US20110273489A1

a9 United States
a2 Patent Application Publication (o) Pub. No.: US 2011/0273489 A1
Inoue (43) Pub. Date: Nov. 10, 2011
(54) IMAGE DISPLAY DEVICE Publication Classification
(1) Imnt.ClL
(75) lnventor: Akihiko Inoue, Osaka (JP) G09G 3/36 (2006.01)
G09G 5/10 (2006.01)
(73) Assignee: Sharp Kabushiki Kaisha, (52) US.Cl oo 345/690; 345/89
Osaka-shi Osaka (JP) (57) ABSTRACT
A gradation change detection circuit determines whether a
(21)  Appl. No.: 13/138,196 gradation value has been changed from a previous frame. Inat
least one example embodiment, a first frame memory stores,
iled: when the gradation value is changed, a gradation value before
(22) PCT Filed: Jan. 7,2010 2 2 2
change. A hold count calculation circuit determines a hold
count indicating the number of frames inputted after the
(86) PCTNo.: PCT/JP2010/050079 change of the gradation value. A second frame memory stores
the determined hold counts. An emphasis conversion circuit
§ 371 (e)(D), performs a process of emphasizing a change in gradation
(2), (4) Date: Jul. 19, 2011 value on a video signal, and makes a degree of emphasis

smaller with a larger hold count. A liquid crystal panel is

(30) Foreign Application Priority Data driven based on a video signal obtained by an overdrive
circuit. By this, double optical responsivity occurring due to
May 22,2009  (IP) oo 2009-124752 overdrive drive is prevented.
10
1 13 14
e e ] s mu
LIQUID =t
Y DRIVE D LIQUID
Va_ | overorive | Vo | CIRCUIT CRYSTAL
CIRCUIT PANEL

H

12




Patent Application Publication  Nov. 10, 2011 Sheet 1 of 10 US 2011/0273489 A1

Fig. 1
10
11 13 1[14
Sa__[TIMING CONTROL | Sb 00
CIRGUIT LIGuID s
Vi — cs CRYSTAL |
Y DRIVE [:I LIQUID
Va_ | overorive | Vb | CIRCUIT CRYSTAL
CIRCUIT , PANEL
12
Fig. 2
12
| OVERDRIVE CIRCUIT 25 28 ;
v | Din(n) o-cLock | Din(m)™ ;
a= ™| DELAY CIRCUIT :
: EMPHAS 1S ;
; 23 22 CONVERS | ON ;
; B \ CIRCUIT ;
: | THIRD SECOND 5
! | FRAME MEMORY 2 FRAME MEMORY :
E [j ) (31 Dout (n) |
' Din(n-1) ) ¥ | B L
| GRADATION | o * THOLD COUNT |gnt™|!  LUT | :
. .| CHANGE . Nk ! .
1 g DETECT I ON b CALGULAT I ON V|'ecacecaanana 1 1
I CIRCUIT 32 1
| CIRCUIT c [ :
5 ' | 27 | ARITHHET I ;
' [one—crock  |Din(=1" [First Dinthotd) ™[ S RUT ;
! | DELAY CIRCUIT ~ | FRAME MEMORY - g



Patent Application Publication  Nov. 10, 2011 Sheet 2 of 10 US 2011/0273489 A1

Fig. 3
HoLD | GRADAT ION

. *K
COUNT VALUE BEFORE CURRENT FRAME GRADATION VALUE Din(n)

oot ™ | CHANGE
n Din(hold)™

0
32

32 | 64 | 96 | 128 | 160 | 192 | 224 | 255

90 | 760 | 192 | 210 | 225 | 238 | 248 | 255
32 | 90 | 154 | 192 | 215 | 233 | 246 | 255
25 | 64 [ 120 | 766 | 200 | 227 | 243 | 255

OO0 ©

0 76

0 68

0 66

0 65

0 65

0 65




US 2011/0273489 A1

Nov. 10,2011 Sheet 3 of 10

Patent Application Publication

Fig. 4A

2II[S|e|2|J|°|°|F
TSI [I[ojo|I
= M S|le|3 ﬂw S | o M
= “ S| “ Q| o “
= ﬂ Sle|3 ﬂ S | o M
= ﬂ Sle|s ﬂ S| © ﬂ
JNI| |||
- ﬂ S|le|3 “ | o ﬂ
o I8 |o|8|J|e(=]|Q
o I I|o|I [ ﬁ
~|INT| | I|]| |8
AR 1A R R R 3 RN RN
w [J|I|o|3|[JfN|o|R
; i~ 8E
™ S o o o S S ” S
— S (=] o o [N S MU_u <
~~
= = |y "N
ElE|l LM L2l o3
Sle(Z2IE|ZlElE|l&] 5
w = c| <« cl =1 &= 3
T =

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||

12 13 14 15 16 17 18

6 7 8 9 10 11

2 3 4 5

1

T IME (FRAME)

12 13 14 15 16 17 18

8 9 10 11
T IME (FRAME)

7

6



US 2011/0273489 A1

Nov. 10, 2011 Sheet 4 of 10

Patent Application Publication

Fig. 5A

9

2|S|8[=|8|N|=|2
SN EIREINRE
SNEIREIRNEE
2|S|&|o|8|8|= |3
SNERHREE
2 (R[S [8|S]|=|3
I NEIEEIRIEIR:
~|S|8|c B[R +|]
°|R|8[=[8|][~]|3
NEIREIRIRIES
3

Y

I

0| 0| 0 |160| 76|68 |66 166|137]133|131\129|129| 128|128 128128 126

= <
606M <
4 <
©w 606”30
< <
@ i Iy S
< >
m|lo|lo|lo|lo|ss ]S
N|(lojlo|lolo|as|s |
—|o|leclo]loels|s| S
w * S
~ | = —|% S|z
Sltleltli=Zlh]els
/_LUn(m(/.\LMht
— | =l S| | € ~ | 2
ED .|Cﬂ0
= = ol o =] &
— o

g e e m — o~

|||||||||||||||||||

||||||||||||||||||

NOI1vavdd indino

12 13 14 15 16 17 18

6 7 8 9 10 11

5

TINE (FRAME)

12 13 14 15 16 17 18

7 8 9 10 N1

3 4 5 6

2

TIME (FRAME)



US 2011/0273489 A1

Nov. 10, 2011 Sheet 5 of 10

Patent Application Publication

Fig. 6A

{9

< [~ ]

< 2020”00“
0 © | So

= S|e|S[N|= |3
] 0 S

et N|lo|la|N|s|3
o [~ ]

w ZOZWUM

- w0 ®© | S -

= S|o|S|8|~|%
0 © | S

] oy

2|N|8|o|8N|<|3
0

Y|S|8[e|8|8|=|3

= S|o| 8|S+ |3

2 S|o|S|N|=|¥
Slo RN~
<t

64 | 64 | 64

64 | 64 | 64
64|64 |64

128(128(128

2

0

0

0

1

128(128|128, 64 |64 | 64 | 64 |128|128|128128|128\128|128\128)|128)128128

0

0

128|128\|128

0| 0|0 |32|62|64|64|166|137)133\131|129|129|128|126|128128|128

TIME (FRAME)

Din(n)
Din{n-1)

Cmp*

Din (n-1)*

Din(nm™

Cnt™**

Dinthotd)™ | 0

Dout (n)

llllllllll

||||||||||||||||||

||||||||||||||||||

||||||||||||||||||

llllllllllllllllll

NOI1Yavdd INd1no

12 13 14 15 16 17 18

8 9 10 M
FRAME)

7

6

(

TIME

|||||||||||||||||||

llllllllllllllllll

128
6

JONVNIWNT

12 13 14 15 16 17 18

8§ 9 10N

6 7

5

T IME (FRAME)



US 2011/0273489 A1

Nov. 10,2011 Sheet 6 of 10

Patent Application Publication

0

= .

