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IMAGE PROCESSING APPARATUS FOR
PROCESSING MOVING IMAGE TO BE
DISPLAYED ON LIQUID CRYSTAL DISPLAY
DEVICE, IMAGE PROCESSING METHOD AND
COMPUTER PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2005-236012, filed on Aug. 16, 2005; the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image process-
ing apparatus that processes a moving image to be displayed
on a liquid crystal display device, an image processing
method and an image processing program.

[0004] 2. Description of the Related Art

[0005] In recent years, liquid crystal display devices are
used in many fields such as monitors for Personal Computer
(PC), notebook PC, and television, and accordingly provid-
ing more opportunity to view moving images on liquid
crystal display devices. Since, however, the response time of
liquid crystal in the liquid crystal display devices is not fast
enough, when a moving image is displayed, the deterioration
of image quality such as blur and persistence of vision
occurs. In general, since the refresh rate of the liquid crystal
display devices is 60 Hz, a target response time is 16.7 ms
or less in the display of moving images.

[0006] In order to improve the response time of the liquid
crystal display devices, new liquid crystal materials with
short response time are developed, and a method of driving
the liquid crystal display devices using conventional liquid
crystal materials is improved. As new liquid crystal display
materials, smectic type ferroelectric crystal, antiferroelectric
crystal and the like are developed, but they have a lot of
problems, such as ghosting due to an influence of sponta-
neous polarization of liquid crystal materials and easy
breakage of an orientation state in liquid crystal due to
pressure or the like, which have to be solved.

[0007] On the other hand, as methods of driving liquid
crystal display devices using conventional liquid crystal
materials are improved, a method of writing to the liquid
crystal display devices a gradation (enhanced gradation) to
which predetermined gradation is added according to writ-
ing gradation when displayed gradation changes is proposed
(for example, see Japanese Patent Application Laid-Open
No. 2003-264846: Hereinafter, called as the first document)
as a method of improving the response time of the liquid
crystal display devices. According to the method in the first
document, since the enhanced gradation is obtained by a
comparatively simple calculation, a high-speed process can
be executed by software.

[0008] The method in the first document, howevet, has a
problem that an improving effect of the response time is
insufficient between some gradations. For example, in a
change from O gradation to 255 gradation, since the grada-
tion of image data is generally 255 (8 bit) at the highest, the
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writing gradation cannot be enhanced. For this reason, the
enhanced gradation is also 255, but in this case the response
cannot be completed after one frame. In the structure pro-
posed in the first document, when the device needs to obtain
enhanced gradation of a next frame, the device calculates the
enhanced gradation of the next frame assuming that the
current frame has already attained 255, and thus distortion of
the response waveform such as undershoot occurs. Such
distortion of the response waveform in the liquid crystal
display devices is visually recognized as a deterioration of
moving images displayed on the liquid crystal display
device.

[0009] The present invention is devised in order to solve
the above problems and its main object is to provide an
image processing apparatus, an image processing method,
and an image processing program which reduce distortion of
a response waveform of a moving image to be displayed on
a liquid crystal display device by comparatively simple
calculation and is capable of improving image quality.

SUMMARY OF THE INVENTION

[0010] According to one aspect of the present invention,
an image processing method includes calculating first dif-
ference gradation, which is a difference between predicted
attainment gradation and input gradation, the predicted
attainment gradation being a predicted value of gradation
which respective pixels of the liquid crystal display attain
after one frame period after the respective pixels are driven
to display a first frame, and the predicted attainment grada-
tion being stored in a storage unit which stores the predicted
attainment gradation, and the input gradation being grada-
tion of a second frame which is displayed after the first
frame; multiplying the first difference gradation by an
enhancement coefficient; calculating enhanced gradation
which is a sum of the first difference gradation multiplied by
the enhancement coefficient and the predicted attainment
gradation; calculating second difference gradation which is
a difference between the enhanced gradation and the pre-
dicted attainment gradation; multiplying the second differ-
ence gradation by a correction coefficient; and updating the
value of the predicted attainment gradation stored in the
storage unit based on a sum of the second difference
gradation multiplied by the correction coefficient and the
predicted attainment gradation.

[0011] According to another aspect of the present inven-
tion,an image processing apparatus includes a predicted
attainment gradation storing unit that stores predicted attain-
ment gradation which is a predicted value of gradation
which respective pixels of the liquid crystal display attain
after one frame period after the respective pixels are driven
to display a first frame; an enhanced gradation calculating
unit that calculates first difference gradation, which is a
difference between the predicted attainment gradation and
input gradation, which is gradation of a second frame which
is displayed after the first frame, that multiplies the first
difference gradation by the enhancement coeflicient, and that
calculates enhanced gradation, which is a sum of the first
difference gradation multiplied by an enhancement coeffi-
cient and the predicted attainment gradation ; and a pre-
dicted attainment gradation calculating unit that calculates
second difference gradation which is a difference between
the enhanced gradation and the predicted attainment grada-
tion, multiplies the second difference gradation by a correc-
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tion coefficient, and updates the value of the predicted
attainment gradation stored in the storage unit based on a
sum of the second difference gradation multiplied by the
correction coeflicient and the predicted attainment grada-
tion.

[0012] A computer program product according to still
another aspect of the present invention causes a computer to
perform the method according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram illustrating a structure of
an image processing apparatus according to a first embodi-
ment;

[0014] FIG. 2 is an explanatory diagram illustrating a
method of calculating an enhancement coeflicient;

[0015] FIG. 3 is a flowchart illustrating an entire flow of
an image process according to the first embodiment;

[0016] FIG. 4 is an explanatory diagram illustrating one
example of a response waveform of a liquid crystal display;

[0017] FIG. 5 is a block diagram illustrating a structure of
the image processing apparatus according to a second
embodiment;

[0018] FIG. 6 is a flowchart illustrating an entire flow of
the image process according to the second embodiment; and

[0019] FIG. 7 is a block diagram illustrating a structure of
the image processing apparatus according to a third embodi-
ment.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] An image processing apparatus, an image process-
ing method, and an image processing program according to
the preferred embodiments of the present invention are
explained in detail below with reference to the accompany-
ing drawings.

[0021] An image processing apparatus according to a first
embodiment calculates predicted attainment gradation
which is a predicted value of gradation (attainment grada-
tion) which should be attained when a previous frame is
displayed, and calculates enhanced gradation according to
the calculated predicted attainment gradation and input
gradation supplied as an input of gradation to be displayed
next time.

[0022] The enhanced gradation is gradation which is
enhanced by adding predetermined gradation after a
response delay of a liquid crystal display device is taken into
consideration in order to attain attainment gradation within
time for one frame. Hereinafter, the predicted attainment
gradation is called as predicted attainment image data, the
input gradation is called as input image data, and the
enhanced gradation is called as enhanced image data.

