliers 32, 33 and 34. An inverse of gain “Gmax1/
Gmax0” is employed to control backlight luminance in a
backlight luminance control unit (not shown).

[0067] The multiplier 32 multiplies the input image signal
f0 by the gain GV1 calculated in the gain calculator 31 on
each segmented region, and then sends the multiplied image
signal to the overdrive unit 35 as an image signal f0' which has
been subjected to the area control processing. FIG. 8D illus-
trates the image signal {0' subjected to the area control pro-
cessing.

[0068] The multiplier 33 multiplies the interpolation image
signal 0.5 by the gain GV1 calculated in the gain calculator
31 on each segmented region, and then sends the multiplied
image signal to the overdrive units 35 and 36 as an interpo-
lation image signal f0.5' which has been subjected to the area
control processing. FIG. 8E illustrates the interpolation
image signal 0.5' subjected to the area control processing.
[0069] The multiplier 34 multiplies the delay image signal
f1 by the gain GV1 calculated in the gain calculator 31 on
each segmented region, and then sends the multiplied image
signal to the overdrive unit 36 as a delay image signal f1'
which has been subjected to the area control processing. FIG.
8F illustrates the delay image signal f1' subjected to the area
control processing. For example, image signals of frame
numbers “0.5ac” and “lac” illustrated in FIGS. 8D, 8E and
8F represent image signals subjected to the area control pro-
cessing.

[0070] The overdrive unit 35 receives the image signal f0'
and the interpolation image signal {0.5' which have been
subjected to the area control processing, and emphasizes a
rising edge ofthe image signal f0' in a time axis direction (that
is carrying out the overdrive processing) using the interpola-
tion image signal f0.5' to generate an image signal f0". FIG.
8G illustrates the image signal f0" subjected to the overdrive
processing. The overdrive unit 36 receives the delay image
signal f1' and the interpolation image signal 0.5' which have
been subjected to the area control processing, and emphasizes
a rising edge of the interpolation image signal {0.5' in a time
axis direction (that is carrying out the overdrive processing)
using the delay image signal f1' to generate an interpolation
image signal f0.5". FIG. 8H illustrates the interpolation
image signal f0.5" subjected to the overdrive processing.
[0071] The frame frequency conversion unit 37 sequen-
tially writes in a write frequency the image signal 0" and the
interpolation image signal f0.5" which have been subjected to
the overdrive processing, and then alternately reads out the
images signal f0" and the interpolation image signal f0.5" in
adouble frequency of the write frequency. Thereby, the frame
frequency conversion unit 37 outputs an image signal illus-
trated in FIG. 81 with a double frame frequency of a frame
frequency of the input image signal f0 (a half one frame
period of the input image signal £0) in which the interpolation
image signal f0.5" and the images signal f0" are alternately
combined in this order by the half one frame period of the
input image signal f0. An effect of this frame frequency
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conversion is identical to the effect illustrated in FIGS. 4A
and 4B. As well as the first exemplary embodiment, for
example, image signals of frame numbers “0.5ac_od” and
“lac__od” illustrated in FIGS. 8G, 8H and 81 represent image
signals subjected to the overdrive processing.

[0072] Next, effects of the area control and the overdrive
according to the present exemplary embodiment will be
described with reference to FIGS. 9A to 9C.