=[glzlelzlglsl]g
TILI[e|T|I|o|o|I
=3 B> S S RS T S > ol IS B o
CII|Z2|e|T|J|2|o|I
ARBERBRRNEE
P B3 |I|>°|I
SNERNERERRNEAE
TR |||
o JZ|3|[o|3[IJ|e|=|8

|5 S (J|=[=>|8
ISizlislzly]

I T

I 3|

Fig. 7A

SIS
N (DR
o P R T
.,....6...... ....”Ao...... ....... W
o~
D IS |H|S
~ | Q|| Y|
o~
— | Ss|Is|d|ls
w % S
~| = =% © | =
ElL]*] L]|=|% R
L =S| | & = =2 <
w|l={E|Cle|lE|ls|Z| 3
=E| 2|5 = a Sl a
— o

NOILVAv49 1nd1no

12 13 14 15 16 17 18

7.8 9 101

3 4 5 6

2

(FRAME)

TIME

12 13 14 15 16 17 18

7 8 9 10 M

2 3 4 5 6

1

TIME (FRAME)



US 2011/0273489 A1

Nov. 10, 2011 Sheet 7 of 10

Patent Application Publication

— e e e e e e, EE ., —m————— =

JOV1TOA 3A1HA

T IME (FRAME)

JONVNIWNT

TIME (FRAME)



US 2011/0273489 A1

Nov. 10,2011 Sheet 8 of 10

Patent Application Publication

lllllllllll

lllllllllll

lllllllllll

JOVLIOA JAKYNA

TIME (FRAME)

lllllllllllllllllllllllllll

lllllllllllllllllllllllllll

JONVN AN

T IME (FRAME)



US 2011/0273489 A1

Nov. 10,2011 Sheet 9 of 10

Patent Application Publication

Y

LIQUID CRYSTAL

SOURCE DRIVER
DISPLAY PANEL

........................... ® R N Y3IAIHQ 31VD

= [

5T
TIME (FRAME)
T
T IME (FRAME)
LIQUID
CRYSTAL
CONTROLLER

3T
.- 91
|_.-92

I
FRAME
MEMORY
FRAME
MEMORY

CONVERS|ON

4

EMPHAS | S
UNIT

ROM

o
P~
P
\ o
-
ot
-

JOVLI0A JARMA - JONVNIWN

Q.
Fig. 11
INPUT
IMAGE
SIGNAL



US 2011/0273489 A1

Nov. 10, 2011 Sheet 10 of 10

Patent Application Publication

lllllllllllllllllllll

lllllllllllllllllllll

lllllllllllllllllllll

JOVLI0A JAtYa

T IME (FRAME)

JONVNIANT

T IME (FRAME)

||||||||||||||||||||||||||||||||

PROTRUD ING PORT ION

ARGUND

JONVNLAM

10T 1T

TIME (FRAME)



US 2011/0273489 Al

IMAGE DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an image display
device such as a liquid crystal display device.

BACKGROUND ART

[0002] As a technique to improve the response speed of a
display panel included in an image display device, overdrive
drive (also called overshoot drive) is conventionally known.
In conventional typical overdrive drive, when the gradation
value of a pixel included in a video signal is changed to a high
(low) value, a voltage higher (lower) than a voltage required
to obtain a desired luminance (a luminance corresponding to
the gradation value after change) is applied to a pixel circuit
in a display panel in the first frame period occurring after the
change of the gradation value. The following discusses a
liquid crystal display device as an example of an image dis-
play device.

[0003] 1In a liquid crystal display device that does not per-
form overdrive drive, when the drive voltage of a pixel is
changed as shown in FIG. 9A, the luminance of the pixel
changes as shown in FIG. 9B. As shown in FIGS. 9A and 9B,
when the drive voltage is changed with the change of a gra-
dation value (not shown), the luminance changes slowly and
thus it may take several frame periods for the luminance to
reach a desired level.

[0004] On the other hand, in a liquid crystal display device
that performs overdrive drive, the drive voltage of a pixel
changes as shown in FIG. 10A, and the luminance of the pixel
changes as shown in FIG. 10B. As shown in FIGS. 10A and
10B, in one frame period starting from time 0, the drive
voltage gets higher than a level required to obtain a desired
luminance and the luminance changes sharply and reaches a
desired level ina short time. As such, by performing overdrive
drive, the response speed of a liquid crystal panel can be
improved.

[0005] Liquid crystal display devices performing overdrive
drive are described in, for example, Patent Documents 1 to 3.
Of them, Patent Document 2 describes a liquid crystal display
device shown in FIG. 11. In FIG. 11, an emphasis conversion
unit 93 obtains an emphasis conversion signal that compen-
sates for the optical response characteristics of aliquid crystal
display panel 94, based on an input image signal (a current
frame image signal), an image signal of a previous frame
period which is stored in a frame memory 91, and an image
signal of a second previous frame period which is stored in a
frame memory 92. The drive voltage of a pixel gets higher
than a level required to obtain a desired luminance, over two
frame periods occurring after the change of a gradation value
(see FIG. 12A), and the luminance of the pixel changes as
shown in FIG. 12B. By this, the occurrence of an after-image
when performing moving image display is suppressed and a
halftone can be displayed properly.

[0006] Prior Art Documents

[0007] Patent Documents

[0008] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2000-231091

[0009] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2004-287139
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[0010] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2005-49840

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0011] However, in a conventional liquid crystal display
device performing overdrive drive, a phenomenon may occur
where the luminance of a pixel increases once immediately
after the application of a drive voltage and decreases thereaf-
ter and increases again (or the luminance of a pixel decreases
once immediately after the application of a drive voltage and
increases thereafter and decreases again). This phenomenon
is hereinafter referred to as double optical responsivity. If
double optical responsivity occurs, when a user visually
watches a screen displaying a moving image (e.g., a scroll
screen), he/she recognizes the luminance of an edge portion
as abnormally high (this phenomenon is hereinafter referred
to as angular response). If the drive voltage is lowered to
prevent angular response, then the effect of an improvement
in response speed brought about by overdrive drive is
impaired.

[0012] Double optical responsivity is likely to occur in, for
example, an MVA (Multi-domain Vertical Alignment)-type
liquid crystal panel. In the MVA-type liquid crystal panel, an
alignment film surface is not subjected to a rubbing process as
a domain control means and liquid crystal molecules are
pretilted at a small angle by protrusions, etc., provided on a
part of an electrode. Hence, at the moment of application of a
drive voltage to a pixel, first, liquid crystal molecules close to
a protruding portion rapidly respond, and thereafter, liquid
crystal molecules in a domain are sequentially aligned like a
domino toppling. Accordingly, when overdrive drive is per-
formed, although the luminance of an area around a protrud-
ing portion in a domain changes rapidly, the luminance of an
area other than the area around the protruding portion
changes with a lag (see FIG. 13). As such, because overdrive
drive is performed on an MVA-type liquid crystal panel does
not mean the luminance rapidly changes in all areas in a
domain.