[0023] FIG. 1 is a block diagram illustrating a structure of
the image processing apparatus 100 according to the first
embodiment. As shown in FIG. 1, the image processing
apparatus 100 has an enhanced gradation calculating unit
120, an enhanced gradation correcting unit 121, a predicted
attainment gradation calculating unit 130, and a frame
memory 140.
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[0024] Firstly, the summary of the image process in the
image processing apparatus 100 is explained. Input image
data of a. frame N (a current frame to be displayed) is input
into the enhanced gradation calculating unit 120, and
enhanced gradation of gradation of each pixel in a frame is
calculated by using predicted attainment image data of a
frame N-1 (previous frame) output from the frame memory
140. After the enhanced gradation correcting unit 121 cor-
rects the enhanced gradation, the corrected enhanced gra-
dation is output as enhanced image data of the frame N. The
enhanced image data of the frame N is output to a liquid
crystal display 200 and displayed on a screen.

[0025] The enhanced image data of the frame N is input
into the predicted attainment gradation calculating unit 130.
The predicted attainment gradation calculating unit 130
calculates and outputs predicted attainment image data of
the frame N using the predicted attainment image data of the
frame N-1 supplied from the frame memory 140 and the
enhanced image data of the frame N. The predicted attain-
ment image data of the frame N is input into the frame
memory 140, and the predicted attainment image data of the
frame N-1 is updated into the predicted attainment image
data of the frame N. In such a manner, the enhanced image
data and the predicted attainment image data are calculated
repeatedly for each frame.

[0026] Functions of components forming the image pro-
cessing apparatus 100 shown in FIG. 1 are explained below.
The frame memory 140 stores the predicted attainment
image data calculated by the predicted attainment gradation
calculating unit 130.

[0027] The enhanced gradation calculating unit 120 cal-
culates enhanced image data (enhanced gradation) of the
frame N using the input image data of the frame N and the
predicted attainment image data of the frame N-1. Details of
the enhanced gradation calculating process are explained
later.

[0028] The enhanced gradation correcting unit 121 cor-
rects a value of the enhanced image data calculated by the
enhanced gradation calculating unit 120 to a value which is
within a predetermined range of the liquid crystal display
200. Further, when an absolute value of a difference between
the input gradation of the frame N and the predicted attain-
ment gradation of the frame N-1 is less than a threshold
value, the enhanced gradation correcting unit 121 may
execute a threshold value process for directly outputting the
input gradation of the frame N. Details of the enhanced
gradation correcting process are explained later.

[0029] The predicted attainment gradation calculating unit
130 calculates predicted attainment image data of the frame
N using the enhanced image data of the frame N and the
predicted attainment image data of the frame N-1, and
updates the predicted attainment image data of the frame
N-1 stored in the frame memory 140 into the calculated
predicted attainment image-data of the frame N. Details of
the predicted attainment gradation calculating process are
explained later.

[0030] Details of the enhanced gradation calculating pro-
cess by the enhanced gradation calculating unit 120, and the
enhanced gradation correcting process by the enhanced
gradation correcting unit 121 are explained below.
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[0031] The enhanced gradation calculating unit 120 cal-
culates enhanced image data according to the following
formula (1):

Lg (N)=O(L(N)-Lp(N-1))+Lg (N-1) M

[0032] where L,(N), Li(N), and L (N) designate grada-
tion of the input image data of the frame N, gradation of the
predicted attainment image data, and gradation of the
enhanced image data, respectively. The character o repre-
sents a value which is specific to the liquid crystal display
200 and is called as enhancement coefficient.

[0033] In a first frame of an input image, predicted attain-
ment image data of the previous frame are not stored in the
frame memory 140, but in this case enhanced image data
may be calculated by using a value (L;(0)=0), i.e., a reset
value, zero, of the frame memory 140 previously set or a
value of the first frame (Lx(0)=L; (N)).

[0034] For example, when the reset value 0 of the frame
memory 140 is used, aL.;(N) which is obtained by assigning
Lx(N-1)=0to the formula (1), namely, a product of the input
image data and the enhancement coefficient is calculated as
the enhanced gradation.

[0035] Further, when the value of the first frame is used,
L,(N) which is obtained by assigning L, (N-1)=L(N) to the
formula (1), namely, the input image data itself is calculated
as the enhanced gradation. This is the same as the case in
which a still image where a difference is not present between
{frames is displayed.

[0036] The enhancement coefficient ax is explained. FIG.
2 is an explanatory diagram illustrating a method of calcu-
lating the enhancement coeflicient. As shown in FIG. 2, a
difference between attainment gradation and initial grada-
tion is plotted along an axis of abscissas, and a difference
between enhanced gradation and initial gradation is plotted
along an axis of ordinates. A value of a slope of a straight
line 201 obtained by approximation using a least squared
error method or the like corresponds to the enhancement
coeflicient a.

[0037] That is to say, when certain initial gradation is
changed into certain attainment gradation in the liquid
crystal display 200, enhanced gradation which is necessary
for a change into the attainment gradation after one frame
period (in general, after 16.7 ms) (gradation to be actually
written into the liquid crystal display 200) is measured, so
that the enhancement coefficient o can be calculated based
on their relation.

[0038] The initial gradation is gradation of a displayed
frame (previous frame), and serves as a standard gradation
of the attainment gradation, i.e., gradation of a frame to be
displayed next. Further, the enhancement coeflicient ax can
be calculated simply according to the following formula (2):

= (1 - exp(_thoAl))?l @

[0039] where T designates 0 to 90% response time of the
liquid crystal display 200, and At designates one frame
period (in general, 16.7 ms). The calculation in the formula
(2) can be obtained according to the following formula (3)
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which is an approximation formula of transmittance of the
liquid crystal display 200 and time:

10 3
70 = (11 ~ T 1 - exo ?

1))+ 7o

[0040] where T(t) designates transmittance of a liquid
crystal panel at time t (corresponding to brightness of the
liquid crystal display 200), and designates time response in
the case where the transmittance of the liquid crystal panel
is changed from T, into T;.

[0041] When a relation of enhanced gradation L (corre-
sponds to T, as transmittance) which is required when the
gradation L, (corresponds to T, as transmittance) of the
liquid crystal display 200 attains desired gradation L, (cor-
responds to T(1/60) as transmittance) after one frame period
At (in general, 16.7 ms) is applied to the formula (3), the
following formula (4) is obtained.

—Inl0 1 )) " LO ‘4)

)=t tofi e 20

[0042] When the formula (4) is solved for the enhanced
gradation L, the relation in the formula (1) is obtained, and
the enhancement coeflicient a corresponds to the formula
(2). When the enhancement coefficient ¢ is replaced by
a'=a-1, the formula (1) can be rewritten like the following
formula (5). Hence, the enhanced gradation calculating unit
120 may be structured so as to calculate the enhanced
gradation using the formula (5).