[0073] FIG. 9A illustrates a change in voltage of an inter-
polation image signal 0.5 from the interpolation image signal
generating unit 13 and a response characteristic (transmissiv-
ity-to-temporal characteristic) of the liquid crystal display
element corresponding to the change in voltage of the inter-
polation image signal f0.5, when an image signal having a
change in frame from a black color image to a white color
image is input into the interpolation image signal generating
unit 13. Even if a voltage of interpolation image signal 0.5
from the interpolation image signal generating unit 13
sharply rises in stepwise manner (see a dotted line VIl in FIG.
9A), a response characteristic of the liquid crystal display
element to which the interpolation image signal 0.5 is
directly input smoothly rises (see a solid line VIII in FIG. 9A).
[0074] FIG. 9B illustrates a change in voltage of an inter-
polation image signal f0.5' from the multiplier 33 and a
response characteristic (transmissivity-to-temporal charac-
teristic) of the liquid crystal display element corresponding to
the change in voltage of the interpolation image signal {0.5',
when the interpolation image signal 0.5 having the rising in
stepwise manner illustrated in the dotted line VII in FIG. 9A
is input into the multiplier 33. A voltage of interpolation
image signal f0.5' from the multiplier 33 sharply rises in
stepwise manner (see a dotted line IX in FIG. 9B), depending
on the interpolation image signal 0.5 from the interpolation
image signal generating unit 13. It is noted that a voltage of
image signal corresponding to frames in the black color
image is raised as a whole because the image signal is mul-
tiplied by the gain GV1 in the area control processing. This
means that the level of stepwise change in voltage of the
interpolation image signal £0.5' is smaller than that in voltage
of the interpolation image signal £0.5 (see FIGS. 9A and 9B).
[0075] Thus, the response characteristic of the liquid crys-
tal display element to which the interpolation image signal
f0.5' is directly input represents a further smooth rising, in
comparison with the response characteristic VIII (see a solid
line X in FIG. 9B). It is noted that, when the voltage of image
signal corresponding to frames in the black color image is
raised as a whole in the area control processing, the backlight
device is controlled so as to reduce luminance of backlight,
which realizes a reduction of power consumption by the
image display device and an improvement of image contrast.
[0076] FIG. 9C illustrates a change in voltage of an image
signal f0" generated in the overdrive unit 35 by emphasizing
a rising edge of the image signal {0' in a time axis direction
using the interpolation image signal f0.5' illustrated the dot-
ted line IX in FIG. 9B. A voltage of image signal f0" has a
change range where a voltage of image signal f0" more
sharply rises in stepwise manner than a voltage of image
signal f0' in the rising edge, and the rising voltage level is held
for a predetermined period, by the emphasis processing in the
time axis direction in the overdrive unit 35 (see a dotted line
XIin FIG. 9C).

[0077] Thus, the response characteristic of the liquid crys-
tal display element to which the image signal f0" is directly
input speeds up in rising (see a solid line XII in FIG. 9C), in
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comparison with the response characteristic at a time of car-
rying out no emphasis processing in the time axis direction in
the overdrive unit 35 (see a long dotted line X in FIG. 9C). It
is noted that the long dotted line X in FIG. 9C is the same as
the solid line X in FIG. 9B. This prevents an image lag from
occurring in a displayed image on the liquid crystal display
element.

[0078] The image display device 30 can reduce the burden
for the overdrive processing, in comparison with the image
display device 10 which carries out the overdrive processing
after the frame frequency conversion, because the image dis-
play device 30 carries out the overdrive processing before the
frame frequency conversion using the overdrive units 35 and
36, with respect to the image signals f0' and f0.5' with low
frequency. Further the image display device 30 can decrease
a speed of accessing a memory where the image display
device writes or reads each frame image to be used for com-
paring at least two adjacent frames in the overdrive process-
ing.

[0079] The image display device 30 can reduce a circuit
scale in comparison with the image display device 10 because
the number of frame memories is one (frame memory 11). It
is noted that the circuit scale of one frame memory is remark-
ably larger than the circuit scales of three multipliers. Further,
as well as the image display device 10, the image display
device 30 can reduce the excessive emphasis and the deficient
emphasis, which occur at a time when the area control pro-
cessing is carried out after the overdrive processing, because
the area control processing is carries out before the overdrive
processing. This prevents a fake contour of object due to the
excessive emphasis and a blur of moving image due to the
deficient emphasis from occurring, which improves moving
image characteristics and contrast.