[0013] When the user visually watches a liquid crystal
panel, he/she recognizes the average luminance in a domain
as luminance. FIG. 13 is a diagram showing a detail of the
changes in luminance shown in FIG. 10B. As shown in FIG.
13, in the first frame period occurring after the change of a
gradation value, both the luminance of an area around a
protruding portion and the luminance ofan area other than the
area around the protruding portion increase and thus the aver-
age luminance increases. In the next frame period, since the
luminance of the area around the protruding portion
decreases at a higher speed than a speed at which the lumi-
nance of the area other than the area around the protruding
portion increases, the average luminance decreases. In sub-
sequent frame periods, the luminance of the area around the
protruding portion becomes substantially constant and the
luminance of the area other than the area around the protrud-
ing portion increases, and thus, the average luminance
increases. As a result, double optical responsivity where the
luminance of a pixel increases once and decreases thereafter
and increases again occurs.

[0014] Even in the liquid crystal display device shown in
FIG. 11, when the response speed of the liquid crystal display
panel 94 is slow, the luminance of a pixel changes as shown in
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FIG. 12B. As such, even the liquid crystal display device
shown in FIG. 11 cannot completely prevent double optical
responsivity.

[0015] An object of the present invention is therefore to
provide an image display device capable of preventing double
optical responsivity occurring due to overdrive drive.

Means for Solving the Problems

[0016] According to a first aspect of the present invention,
there is provided an image display device that performs signal
processing on a video signal and thereby displays an image,
the image display device including: a display panel; a first
storage unit that stores, when a gradation value of a pixel
included in an input video signal has been changed from a
previous frame, a gradation value before change, for each
pixel; a hold count calculation unit that determines, for each
pixel, a hold count indicating a number of frames inputted
after a change of a gradation value; a second storage unit that
stores the hold counts determined by the hold count calcula-
tion unit; an emphasis conversion unit that obtains an empha-
sis video signal based on the input video signal, the gradation
values before change which are stored in the first storage unit,
and the hold counts determined by the hold count calculation
unit, the emphasis video signal compensating for optical
response characteristics of the display panel; and a drive unit
that drives the display panel based on the emphasis video
signal.

[0017] According to a second aspect of the present inven-
tion, in the first aspect of the present invention, the image
display device further includes: a third storage unit that stores
one frame of the input video signal and outputs a video signal
of the previous frame; and a gradation change detection unit
that compares the input video signal with the video signal of
the previous frame outputted from the third storage unit to
determine, for each pixel, whether a gradation value has been
changed from the previous frame.

[0018] According to a third aspect of the present invention,
in the second aspect of the present invention, when a grada-
tionvalue of a pixel is changed by a value greater than or equal
to a predetermined value between the input video signal and
the video signal of the previous frame outputted from the third
storage unit, the gradation change detection unit determines
that the gradation value has been changed from the previous
frame.

[0019] According to a fourth aspect of the present inven-
tion, in the first aspect of the present invention, a maximum
value of the hold counts determined by the hold count calcu-
lation unit is 3 or more.

[0020] According to a fifth aspect of the present invention,
in the first aspect of the present invention, the emphasis con-
version unit obtains an emphasis video signal where the
changes in gradation values are emphasized more than those
in the input video signal, and makes a degree of emphasis
smaller with larger hold counts determined by the hold count
calculation unit.

[0021] According to asixth aspect of the present invention,
in the fifth aspect of the present invention, the emphasis
conversion unit includes a look up table and obtains the
emphasis video signal using the look up table.

[0022] According to a seventh aspect of the present inven-
tion, in the fifth aspect of the present invention, the emphasis
conversion unit includes an arithmetic circuit and obtains the
emphasis video signal using the arithmetic circuit.
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[0023] According to an eighth aspect of the present inven-
tion, in the fifth aspect of the present invention, the emphasis
conversion unit includes a look up table and an arithmetic
circuit and obtains the emphasis video signal using the look
up table and the arithmetic circuit.

[0024] According to a ninth aspect of the present invention,
in the first aspect of the present invention, the display panel
has a response speed slower than two frame periods.

[0025] According to a tenth aspect of the present invention,
in the ninth aspect of the present invention, the display panel
is an MVA-type liquid crystal panel.

[0026] According to an eleventh aspect of the present
invention, there is provided an image display method for
performing signal processing on a video signal and thereby
displaying an image on a display panel, the method including
the steps oft storing, when a gradation value of a pixel
included in an input video signal has been changed from a
previous frame, a gradation value before change, for each
pixel; determining, for each pixel, a hold count indicating a
number of frames inputted after a change of a gradation value;
storing the determined hold counts; obtaining an emphasis
video signal based on the input video signal, the stored gra-
dation values before change, and the determined hold counts,
the emphasis video signal compensating for optical response
characteristics of the display panel; and driving the display
panel based on the emphasis video signal.

Effects of the Invention

[0027] According to the first or eleventh aspect of the
present invention, an emphasis video signal that compensates
for the optical response characteristics of a display panel is
obtained based on an input video signal, gradation values
before change, and the hold counts, and the display panel is
driven based on the emphasis video signal. As such, by
obtaining an emphasis video signal according to the elapsed
time after the change of gradation value by referring to the
hold counts, the optical response characteristics of the display
panel are favorably compensated for, enabling to prevent
double optical responsivity occurring due to overdrive drive.
[0028] According to the second aspect of the present inven-
tion, a determination as to whether a gradation value has been
changed from the previous frame can be easily made using a
third storage unit and a gradation change detection unit.
[0029] According to the third aspect of the present inven-
tion, when a gradation value is changed by a certain degree or
more, it is determined that the gradation value has been
changed from the previous frame. This can preventa situation
where, when a gradation value slightly fluctuates due to the
influence of noise, display is performed with the noise being
emphasized by overdrive drive.

[0030] According to the fourth aspect of the present inven-
tion, by referring to the hold counts whose maximum value is
3 or more, elapsed time after the change of gradation value is
measured for at least three frame periods, and an emphasis
video signal according to the elapsed time is obtained. By
this, the optical response characteristics of the display panel
are favorably compensated for, enabling to prevent double
optical responsivity occurring due to overdrive drive.

[0031] According to the fifth aspect of the present inven-
tion, when an emphasis video signal is obtained by perform-
ing a process of emphasizing changes in gradation values on
an input video signal, the degree of emphasis is made smaller
with longer elapsed time after the change of gradation value
by referring to the hold counts. By this, an emphasis video
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signal capable of favorably compensating for the optical
response characteristics of the display panel can be obtained.
By driving the display panel based on the emphasis video
signal, double optical responsivity occurring due to overdrive
drive can be prevented.

[0032] According to the sixth aspect of the present inven-
tion, by referring to a look up table, an emphasis video signal
can be obtained accurately and easily.