Le(N)=0'(LN)-Lr(N-1)HL,(N) )

[0043] The enhanced gradation correcting unit 121 may be
structured so as to determine whether enhancement is
applied or not according to the threshold value process at
this time. That is to say, the enhanced gradation correcting
unit 121 corrects the enhanced gradation determined by the
formula (1) or (5) according to the following formula (6):

Li(N) |Ly(N) = Lg(N = D] < Ly (6)

Lg(N) =
&) {LE(N) otherwize

[0044] where L, designates a threshold value for deter-
mining whether enhancement is applied, and when the
absolute value of the difference between the input gradation
of the frame N and the predicted attainment gradation of the
frame N-1 is less than the threshold value, the input grada-
tion of the frame N is directly output. As a result, enhance-
ment of noises can be prevented in the case where an input
image includes a lot of noises, and an error of the enhanced
gradation due to a predicted error of the predicted attainment
gradation can be reduced.

[0045] When a color space of the input image includes
three primary colors RGB, the formula (1) is expressed like
the following formula (7):
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R (N) Ri(N) = Rp(N - 1) Rp(iN-1) ¢
Ge(N) | =a| Gi(N) =GN =1) | +| GriN = 1)
Bg(N) Bi(N)=BriN-1)] | BriN-1

[0046] where R, G, and B designate gradations of the three
primary colors of image data, and subscripts are the same as
those in the formula (1). Similarly, the formula (5) is
expressed like the following formula (8).

Re(N) Ri(N)=Rg(N - 1) Ri(N-1) ®)
Ge(N) | =/ GINY = GR(N =1) | +| Gi(N=1)
Bg(N) Bi(N) - BN -1) Bi(N-1)

[0047] At this time, the enhanced gradation correcting unit
121 may apply the threshold value process expressed by the
formula (6) to the gradations of RGB, but a brightness
component Y is calculated from the gradations of the RGB
and the threshold value process is performed on Y, so that a
determination may be made whether enhancement is applied
to the gradations of RGB. That is to say, the enhanced
gradation correcting unit 121 executes the threshold value
process like the following formula (9).

[Re(N) Gg (V) B(W)}=

{ [RiN) G(N) Bi(N)IT [Y;(N) = YR(N = )] <Yy, ©)

[Re(N) Gg(N) Bg(N)IT otherwise

[0048] where Y, designates the threshold value for deter-
mining whether enhancement is applied, and when an abso-
lute value of a difference between Y; calculated from R;, G,
and By, and Y, calculated from Ry, Gy, and By, is less than
Y, Ry, Gy, and B; of the input image data are output as they
are.

[0049] Some coeflicients are present for converting R, G,
and B into Y, but in the first embodiment, a coefficient
expressed by the following formula (10) is used. The coef-
ficients are not limited to this, and thus all coefficients which
are generally used for converting the RGB color space into
a YUV color space can be used.

Y=0.299xR+0.587xG+0.114xB (10)

[0050] In the formula (7), the color space includes the
three primary colors RGB, but when linear transformation is
carried out on the formula (7), the color space can cope with
the YUV color space composed of brightness and color
difference components. That is to say, the interconversion
between the RGB color space and the YUV color space is
the linear transformation, and when a transformation matrix
is designated by M, the relation of the formula (7) is
expressed like the following formula (11):
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Rg(N) - Rp(N = 1)
Gg(N) - Gr(N-1)
Bg(N)-Gr(N -1)

YE(N)=YR(N -1
UpWN)-Up(N - 1)
VEWN) = Ve(N - 1)

(1
=M

Yi(N) = Yr(N =1) Ri(N) - Re(N - 1)
aM| UfN) - Ur(V - 1) | = a| Gi(N) - Gr(N - 1)
VIN) = Ve(N = 1) By(W)-Br(N-1)

[0051] whereY, U, and V designate gradations of the input
image data in the YUV color space. The transformation
matrix M may take various coeflicients, but in the first
embodiment, the coefficients in the following formula (12)
are used. The transformation matrix is not limited to them,
and thus all transformation matrices which are generally
used for converting from the RGB color space into the YUV
color space can be used.

1.000 -0344 -0.714
1.000 1.772  0.000

M=

1.000 0.000  1.402 ] (12)

[0052] Since an inner product of M and M™" as to two
center terms in the formula (11) is 1, a relation is established
like the following formula (13):

Y5(N) YN -YeN -1 [Ye(V-1) (13)
UgN) |=a| Ui(N) = Up(N = 1) | +| Ur(V - 1)
VE(N) VitN) = V(¥ - 1) VeV -1)

[0053] Similarly in the formula (8), a relation is estab-

lished like the following formula (14):

Yg(N) ViN)=Yr(N=1) ][ i(N) (14)
Ug(N) | =a/| Uy(N) = Ug(N = 1) || U;(N)
Vg(N) ViN) = VRN = 1) || V,(V)

[0054] Further, an YCbCr color space as brightness and

color difference components can be transformed similarly to
the YUV color space. Further, the similar formula transfor-
mation can be applied to the other color spaces on which the
linear transformation from the RGB color space can be
made.

[0055] In the first embodiment, gradation which is
enhanced directly in the YUV color space can be calculated
from a color space such as YUV color space, which is widely
used for images to be saved and reproduced on PC and
compressed images of digital broadcasting (MPEG-2,
MPEG-4, H.264 and the like) and composed of brightness
and color difference components, without transforming it
into the RGB color space.

[0056] In the YUV color space, the formula (13) may be
simplified like the following formula (15).
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YE(N) Y(N)-Yr(N - 1) Yi(N) (15)
Us(V) | =a 0 | U
Ve(N) 0 Vi(N)

[0057] The formula (15) means that only Y as the bright-
ness component of the input image is enhanced but U and V
as the color difference component s are not enhanced and the
gradation of the input image data is output as it is. Since
spatial frequency sensitivity of the brightness component is
generally higher than spatial frequency sensitivity of the
color difference component, even when only the brightness
component is enhanced for the improvement of response
characteristics of the liquid crystal display 200, response
characteristics are improved visually.

[0058] When the formula (15) is employed, since pre-
dicted attainment image data of the frame N-1 to be stored
in the frame memory 140 is only Y, memory requirements
can be reduced further than the case where the entire YUV
color space is stored. Further, a calculated amount and a
number of access times to the memory can be reduced, and
thus throughput (processing time) can be reduced. Similarly,
the formula (14) can be expressed like the following formula

(16).