[0080] Although the frame frequency of the input image
signal {0 is doubled by generating one interpolation image
signal f0.5 between the adjacent input image signals f0 in the
present exemplary embodiment, the frequency conversion
processing is not limited to it. For example, instead of the
interpolation image signal generating unit 13, the multipliers
32 to 34 and the overdrive units 35 and 36, the image display
device 30 includes one interpolation image signal generating
unit configured to generate m-1 interpolation image signal
0.5 to be inserted between the adjacent input image signals
10, m+1 multipliers and m overdrive units, such that the frame
frequency of the input image signal f0 is m-times.

What is claimed is:

1. An image display device comprising:

a liquid crystal panel that displays an image thereon based
on an image signal;

a backlight device that is mounted on a back side of the
liquid crystal panel and segmented into plural regions,
and has light sources for emitting light to the liquid
crystal panel which are arranged on each region;

a delay unit that delays a first image signal with a first frame
frequency for one frame period to generate a second
image signal;

aninterpolation image signal generating unit that generates
one or plural interpolation image signals to be inserted
between adjacent frames in the first image signal, using
the first image signal and the second image signal;

a frame frequency conversion unit that inserts the one or
plural interpolation image signals between the adjacent
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frames in the first image signal to generate a third image
signal with a second frame frequency higher than the
first frame frequency;

a gain calculator that calculates a gain based on a ratio of a
maximum gradation in one frame period of the third
image signal and a maximum gradation to be determined
depending on the number of bits in an image signal, with
respect to each region of the liquid crystal panel corre-
sponding to the each region of the backlight device;

a multiplier that multiplies the third image signal by the
gain to generate the multiplied third image signal; and

an overdrive unit that carries out processing for emphasiz-
ing the multiplied third image signal in a time axis direc-
tion, using a delay image signal generated by delaying
the multiplied image signal for one frame period.

2. The image display device according to claim 1, further

comprising:

a control unit that controls the light sources arranged on
each region of the backlight device such that the light
sources emit light at a light amount depending on an
inverse of the gain calculated by the gain calculator with
respect to each region of the liquid crystal panel corre-
sponding to the each region of the back light device.

3. An image display device comprising:

a liquid crystal panel that displays an image thereon based
on an image signal;

a backlight device that is mounted on a back side of the
liquid crystal panel and segmented into plural regions,
and has light sources for emitting light to the liquid
crystal panel which are arranged on each region;

adelay unit that delays a first image signal with a first frame
frequency for one frame period to generate a second
image signal;

an interpolation image signal generating unit that generates
one or plural interpolation image signals to be inserted
between adjacent frames in the first image signal, using
the first image signal and the second image signal;
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a gain calculator that calculates a gain based on a ratio of a
maximum gradation in one frame period of the first
image signal and a maximum gradation to be determined
depending on the number of bits in an image signal, with
respect to each region of the liquid crystal panel corre-
sponding to the each region of the backlight device;

a multiplier that multiplies the first image signal, the one or
plural interpolation image signals and the second image
signal by the gain to generate the multiplied first image
signal, the multiplied one or plural interpolation image
signals and the multiplied second image signal;

an overdrive unit that carries out processing for emphasiz-
ing the multiplied first image signal and the multiplied
one or plural interpolation image signals in a time axis
direction, using the multiplied one or plural interpola-
tion image signals and the multiplied second image sig-
nal adjacent to the multiplied first image signal and the
multiplied one or plural interpolation image signals on
time series, to generate a first image signal and one or
plural interpolation image signal subjected to the
emphasis processing; and

a frame frequency conversion unit that inserts the one or
plural interpolation image signals having been subjected
to the emphasis processing between the adjacent frames
in the first image signal having been subjected to the
emphasis processing to generate an image signal with a
second frame frequency higher than the first frame fre-
quency.

4. The image display device according to claim 3, further

comprising;

a control unit that controls the light sources arranged on
each region of the backlight device such that the light
sources emit light at a light amount depending on an
inverse of the gain calculated by the gain calculator with
respect to each region of the liquid crystal panel corre-
sponding to the each region of the back light device.
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