[0033] According to the seventh aspect of the present
invention, by obtaining an emphasis video signal using an
arithmetic circuit, the amount of circuitry for the look up table
can be reduced.

[0034] According to the eighth aspect of the present inven-
tion, by providing a look up table and an arithmetic circuit, the
amount of circuitry can be reduced over the case of providing
only the look up table, and an emphasis video signal can be
obtained accurately and easily over the case of providing only
the arithmetic circuit.

[0035] According to the ninth aspect of the present inven-
tion, inanimage display device including a display panel with
aresponse speed slower than two frame periods, double opti-
cal responsivity that occurs over two frame periods or more
due to overdrive drive can be prevented.

[0036] According to the tenth aspect of the present inven-
tion, in a liquid crystal display device including an MVA-type
liquid crystal panel which is likely to cause double optical
responsivity due to overdrive drive, double optical responsiv-
ity can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG.1isablock diagram showinga configuration of
aliquid crystal display device according to an embodiment of
the present invention.

[0038] FIG. 2 is a block diagram showing a detail of an
overdrive circuit in the liquid crystal display device shown in
FIG. 1.

[0039] FIG. 3 is a diagram showing an exemplary configu-
ration of a look up table included in the overdrive circuit
shown in FIG. 2.

[0040] FIG. 4A is a diagram showing an example (first
example) of changes in signal values in the overdrive circuit
shown in FIG. 2.

[0041] FIG. 4B is a diagram showing an example (first
example) of changes in output gradation value determined by
the overdrive circuit shown in FIG. 2.

[0042] FIG. 4C is a diagram showing an example (first
example) of changes in luminance in the liquid crystal display
device shown in FIG. 1.

[0043] FIG. 5A is a diagram showing an example (second
example) of changes in signal values, as in FIG. 4A.

[0044] FIG. 5B is a diagram showing an example (second
example) of changes in output gradation value, as in FIG. 4B.
[0045] FIG. 5C is a diagram showing an example (second
example) of changes in luminance, as in FIG. 4C.

[0046] FIG. 6A is a diagram showing an example (third
example) of changes in signal values, as in FIG. 4A.

[0047] FIG. 6B is a diagram showing an example (third
example) of changes in output gradation value, as in FIG. 4B.
[0048] FIG. 6C is a diagram showing an example (third
example) of changes in luminance, as in FIG. 4C.

[0049] FIG. 7A is a diagram showing an example (fourth
example) of changes in signal values, as in FIG. 4A.

[0050] FIG. 7B is a diagram showing an example (fourth
example) of changes in output gradation value, as in FIG. 4B.

Nov. 10, 2011

[0051] FIG. 7C is a diagram showing an example (fourth
example) of changes in luminance, as in FIG. 4C.

[0052] FIG. 8A is a diagram showing changes in drive
voltage in the liquid crystal display device shown in FIG. 1.
[0053] FIG. 8B is a diagram showing changes in luminance
in the liquid crystal display device shown in FIG. 1.

[0054] FIG. 9A is a diagram showing changes in drive
voltage in a conventional liquid crystal display device that
does not perform overdrive drive.

[0055] FIG. 9B is a diagram showing changes in luminance
in the conventional liquid crystal display device that does not
perform overdrive drive.

[0056] FIG. 10A is a diagram showing changes in drive
voltage in a conventional liquid crystal display device that
performs an overshoot process.

[0057] FIG. 10B is a diagram showing changes in lumi-
nance in the conventional liquid crystal display device that
performs an overshoot process.

[0058] FIG. 11 is a block diagram showing a configuration
of a conventional liquid crystal display device.

[0059] FIG. 12A is a diagram showing changes in drive
voltage in the liquid crystal display device shown in FIG. 11.
[0060] FIG. 12B is a diagram showing changes in lumi-
nance in the liquid crystal display device shown in FIG. 11.
[0061] FIG.13 is a diagram showing a detail of the changes
in luminance shown in FIG. 10B.

MODE FOR CARRYING OUT THE INVENTION

[0062] FIG.1isablock diagram showing a configuration of
aliquid crystal display device according to an embodiment of
the present invention. A liquid crystal display device 10
shown in FIG. 1 includes a timing control circuit 11, an
overdrive circuit 12, a liquid crystal drive circuit 13, and a
liquid crystal panel 14. The liquid crystal panel 14 includes a
plurality of pixel circuits 15 arranged two-dimensionally. The
liquid crystal display device 10 performs signal processing on
an input video signal Vin supplied from an external source,
and thereby displays an image on the liquid crystal panel 14.
[0063] The input video signal Vin includes a video signal
Va which is image data and a synchronizing signal Sa indi-
cating display timing. The video signal Va is inputted to the
overdrive circuit 12 and the synchronizing signal Sa is input-
ted to the timing control circuit 11. The timing control circuit
11 outputs, based on the synchronizing signal Sa, a control
signal CS for the overdrive circuit 12 and a synchronizing
signal Sb for the liquid crystal drive circuit 13. The overdrive
circuit 12 performs signal processing for compensating for
the optical response characteristics of the liquid crystal panel
14, on the video signal Va according to the control signal CS,
and outputs an obtained video signal Vb to the liquid crystal
drive circuit 13. The liquid crystal drive circuit 13 drives the
liquid crystal panel 14 based on the synchronizing signal Sh
and the video signal Vb. Voltages according to the video
signal Vb obtained by the overdrive circuit 12 are applied to
the pixel circuits 15 included in the liquid crystal panel 14. In
this manner, an image based on the input video signal Vin is
continuously displayed on the liquid crystal panel 14.

[0064] FIG. 2 is a block diagram showing a detail of the
overdrive circuit 12, As shown in FIG. 2, the overdrive circuit
12 includes firstto third frame memories 21 to 23, a one-clock
delay circuit 24, a two-clock delay circuit 25, a gradation
change detection circuit 26, a hold count calculation circuit
27, and an emphasis conversion circuit 28. The emphasis
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conversion circuit 28 includes a look up table (hereinafter,
referred to as LUT) 31 and an arithmetic circuit 32.

[0065] 1n the following, it is assumed that the video signal
Va inputted to the overdrive circuit 12 has a resolution of
1920x1080 pixels and includes an 8-bit gradation value for
each of RGB of each pixel. A gradation value included in the
video signal Va is referred to as a current frame gradation
value Din (n) and a gradation value included in the video
signal Vb is referred to as an output gradation value Dout ().
Note that the resolution and number of gradation levels of the
video signal Va may be arbitrarily determined according to
the specifications of the liquid crystal display device 10.
[0066] The third frame memory 23 has a capacity capable
of storing at least one frame of the video signal Va. The third
frame memory 23 stores one frame of the video signal Va and
outputs the stored video signal after one frame period, as a
previous frame video signal. When the video signal Va has the
above-described format (1920x1080 pixels and 8 bits for
each of RGB), as the third frame memory 23, a memory
having a capacity of 49,766,400 bits (=1920x1080x3x8) or
more is used. A gradation value included in the video signal
outputted from the third frame memory 23 is referred to as an
immediately previous frame gradation value Din(n-1). Note
that the superscript symbol * indicates that data is delayed by
one clock.