Ye(N) Yi(N)=YpiN=1)7] [Ya®N-1) (16)
Us(N) | = 0 | uw
VE(N) 0 Vi(NV)

[0059] As to the application or non-application of the
enhancement due to the threshold value process in the YUV
color space, the gradations of YUV may be subjected to the
threshold value process like the formula (6), or similarly to
the formula (9), they may be processed by the threshold
value process on the Y value according to the following
formula (17):

[YeN) Ug(N) Ve(N)T" = an

{[YI(N) Uiy Vi T 1Y) = Ye(V = D] < Yy,

[Ye) Ug(N) Ve otherwise

[0060] The enhanced image data calculated by the
enhanced gradation calculating unit 120 have a limitation on
the range of the gradation in all color spaces. In general,
since image data is expressed by 8 bits, the range of the
gradation of the data is 0 to 255. When the above-mentioned
enhanced gradation calculation is performed, however, the
enhanced gradation occasionally becomes less than O or
exceeds 255 depending on the values of the gradation and
the enhancement coefficients. In this case, as expressed by
the following formula (18), the enhanced gradation correct-
ing unit 121 should execute a saturation process on the
enhanced gradation.
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0 x<0 (18)
Li(N) = round (L¢(N))round (x) = § 255  x>255

x  otherwise

[0061] The same holds for the RGB color space and the
YUV color space. The enhanced gradation L', which is
subjected to the saturation process by the enhanced grada-
tion correcting unit 121, is output as the enhanced image
data of the frame N to the liquid crystal display 200.

[0062] The predicted attainment gradation calculating pro-
cess by the predicted attainment gradation calculating unit
130 is explained in detail below. The predicted attainment
gradation calculating unit 130 calculates predicted attain-
ment gradation according to the following formula (19).

Ly W=PLe'W)-Lr W-D)+Lr(V-1) 19)

[0063] where B designates a value which is called as a
correction coefficient. It is desirable that the correction
coefficient p and the enhancement coefficient ¢ establish a
relation expressed by the following formula (20):

20

I~

[0064] The formula (20) can be derived by the following
relation. Firstly, the response characteristics of the liquid
crystal display 200 can be expressed like the following
formula (21) according to the formulas (1) and (4).

Lg-Lo=0(L~Ly) 21

[0065] Inthe case where the enhanced gradation obtained
by the formula (1) is written when the predicted attainment
gradation of the frame N-1 is changed into the input grada-
tion of the frame N, the formula (21) is rewritten into the
following formula (22):

Le(N)~Lr(N-D)=0(L(N)-Lg (N-1)) 22)

[0066] Actually, however, since the enhanced gradation is
corrected into L' according to the formula (18), it cannot
attain the input gradation of the frame N, and when the
actual attainment gradation of the frame N is regarded as
predicted attainment gradation Ly(N) of the frame N, the
formula (22) is rewritten into the following formula (23):

L' W)-Ly(N-1)=a(Ig(N)-Lg(N-1)) 23)

[0067] When the formula (23) is solved for Ly(N), the
following formula (24) is obtained:

r 24
Lp(N) = —(Lg(N) = Le(N = 1) + Lg(N - 1)

[0068] According to the formulas (24) and (19), the rela-
tion of the formula (20) is derived. The relation of the
formula (20), however, does not have to be strictly estab-
lished, and the correction coeflicient may be a value close to
an inverse number of the enhancement coefficient. Further,
the predicted attainment gradation Ly (N) of the frame N in
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the case where o'=a-1 may be calculated according to the
following formula (25).

1 (25)
———(Lg(N) - Lp(N = 1)+ Lg(V - 1)

Lp(N) =
=) o +1

[0069] In this case, correction coefficient f and o' estab-
lish a relation expressed by the following formula (26):

1 (26)
B= @ +1
[0070] When the input image has primary three colors of

the RGB color space, similarly to the enhanced gradation
calculating process, the formula (19) is expressed like the
following formula (27):

Re(N) Re(N)=Rr(N = 1) 1 Rg(N) 27
Gr(N) | = B| GE(N) = Gr(N = 1) || Gr(N)
Br(N) By (N) - Bg(N 1) |l Br(N)

[0071] Also when the input image is made up of the
brightness and color difference components of the YUV
color space, the formula (19) is similarly expressed like the
following formula (28):

Ye(N) Ye(N)=Yr(N-1) Yr(N =1 (28)
Ur(N) | = | Us(N) = Ug(N = 1) [+ | Ur(N - 1)
Vi(N) VE(N) = Vr(N - 1) VrN-1)

[0072] Tt is desired that the correction coefficient f§ satis-
fies the formula (20) or (26) in all the color spaces. When the
enhanced gradation is calculated by using only the bright-
ness component in the YUV color space like the formula
(15), the predicted attainment gradation calculating unit 130
can be similarly structured so as to process only the bright-
ness component like the following formula (29):

YR(N) YEN)=Yr(N =D [YeN-1) 29)
Ur(N) | = 0 +| UiN)
Ve(N) 0 Vi(N)

[0073] The predicted attainment image data of the frame N
is calculated by using the enhanced image data of the frame
N and the predicted attainment image data of the frame N-1,
and the calculated predicted attainment image data is input
into the frame memory 140 and data in the frame memory
140 are updated in order to refer to them at the next process.

[0074] An image process by the image processing appa-
ratus 100 according to the first embodiment having such a
structure is explained below. FIG. 3 is a flowchart illustrat-
ing an entire flow of the image process in the first embodi-
ment.
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[0075] The enhanced gradation calculating unit 120
acquires input image data (step S301). The enhanced gra-
dation calculating unit 120 calculates enhanced image data
based on input image data and predicted attainment image
data in a previous frame (step S302).

[0076] Specifically, the input image data is substituted into
Ly(N) in the formula (1), the predicted attainment image data
in the previous frame is substituted into L (N-1), and L (N)
is calculated as enhanced image data.

[0077] The enhanced gradation correcting unit 121 deter-
mines whether the enhanced image data is out of a prede-
termined range or not (step S303). When the enhanced
image data is out of the range (YES at step S303), the
enhanced gradation correcting unit 121 corrects the
enhanced image data to a value within the predetermined
range (step S304).

[0078] More specifically, when the calculated enhanced
image data has a value smaller than a minimum value (for
example, 0) in the predetermined range, the enhanced gra-
dation correcting unit 121 corrects the enhanced image data
to 0 as expressed by the formula (18). When the calculated
enhanced image data has a value larger than a maximum
value (for example, 255) in the predetermined range, the
enhanced gradation correcting unit 121 corrects the
enhanced image data to 255.

[0079] The predicted attainment gradation calculating unit
130 calculates predicted attainment image data of a next
frame based on the calculated enhanced image data and the
predicted attainment image data of the previous frame (step
S305).

[0080] Specifically, the predicted attainment gradation
calculating unit 130 substitutes the enhanced image data
corrected by the enhanced gradation correcting unit 121 into
Lg'(N) in the formula (19) and substitutes the predicted
attainment image data in the previous frame into L,(N-1) so
as to calculate L (N) as the predicted attainment image data.

[0081] The enhanced gradation correcting unit 121 out-
puts the corrected enhanced image data to the liquid crystal
display 200 (step S306), and ends the image process. Since
the process for calculating the predicted attainment image
data and the process for outputting the data to the liquid
crystal display 200 are independent from each other, step
S305 and step S306 may be interchanged or they may be
executed simultaneously.

[0082] A specific example of the image process in the
image processing apparatus 100 according to the first
embodiment is explained below. The case where 0 gradation
is displayed until frame 0, 255 gradation is displayed in
frame 1, and 80 gradation is displayed in frame 2 and
thereafter on the liquid crystal display 200 whose enhance-
ment coeflicient a is 1.42 is considered. In a change from
frame 0 to frame 1, since the predicted attainment gradation
of the frame 0 (frame N-1) is 0 and the input gradation of the
frame 1 (frame N) is 255, the enhanced gradation calculating
unit 120 calculates enhanced gradation by using the formula
(1) according to calculation in the following formula (30):

Lp(1)=1.42(255-0)40=362 (30)

[0083] Since, however, the image data takes only 8 bits,
namely, has only 255 gradations, the enhanced gradation
correcting unit 121 corrects the enhanced gradation accord-
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ing to the formula (18), and after the enhanced gradation is
saturated to 255 gradations, the resulting image data is
displayed on the liquid crystal display 200. The predicted
attainment gradation calculating unit 130 calculates pre-
dicted attainment gradation of the frame 1 (frame N) by
using the enhanced gradation 255 of the frame 1 (frame N)
and the predicted attainment gradation 0 of the frame 0
(frame N-1) according to the formula (19) like the following
formula (31):

. I (31)
Lil1) = 775(255-0)+0 = 180

[0084] The relation in the formula (20) is used as the
correction coeflicient here. The result of the formula (31)
shows that the input gradation 255 of the frame 1 is different
from the predicted attainment gradation 180 of the frame 1,
namely, the response of the liquid crystal display 200 is not
completed in a one frame period of frame 1.

[0085] Since the predicted attainment gradation of frame 1
(frame N-1) is 180 gradation and input gradation of frame 2
(frame N) 1s 80 gradation at a next frame, the enhanced
gradation calculating unit 120 calculates the enhanced gra-
dation by using the formula (1) according to calculation in
the following formula (32):

Lp(2)=142(80-180)+180=38 62

[0086] The calculated enhanced gradation is displayed on
the liquid crystal display 200. The predicted attainment
gradation calculating unit 130 calculates predicted attain-
ment gradation of frame 2 (frame N) by using the enhanced
gradation 38 of the frame 2 (frame N) and the predicted
attainment gradation 180 of the frame 1 (frame N-1) by the
formula (19) like the following formula (33):

) I (33)
Lal2) = 77538~ 180) + 180 = 80

[0087] The result of the formula (33) shows that the input
gradation of the frame 2 is equal to the predicted attainment
gradation of the frame 2, namely, the response of the liquid
crystal display 200 is completed in one frame period for
frame 1.

[0088] On the other hand, like a conventional technique, if
the enhanced gradation of the frame 2 is calculated with the
use of the input gradation 255 of the frame 1 based on the
assumption that the response of the liquid crystal display
200 is completed without the use of the predicted attainment
gradation 180 of the frame 1, the calculation is performed
like the following formula (34):

L5(2)=1.42(80-255)4255=7 (34)
[0089] FIG. 4 is an explanatory diagram illustrating one
example of a response waveform of the liquid crystal display
200. In FIG. 4, a waveform 401 shows a response waveform
observed when the predicted attainment gradation is used,
and a waveform 402 shows a response waveform observed
when the predicted attainment gradation is not used.

[0090] When the predicted attainment gradation is not
used as in the conventional technique, even though the liquid
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crystal display 200 does not attain gradation 255 for frame
1, the liquid crystal display 200 is assumed to have attained
gradation 255 and gradation 7 which is the enhanced gra-
dation of the frame 2 is obtained and displayed on the liquid
crystal display 200. For this reason, the gradation is exces-
sively enhanced, and thus undershoot is generated on the
response waveform as shown in the waveform 402 in FIG.
4.

[0091] On the other hand, when the predicted attainment
gradation is used as in the first embodiment, 38 gradation,
which is the enhanced gradation of the frame 2, is obtained
by using 180 gradation which is the actual attainment
gradation of the frame 1 so as to be displayed on the liquid
crystal display device 200. For this reason, 80 gradation is
attained in one frame period for frame 1 as shown in the
waveform 401 in FIG. 4.

[0092] The image processing apparatus 100 according to
the first embodiment can calculate predicted attainment
gradation of a previous frame, and calculate enhanced
gradation based on the calculated predicted attainment gra-
dation and the input gradation to output the calculated
enhanced gradation to the liquid crystal display device. For
this reason, the comparatively simple operations can provide
to the users clear images, in which blur of a moving image
due to a slow response speed of the liquid crystal display
device and deterioration of an image quality due to distor-
tion of a response waveform do not occur.

[0093] The image processing apparatus according to a
second embodiment uses the value of input gradation as
predicted attainment gradation when the absolute value of a
difference between the predicted attainment gradation and
the input gradation is smaller than a predetermined value.

[0094] FIG. 5 is a block diagram illustrating a structure of
the image processing apparatus 500 according to the second
embodiment. As shown in FIG. 5, the image processing
apparatus 500 has the enhanced gradation calculating unit
120, the enhanced gradation correcting unit 121, the pre-
dicted attainment gradation calculating unit 130, a predicted
attainment gradation correcting unit 531, and the frame
memory 140.

[0095] The second embodiment is different from the first
embodiment in that the predicted attainment gradation cor-
recting unit 531 is added. Since the other parts of the
structure and the function are similar to those of the image
processing apparatus 100 according to the first embodiment
shown in FIG. 1 which is the block diagram illustrating the
structure of the image processing apparatus 100 according to
the first embodiment, they are designated by like numbers,
and the explanation thereof is not repeated.

[0096] When an absolute value of a difference between a
value of predicted attainment image data calculated by the
predicted attainment gradation calculating unit 130 and a
value of input image data is smaller than a predetermined
threshold value, the predicted attainment gradation correct-
ing unit 531 corrects the value of the predicted attainment
image data to the value of the input image data.

[0097] More specifically, the predicted attainment grada-
tion correcting unit 531 corrects the predicted attainment
gradation to the input gradation according to the threshold
value process expressed by the following formula (35):
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LiiN) |Ly(N) = Lg(N = 1)| < Lyn 33)

L) ={LR<N)

otherwize

[0098] where L, , designates a threshold value for deter-
mining whether the predicted attainment gradation is cor-
rected to the input gradation or not. That is to say, when the
absolute value of the difference between input gradation of
the frame N and predicted attainment gradation of the frame
N-1 is less than the predetermined threshold value L, ,, the
predicted attainment gradation of the frame N is corrected to
the input gradation of the frame N. As a result, when the
difference between the input gradation of the frame N and
the predicted attainment gradation of the frame N-1 becomes
small enough, the predicted attainment gradation is cor-
rected to the input gradation, so that an error of the predicted
attainment gradation is reset and the error can be prevented
from propagating between frames.