[0067] The gradation change detection circuit 26 compares
the video signal Va with the video signal outputted from the
third frame memory 23 and outputs a gradation comparison
result Cmp* indicating for each pixel whether the gradation
value has been changed from the previous frame. More spe-
cifically, the gradation change detection circuit 26 calculates
a difference between the current frame gradation value Din
(n) and the immediately previous frame gradation value Din
(n-1) (hereinafter, referred to as the amount of gradation
change). 1f the amount of gradation change is greater than or
equal to a predetermined threshold value, then the gradation
change detection circuit 26 determines that there is a change
in gradation and thus outputs Cmp*=1. 1f the amount of
gradation change is less than the threshold value, then the
gradation change detection circuit 26 determines that there is
no change in gradation and thus outputs Cmp*=0. For
example, when the threshold value is 5, the gradation change
detection circuit 26 outputs Cmp*=1 when the amount of
gradation change is =5 or more, and outputs Cmp*=0 when
the amount of gradation change is within +4 gradation levels.
The threshold value of the amount of gradation change is
determined according to the characteristics of the video sig-
nal Va, etc. As such, when the gradation value of a pixel is
changed by a value greater than or equal to the predetermined
value between the video signal Va and the video signal out-
putted from the third frame memory 23, the gradation change
detection circuit 26 determines that the gradation value has
been changed from the previous frame.

[0068] The one-clock delay circuit 24 and the two-clock
delay circuit 25 are provided to adjust the timing of signal
processing in the overdrive circuit 12. The one-clock delay
circuit 24 delays the video signal outputted from the third
frame memory 23 by one clock and outputs the delayed video
signal. The two-clock delay circuit 25 delays the video signal
Va by two clocks and outputs the delayed video signal Va. A
gradation value included in the video signal outputted from
the one-clock delay circuit 24 is referred to as Din (n-1)*, and
a gradation value included in the video signal outputted from
the two-clock delay circuit 25 is referred to as Din (n)**.
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[0069] The first frame memory 21 has a capacity capable of
storing at least one frame of the video signal Va, as with the
third frame memory 23. When the gradation values of pixels
included in the video signal Va are changed, the first frame
memory 21 stores, for each pixel, a gradation value before
change. More specifically, a gradation value stored in the first
frame memory 21 is updated to a gradation value Din (n-1)*
outputted from the one-clock delay circuit 24, when the gra-
dation change detection circuit 26 determines that there is a
change in gradation (when Cmp*=1), and is held without
being updated when the gradation change detection circuit 26
determines that there is no change in gradation (when
Cmp*=0). A gradation value before change which s stored in
the first frame memory 21 is referred to as Din (hold)**. Note
that the superscript symbol ** indicates that data is delayed
by two clocks.

[0070] The second frame memory 22 and the hold count
calculation circuit 27 are provided to determine, for each
pixel, the number of frames inputted after the change of a
gradation value (hereinafter, referred to as the hold count).
The second frame memory 22 stores, for each pixel, the hold
count which is determined for the immediately previous
frame. The hold count calculation circuit 27 determines, for
each pixel, the hold count for the current frame based on the
gradation comparison result obtained by the gradation change
detection circuit 26 and the hold count for the immediately
previous frame which is outputted from the second frame
memory 22.

[0071] Morespecifically, when the gradation change detec-
tion circuit 26 determines that there is a change in gradation
(Cmp*=1), the hold count calculation circuit 27 sets the hold
count for the current frame to 1, regardless of the hold count
for the immediately previous frame. On the other hand, when
the gradation change detection circuit 26 determines that
there is no change in gradation (Cmp*=0), the hold count
calculation circuit 27 sets a value obtained by adding 1 to the
hold count for the immediately previous frame, as the hold
count for the current frame. Note, however, that a maximum
value is set for the hold count, and when a result where 1 is
added exceeds the maximum value, the hold count calcula-
tion circuit 27 resets the hold count for the current frame to 0.
The hold count Cnt** determined by the hold count calcula-
tion circuit 27 is outputted to the emphasis conversion circuit
28 and is also written into the second frame memory 22 so as
to bereferred to when determining the hold count for the next
frame.

[0072] The maximum value of the hold count is determined
taking into account the response characteristics of the liquid
crystal panel 14, etc. For example, when the maximum value
of the hold count is 7, the hold count can be represented by 3
bits. When the video signal Va has the above-described format
(1920x1080 pixels and 8 bits for each of RGB), as the second
frame memory 22, a memory having a capacity of 18,662,400
bits (=1920x1080x3x3 bits) or more is used. 1n a general
liquid crystal panel, when the maximum value of the hold
count is determined to be 7 or more, double optical respon-
sivity can be substantially completely prevented.

[0073] To the emphasis conversion circuit 28 are inputted
the current frame gradation value Din(n)** outputted from
the two-clock delay circuit 25, the gradation value before
change Din (hold) ** outputted from the first frame memory
21, and the hold count Cnt** outputted from the hold count



US 2011/0273489 Al

calculation circuit 27. The emphasis conversion circuit 28
determines an output gradation value Dout(n) based on these
three values:

[0074] When Cnt**=0, the emphasis conversion circuit 28
outputs the current frame gradation value Din(n)** as it is, as
an output gradation value Dout (n) . When Cnt**=0, the
emphasis conversion circuit 28 determines an output grada-
tion value Dout(n) using the LUT 31 and the arithmetic circuit
32.

[0075] FIG. 3 is a diagram showing an exemplary configu-
ration of the LUT 31. As shown in F1G. 3, the LUT 31 stores
in advance output gradation values Dout(n) in association
with some of combinations of three values inputted to the
emphasis conversion circuit 28. In an example shown in F1G.
3, as the representative values of the current frame gradation
value Din(n)**, nine values (0, 32, 64, 96, 128, 160, 192, 224,
and 255) are selected, and as the representative values of the
gradation value before change Din (hold) **, the same nine
values are selected. The hold count Cnt takes a value between
1 and 7, inclusive. In this case, the LUT 31 stores in advance
567 (=9x9x7) output gradation values Dout (n). The LUT 31
1s formed using, for example, a ROM, etc.

[0076] When two gradation values Din (n)** and Din
(hold)** are both included in the representative values, the
emphasis conversion circuit 28 refers to the LUT 31 using
these two gradation values and the hold count Cnt**, and
outputs a value read from the LUT 31 as it is, as an output
gradation value Dout (n). When at least one of two gradation
values Din (n)** and Din (hold)** is not included in the
representative values, the emphasis conversion circuit 28
refers to the LUT 31 two or four times using representative
values close to the two gradation values and the hold count
Cnt**, performs, by the arithmetic circuit 32, a linear inter-
polation operation on two or four LUT outputs, and outputs a
result thereof as an output gradation value Dout (n).

[0077] Forexample, when Din (n)**=96, Din (hold)**=50,
and Cnt**=1, the emphasis conversion circuit 28 refers to the
LUT 31 by changing three values {Din (n) **, Din (hold) **,
Cnt**} in two ways, i.e., {96, 32, 1} and {96, 64, 1}, and
performs a linear interpolation operation on obtained two
LUT outputs. When Din(n)=100, Din(hold)=50, and
Cnt**=1, the emphasis conversion circuit 28 refers to the
LUT 31 by changing the above-described three values in four
ways, i.e.,{96,32,1},{96,64,1},{128,32,1},and {128, 64,
1}, and performs a linear interpolation operation on obtained
four LUT outputs.