[0099] Further, in the case of the RGB color space, the
predicted attainment gradation correcting unit 531 may
execute the threshold value process expressed by the for-
mula (35) on the respective gradations of RGB, or may
obtain Y based on the gradations of RGB so as to execute the
threshold value process like the following formula (36):

[Re(N) Gr(N) BgiN] = (36)

{[R,uv) Gi(N) BV
[Re(N) Gr(N) Ba(W)]"

[Yi(N) = Yp(N =D < Yip

otherwise

[0100] where Y, , designates a threshold value for deter-
mining whether the predicted attainment gradation is cor-
rected to the input gradation or not.

[0101] In the case of the YUV color space, the predicted
attainment gradation correcting unit 531 may execute the
threshold value process on Y, U, and V, or may compare only
Y values as expressed by the following formula (37), so as
to execute the threshold value process.

[Yr(N) Ur(N) VeN)]T = (37

{[YI(N) Uiy ViNT YN = Ye(N = D] < Yo

[Ya(N) Up(N) Va(W)]T otherwise

[0102] The image process by the image processing appa-
ratus 500 according to the second embodiment having such
a structure is explained below. FIG. 6 is a flowchart illus-
trating an entire flow of the image process according to the
second embodiment.

[0103] Since the enhanced gradation calculating and cor-
recting process at steps S601 to S605 is the same as that at
steps S301 to S305 in the image processing apparatus 100
according to the first embodiment, the explanation thereof is
not repeated.

[0104] After the predicted attainment gradation calculat-
ing unit 130 calculates predicted attainment image data at
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step S605, the predicted attainment gradation correcting unit
531 determines whether the absolute difference between
input image data and predicted attainment image data of a
previous frame is smaller than a predetermined threshold
value or not (step S606).

[0105] When the determination is made that the absolute
difference is smaller than the threshold value (YES at step
S606), the predicted attainment gradation correcting unit
531 sets the input image data as predicted attainment image
data of a next frame (step S607). More specifically, as
expressed by the formula (35), the absolute difference
between L (N) and Lz(N-1) is calculated, and when the
calculated value is smaller than the predetermined threshold
value L, ,, L(N) is substituted into the predicted attainment
image data Ly (N).

[0106] After the predicted attainment image data is cor-
rected or the determination is made that the absolute differ-
ence is not less than the predetermined threshold value (NO
at step S606), the enhanced gradation correcting unit 121
outputs the corrected enhanced image data to the liquid
crystal display 200 (step S608), and the image process is
ended.

[0107] When the absolute difference between the pre-
dicted attainment gradation and the input gradation is
smaller than the predetermined value, the image processing
apparatus 500 according to the second embodiment uses the
value of the input gradation as the predicted attainment
gradation. As a result, an error at the time of calculating the
predicted attainment gradation is eliminated, and the error
can be prevented from propagating between frames.

[0108] The image processing apparatus according to a
third embodiment decodes an input compressed moving
image, calculates predicted attainment gradation and
enhanced gradation for the decoded image data, and con-
verts a color space of the enhanced gradation into a format
with which it can be displayed by the liquid crystal display
device so as to output the gradation. That is to say, the third
embodiment refers to one example of the structure in which
the present invention is applied to an ordinary PC, and a
compressed moving image treated generally on the PC is
processed so as to be output to the liquid crystal display
device.

[0109] FIG. 7 is a block diagram illustrating a structure of
the image processing apparatus 700 according to the third
embodiment. As shown in FIG. 7, the image processing
apparatus 700 has the enhanced gradation calculating unit
120, the enhanced gradation correcting unit 121, the pre-
dicted attainment gradation calculating unit 130, the pre-
dicted attainment gradation correcting unit 531, the frame
memory 140, a decoder unit 710 and a color space convert-
ing unit 750.

[0110] The third embodiment is different from the second
embodiment in that the decoder unit 710 and the color space
converting unit 750 are added. Since the other parts of the
structure and function are similar to those of the image
processing apparatus 500 according to the second embodi-
ment shown in FIG. 5 which is the block diagram illustrating
the structure of the image processing apparatus 500 accord-
ing to the second embodiment, they are designated by like
numbers and the explanation thereof is not repeated.

[0111] As shown in FIG. 7, the third embodiment is made
up of a software section including the decoder unit 710, the
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enhanced gradation calculating unit 120, the enhanced gra-
dation correcting unit 121, the predicted attainment grada-
tion calculating unit 130, and the predicted attainment
gradation correcting unit 531, and a hardware section
including the frame memory 140 and the color space con-
verting unit 750.

[0112] The decoder unit 710 is a software decoder that
decodes input compressed image data (compressed moving
image), and outputs the decoded input image data to the
enhanced gradation calculating unit 120.

[0113] A moving image which is generally treated on PC
includes compressed moving images such as MPEG-2,
MPEG-4, and H.264. These compressed moving images are
decoded by the decoder unit 710. Since these compressed
moving images generally have a YUV format composed of
brightness and color difference, a decoded result obtained by
the decoder unit 710 is image data having the YUV format.

[0114] In the third embodiment, the compressed image is
input. For example, image data which is received by a TV
tuner or the like on the PC may be input, or image data
which is captured by a capture board may be input. Here, the
decoder unit 710 serves as a tuner unit that takes out image
data from a composite image signal or as a capture-unit that
captures input image data. In both the cases, input image
data treated on the PC generally has the YUV format. The
input image data which is decoded by the decoder unit 710
is, therefore, output to the enhanced gradation calculating
unit 120 in the YUV format.

[0115] The enhanced gradation calculating unit 120 cal-
culates enhanced gradation enhanced directly in the YUV
color space without converting the input image data having
the YUV format into a RGB color space as explained in the
first embodiment. The enhanced gradation, which is calcu-
lated by the enhanced gradation calculating unit 120 and
corrected by the enhanced gradation correcting unit 121, is
input into the predicted attainment gradation calculating unit
130 and the color space converting unit 750.

[0116] The operation of the predicted attainment gradation
calculating unit 130 is similar to those in the first and the
second embodiments, and the predicted attainment gradation
calculated by the predicted attainment gradation calculating
unit 130 is input into the frame memory 140. The frame
memory 140 can use a video memory mounted onto a video
card of the PC.

[0117] The color space converting unit 750 converts image
data having the YUV format into image data having the
RGB format. The color space converting unit 750 is gener-
ally incorporated into a Graphics Processing Unit (GPU) on
a video card of the PC, and converts a color space at a high
speed by means of hardware. Since the liquid crystal display
200 is designed so as to display image data having the RGB
format, image data having the YUV format which is treated
by PC is converted into image data having the RGB format
by the color space converting unit 750 so as to be output to
the liquid crystal display 200. The liquid crystal display 200
displays enhanced image data having the RGB format.

[0118] The enhanced image data is synthesized in an
image reproducing window which is a display area on a
screen allocated by a window system running on the PC, and
image data on the entire screen after synthesis is converted
into image data having the RGB format by the color space
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converting unit 750 in the GPU so as to be displayed on the
liquid crystal display 200. That is to say, the enhanced
gradation calculating process can be selectively executed
only on the image reproducing window.

[0119] In the above structure, the parts generally not
included in the structure of the PC are only the enhanced
gradation calculating unit 120 and the predicted attainment
gradation calculating unit 130, and since these performs
only very simple operations as explained in the first embodi-
ment, they are operated at an sufficiently high speed (in real
time) by the software. That is to say, the image quality of a
moving image to be reproduced on the PC can be improved
without changing the hardware structure of the PC.

[0120] In the third embodiment, the decoder unit 710, the
enhanced gradation calculating unit 120, the enhanced gra-
dation correcting unit 121, the predicted attainment grada-
tion calculating unit 130, and the predicted attainment
gradation correcting unit 531 are made up of the software,
but some or all of them may be made up of hardware.

[0121] Inthe image processing apparatus 700 according to
the third embodiment, even in the structure using a normal
PC, the blur of a moving image due to a slow response speed
of the liquid crystal display device and the deterioration of
the image quality due to distortion of a response waveform
are decreased by the comparatively simple operations, so
that the image quality of a moving image to be displayed on
the liquid crystal display device can be improved.

[0122] The image processing apparatuses according to the
first to the third embodiments can be a hardware structure
which utilizes a normal computer having a control unit such
as a Central Processing Unit (CPU), a storage device such as
a Read Only Memory (ROM) or a Random Access Memory
(RAM), an external storage device such as a Hard Disc
Drive (HDD) or a Compact Disc (CD) drive device, and an
input device such as a keyboard or a mouse.

[0123] The image processing programs which are
executed by the image processing apparatus according to the
first to the third embodiments are provided in such a manner
that the programs are recorded into recording media read-
able by the computer, such as a Compact Disc Read Only
Memory (CD-ROM), a flexible disc (FD), a Compact Disc
Recordable (CD-R), and a Digital Versatile Disk (DVD),
which are files having an installable format or an executable
format.

[0124] The image processing programs which are
executed by the image processing apparatus according to the
first to the third embodiments are stored on the computer
connected to a network such as the internet, and may be
downloaded via the network so as to be provided. Further,
the image processing programs which are executed by the
image processing apparatus according to the first to the third
embodiments may be provided or distributed via a network
such as the internet.

[0125] The image processing programs according to the
first to the third embodiments may be incorporated into a
ROM or the like in advance so as to be provided.

[0126] The image processing programs which are
executed by the image processing apparatus according to the
first to the third embodiments are structured into modules
including the above-mentioned respective units (the
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enhanced gradation calculating unit, the enhanced gradation
correcting unit, the predicted attainment gradation calculat-
ing unit, the predicted attainment gradation correcting unit,
and the decoder unit). The CPU (processor) as actual hard-
ware reads the image processing programs from the storage
medium so as to execute them. As a result, the respective
units are loaded onto a main storage device and are gener-
ated on the main storage device.

[0127] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An image processing method for a liquid crystal display
device, comprising:

calculating first difference gradation, which is a difference
between predicted attainment gradation and input gra-
dation, the predicted attainment gradation being a pre-
dicted value of gradation which respective pixels of the
liquid crystal display attain after one frame period after
the respective pixels are driven to display a first frame,
and the predicted attainment gradation being stored in
a storage unit which stores the predicted attainment
gradation, and the input gradation being gradation of a
second frame which is displayed after the first frame;

multiplying the first difference gradation by an enhance-
ment coefficient;

calculating enhanced gradation which is a sum of the first
difference gradation multiplied by the enhancement
coeflicient and the predicted attainment gradation;

calculating second difference gradation which is a differ-
ence between the enhanced gradation and the predicted
attainment gradation;

multiplying the second difference gradation by a correc-
tion coefficient; and

updating the value of the predicted attainment gradation
stored in the storage unit based on a sum of the second
difference gradation multiplied by the correction coef-
ficient and the predicted attainment gradation.
2. The image processing method for a liquid crystal
display device according to claim 1, wherein

the multiplying the first difference gradation by the
enhancement coeflicient includes multiplying the first
difference gradation by a coefficient obtained by sub-
tracting one from the enhancement coeflicient; and

the calculating the enhanced gradation includes calculat-
ing a sum of the first difference gradation multiplied by
the coefficient obtained by subtracting one from the
enhancement coeflicient and the input gradation as the
enhanced gradation.

3. The image processing method for a liquid crystal
display device according to claim 1, wherein the correction
coeflicient corresponds to an inverse of the enhancement
coefficient.
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4. The image processing method for a liquid crystal
display device according to claim 2, wherein the correction
coeflicient corresponds to an inverse of a value obtained by
adding one to the enhancement coefficient.

5. The image processing method for a liquid crystal
display device according to claim 1. further comprising:

correcting the enhanced gradation to a value within a
predetermined range when the enhanced gradation has
a value which is out of the predetermined range.
6. The image processing method for a liquid crystal
display device according to claim 5, wherein

the correcting the enhanced gradation includes correcting
the enhanced gradation to the value of the input gra-
dation when an absolute value of the first difference
gradation is smaller than a predetermined threshold
value.
7. The image processing method for a liquid crystal
display device according to claim 1, further comprising:

correcting the predicted attainment gradation to the value
of the input gradation when an absolute value of the
first difference gradation is smaller than a predeter-
mined threshold value.
8. The image processing method for a liquid crystal
display device according to claim 1, wherein

each of the predicted attainment gradation, the input
gradation, the first difference gradation, the enhanced
gradation, and the second difference gradation includes
a component of brightness information and a compo-
nent of color difference information.
9. The image processing method for a liquid crystal
display device according to claim 8, wherein

the correcting the enhanced gradation includes correcting
the enhanced gradation to the value of the input gra-
dation when the brightness information included in the
first difference gradation is smaller than a predeter-
mined threshold value.
10. The image processing method for a liquid crystal
display device according to-claim 8. further comprising:

correcting the predicted attainment gradation to the value
of the input gradation when the brightness information
included in the first difference gradation is smaller than
a predetermined threshold value.
11. The image processing method for a liquid crystal
display device according to claim 8, wherein

the calculating the first difference gradation includes
calculating the first difference gradation as a difference
between the brightness information of the predicted 1
attainment gradation and the brightness information of
the input gradation;

the calculating the enhanced gradation includes calculat-
ing enhanced gradation including brightness informa-
tion, which is a sum of the brightness information of the
first difference gradation multiplied by the enhance-
ment coeflicient and the brightness information of the
predicted attainment gradation, and the color difference
information in the input gradation;

the calculating the second difference gradation includes
calculating the second difference gradation as a differ-
ence between the brightness information of the
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enhanced gradation and the brightness information of
the predicted attainment gradation; and

the updating the value of the predicted attainment grada-
tion includes updating the value of the predicted attain-
ment gradation stored in the storage unit based on a
sum of the brightness information of the second dif-
ference gradation multiplied by the correction coeffi-
cient and the brightness information of the predicted
attainment gradation.