[0078] The contents of output gradation values Dout (n)
stored in the LUT 31 and a linear interpolation operation
performed by the arithmetic circuit 32 are determined such
that in a video signal Vb the change in gradation value is
emphasized more than that in a video signal Va, and the larger
the hold count the smaller the degree of emphasis. Using such
a LUT 31 and an arithmetic circuit 32, the emphasis conver-
sion circuit 28 obtains a video signal Vb where the change in
gradation value is emphasized more than that in the video
signal Va, and makes the degree of emphasis smaller with a
larger hold count.

[0079] Note that in the above description the emphasis con-
version circuit 28 includes the LUT 31 and the arithmetic
circuit 32 and obtains a video signal Vb using the LUT 31 and
the arithmetic circuit 32. 1nstead of this, the emphasis con-
version circuit 28 may include only the LUT 31 and obtain a
video signal Vb using the LUT 31, or alternatively may
include only the arithmetic circuit 32 and obtain a video
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signal Vb using the arithmetic circuit 32. According to the
emphasis conversion circuit 28 including the LUT 31, by
referring to the LUT 31, a video signal Vb can be obtained
accurately and easily. According to the emphasis conversion
circuit 28 including the arithmetic circuit 32, by obtaining a
video signal Vb using the arithmetic circuit 32, the amount of
circuitry for a LUT can be reduced. According to the empha-
sis conversion circuit 28 including the LUT 31 and the arith-
metic circuit 32, the amount of circuitry can be reduced over
the case of providing only the LUT 31, and a video signal Vb
can be obtained accurately and easily over the case of provid-
ing only the arithmetic circuit 32.

[0080] A detail of the operation of the overdrive circuit 12
will be described below using four specific examples. FIGS.
4A to 4C are diagrams relating to a first example. F1G. 4A
shows, for a given pixel, changes in signal values in the
overdrive circuit 12 for every frame time, F1G. 4B shows
changes in output gradation value Dout (n) for the pixel, and
F1G. 4C shows changes in luminance (response waveform)
for the pixel. FIGS. 5A to 5C, 6A to 6C, and 7A to 7C are
diagrams showing the same contents as those in Figs . 4A to
4C, for a second example, a third example, and a fourth
example, respectively.

[0081] Inthe first example (see F1GS. 4A to 4C) , the case
in which the gradation value increases will be described. In
the first example, the gradation value is first 0 and changes to
64 in the fourth frame. In this case, the liquid crystal display
device 10 performs overdrive drive over seven frame periods
from the fourth frame to the tenth frame.

[0082] 1n the fourth frame (a shaded portion in FIG. 4A),
since Din (n)=64 and Din (n-1)=0, the amount of gradation
change is +64. The gradation change detection circuit 26
determines that there is a change in gradation and thus outputs
Cmp*=1. Since Cmp*=1, a gradation value before change
Din (hold) ** stored in the first frame memory 21 is updated
to 0 using a gradation value Din (n-1) * outputted from the
one-clock delay circuit 24. The hold count calculation circuit
27 outputs Cnt**=1, and the hold count stored in the second
frame memory 22 is updated to 1. To the emphasis conversion
circuit 28 are inputted Din (n)**=64, Din (hold)**=0, and
Cnt**=1. Since two gradation values are both included in the
representative values in the LUT 31, the emphasis conversion
circuit 28 outputs a value read from the LUT 31 as an output
gradation value Dout (n) without using the arithmetic circuit
32. As a result, Dout (n)=160.

[0083] In the fifth frame, since Din (n)=64 and Din (n-1)
=04, the amount of gradation change is 0. The gradation
change detection circuit 26 determines that there is no change
in gradation and thus outputs Cmp*=0. Since Cmp*=0, the
gradation value before change Din(hold)** stored in the first
frame memory 21 is held without being updated. The hold
count calculation circuit 27 adds 1 to the hold count (the value
is 1) outputted from the second frame memory 22 and outputs
Cnt*=2, and the hold count stored in the second frame
memory 22 is updated to 2. To the emphasis conversion
circuit 28 are inputted Din (n)**=64, Din (hold)**=0, and
Cat**=2. Since two gradation values are both included in the
representative values in the LUT 31, the emphasis conversion
circuit 28 outputs a value read from the LUT 31 as an output
gradation value Dout(n) without using the arithmetic circuit
32. As aresult, Dout(n)=76. For subsequent frames, likewise,
in the sixth frame to the tenth frame, output gradation values
Dout(n) are 68, 66, 65, 65, and 65, respectively.
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[0084] Since in the eleventh frame Din(n)=64 and Din(n-
1)=64, the amount of gradation change is 0. The gradation
change detection circuit 26 determines that there is no change
in gradation and thus outputs Cmp*=0. Since Cmp*=0, the
gradation value before change Din (hold) ** stored in the first
frame memory 21 is held without being updated. When 1 is
added to the hold count (the value is 7) outputted from the
second frame memory 22, a result thereof exceeds a maxi-
mum value of the hold count of 7. Hence, the hold count
calculation circuit 27 outputs Cnt**=0 and thus the hold
count stored in the second frame memory 22 is reset to 0. To
the emphasis conversion circuit 28 are inputted Din
(n)**=64, Din (hold)**=0, and Cnt**=0. Since Cnt**=0, the
emphasis conversion circuit 28 outputs the current frame
gradation value Din(n)** as an output gradation value Dout
(n) without using the LUT 31 and the arithmetic circuit 32. As
a result, Dout(n)=64. For subsequent frames, likewise, in
each frame in and after the twelfth frame, Dout (n)=64.

[0085] In the first example, the output gradation value
changes as shown in FIG. 4B, and the luminance increases in
the fourth frame and becomes substantially constant in and
after the fifth frame, as shown in F1G. 4C. As such, in the first
example, double optical responsivity caused by overdrive
drive does not occur.

[0086] In the second example (see FIGS. 5A to 5C), the
case will be described in which the gradation value increases
and while overdrive drive is performed over a plurality of
frame periods, the gradation value further increases. In the
second example, the gradation value is first 0 and changes to
64 in the fourth frame and changes to 128 in the eighth frame.
In this case, the liquid crystal display device 10 performs, in
the fourth frame to the seventh frame, the same overdrive
drive as that in the first example, and stops the overdrive drive
and performs new overdrive drive over seven frame periods
from the eighth frame to the fourteenth frame.

[0087] In the eighth frame (a shaded portion on the right
side in FIG. 5A), since Din (n)=128 and Din (n-1)=64, the
amount of gradation change is +64. The gradation change
detection circuit 26 determines that there is a change in gra-
dation and thus outputs Cmp*=1. Since Cmp*=1, a gradation
value before change Din (hold) ** stored in the first frame
memory 21 is updated to 64 using a gradation value Din
(n-1)* outputted from the one-clock delay circuit 24. The
hold count calculation circuit 27 outputs Cnt**=1, and the
hold count stored in the second frame memory 22 is updated
to 1. To the emphasis conversion circuit are inputted Din
(n)**=128, Din (hold)**=64, and Cnt**=1. Since two grada-
tion values are both included in the representative values in
the LUT 31, the emphasis conversion circuit 28 outputs a
value read from the LUT 31 as an output gradation value Dout
(n) without using the arithmetic circuit 32. As a result, Dout
(n)=166. For subsequent frames, likewise, in the ninth frame
to the thirteenth frame, output gradation values Dout(n) are
137, 133, 131, 129, and 129, respectively. In each frame in
and after the fourteenth frame, Dout (n)=128.

[0088] In the second example, the output gradation value
changes as shown in FIG. 5B, and the luminance increases in
the fourth frame, becomes substantially constant from the
fifth frame to the seventh frame, further increases in the eighth
frame, and becomes substantially constant in and after the
ninth frame, as shown in FIG. 5C. As such, in the second
example, too, double optical responsivity caused by overdrive
drive does not occur.
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[0089] In the third example (see FIGS. 6A to 6C), the case
will be described in which the gradation value decreases and
while overdrive drive is performed over a plurality of frame
periods, the gradation value increases. In the third example,
the gradation value is first 128 and changes to 64 in the fourth
frame and changes to 128 in the eighth frame. In this case, the
liquid crystal display device 10 performs overdrive drive in
the fourth frame to the seventh frame, and stops the overdrive
drive and performs new overdrive drive over seven frame
periods from the eighth frame to the fourteenth frame.
[0090] In the third example, the output gradation value
changes as shown in FIG. 6B, and the luminance decreases in
the fourth frame, becomes substantially constant from the
fifth frame to the seventh frame, increases in the eighth frame,
and becomes substantially constant in and after the ninth
frame, as shown in FIG. 6C. As such, in the third example,
too, double optical responsivity caused by overdrive drive
does not occur.

[0091] Inthe fourth example (see FIGS. 7A to 7C), the case
will be described in which the gradation value increases and
while overdrive drive is performed over a plurality of frame
periods, the gradation value increases slightly due to the
influence of noise. In the fourth example, the gradation value
is first 0 and changes to 64 in the fourth frame and changes to
67 in the seventh frame for only one frame period due to the
influence of noise.

[0092] Inthe seventh frame (a shaded portion on the right
side in FIG. 7A), since Din(n)=67 and Din(n-1)=64, the
amount of gradation change is +3. The gradation change
detection circuit 26 determines that there is no change in
gradation and thus outputs Cmp*=0. Since Cmp*=0, a gra-
dation value before change Din (hold) ** stored in the first
frame memory 21 is held without being updated. The hold
count calculation circuit 27 adds 1 to the hold count (the value
is 3) outputted from the second frame memory 22 and outputs
Cnt**=4, and the hold count stored in the second frame
memory 22 is updated to 4. To the emphasis conversion
circuit 28 are inputted Din (n)**=67, Din(hold)**=0, and
Cnt=4. Though the value of Din (hold) is included in the
representative values in the LUT 31, the value of Din (n)** is
not included in the representative values in the LUT 31. The
emphasis conversion circuit 28 refers to the LUT 31 by
changing three values {Din (n)**, Din (hold)**, Cnt**} in
two ways, 1.e., {64,0, 4} and {96, 0,4}, and performs, by the
arithmetic circuit 32, a linear interpolation operation on
obtained two LUT outputs. As a result, Dout (n)=69. Output
gradation values Dout (n) in and after the eighth frame are the
same as those in the first example.

[0093] In the fourth example, the output gradation value
changes as shown in FIG. 7B, and the luminance changes, as
shown in FIG. 7C, in substantially the same manner as in the
second example. Even in the fourth example in which the
gradation value changes slightly due to the influence of noise
in the above-described manner, double optical responsivity
caused by overdrive drive does not occur.

[0094] Effects brought about by the liquid crystal display
device 10 according to the present embodiment will be
described below in comparison with conventional liquid crys-
tal display devices. As described above, in a conventional
liquid crystal display device performing overdrive drive,
when the gradation value of a pixel increases, the drive volt-
age of the pixel changes as shown in FIG. 10A, and the
luminance of the pixel changes as shown in FIG. 10B. In a
liquid crystal display device shown in FIG. 11, when the
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gradation value of a pixel increases, the drive voltage of the
pixel changes as shown in FIG. 124, and the luminance of the
pixel changes as shown in FIG. 12B. In these liquid crystal
display devices, double optical responsivity where the lumi-
nance of a pixel increases once and decreases thereafter and
increases again occurs.

[0095] FIG. 8A is a diagram showing changes in the drive
voltage of a pixel for when the gradation value of the pixel
increases in the liquid crystal display device 10 according to
the present embodiment. As shown in FIG. 8A, in the first
frame period occurring after the change ofthe gradation value
(a frame period starting from time 0), a voltage higher than a
voltage required to obtain a desired luminance is applied to a
pixel circuit 15 in the liquid crystal panel 14. In the next frame
period (a frame period starting from time T), a voltage lower
than the voltage applied in the immediately previous frame
period and higher than a voltage to be applied when a suffi-
cient period of time has elapsed (hereinafter, referred to as a
final voltage) is applied to the pixel circuit 15. In the next
frame period (a frame period starting from time 27T), a voltage
further lower than the voltage applied in the immediately
previous frame period and higher than the final voltage is
applied to the pixel circuit 15. Thereafter, in each frame
period before the number of frames reaches a maximum value
of the hold count of 7, a voltage lower than or equal to a
voltage applied in an immediately previous frame period and
higher than or equal to the final voltage is applied to the pixel
circuit 15.

[0096] When the drive voltage of a pixel changes as shown
in FIG. 8A, the luminance of the pixel changes as shown in
FIG. 8B. Specifically, the luminance reaches adesired level in
the first frame period occurring after the change of a gradation
value, and is maintained at substantially that level in subse-
quent frame periods. Therefore, in the liquid crystal display
device 10, double optical responsivity does not occur when
the luminance of a pixel increases. For the same reason, in the
liquid crystal display device 10, when the gradation value of
a pixel decreases, too, double optical responsivity does not
occur. As such, according to the liquid crystal display device
10 according to the present embodiment, double optical
responsivity occurring due to overdrive drive can be pre-
vented.

[0097] As described above, a liquid crystal display device
10 according to the present embodiment includes a liquid
crystal panel 14; a first frame memory 21 (first storage unit)
that stores, when a gradation value of a pixel included in an
input video signal has been changed from the previous frame,
a gradation value before change, for each pixel; a hold count
calculation circuit 27 that determines, for each pixel, the hold
count (the number of frames inputted after a change of a
gradation value); a second frame memory 22 (second storage
unit) that stores the hold counts determined by the hold count
calculation circuit 27; an emphasis conversion circuit 28 that
obtains a video signal (emphasis video signal) that compen-
sates for the optical response characteristics of the liquid
crystal panel 14 based on the input video signal, the gradation
values before change which are stored in the first frame
memory 21, and the hold counts determined by the hold count
calculation. circuit 27; and aliquid crystal drive circuit 13 that
drives the liquid crystal panel 14 based on the emphasis video
signal.