12. An image processing apparatus for a liquid crystal

display device, comprising:

a predicted attainment gradation storing unit that stores
predicted attainment gradation which is a predicted
value of gradation which respective pixels of the liquid
crystal display attain after one frame period after the
respective pixels are driven to display a first frame;

an enhanced gradation calculating unit that calculates first
difference gradation, which is a difference between the
predicted attainment gradation and input gradation,
which is gradation of a second frame which is dis-
played after the first frame, that multiplies the first
difference gradation by the enhancement coefficient,
and that calculates enhanced gradation, which is a sum
of the first difference gradation multiplied by an
enhancement coefficient and the predicted attainment
gradation; and

a predicted attainment gradation calculating unit that
calculates second difference gradation which is a dif-
ference between the enhanced gradation and the pre-
dicted attainment gradation, multiplies the second dif-
ference gradation by a correction coeflicient, and
updates the value of the predicted attainment gradation
stored in the storage unit based on a sum of the second
difference gradation multiplied by the correction coef-
ficient and the predicted attainment gradation.

13. The image processing apparatus for a liquid crystal
display device according to claim 12, wherein

the enhanced gradation calculating unit multiplies the first
difference gradation by a coeflicient obtained by sub-
tracting one from the enhancement coefficient and
calculates a sum of the first difference gradation mul-
tiplied by the coefficient obtained by subtracting one
from the enhancement coefficient and the input grada-
tion as the enhanced gradation.

14. The image processing apparatus for a liquid crystal
display device according to claim 12, wherein the correction
coefficient corresponds to an inverse of the enhancement
coeflicient.

15. The image processing apparatus for a liquid crystal
display device according to claim 13, wherein the correction
coeflicient corresponds to an inverse of a value obtained by
adding one to the enhancement coefficient.

16. The image processing apparatus for a liquid crystal
display device according to claim 12, further comprising:

an enhanced gradation correcting unit that corrects the
enhanced gradation to a value within a predetermined
range when the enhanced gradation has a value which
is out of the predetermined range.
17. The image processing apparatus for a liquid crystal
display device according to claim 16, wherein

11

Feb. 22,2007

the enhanced gradation correcting unit corrects the
enhanced gradation to the value of the input gradation
when an absolute value of the first difference gradation
is smaller than a predetermined threshold value.
18. The image processing apparatus for a liquid crystal
display device according to claim 12, further comprising:

a predicted attainment gradation correcting unit that cor-
rects the predicted attainment gradation to the value of
the input gradation when an absolute value of the first
difference gradation is smaller than a predetermined
threshold value.

19. The image processing apparatus for a liquid crystal

display device according to claim 12, wherein

each of the predicted attainment gradation, the input
gradation, the first difference gradation, the enhanced
gradation, and the second difference gradation includes
a component of brightness information and a compo-
nent of color difference information.
20. The image processing apparatus for a liquid crystal
display device according to claim 19, wherein

the enhanced gradation correcting unit corrects the
enhanced gradation to the value of the input gradation
when the brightness information included in the first
difference gradation is smaller than a predetermined
threshold value.
21. The image processing apparatus for a liquid crystal
display device according to claim 19, further comprising:

a predicted attainment gradation correcting unit that cor-
rects the predicted attainment gradation to the value of
the input gradation when the brightness information
included in the first difference gradation is smaller than
a predetermined threshold value.

22. The image processing apparatus for a liquid crystal

display device according to claim 19, wherein

the enhanced gradation calculating unit

calculates the first difference gradation as a difference
between the brightness information of the predicted
attainment gradation and the brightness information
of the input gradation,

multiplies the first difference gradation obtained as a
result of calculation by the enhancement coeflicient,
and

calculates enhanced gradation including brightness
information, which is a sum of the brightness infor-
mation of the first difference gradation multiplied by
the enhancement coeflicient and the brightness infor-
mation of the predicted attainment gradation, and the
color difference information in the input gradation,
and

the predicted attainment gradation calculating unit calcu-
lates the second difference gradation as a difference
between the brightness information of the enhanced
gradation and the brightness information of the pre-
dicted attainment gradation,

multiplies the second difference gradation obtained as
a result of calculation by the correction coeflicient,
and

updates the value of the predicted attainment gradation
stored in the predicted attainment gradation storing
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unit based on a sum of the brightness information of
the second difference gradation multiplied by the
correction coeflicient and the brightness information
of the predicted attainment gradation.

23. A computer program product having a computer
readable medium including programmed instructions for
execution of an image process of a moving image to be
displayed on a liquid crystal display device, wherein the
instructions, when executed by a computer, cause the com-
puter to perform:

calculating first difference gradation, which is a difference
between predicted attainment gradation and input gra-
dation, the predicted attainment gradation being a pre-
dicted value of gradation which respective pixels of the
liquid crystal display attain after one frame period after
the respective pixels are driven to display a first frame,
and the predicted attainment gradation being stored in
a storage unit which stores the predicted attainment
gradation, and the input gradation being gradation of a
second frame which is displayed after the first frame:

multiplying the first difference gradation by an enhance-
ment coefficient;

calculating enhanced gradation which is a sum of the first
difference gradation multiplied by the enhancement
coefficient and the predicted attainment gradation;

calculating second difference gradation which is a differ-
ence between the enhanced gradation and the predicted
attainment gradation;

multiplying the second difference gradation by a correc-
tion coefficient; and
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updating the value of the predicted attainment gradation
stored in the storage unit based on a sum of the second
difference gradation multiplied by the correction coef-
ficient and the predicted attainment gradation.

24. The computer program product according to claim 23,
wherein

the multiplying the first difference gradation by the
enhancement coeflicient includes multiplying the first
difference gradation by a coefficient obtained by sub-
tracting one from the enhancement coefficient; and

the calculating the enhanced gradation includes calculat-
ing a sum of the first difference gradation multiplied by
the coeflicient obtained by subtracting one from the
enhancement coeflicient and the input gradation as the
enhanced gradation.

25. The computer program product according to claim 23,
wherein the correction coeflicient corresponds to an inverse
of the enhancement coefficient.

26. The computer program product according to claim 24,
wherein the correction coefficient corresponds to an inverse
of a value obtained by adding one to the enhancement
coefficient.

27. The computer program product according to claim 23,
further comprising:

correcting the enhanced gradation to a value within a
predetermined range when the enhanced gradation has
a value which is out of the predetermined range.
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