[0098] As such, in the liquid crystal display device 10
according to the present embodiment, an emphasis video
signal that compensates for the optical response characteris-
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tics of the liquid crystal panel 14 is obtained based on an input
video signal, gradation values before change, and the hold
counts, and the liquid crystal panel 14 is driven based on the
emphasis video signal. Accordingly, by obtaining an empha-
sis video signal according to the elapsed time after the change
of gradation value by referring to the hold counts, the optical
response characteristics of the liquid crystal panel 14 are
favorably compensated for, enabling to prevent double opti-
cal responsivity occurring due to overdrive drive.

[0099] Inaddition, the liquid crystal display device 10 fur-
ther includes a third frame memory 23 (third storage unit) that
stores one frame of the input video signal and outputs a video
signal of the previous frame; and a gradation change detection
circuit 26 that compares the input video signal with the video
signal of the previous frame outputted from the third frame
memory 23 to determine, for each pixel, whether a gradation
value has been changed from the previous frame. Accord-
ingly, a determination as to whether a gradation value has
been changed from the previous frame can be easily made
using the third frame memory 23 and the gradation change
detection circuit 26.

[0100] When the gradation value of a pixel is changed by a
value greater than or equal to a predetermined value between
the input video signal and the video signal of the previous
frame outputted from the third frame memory 23, the grada-
tion change detection circuit 26 determines that the gradation
value has been changed from the previous frame. Accord-
ingly, a situation can be prevented where, when a gradation
value slightly fluctuates due to the influence of noise, display
is performed with the noise being emphasized by overdrive
drive.

[0101] A maximum value of the hold counts determined by
the hold count calculation circuit 27 is 3 or more (here, 7).
Accordingly, by referring to the hold counts whose maximum
value is 3 or more, elapsed time after the change of gradation
value is measured for at least three frame periods, and an
emphasis video signal according to the elapsed time is
obtained. By this, the optical response characteristics of the
liquid crystal panel 14 are favorably compensated for,
enabling to prevent double optical responsivity occurring due
to overdrive drive.

[0102] The emphasis conversion circuit 28 obtains an
emphasis video signal where the changes in gradation values
are emphasized more than those in the input video signal, and
makes the degree of emphasis smaller with larger hold counts
determined by the hold count calculation circuit 27. As such,
when an emphasis video signal is obtained by performing a
process of emphasizing changes in gradation values on an
input video signal, the degree of emphasis is made smaller
with longer elapsed time after the change of gradation value
by referring to the hold counts. By this, an emphasis video
signal capable of favorably compensating for the optical
response characteristics of the liquid crystal panel 14 can be
obtained. By driving the liquid crystal panel 14 based on the
emphasis video signal, double optical responsivity occurring
due to overdrive drive can be prevented.

[0103] Double optical responsivity occurs when a liquid
crystal panel has a response speed slower than one frame
period. Furthermore, according to the liquid crystal display
device 10 according to the present embodiment, even when a
liquid crystal panel with a response speed slower than two
frame periods is used, double optical responsivity occurring
over two frame periods or more due to overdrive drive can be
prevented. In particular, in an MVA-type liquid crystal panel
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where an alignment film surface is not subjected to a rubbing
process as a domain control means and liquid crystal mol-
ecules are pretilted at a small angle by protrusions, efc.,
provided on a partof an electrode, double optical responsivity
is likely to occur. According to the liquid crystal display
device 10 according to the present embodiment, even whenan
MVA-type liquid crystal panel is used, double optical respon-
sivity occurring over two frame periods or more due to over-
drive drive can be prevented.

INDUSTRIAL APPLICABILITY

[0104] Animage display device of the present invention has
a feature that the device can prevent double optical respon-
sivity occurring due to overdrive drive, and thus, can be used
as various image display devices such as liquid crystal display
devices.

[0105] Description of Reference Numerals

[0106] 10: Liquid Crystal Display Device

[0107] 11: Timing Control Circuit

[0108] 12: Overdrive Circuit

[0109] 13: Liquid Crystal Drive Circuit

[0110] 14: Liquid Crystal Panel

[0111] 15: Pixel Circuit

[0112] 21: First Frame Memory

[0113] 22: Second Frame Memory

[0114] 23: Third Frame Memory

[0115] 24: One-Clock Delay Circuit

[0116] 25: Two-Clock Delay Circuit

[0117] 26: Gradation Change Detection Circuit

[0118] 27: Hold Count Calculation Circuit

[0119] 28: Emphasis Conversion Circuit

[0120] 31:Lut

[0121] 32: Arithmetic Circuit

1. Animage display device that performs signal processing
on a video signal and thereby displays an image, the image
display device comprising:

a display panel,

a first storage unit that stores, when a gradation value of a
pixel included in an input video signal has been changed
from a previous frame, a gradation value before change,
for each pixel;

a hold count calculation unit that determines, for each
pixel, a hold count indicating a number of frames input-
ted after a change of a gradation value;

asecond storage unit that stores the hold counts determined
by the hold count calculation unit;

an emphasis conversion unit that obtains an emphasis
video signal based on the input video signal, the grada-
tion values before change which are stored in the first
storage unit, and the hold counts determined by the hold
count calculation unit, the emphasis video signal com-
pensating for optical response characteristics of the dis-
play panel; and

a drive unit that drives the display panel based on the
emphasis video signal.

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

comprising:
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a third storage unit that stores one frame of the input video
signal and outputs a video signal of the previous frame;
and

a gradation change detection unit that compares the input
video signal with the video signal of the previous frame
outputted from the third storage unit to determine, for
each pixel, whether a gradation value has been changed
from the previous frame.

3. The image display device according to claim 2, wherein
when a gradation value of a pixel is changed by a value greater
than or equal to a predetermined value between the input
video signal and the video signal of the previous frame out-
putted from the third storage unit, the gradation change detec-
tion unit determines that the gradation value has been
changed from the previous frame.

4. The image display device according to claim 1, wherein
a maximum value of the hold counts determined by the hold
count calculation unit is 3 or more.

5. The image display device according to claim 1, wherein
the emphasis conversion unit obtains an emphasis video sig-
nal where the changes in gradation values are emphasized
more than those in the input video signal, and makes a degree
of emphasis smaller with larger hold counts determined by
the hold count calculation unit.

6. The image display device according to claim 5, wherein
the emphasis conversion unit includes a look up table and
obtains the emphasis video signal using the look up table.

7. The image display device according to claim 5, wherein
the emphasis conversion unit includes an arithmetic circuit
and obtains the emphasis video signal using the arithmetic
circuit.

8. The image display device according to claim 5, wherein
the emphasis conversion unit includes a look up table and an
arithmetic circuit and obtains the emphasis video signal using
the look up table and the arithmetic circuit.

9. The image display device according to claim 1, wherein
the display panel has a response speed slower than two frame
periods.

10. The image display device according to claim 9, wherein
the display panel is an MVA-type liquid crystal panel.

11. An image display method for performing signal pro-
cessing on a video signal and thereby displaying an image on
a display panel, the method comprising the steps of:

storing, when a gradation value of a pixel included in an
input video signal has been changed from a previous
frame, a gradation value before change, for each pixel;

determining, for each pixel, a hold count indicating a num-
ber of frames inputted after a change of a gradation
value;

storing the determined hold counts;

obtaining an emphasis video signal based on the input
video signal, the stored gradation values before change,
and the determined hold counts, the emphasis video
signal compensating for optical response characteristics
of the display panel; and

driving the display panel based on the emphasis video

signal.
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